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HE first edition of Carnegie Pocket Companion appeared in
1872 and was issued by Carnegie, Kloman & Company, Pro-
prietors, Union Iron Mills, Pittsburgh, Pa.

Immediately on its appearance this book became indispensable
to users of structural iron. More than any other single publication
this book and its successive editions have served to advance the
interests of standardization in structural practice. Since July, 1896,
about 275,500 copies have gone into the hands of engineers, architects
and builders.

So far as practicable each successive edition has been placed
abreast of the most approved methods in structural design. Each
successive edition, therefore, records the stages of development in
the manufacture of structural steel and its fabrication into bridges,
buildings, cars and ships. I

In this, the twenty-second edition, the weights of beams and
channels have been adjusted to conform to the action taken by the
Association of American Steel Manufacturers effective as of Septem-
ber 1, 1920, by virtue of which fillets and roundings are included in
the computation of weights. The dimensions and properties of
sections of intermediate and maximum thicknesses have also been
recomputed. The safe load tables have not yet been exactly adjusted
to the new properties but are sufficiently exact for all practical uses.

Changes have also been made in the section numbers of
standard beams and particularly in the section numbers of angles.
Purchasers are, therefore, requested to be sure to show the new
section numbers on all orders.

The sections illustrated in the profiles and tables are those
deemed most suitable for use in bridge, building, car and ship con-
struction. A complete list of all the sections rolled by Carnegie
Steel Com‘pany, together with tables of weights and other data in
regard to these products, is given in Shape Book.




CARNEGIE STEEL COMPANY

AMERICAN SOCIETY FOR TESTING MATERIALS

PHILADELPHIA, PA., U. 8. A.
AFFILIATED WITH THE

INTERNATIONAL ASSOCIATION POR TesTiNG MATERIALS

STANDARD SPECIFICATIONS

roR

STRUCTI:TRAL STEEL FOR BRIDGES
SERIAL DEsiaNATION: AT-16.

These specifications are issued under the fixed designation A 7; the
final number indicates the year of original adoption as standard or, in the
case of revision, the year of last revision.

Aporrep, 1901; Revisep, 1905, 1909, 1913, 1914, 1915, 1916.

1. Steel Castings. The Standard Specifications for Steel Castings
(Serial Designation A-27) adopted by the American Society for
Testing Materials shall govern the purchase of steel castings for -
bridges. TUnless otherwise specified, Class B castings, medium
grade, shall be used.

I. MANUFACTURE

2. Process. The steel shall be made by the open-hearth process.

II. CHEMICAL PROPERTIES AND TESTS

3. Chemieal Composition. The steel shall conform to the following
requirements as to chemical composition:
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A.S5. T. M.—STRUCTURAL STEEL FOR BRIDGES

4. Ladle Analyses. An analysis of each melt of steel shall be made
by the manufacturer to determine the percentages of carbon.
manganese, phosphorus and sulphur. This analysis shall be made
from a test ingot taken during the pouring of the melt. The chemiecal
composition thus determined shall be reported to the purchaser or
his representative, and shall conform to the requirements specified
in sec. 3.

5. Check Analyses. Analyses may be made by the purchaser from
finished material representing each melt. The phosphorus and
sulphur content thus determined shall not exceed that specified in
sec. 3 by more than 25 per cent.

III. PHYSICAL PROPERTIES AND TESTS

6. Tension Tests. (a) The material shall conform to the follow-
ing requirements as to tensile properties:

- = e

. : Structural Rivet
Properties Considered Bteol ] Steel
Tenslle strength . ., ...... 1b. per sq. inch| 55,000-65,000¢ | 46,000-50,000
Yield point, min......... Ib. per sq. ineh| 0.5 tens. str. 0.5 tens. str.
1,500,000 1,500,000
Elongation in 8 inches, min, . ... per cent, ot =
Elongation in 2 inches, min. . ... per cent - - IR TR S
" aSeo par. (). b See sec. 7.

(b) In order to meet the required minimum tensile strength of
full-size annealed eye barg, the purchaser may determine the tensile
strength to be obtained in specimen tests, the range shall not
exceed 14,000 Ib. per sq. inch and the maximum shall not exceed
74,000 1b. per sq. inch. The material ghall conform to the
requirements as to physical properties other than that of tensile
strength, specified in sec. 6, 7 and 8 (b).

(¢) The yield point shall be determined by the drop of the
beam of the testing machine.

7. Modifications in Elongation. (@) For structural steel over 2§
inch in thickness, a deduction of 1 from the percentage of elongation
in 8 inches specified in sec. 6 (a) shall be made for each increase
of 14 inch in thickness above 2{ inch to a minimum of 18 per cent.

(b) For structural steel under 3{¢ inch in thickness, a deduc-
tion of 2.5 from the percentage of elongation in 8 inches specified
in see. 6 (a) shall be made for each decrease of g inch in thickness
below 84 inch,
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CARNEGIE STEEL COMPANY Ly -

8. BendTests. (a) The test specimen for plates, shapes and
bars, except as specified in par. (b), (¢) and (d), shall bend ecold
through 180 degrees without eracking on the outside of the bent
portion, as follows: For material 34 inch or under in thickness, flat
on itself; for material over 3{ inch to and ineluding 114 inch in
thickness, around a pin the diameter of which is equal to the
thickness of the specimen; and for material over 114 inch in thickness,
around a pin the diameter of which is equal to twice the thickness of
the specimen,

(b) The test specimen for eye-bar flats shall bend cold through
180 degrees without cracking on the outside of the bent portion
as follows: For material 34 inch or under in thickness, around a
pin the diameter of which is equal to the thickness of the specimen;;
for material over 34 inch to and including 114 inch in thickness,
around a pin the diameter of which is equal to twice the thickness
of the specimen; and for material over 14 inch in thickness,
around a pin the diameter of which is equal to three times the
thickness of the specimen.

e ATOUES rl?&r_s_l!_e_l_ae_c!i_m‘
L

L s | R

Figure 1.

(¢) The test specimen for pins, rollers and other bars, when
prepared as specified in sec. 9 (e), shall bend cold through 180
degrees around a l-inch pin without cracking on the outside of the
bent portion.

(d) The test specimen for rivet steel shall bend cold through
180 degrees flat on itself without ecracking on the outside of the
bent portion.

9. Test Specimens. (a) Tension-and bend-test specimens shall
be taken from rolled steel in the condition in which it comes from
the rolls, except as specified in par. (b).

(b) Tension-and bend-test specimens for pins and rollers shall
be taken from the finished bars, after annealing when annealing
is specified.




A.S. T. \.—STRUCTURAL STEEL FOR BRIDGES

(c) Tension-and bend-test specimens for plates, shapes and
bars, except as specified in par. (d), (¢) and (f), shall be of the full
thickness of material as rolled. They may be machined to the
form and dimensions shown in fig. 1, or with both edges parallel;
except that bend-test specimens for eye-bar flats may have three
rolled sides.

L

o Radius not less than '
+ 6] TR
L & . =

—_—

2Gage length -~
NOTE:—The gage length, parallel portions and fillets shall be
shown, but the ends may be of any form vkiduwm::
the holders of the testing machine.

Ficure 2.

(d) Tension-and bend-test specimens for plates, and tension-
test specimens for eye-bar flats, over 114 inch in thickness may be
machined to a thickness or diameter of at least 34 inch for a length
of at least 9 incheg.

(e) Tension-test specimens for pins, rollers and bars (except
eye-bar flats) over 1}4 inch in thickness or diameter may conform
to the dimensions shown in figz. 2. In this case the ends shall be
of a form to fit the holders of the testing machine in such a way
that the load shall be axial. Bend-test specimens may be 1 by
15 inch in section. The axis of the spetimen shall be located at
any point midway between the center and surface and shall be
parallel to the axis of the bar.

(f) Tension-and bend-test specimens for rivet steel shall be of
the full-size section of bars as rolled.

10. Number of Tests. (2) One tension-and one bend test shall
be made from each melt; except that if material from one melt
differs 3¢ inch or more in thickness, one tension-and one bend test
shall be made from both the thickest and the thinnest material
rolled.

(b) If any test specimen shows defective machining or develops
flaws, it may be discarded and another specimen substituted.

(c) If the percentage of elongation of any tension-test specimen
is less than that specified in sec. 6 (a) and any part of the fracture
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CARNEQGIE STEEL COMPANY

is more than ¥{ inch from the eenter of the gage length of a 2-inch
specimen or is outside the middle third of the gage length of an
8-inch specimen, as indicated by scribe scratches marked on the
specimen before testing, a retest shall be allowed.

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS,

11. Permissible Variations, The cross-section or weight of each
piece of steel shall not vary more than 2.5 per cent from that
specifietl; except in the case of sheared plates, which shall be covered
by the following permissible variations. One cubic inch of rolled
steel is assumed to weigh 0.2833 pounds. :
(a) When Ordered to Weight per Square Foot :—

The weight of each lot? in each shipment shall not vary from the

weight ordered more than the amount given in Table I.

TABLE 1.—PERMISSIBLE VARIATIONS OF PLATES
ORDERED TO WEIGHT

Prisssinis VARIATIONS IN Averace WEIGHTS
rER Bquane Foor oF Prates ror Wintas Gives,
Exragssep ¥ Percextaces of Orverep Weianrs

Weigh
eight, 48in. | B0in. [ 72in. | 84in. | 06 in®| 10810, | 12060, | ..
Pounds Under | to o | to to | to | to | to |182im
per 48in. | 60in. | 72in. | 84 in. | 96 in. [ 108in. | 120in. | 132in. | OF
Square Foot excl. | excl | exch | excl | excl | exel. | exel. | OVOF
g _5 ) g
l P2 B2 8 "%B*Eg'ﬁ“%
gﬁg'bgbgaéuébcs:a B(&[5
Ghder5........[5 .18 |s58 |6 8 |7 B |......|... il it V1N Bt R |
5 to 7.5excl.[453 5 8 |558 6 B |...|...]... (Y I S s J 8
75010 “ |4 B 453 |5 B°|553 |6 B |7 8 g 1| TJYL e o
10 to125 “ (35254 B (458 [5 3 [5.53 |6 7 8 03
125t015  * [3 12.513.52.54 3 453 |5 3 (558 |6 7 83
15 to17.6 * |2.52.5)8 [2.5(8.52.5/4 3 |4.53 |5 5.&@ 6 s
17.5t0 20 “ (2.5 [2.52.5)8 12.5[3.52.65/4 3 [4.58 |5 5.53 |6 |3
20 to25 * [2 [2 [2.502 |2.52.53 [2.53.512.5/4 4.5% 5 5.
25 t030 * (2 |2 |2 2 |2.52 [2.52.53 [2.5[3.53 |4 4.53 |5
30 tod0 " [2 12 |2 2 |27 2 |252 [2.52.5]3 [2.53.58 |4 13 |4.
40 or over....... 2 ]2 2 2|2 2 272 [252 25253 2.63.53 |4
Nore.—The weight per square foot of individual plates shall not vary from the ordered weight

by more than 1% times the amount given in this table.
(b) When Ordered to Thickness:—
The thickness of each plate shall not vary more than 0.01 inch
under that ordered.
The overweight of each lot? in each shipment shall not exceed the
amount given in Table II.

1The term *‘lot™ applied to Table I means all of the plates of each grodp width and group weight.
2The term ‘‘lot" applied to Table Il meansall of the plates of each group width and group thickness.
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A. §. T. M.—STRUCTURAL STEEL FOR BRIDGES

TABLE IL—PERMISSIBLE OVERWEIGHTS OF PLATES
ORDERED TO THIOKNESS

Penuissmin Excess 18 AvERAGE Wreigars
vER Square Foor oF PraTes ¥or Wivmas Grvas,
ED IN PERCENTAGES oF Nommsan Weignrs
(Odered
Inches 48in, | 60in, | 72in. | 84 in. | 06 in. | 108 in, | 120
Under | to to to to to to mh" 182in.
48 in, wn. 72in, | 84in. | 06in. | 108 in. | 120in, | 1324n, | OF
l. | exel, | exel | excl | exel | exel. | exel | OVer
9 10 12 14 Sl . S\
8 9 10 12 i s .
7 8 9 10 12
6 7 8 9 10 12 14 16 19
5 6 7 8 0 10 12 14 17
4.5 5 i} 7 8 9 10 12 15
4 4.5 5 [ 7 8 9 10 13
3.5 4 4.5 5 (1] 7 8 9 11
3 3.5 4 45| 5 6 T 8 0
2.5 3 35| 4 45| b5 6 7 8
2.5 2.5 3 35| 4 4.5 5| 6 7
V. FINISH

12. Finish. The finished material shall be free from injurious
defects and shall have a workmanlike finish.

VI. MARKING

13. Marking. The name or brand of the manufacturer and the
melt number shall be legibly stamped or rolled on all finished
material, except that rivet and lattice bars and other small sections
shall, when loaded for shipment, be properly separated and marked
foridentification. The identification marks shall be legibly stamped
on the end of each pin and roller. The melt number shall be
legibly marked, by stamping, if practicable, on each test specimen.

VII. INSPECTION AND REJECTION

14. Inspection. The inspector representing the purchaser shall
have free entry, at all times while work on the contract of the
purchaser is being performed, to all parts of the manufacturer’s
works which concern the manufacture of the material ordered.
The manufacturer shall afford the inspector, free of cost, all reason-
able facilities to satisfy him that the material is being furnished in
accordance with these specifications. All tests (except check
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CARNEGIE STEEL COMPANY

analyses) and inspection shall be made at the place of manufacture
prior to shipment, unless otherwise specified, and shall be so con=
ducted as not to interfere unnecessarily with the operation of the
works.

15. Rejection. (q¢) Unless otherwise specified, any rejection
based on tests made in accordance with sec. 5 shall be reported
within five working days from the receipt of samples.

(b) Material which shows injurious ddfects subsequent to its
acceptance at the manufacturer’s works will be rejected, and the
manufacturer shall be notified.

16. Rehearing. Samples tested in accordance with sec. 5, which
represent rejected material, shall be preserved for two weeks from
the date of the test report. In case of dissatisfaction with the
results of the tests, the manufacturer may make claim for a re-
hearing within that time,

10




A.S.T. M.—STRUCTURAL NICKEL STEEL

AMERICAN SOCIETY FOR TESTING MATERIALS

PHILADELPHIA, PA.,, U. B. A.
AFFILIATED WITH THE

INTERNATIONAL AssociatioNn ForR TEeEsTING MATERIALS

STANDARD SPECIFICATIONS

FOR

STRUCTURAL NICKEL STEEL

SeEriaL DesioNaTion: AS-16.

These specifications are issued under the flxed designation A 8; the final
number indicates the year of original Issue or, In the case of revislon, the
year of last revision.

Aporrep, 1912; Revisep, 1913, 1914, 1916,

I. MANUFACTURE

1. Process. The steel shall be made by the open-hearth process.
2. Diseard. A sufficient discard shall be made from each ingot
intended for eye bars to secure freedom from injurious piping and

undue segregation.

II. CHEMICAL PROPERTIES AND TESTS

3. Chemical Composition. The steel shall conform to the following
requirements as to chemieal composition:

STrUcTURAL STEEL River Sreen
Carbon......... ..not over 0.45 per con not over 0.30 per cent
Manganese. ...... =t T gt P D e
P Acid...... Sy 1l LS T S SRR (e E O
Bm. A - - 0"04 L L “ “ 0‘03 . L
Sulphur....... e e 000 " Fyl R 0.45 e
o3 A S P not under 3.25 ** ** not under 3,25 * *

\

e



CARNEGIE STEEL COMPANY

4. Ladle Analyses. An analysis of each melt of steel shall be made
by the manufacturcr to determine the percentages of the elements
gpecified in sec. 3. This analysis shall be made from a test ingot
taken during the pouring of the melt. The chemical composition
thus determined shall be reported to the purchaser or his representa-
tive, and shall conform to the requirements specified in sec. 3.

5. Check Analyses. Analyses may be made by the purchaser from

finished material representing each melt. The chemical composition
thus determined shall conform to the requirements specified in sec. 3.

III. PHYSICAL PROPERTIES AND TESTS

6. Tension Tests. (2¢) The material shall conform to the
following requirements as to tensile properties:

—_— —

Bars and B and
Propertion Considersd | Rivet Stael | Pstes Shapes | BVRimand | B R 0

= U

Tensile stren

Ib, per sqﬁ‘h 70,000-80,000 85,000-100,000 95,000-110,000 90,000-105,000
Yield point, min.,

1b, per sq. 45,000 50,000 55,000 52,000
Elgﬁgation in

nches, 1,500,000 1,500,000 1.500.0005
min., per centt Tons ctr. tens. str. tens. str. 0
tion in

2 es,

min., Der COnM...coocnsavalsssnssnssnnasn 16 20
Reduction of area.

min., per cent 40 25 25 35

g ‘sl'wuh ofTanmie\i specimens of eye bara shall be made .for information only.

¢ Elongation shall be measuro] in 2 inches.

(b)) The yield point shall be determined by the drop of the
beam of the testing machine.

7. Modifications in Elongations. For plates, shapes and unannealed
bars over 1 inch in thickness, a deduction of 1 from the percentage
of elongation specified in sec. 6 (a) shall be made for each increase
of 14 inch in thickness above 1 inch, to a minimum of 14 per cent.

8. Character of Fracture. All broken tension-test specimens shall
show either a silky or a very fine granular fracture, of uniform
color, and free from coarse crystals.

9. BendTests. (a) The test specimen for plates, shapes and
bars shall bend cold through 180 degrees without cracking on the

12




A.S.T. M\.—STRUCTURAL NICKEL STEEL -

outside of the bent portion, as follows: For material 3{ inch or
under in thickness, around a pin the diameter of which is equal to
the thickness of the specimen; and for material over 3{ inch in
thickness, around a pin the diameter of which is equal to twice the
thickness of the specimen. y

(b) The test specimen for pins and rollers shall bend cold
through 180 degrees around a l-inch pin without cracking on the
outside of the bent portion. ;

(c) The test specimen for rivet steel shall bend cold through
180 degrees flat on itself without cracking on the outside of the
bent portion.

10. Drift Tests. Punched rivet holes pitched two diameters
from a planed edge shall stand drifting until the dinmeter is enlarged
50 per cent, without eracking the metal.

11. Test Specimens. (a) Tension-and bend-test specimens shall
be taken from the finished material. Specimens for pins shall be
taken after annealing,

F B
Tadpy,

- Parallel section
e ADOUL 8§ meean e P BRI
{ i _-:9 ! not less than 9}

: £
05 E
g - I 2
| i <
A N =V T 0 | T e e L
.- 1% shete.val
B . Bt
B T e it
Figure 1.

(b) Tension-and bend-test specimens for plates, shapes and
bars, except as specified in par. (¢), shall be of the full thickness
of material as rolled. They may be machined to the form and
dimensions shown in fig. 1, or with both edges parallel; except
that bend-test specimens shall not be less than 2 inches in width,
and that bend-test specimens for eye-bar flats may have three
rolled sides. ;

(¢) Tension-and bend-test specimens for plates and bars (except
eye-bar flats) over 114 inch in thickness or diameter may be
machined to a thickness or diameter of at least 34 inch for a length
of at least 9 inches.

(d) The axis of tension-and bend-test specimens for pins and
rollers shall be 1 inch from the surface and parallel to the axis of
the bar. Tension-test specimens shall conform to the dimensions

13




CARNEGIE STEEL COMPANY

shown in fig. 2. The ends shall be of a form to fit the holders of
the testing machine in such a way that the load shall be axial. Bend-
test specimens shall be 1 by % inch in section.

(¢) Tension-and bend-test specimens for rivet steel shall be of
the full-size section of bars as rolled.

12. Number of Tests. (@) One tension-and one bend test shall
be made from each melt; except that if material from one melt
differs 3¢ inch or more in thickness, one tension-and one bend test
shall be made from both the thickest and the thinnest material
rolled. '

(b) 1If any test specimen shows defective machining or develops
flaws, it may be discarded and another specimen substituted.

NOTE:—The gage length, parallel portions and fillets shall be as
shown, hl}tu;ll: ends may be of any form which will fit the
- Aot )

hald

Ficure 2.

(¢) If the percentage of elongation of any tension-test specimen
is less than that specified in sec. 6 (a) and any part of the fracture
is more than 3¥j inch from the center of the gage length of a
2-inch specimen or is outside the middle third of the gage length
of an 8-inch specimen, as indicated by scribe scratches marked on
the specimen before testing, a retest shall be allowed.

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS

13. Permissible Variations. The cross-section or weight of each
piece of steel shall not vary more than 2.5 per cent from that
specified; except in the case of sheared plates, which shall be
covered by the following permissible variations. One cubi¢ inch
of rolled steel is assumed to weigh 0.2833 pound.

() When Ordered to Weight per Square Foot:—
The weight of each lot® in each shipment shall not vary from the
weight ordered more than the amount given in Table I.

1The term *Tot™ applied to Table I means all of the plates of each group width and group weight,

14




A. S. T. M.—STRUCTURAL NICKEL STEEL

TABLE 1.—PERMISSIBLE VARIATIONS OF PLATES
ORDERED TO WEIGHT

Prnuissipin VamaTioss v Averaan Wignts.
rei Squane Foor o Prares rorn Wioras Gives,
OE8 OoF

D IN Weignrs
Weight,
48in. | 60jn. | 72in. | Sdin | 96in. | 108in.| 1200,
- R RN I o RN PO PR B
n. in. | 721 £ in. in. in. | 132in. L
Square Foot exel. | u:t exel | exel. | excl. | exel | excd | I
¥ Bl e ¥ B E 5
2| B3|k g*a El2|E E[E
g.agJaEgi DSEEEguéé X
UnderB...co0z- 5 13 |55 ls }n 7 AR L e Il
w0 7.5excl 453 |57 8 [5.58 [0 E o T I Y et D S b 1o
7510 Y 4 3 (45 5§ 553 |6 78 8 iciliaadens |=
10 to 125 " [3.52.54 |4.5 5 6 3 |7 B8 3|0
1251015 |3 2.56352.54 3 453 [5 5 6 7 8
15 to17.6 “ [2.52.5)3 [2.53.52.54 5 3 [558 |6 B (7
5to20  [2.52 [252.53 E,ms.a 54 B 1153 [5 3 558 (6
200 to25 M |22 |252 252.53 2.58.52.54 4.53 |5 5.5
25 to30 " |2 |2 |2 2,52 (2.52.508 [2.53.53 |4 453 |5
230 tod0 “ (2 [2 [2 2 12 (2.5 [2.52:63 [2.5(3.68 |4 4.5
40 or over. ... .. J2 2 [2 2 [2 2 |27 [2i52 25253 [2.53.58 |4

Nore,—The weight uare foot of individual plates shall not vary from the ordered
weight by more than 114 tinie the amount given in thi.l%:ﬂﬂ-

(b) When Ordered to Thickness:—

The thickness of each plate shall not vary more than 0.01 inch
under that ordered.

The overweight of each lot? in each shipment shall not exceed the

amount given in Table TI.

TABLE II.—PERMISSIBLE OVERWEIGHTS OF PLATES
ORDERED TO THICKNESS

Pun x Excess v A WricTs
rer Squane Foor or Prates ror Wioras Gives,
Exrnessxp 1% Peecestaces or Nounarn Wrwnts
Ordered
Inches 48in. | G0in. | 72in. | 84 in, | 06 in. | 108in. | 120in. 1320
Under | to to to o to to to
48in. | 60in. | 72in. | S4in. | 86 in. | 10Sin | 120in. | 182in. | OF
exel. | exel | exel. | exel. | excl. | exel. | exel. | OV
|
Under 9 10 | 12 B Histnavs; | aainsii il syl Baam
zzw 8 9 10 L s | il e fiewaeril
o to 7 8 9 10 12 PN, ST L]
1y to o d 8 9 10 12 14 16 19
ﬁuw 5 [} 7 8 9 10 12 14 17
to 4.5 ] 1] 7 8 9 10 12 156
Tha to 4 45| 5 6 7 8 9 10 13
e to 3.5 4 45| 5 (1] 7 8 9 11
k to 3 35| 4 45| 5 6 7 8.9
o 1 2.5 3 35| 4 45| 5 6 7 8
LOrOVer.. iiiiass 2.5 2.5 3 3.5 4 4.5 bl L) R ¢

g

term “'lot" applied to Table IT meansall of the plates of each group width and group thicknoess.
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CARNEGIE STEEL COMPANY

()

V. FINISH

14. Finish The finished material shall be free from injurious
defects and shall haye a workmanlike finish.

VI. MARKING

15. Marking. The name or brand of the manufacturer and the
melt number shall be legibly stamped or rolled on all finished
material, except that rivet and lattice bars and other small sections
shall, when loaded for shipment, be properly separated and marked
for identification. The identification marks shall be legibly
stamped on the end of each pin and roller. The melt number
shall be legibly marked, by stamping if practicable, on each test
specimen,

VII. INSPECTION AND REJECTION

16. Inspection. The inspector representing the purchaser shall
have free entry, at all times while work on the contract of the
purchaser is being performed, to all parts of the manufacturer's
works which concern the manufacture of the material ordered.
The manufacturer shall afford the inspector, free of cost, all reason-
able facilities to satisfy.him that the material is being furnished
in accordance with these specifications. All tests (except check
analyses) and inspection shall be made at the place of manufacture
prior to shipment, unless otherwise specified, and shall be so con-
ducted as not to interfere unnecessarily with the operation of the
works.

* 17. Rejection. (2) Unless otherwise specified, any rejection
based on tests made in accordance with sec. 5 shall be reported
within five working days from the receipt of samples.

(b) Material which shows injurious defects subsequent to its
acceptance at the manufacturer's works will be rejected, and the
manufacturer shall be notified.

18, Rehearing. Samples tested in accordance with sec. 5, which
represent rejected material, shall be preserved for two weeks from
the date of the test report. In case of dissatisfaction with the
results of the tests, the manufacturer may make claim for a re- ‘
hearing within that time. |

16
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-

VIII. FULL-SIZE TESTS

19. Test of Eye Bars. (a) Full-size tests of anncaled eye bars
shall conform to the following requirements as to tensile properties:

Tensile strength...............lb. per sq. inch 85,000-100,000
Yield point, min..............lb, per sq. inch 48,000
Elongation in 18 ft., min....,,.......per cent 10
Reduction of area, min........... .+« per cent 30

(b) The yield point shall be determined by the halt of the
gage of the testing machine,




CARNEGIE STEEL COMPANY

AMERICAN SOCIETY FOR TESTING MATERIALS

PHILADELPHIA, PA, U. B. A.
AFFILIATED WITH THE

INTERNATIONAL AssSocIATION FOoR TesTing MATERIALS

STANDARD SPECIFICATIONS

FoRr
i STRUCTURAL STEEL FOR BUILDINGS

SeEriAL DEesieNaTION: A9-16.

These specifications are issued under the fixed designation A 9; the final
number indicates the year of original issue or, in the case of revision, the
year of last revision. i

Apoprep, 1901; Revisep, 1909, 1913, 1914, 1916.

Nore AporreEp June 26, 1918,

In view of the abnormal difficulty in obtaining materials in time of war, the rejection limits
for Sulphur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the
values given in these Specifications, This shall be effective during the period of the war and
until otherwise ordered by the Society.

I. MANUFACTURE

1. Process. (a) Structural steel, except as noted in par. (b),
may be made by the bessemer-or the open-hearth process.

(b) Rivet steel, and steel for plates or angles over ¥ inch in
thickness which are to be punched, shall be made by the open-
hearth process. ’

II. CHEMICAL PROPERTIES AND TESTS

2. Chemical Composition. . The steel shall conform to the following
requirements as to chemical composition:

STRUCTURAL STEEL River StEEL
SR osis {Bessemer. .. notover 0.10 percent. = ......
Open-hearth ** * 0.06 * " not over 0.06 per cent
‘Sulphur..... aseiinaleaaias | Aaeaas 0045 =2t




A, 5. T. M.—STRUCTURAL STEEL FOR BUILDINGS

3. Ladle Analyses. An analysis of each melt of steel shall be made
by the manufacturer to determine the percentages of enrbon,
manganese, phosphorus and sulphur. This analysis shall be made
from a test ingot taken during the pouring of the melt. The chemical
composition thus determined shall be reported to the purchaser or
his representative, and shall conform to the requirements specified
in sec. 2.

4. Check Analyses. Analyses may be made by the purchaser from
finished material representing each melt. The phosphorus and
sulphur content thus determined shall not exceed that specified in
sec. 2 by more than 25 per cent.

III. PHYSICAL PROPERTIES AND TESTS

5. ‘Tension Tests, (a) The material shall conform to the
following requircmenls as to tensile propertics:

Piopa'uu Considered : Structural Steel | Ttivet Steel
Tensile strength. . ....... b, per sq. inch,‘ 56,000-65,000 46,000-56,000
Yleld point, min......... 1b. per sq. inchl 0.5 tens. str. 0.5 tens. str.

1,400,000a 1,400,000
i i A AR . g |

Elongation in 8 inches, min per cennl o . =
Elongation in 2 inches, min, , ... per curmt.-.1 - - N (SR
" aSeese. 6. * " Vi o T i S

(b) The yield point shall be determined by the drop of the
beam of the testing machine.

6. Modifieations in Elongation. (a) Ior structural steel over 3{
inch in thickness, a deduetion of 1 from the percentage of elongation
in 8 inches specified in sec. 5 (a) shall be made for each increase
of 14 inch in thickness above 34 inch to & minimum of 18 per cent.

(b) For structural steel under 34 inch in thickness, a deduction
of 2.5 from the percentage of elongation in 8 inches specified in
sec. 5 (a) shall be made for each decrease of Vg inch in thickness
below 3¢ inch.

7. Bend Tests. (a) The test specimen for plates, shapes and
bars, except as specified in par. (b) and (c), shall bend cold through
180 degrees without eracking on the outside of the bent portion,
as follows: For material 34 inch or under in thickness, flat on
itsell; for material over 3{ inch to and including 114 inch in thick-
ness, around a pin the diameter of which is equal to the thickness
of the snecimen; and for material over 114 inch in thickness, around
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a pin the diameter of which is-equal to twice the thickness of the
specimen.

(b) The test specimen for pins, rollers and other bars, when
prepared as specified in sec. 8 (e), shall bend cold through 180
degrees around a l-inch pin without cracking on the outside of the
bent portion.

= (¢) The test specimen for rivet steel ahs;ll bend cold through
180 degrees flat on itself without cracking on the outside of the
bent portion.

8. Test Specimens. (@) Tension-and bend-test specimens shall
be taken from rolled steel in the condition in which it comes from
the rolls, except as specified in par. (b).

(b)) Tension-and bend-test specimens for pins and rollers shall
be taken from the finished bars, after annealing when annealing
is specified. ~

g

Parallel a;l:[:i_:il:u:‘1
| not less than 9%}

‘ =
s About 3--—+» =

Figure 1.

{¢) Tension-and bend-test specimens for plates, shapes and
bars, except as specified in par. (d), (¢) and (f), shall be of the full
thickness of material as rolled; and may be machined to the form
and dimensions shown in fig. 1, or with both edges parallel.

(d) Tension-and bend-test specimens for plates over 114 inch
in thickness may be machined to a thickness or diameter of af least
34 inch for a length of at least 9 inches.

(e) Tension-test specimens for pins, rollers and bars over 115
inch in thickness or diameter may conform to the dimensions
shown in fig. 2. In thiscase the ends shall be of a form to fit the
holders of the testing machine in such a way that the load shall be
axial. Bend-test specimens may be 1by 14 inch in section. The
axis of the specimens shall be located at any point midway between
the center and surface and shall be parallel to the axis of the bar.

20
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A.S. T. M\.—STRUCTURAL STEEL FOR BUILDINGS

(/) Tension-and bend-test specimens for rivet steel shall be
of the full-size section of bars as rolled.

0. Numberof Tests. (a) One tension-and one bend test shall be
made from each melt; except that if material from one melt differs
34 inch or more in thickness, one tension-and one bend test ghall be
made from both the thickest and the thinnest material rolled,

(b) If any test specimen shows defective machining or develops
flaws, it may be discarded and another specimen substituted, °

(¢) If the percentage of elongation of any tension-test specimen
is less than that specified in sec. 5 (a) and any part of the fracture
is more than 3 inch from the center of the gage length of a 2-inch
specimen or is outside the middle third of the gage length of an
8-inch specimen, as indicated by scribe scratches marked on the
specimen before testing, a retest shall be allowed.

gmmreamennens P e h

-2'Gage length J

NOTE:—The gage length, parallel portions and fillets shall be
shown, will fit

ttlnendlmbeh:fmfmwhieh u'.:

1V. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS

10. Permissible Variations. The cross-section or weight of each
piece of steel shall not vary more than 2.5 per cent from that
specified; except in the case of sheared plates, which shall be covered
by the following permissible variations. One cubic inch of rolled
steel is assumed to weigh 0.2833 pound.

(@) When Ordered to Weight per Square Foot:—
The weight of each lot! in each shipment shall not vary from the
weight ordered more than the amount given in Table I.

1The term “lot” applied to Table I means all of the plates of each group width and group weight.

21



CARNEGIE STEEL COMPANY

TABLE L.—PERMISSIBLE VARIATIONS OF PLATES
ORDERED TO WEIGHT

| Prasusstnie VAntamions v Averscs WEIGHTS
| rER Square Foot or Prates sor Wimas GIVEN,
ExprEssup IN

Prncenraces or Onoeren Werants
Weight,
J in. | 00in. | 72in. | 84 in, 108 in. | 120 0. | 1405
R o o B e e o R
1 i in. in, i 0. n. :
Square Foot el | ol | el | exol | esolt fleasiif ek | O
¥ Y ‘r. 8
JOE BRI e
Under 5. ....... 5 I b e
olgups ol 408 13 0 08 oL
10 o125 * 3. 4.53 5'5}':3 553 (6 3 |7 3
125015 " |3 453 |5 3 (553 |6
15 to17.5 “ |2 .513.52.5/4 453 |5 3 5,5§
17.56t020 * |2 .53 [2.58.5254 3 453 |5
20 02 ¢ (2 2.52.53 2.53.52.54 3 |4.53
25 tod0 |2 2.52 |2.512.613 2.53.53 (4 3
30 tod0o “ |2 2 |2 (252 [2.52.5)3 [2.53.58
40 or over....... 2 22|22 |2.52 2.532.g3 i2.5/3. f
Nomn.—The weight per square foot of individual plates shall not vary from the ordered weight

by more than 1% times the amount given in this table,
(b) When Ordered to Thick
The thickness of each plate shall not vary more than 0.01 inch
under that ordered. ,
The overweight of each lot? in each shipment shall not exceed
the amount given in Table II.

TABLE II.—PERMISSIBLE OVERWEIGHTS OF PLATES
ORDERED TO THICKNESS

_— - —
Pruymsme Excess 1v Averace Weicats
rER Square Foor or Prates vor Wintes Gives,
| Expressep v Pencentaces o Nouman WeenTs
1
Thickness, |
Inches | 48in. | 60in. | 72in. | 84 in. | 06 in. | 108 in. | 120in. | a0 o0
| Under | to to to to to o to gy
| 48in, | 60in. | 72in, | 84 in, | 06 in. | 108 in. | 120 in. | 182 in. A
. | excl. | excl | excl. | exel | exel, | exel, | exel, | 9
[
Under 4% ....... 9 10 12 14
uwn.uxcl |8 U 6 (I (e R (s IO1e 10 B B |
ato iy s 8 0 10 12
o He ' . (1] 7 8 9 10 12 14 16 19
stO % Y 1 5 6 7 8 9 10 12 | 14 17
3% 0 The . | 4.5 5 6 7 8 9 10 ] 12 15
Tato 1o | 4 4.5 5 6 7 8 9 10 13
oo TEREA 3.5 4 4.5 5 6 7 8 1] 11
to% " . 3 35| 4 45| &5 (i} 3 ] 9
to 1 o 2.5 3 3.5 4 4.5 5 6 7 8
Torover........ 2.5 25| 3 35| 4 4.5 5 [ 7
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A. S. T. M.—STRUCTURAL STEEL FOR BUILDINGS

V. FINISH

11. Finish. The finished material shall be free from injurious
defects and shall have a workmanlike finish.

VI. MARKING

12. Marking. The name or brand of the manufacturer and the
melt number shall be legibly stamped or rolled on all finished
material, except that rivet and lattice bars and other small sections
shall, when loaded for shipment, be properly separated and marked
for identification. The identification marks shall be legibly stamped
on the end of each pin and roller. The melt number shall be
legibly marked, .by stamping, if practicable, on each test specimen.

VII. INSPECTION AND REJECTION

13. Inspection. The inspector representing the purchaser shall
have free entry, at all times while work on the contract of the
purchaser is being performed, to all parts of the manufacturer's
works which concern the manufacture of the material ordered.
The manufacturer shall afford the inspector, free of cost, all reason-
able facilities to satisfy him that the material is being furnished in
accordance with these specifications. All tests (except check
analyses) and inspection shall be made at the place of manufacture
prior to shipment, unless otherwise specified, and shall be so con-
ducted as not to interfere unnecessarily with the operation of the

works.

14. Rejection. (a) Unless otherwise specified, any rejection
based on tests made in accordance with sec. 4 shall be mported
within five working days from the recmpt of samples.

*(b) Material which shows injurious defects subsequent to its
acceptance at the manufacturer's works will be rejected, and the
manufacturer shall be notified.

15. Rehearing. Samples tested in accordance with sec. 4, which
represent rejected material, shall be preserved for two weeks from
the date of the test report. In case of dissatisfaction with the
results of the tests, the manufacturer may make claim for a re-
hearing within that time.

23
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CARNEGIE STEEL COMPANY

AMERICAN SQCIETY FOR TESTING MATERIALS

PHILADELPHIA, PA., U. 5. A.

AFFILIATED WITH THE

INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS

STANDARD SPECIFICATIONS

BILLET STEEL
. CONCRETE REINFORCEMENT BARS

SErIAL DusiayaTion: Al5-14.

These specifications are issued under the fixed designation A 15; the final
number indicates the year of original issue or, in the case of revision, the
year of last revision.

Apoprep, 1911; Revisep, 1912, 1913, 1914,

Nore Aporren Juxe 26, 1918,

In view of the abnormal difficulty in obtaining materials in time of war, the rejection limits
for Sulphur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the
values given in these Specifications. This shall be effective during the period of the war and
until otherwise ordered by the Society.

1. Material Covered. (a) These specifications cover three classes
of billet steel conerete reinforcement bars, namely: plain, deformed
and cold-twisted,

(b) Plain and deformed bars are of three grades, namely:
structural steel, intermediate and hard.

2. Basis of Purchase. (a) The structural steel grade shall be
used unless otherwise specified.

(b) If desired, cold-twisted bars may be purchased on the
basis of tests of the hot-rolled bars before twisting, in which case
such tests shall govern and shall conform to the requirements
specified for plain bars of structural steel grade. -

I. MANUFACTURE

3. Process. (a) The steel may be made by the bessemer-or
the open-hearth process.
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A.S.T. M.—CONCRETE REINFORCEMENT BARS

(b) The bars shall be rolled from new billets, No rerolled
material will be accepted. j

4. Cold-twisted Bars. Cold-twisted bars shall be twisted cold
with one complete twist in a length not over 12 times the thickness
of the bar..

II. CHEMICAL PROPERTIES AND TESTS

5.+ Chemical Composition. The steel shall conform fo the following
requirements as to chemical composition:

BOBESIED ... «.i5 5553 HaldE sia.5. not over 0.10 per cent
Open-hearth.......... S MO LR

' 6. Ladle Analyses. An analysis of each melt of steel shall be made
by the manufacturer to determine the percentages of carbon,
manganese, phosphorus and sulphur. This analysis shall be made
from a test ingot taken during the pouring of the melt. The chemical
composition thus determined shall be reported to the purchaser or
his representative, and shall conform to the requirements specified
in sec. 5.

7. Check Analyses. Analyses may be made by the purchaser from
finished bars representing each melt of open-hearth steel, and each
melt, or lot of ten tons, of bessemer stecl. The phosphorus content
thus determined shall not exceed that specified in.see. 5 by more than
25 per cent.

III. PHYSICAL PROPERTIES AND TESTS

8. Tension Tests. (a) The bars shall conform to the following
requirements as to tensile properties:

TexsiLe PROPERTIES

[ Plain Bars | Defoemad Bacs '

[ Cold
Promerts Jb - Ui _ old-
Considered | Structural-  Inter- Hard l Stmcb.u'al-l Inter- hﬁm
Steel mediate | o4 Steel mediate Girads
| Grade Grade | Grade Grade
[.ig |
Tensile streagtty, | 5000 | 70000 | oo | 55000 | 70000 | oo o
Ib. per sq. nch| . 0 to min, o to ) only
P e B 70000 | 85,000 70,000 | 85,000
Yield point, min,,, |
Ib. per eq. inch) 33,000 | 40,000 50,000 33,000 40,000 50,000 55,000
e i, 14000002 13000005 12000000 125000 1,125.000a 110000005 | ¢

per cent tens. str. lt-em.m‘. i tens, str. | tens. str. |tmutr. | tens. gtr. |

& See sec, 0.
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(b) The yield point shall be determined by the drop of the
beam of the testing machine.

9. Modifications in Elongation. (@) For plain and deformed bars
over 34 inch in thickness or diameter, a deduction of 1 from the
percentages of elongation specified in sec. 8 (a) shall be made for
each increase of 14 inch in thickness or diameter above 34 inch.

(b) For plain and deformed bars under 746 inch in thickness
or diameter, a deduction of 1 from the percentages of elongation
specified in sec. 8 (a) shall be made for each decrease of %4¢ inch
in thickness or diameter below 74 inch.

10. Bend Tests. The test specimen shall bend cold around a pin
without cracking on the outside of the bent portion, as follows:

Bexp TEST REQUIREMENTS

Thickness Plain Bars Deformed Bars

or Cold-
Diameter | twisted
o5 Structural-  Inter- Hard |Structuraly Inter- Hard Bats
Bar Steel mediate Giida Steel mediate | g0

Grade Grade Grade Grade

Under ¥ inch/180 deg. (180 deg. | 180 deg. '180 deg.| 180 deg.| 180 deg. 180 deg.
d==t d=2t | d=3t d=t d=3t | d=4t | d=2t.
3 inch

or over....|180 deg. | 90 deg. | 90 deg. 180 deg. | 90 deg. | 90 deg. {180 deg.
d=t d=2¢t d=3t d=2¢ d==3t d=4t d==3¢t

ExpranaTory Note: d = the diameter of pin about which the specimen is bent;
t=the thickness or diameter of the specimen. .

11. Test Specimens. (a) Tension-and bend-test specimens for
plain and deformed bars shall be taken from the finished bars, and
shall be of the full thickness or diameter of bars as rolled; except
that the specimens for deformed bars may be machined for a
length of at least 9 inches, if deemed necessary by the manufacturer
to obtain uniform cross-section.

(b) Tension-and bend-test specimens for cold-twisted bars
ghall be taken from the finished bars, without further treatment;
except as specified in sec. 2 (b).

12. Numberof Tests. (a) One tension-and one bend test shall
be made from each melt of open-hearth steel, and from each melt,
or lot of ten tons, of bessemer steel; except that if material from
one melt differs 38 inch or more in thickness or diameter, one
tension-and one bend test shall be made from both the thickest
and the thinnest material rolled.

(b) If any test specimen shcws defective machining or develops
flaws, it may be discarded and another specimen substituted.
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A. 5. T. M.—CONCRETE REINFORCEMENT BARS

(c) If the percentage of elongation of any tension-test specimen
is less than that specified in sec. 8 (a) and any part of the fracture
is outside the middle third of the gage length, as indicated by
scribe seratches marked on the specimen before testing, a retest
shall be allowed.

IV. PERMISSIBLE VARIATIONS IN WEIGHT

13. Permissible Variations. The weight of any lot of bars shall not
vary more than 5 per cent from the theoretical weight of that lot.

V. FINISH

14. Finish. The finished bars shall be free from injurious defects
and shall have a workmanlike finish.

VI. INSPECTION AND REJECTION

15. Inspection. The inspector representing the purchaser shall
have free entry, at all times while work on the contract of the
purchaser is being performed, to all parts of the manufacturer's
works which concern the ‘manufacture of the bars ordered. The
manufacturer shall afford the inspector, free of cost, all reasonable
facilities to satisfy him that the bars are being furnished in accord-
ance with these specifications. All tests (except check analyses)
and inspection shall be made at the place of manufacture prior
to shipment, unless otherwise specified, and shall be so conducted
as not to interfere unnecessarily with the operation of the works.

16. Rejection. (a) Unless otherwise specified, any rejection
based on tests made in accordance with sec. 7 shall be reported
within five working days from the receipt of samples.

(b)) Bars which show injurious defects subsequent to their
acceptance at the manufacturer’s works will be rejected, and the
manufacturer shall be notified.

17. Rehearing. Samples tested in accordance with see. 7, which
represent rejected bars, shall be preserved for two weeks from the
date of the test report. In case of dissatisfaction with the results
of the tests, the manufacturer may make claim for a rehearing
within that time.




CARNEGIE STEEL COMPANY

AMERICAN SOCIETY FOR TESTING MATERIALS

PHILADELPHIA, PA., U. S, A,
AFFILIATED WITH THE

INTERNATIONAL ASSOCIATION FOR TEsTING MATERIALS

STANDARD SPECIFICATIONS

FOR
STRUCTURAL STEEL FOR SHIPS

SerIAL DusiayaTion: A12-16.

These specifications are issued under the fixed designation A 12; the final
number indicates the year of original issue or, in the case of revision, the
year of last revision.

ApopteEDp, 1901; Revisen, 1909, 1913, 1914, 1916.

Nore AporreEp June 26, 1918,

In view of the abnormal difficulty in obtairtng materials in time of war, the rejection limits
for Sulphur in all steels and for Phosphorus in seid steels shall be raised 0.01 per cent above the
values given in these Specifications. This shall he efective during the period of the war and
until otherwise crdered by the Bociety,

I. MANUFACTURE
1. Process. The steel shall be made by the open-hearth process.

II. CHEMICAL PROPERTIES AND TESTS

2. Chemical Composition. The steel shall conform to the following
requirements as to chemical composition:

A s s MR g not over 0.06 per cent
Phi h
.3 om{Buﬁc ..................... Serptt 100815 i
BIRNOE S m d o v b Sumt s bl SRS R »

3. Ladle Analyses. An analysis of each melt of steel shall be made
by the manufacturer to determine the percentages of carbon,
manganese, phosphorus and sulphur. This analysis shall be made
from a test ingot taken during the pouring of the melt. The chemical
composition thus determined shall be reported to the purchaser or
his representative, and shall conform to the requirements specified
in sec. 2.
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A.S. T. M.—STRUCTURAL STEEL FOR SHIPS

4. Check Analyses. Analyses may be made by the purchaser from
finished material representing each melt. The phosphorus and
sulphur content thus determined shall not exceed that specified in
sec. 2, by more than 25 per cent.

III. PHYSICAL PROPERTIES AND TESTS

5. fTension Tests. (a) The material shall conform to the
following requirements as to tensile properties:

Tenslle strength. .. ............. 1b. per sq. inch 58,000-68,000

Yield point, min. .. ............ Ib. per sq. inch 0.5 tens. str,

Elongation in 8 inches, min............ per cent 1,500,000
Ses se0. 6. tens. str.

(h) The yield point shall be determined by the drop of the
beam of the testing machine.

2
. About3i--.» o Farallelsection
L ! not less than 9
T T | e
e =
| _"‘_'\u P ; i i
A Ea 2
' - i S -
1 -ietc.-:&!&'{ i
“ e - e '
[ |
Ficure 1.

6. Modifications in Elongation. (a) For material over % inch
in thickness, a deduction of 1 from the percentage of elongation
specified in see. 5 (a) shall be made for each increase of 14 inch
in thickness above 34 inch, to a minimum of 18 per cent.

(b) Tor material Y4 inch or under in thickness, the elongation
shall be measured on a gage length of 24 times the thickness of
the specimen.

7. Bend Tests. The test specimen shall bend cold through 180
degrees without cracking on the outside of the bent portion, as
follows: For material #{ inch or under in thickness, around a
pin the diameter of which is equal to the thickness of the specimen;
for material over 34 inch to and ineluding 134 inch in thickness,
around a pin the diameter of which is equal to 114 times the thick-
ness of the specimen; and for material over 114 inch in thickness,
around a pin the diameter of which is equal to twice the thickness
of the specimen.
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8. TestSpecimens, (a¢) Tension-and bend-test specimens shall
be taken from the finished rolled material, and shall not be annealed
or otherwise treated, except as specified in par. (b).

(b) Tension-and bend-test specimens for material which is
to be annealed or otherwise treated before uee, shall be cut from
properly, annealed or similarly treated short lengths of the full
section of the piece.

(¢) Tension-and bend-test specimens, except as specified in
par. (d), shall be of the full thickness of material as rolled; and
may be machined to the form and dimensions shown in fig. 1, or
with both edges parallel.

(d) Tension-and bend-test specimens for plates and bars over
114 inch in thickness or diameter may be machined to a thickness
or diameter of at least #{ inch for a length of at least 9 inches.

0. Numberof Tests. (a) One tension-and one bend test shall
be made from each melt; except that if material from one melt
differs 3¢ inch or more in thickness, one tension-and one bend test
shall be made from both the thickest and the thinnest material
rolled.

(b) 1If any test specimen shows defective machining or develops
flaws, it may be discarded and another specimen substituted.

(¢) If the percentage of elongation of any tension-test specimen
is less than that specified in sec. 5 (a) and any part of the fracture
is outside the middle third of the gage length, as indicated by
scribe seratches marked on the specimen before testing, a retest
shall be allowed.

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS

10. Permissible Variations. The cross-section or weight of each
piece of steel shall not vary more than 2.5 per cent from that
specified; except in the case of sheared plates, which shall be
covered by the following permissible variations. One cubic inch
of rolled steel is assumed to weigh 0.2833 pound.

(a) When Ordered to Weight per Square Foot:—
The weight of each lot! in each shipment shall not vary from the
weight ordered more than the amount given in Table I.

1The term *‘lot™ applied to Table I meuns all of the plates of each group width and group weight.
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TABLE L—PERMISSIBLE VARIATIONS OF PLATES
ORDERED TO WEIGHT

Prmsissinie VARIATIONS IS AVERAGE WEiGaTs
rEr Bquane Foor or Prates ror Winte: Giyes,
1§ Pencestaces o ORDERED Wercsms

Weight, 48in. | 60 Stin. | 96in. | 108
in. in | T2in in. in. i, i
Pounds Under | to 0 o | to | to | 1o
per. 4S5in, | 00jn. | 72in. | B4in. | 06in. | 108in. | 120in. 2
Square Foob exel. | excl | exel | exel | exel | ‘exel

Over

| Under

| Over

| Under
| Over
wmulum
| Under
Over
Under
| Over

Under 5150520 < 5 5.53 |6 (0 - 3 el ot et e e S

5 to 7.5 excl (4. 5 5,58 68 B | ]oc]n T I

75t010° " |4 B (453 (53 [5.88 (678 |7 B8R

10 to 125 “ |3.52.54 3 (453 [5 ;55 6 7 8 9k

1251018 |3 |25/3.52.54 13 453 (53 1553 (6 B [7 B |8 S

15 1o 17.5 ! [2.52.5(3 |2.53.52.54 4.53 |5 553 |6 73
5t020 ' (252 [2.52.53 [2.53.52.54 453 |5 3 |553 |6 3

20 to25 “ |22 [2:52 |2.52:5(3" [2:53.52.54 (3 [4.53 |5 8 [5.53

25 todd “ (2 12 (2 |2 |2.52 [2.52.5(3 [2.53. 4 3 453 |5 8
todd “ |2 |2 |2 |2 |2 12 |252 [2.52.5]3 [2.5(3.53 |4 4.53

40 or.over.... ... 212 (2 |2 |2 |2 |22 |25 |2.52.53 [2.53.58 |4 8

Nore.—Tho weight uare foot o( individual plites shall not vary from the ordered weight
by more than 144 times Ihun:.trn’uq.mt given in this tlble-p s

(b) When Ordered to Thickness:—
The thickness of each plate shall not vary more than 0.01 inch
under that ordered.
The nverwelght of each lot? in each shipment shall not exceed the
amount given in Table T1.

TABLE II.—PERMISSIBLE OVERWEIGHTS OF PLATES
ORDERED TO THlChI\ESS

Pensssinre Excess v Avenace Wmears
rer Squane Foor or Prates ror Woores Gives
Exrnessen 1% Pencestaces or Nossar Weewrs
Thickness,

Inches 48in. | O0in. | 72in. | B4 in. | 96 in. | 108 in. | 120 in. 39§
Usder| to | to | fo | to | o | to | to [I32I0
48in. | B0in. | T2in. | B4 in. | M in. | 108in. [ 120in. | 132in. | OF

exel. | excl. }oexel | exel. | exel. | excl | excl | OVer

Under %........ 0 10 12 14 2 B |

wnaucl 8 9 10 12

o to o 7 8 9 10 12
to :Ln e ] 8 7 8 0 10 12 14 16 19
aato " J 8 6 ‘i 8 ) 10 12 14 17
to %a * | 45 5 6 7 8 9 10 12 15
',‘ioto 5 J 4 45| &5 [}] 7 8 9 10 13
o 3.5 4 45| b 6 T 8 9 11
:ﬁ to 3 35| 4 4.5 5 6 7 8 9
s to 1l 2.5 3 35| 4 45| 5 6 7 8
1 or ov 2.5 25| 3 35| 4 4.5 5 6 ¥

2The term "“lot” applied to Table I1 means all of the plates of each group width snd group thickness.

31




CARNEGIE STEEL COMPANY

V. FINISH

11. Finish. The finished material shall be free from injurious
defects and shall have a workmanlike finish.

VI. MARKING

12. Marking. The name or brand of the manufacturer and the
melt number ghall be legibly rolled or stamped on all finished
material. The melt number shall be legibly stamped on each test
specimen,

VII. INSPECTION AND REJECTION

13. 1Inspection. The inspector representing the purchaser shall
have free entry, at all times while work on the contract of the
purchaser is being performed, to all parts of the manufacturer's
works which concern the manufacture of the material ordered.
The manufacturer shall afford the inspector, free of cost, all reason=
able facilities to satisfy him that the material is being furnished in
accordance with these specifications. All tests (except check
analyses) and inspection shall be made at the place of manufacture
prior to shipment, unless otherwise specified, and shall be so con-
ducted as not to interfere unnecessarily with the operation of the
works.

14. Rejection. (a) TUnless otherwise specified, any rejection
based on tests made in accordance with sec. 4 shall be reported
within five working days from the receipt of samples.

() Material which shows injurious defeets subsequent to its
acceptance at the manufacturer’s works will be rejected, and the
manufacturer shall be notified.

15.~ Rehearing. Samples tested in accordance with sec. 4, which
represent rejected material, shall be preserved for two weeks from
the date of the test report. In case of dissatisfaction with the
results of the tests, the manufacturer may make claim for a re-
hearing within that time. ;




. A.S. T. M.—RIVET STEEL FOR SHIPS

AMERICAN SOCIETY FOR TESTING MATERIALS
PHILADELPHIA, PA., U. 8. A.

AFFILIATED WITH THE

INTERNATIONAL AssociaTioN FoR TESTING MATERiALS

STANDARD SPECIFICATIONS

FOR

RIVET STEEL FOR SHIPS

SeriaL DesiexaTionN: Al3-14.

These specifications are issued under the fixed designation A 13; the final
number indicates the year of original issue or, in the case of revision, the
year of last revision.

Apoprep, 1901; Revisep, 1909, 1013, 1014.

Nors Aporrep Juxe 26, 1018,

In view of the abnormal difficulty in obtaining materials in time of war, the rejection limits
for Sulphur in all steels and for Phosphorus in acid steels shall be ruised 0.01 per cent above the
values given in these Specifications. This shall be effective during the period of the war and
until otherwise ordered by the Bociety.

A, R‘eqdiremcnts for Rolled Bars.

I. MANUFACTURE

1. Process. The steel shall be made by the open<hearth process.

II. CHEMICAL PROPERTIES AND TESTS

2. Chemical Composition. The steel shall conform to the follow-
ing requirements as to chemical composition:

: A v gurks wgtiny oms pre S not over 0.06 per cent
Phosph

it 7 L R et 004
L T L e = % DO4s™"

3. Ladle Analyses. An analysis of each melt of steel shall be made
by the manufacturer to determine the percentages of carbon,
manganese, phosphorus and sulphur. This analysis shall be made
from a test ingot taken during the pouring of the melt. The chemical
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composition thus determined shall be reported to the purchaser or
his representative, and shall conform to the requirements specified
in sec. 2. 3

4. Check Analyses. Analyses may be made by the purchaser from
finished bars representing each melt. The phosphorus and sulphur
content thus determined shall not exceed that specified in sec. 2 by
more than 25 per cent.

III. PHYSICAL PROPERTIES AND TESTS

5. Tension Tests. (a) The bars shall conform to the following
requirements as to tensile properties:

Tensile strength.......c.cccco0ae Ib. per sq. inch 55,000-65,000

Yield polnt, min L e o .o ven . Ib. per sq. inch 0.5 tens. str.

Elongation in 8 inches, min............ per cent l._SOO._g—tO(:.O-
See sec. 6. tens. str.

(b) The yield point shall be determined by the drop of the
beam of the testing machine.

6. Modificationsin Elongation. For bars over 34 inch in diameter,
a deduction of 1 from the percentage of elongation specified in
sec. 5 (a) shall be made for each increase of 14 inch in diameter
above 34 inch.

7. BendTests. The test specimen shall bend cold through 180
degrees flat on itself without cracking on the outside of the bent
portion.

8.  Test Specimens. Tension-and bend-test specimens shall be of

the full-size section of bars as rolled.
»

9. Number of Tests. (a¢) Two tension-and two bend tests shall
be made from each melt, each of which shall conform to the require-
ments specified; except that if bars from one melt differ 34 inch or
more in diameter, one tension-and one bend test shall be made from
both the greatest and the least diameters rolled.

(b) If any test specimen develops flaws, it may be discarded
and another specimen substituted.

(¢) If the percentage of elongation of any tension-test specimen
is less than that specified in sec. 5 (¢) and any part of the fracture
is outside the middle third of the gage length, as indicated by
seribe scratches marked on the specimen before testing, a retest
shall be allowed.
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A.S. T. M.—RIVET STEEL FOR SHIPS

IV. PERMISSIBLE VARIATIONS IN GAGE

10. Permissible Variations. The gage of bars 1 inch or under in
diameter shall not vary more than 0.01 inch from that specified;
the gage bars over 1 inch to and including 2 inches in diameter
shall not vary more than %4 inch under nor more than 14, inch over
that specified.

V. FINISH

11. Finish. The finished bars shall be free from injurious
defects and shall have a workmanlike finish.

VI. MARKING

12. Marking. Rivet bars shall, when loaded for shipment, be
properly separated and marked with the name or brand of the
manufacturer and the melt number for identification. The melt
number shall be legibly marked on each test specimen.

VII. INSPECTION AND REJECTION

13. Inspection. The inspector representing the purchaser shall
have free entry, at all times while work on the contract of the
purchaser is being performed, to all parts of the manufacturer’s
works which concern the manufacture of the bars ordered. The
manufacturer shall afford the inspector, free of cost, all reasonable
facilities to satisfy him that the bars are being furnished in accord-
ance with these specifications. All tests (except check analyses)
and inspection shall be made at the place of manufacture prior to
shipment, unless otherwise specified, and shall be so conducted
as not to interfere unnecessarily with the operation of the works.

14. Rejection. (a) Unless otherwise specified, any ‘rejection
based on tests made in accordance with sec. 4 shall be reported
within five working days from the receipt of samples.

(b) Bars which show injurious defects subsequent to their
acceptance at the manufacturer’s works will be rejected, and the
manufacturer shall be notified.

15. Rehearing. Samples tested in accordance with sec. 4, which
represent rejected bars, shall be preserved for two weeks from the
date of the test report. In case of dissatisfaction with the results
of the tests, the manufacturer may make claim for a rehearing
within that time.
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B. Requirements for Rivels.

I. PHYSICAL PROPERTIES AND TESTS

16. Test Certificate of Rolled Bars. A copy of the results of tension
tests of the rolled bars from which the rivets were made shall be
furnished for each lot of rivets.

17. Tension Tests. If the test certificate required in sec. 16 can-
not be furnished, the rivets shall conform to the requirements as
to tensile properties specified in secs. 5 and 6, except that the
elongation shall be measured on a gage length as great as the
length of the rivets tested will permit.

18. BendTests. The rivet shank shall bend cold through 180
degrees flat on itself, as shown in fig. 1, without cracking on the
outside of the bent portion.

Ficure 1. Ficore 2.

19. Flattening Tests. The rivet head shall flatten, while hot, to a
diameter 214 times the diameter of the shank, as shown in fig. 2,
without cracking at the edges.

20. Numberof Tests. (a) When required in accordance with
sec. 17, one tension test shall be made from each size in each lot
of rivets offered for inspection.

() Three bend-and three flattening tests shall be made from
each size in each lot of rivets offered for inspection, each of which
shall conform to the requirements specified.

1I. WORKMANSHIP AND FINISH

21. Workmanship. The rivets shall be true to form, concentric,
and shall be made in a workmanlike manner.

22. Finish. The finished rivets shall be free from injurious
defects.
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III. INSPECTION AND REJECTION

23, Inspection. The inspector representing the purchaser shall
have free entry, at all times while work on the contrast of the
purchaser is being performed, to all parts of the manufacturer’s
works which concern the manufacture of the rivets ordered. The
manufacturer shall afford the inspector, free of cost, all reasonable
facilities to satisfy him that the rivets are being furnished in accord-
ance with these specifications. All tests and inspection shall be
made at the place of manufacture prior to shipment, unless other-
wise specified, and shall be so conducted as not to interfere unneces-
sarily with the operation of the works.

24. Rejection. Rivets which show injurious defects subsequent
to their acceptance at the manufacturer’s works will be rejected,
and the manufacturer shall be notified.
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AMERICAN SOCIETY FOR TESTING MATERIALS

PHILADELPHIA, PA., U. 8. A.
" AFFILIATED, WITH THE

INTERNATIONAL ASSOCIATION FOR TEsTING MATERIALS

STANDARD SPECIFICATIONS

FOoR
STRUCTURAL STEEL FOR CARS

SerianL DesioyaTion: A11-16.

These specifications are Issued under the fixed designatiomlA 11; the final
number indicates the year of original issue or, in the case of revision, the
year of last revision.

Avorrep, 1914; Revisep, 1016,

Nore AvorrEp JUuse 26, 1918,

In view of the abnormal difficulty in obtaining materials in time of war, the rejoction Kmits
for Bulphur in all steels and for Phosphorus in neid steels shall be raised 0.01 per cent above the
valuea given in these Specifications. This shall be effective during the period of the war and
until otherwise ordered by the Bociety,

1. Material Covered. These specifications apply to shapes, plates
and bars over 14 inch in thickness.
1. MANUFACTURE

2. Process. The steel shall be made by the open-hearth process.

II. CHEMICAL PROPERTIES AND TESTS

3. Chemical Composition. The steel shall conform to the following
requirements as to chemical composition:

.

StTrUucTURAL BTEEL AND

Prartes ror CoLp PressiNG River Steer
Aot .o not over 0.06 per cent not over 0.04 per cent
Phosph
o {Bwﬂc ..... W] G e T e
BB 55 se i caasov e %008 " " “ " 004" =
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A. 8. T. M.—STRUCTURAL STEEL FOR CARS

4. Ladle Anslyses. An analysis of each melt of steel ghall be made
by the manufacturer to determine the percentages of. carbon,
manganese, phosphorus and sulphur., This analysis shall be made
from a test ingot taken during the pouring of the melt. The chemical
composition thus determined shall be reported to the. purchaser or
his representative, and shall conform to the requirements specified
in sec. 3.

5. Check Analyses. Analyses may be made by the purchaser from
finished material representing each melt. The phosphorus and
sulphur content thus determined shall not exceed that specified in
sec. 3 by more than 25 per cent.

III. PHYSICAL PROPERTIES AND TESTS

6. TemsionTests. (a) The material shall conform to the
following requirements as to tensile properties:

BT 1 | Structural Rivet Platea
Properties Considered Steel Steel Cold Preming

Tensile strength . . ..1b. per sq. inch/50,000-65,000145,000-60,000/48,000-58,000
Yield point, min , . .Ib. per sq. inch| 0.5 tens. str. [ 0.5 tens. str. | 0.5 tens, str.

1,500,000 1,500,000 1,500,000
FORSNo IR S tn.. sutn., Per CaRy: tens, str. tens. str. tens. str.

1 8ee sec. 7.

a

(b) The yield point shall be determined by the drop of the
beam of the testing machine.

7. Modifications in Elongation. (a) For material over 3{ inch
in thickness, a deduction of 1 from the percentage of elongation
specified in sec. 6 (a) shall be made for each increase of 14 inch in
thickness above ¥ inch, to a minimum of 18 per cent.

(b) TFor material under 5iq inch in thickness, a deduction of
2.5 from the percentage of elongation in 8 inches specified in sec.
6 (a) shall be made for each decrease of 14 inch in thickness below
%g inch.

8. BendTests. (@) The test specimen for structural steel shall
bend cold through 180 degrees without eracking on the outside of the
bent portion, as follows: For material 3{ inch or under in thickness,
flat on itself; for material over #{ inch to and ineluding 114 inch in
thickness, around a pin the diameter of which is equal to the
thickness of the specimen; and for material over 114 inch in thick-
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ness, around a pin the diameter of which is equal to twice the
thickness of the gpecimen.

(b) The test specimen for rivet steel and plates for cold
pressing shall bend eold through 180 degrees flat on itself without
cracking on the outside of the bent portion.

9. Test Specimens. (a) Tension-and bend-test specimens shall
be taken from the finished rolled material.

(b) Tension-and bend-test specimens, except as specified in
par. (c), shall be of the full thickness of material as rolled; and
may be machined to the form and dimensions shown in fig. 1, or
with both edges parallel.

(¢) Tension-and bend-test specimens for plates and bars over
1% inch in thickness or diameter may be machined to a thickness
or diameter of at least 3§ inch for a length of at least 9 inches.

10. Number of Tests. (a) One tension-and one bend test shall
be made from each melt; except that if material from one melt
differs 36 inch or more in thickness, one tension-and one bend test
shall be made from both the thickest and the thinnest material
rolled. Shapes less than 1 sq. inch in section, and bars, except
rivet rods, less than %4 sq. inch in section, need not be subjected
to & tension test.

w-----About 3 '—"-I :'3 rm’“ 9,?

e e e == : —  —
1 l: 1 { ) é
e Jﬁ -
Do i 1

r:\hﬂ:t 2’

SRR TS T AT i fel
}‘-l,g,’-'.. 17 mete.s iy
L - LR

cnma B |

e

P

Fiaure 1.

(b) If any test specimen shows defective machining or develops
flaws, it may be discarded and another specimen substituted.

(¢) If the percentage of elongation of any tension-test specimen
is less than that specified in sec. 6 (a) and any part of the fracture
is outside the middle third of the gage length, as indicated by
scribe scratches marked on the specimen before testing, a retest
shall be allowed.
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IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS.

11, Permissible Variations. The cross-section or weight of each
piece of steel shall not vary more than 2.5 per cent from that
specified; except in the case of sheared plates, which shall be
covered by the following permissible variations. One cubie inch
of rolled steel is assumed to weigh 0.2833 pound.

(@) When Ordered to Weight per Square Foot:—
The weight of each lot? in each shipment shall not vary from the
weight ordered more than the amount given in Table I.

TABLE [.—PERMISSIBLE VARIATIONS OF PLATES
ORDERED TO WEIGHT

Permissieie Vanmamons 18 Averace Wrigars
ren SqUare Foor or Praves vor Wiomas Gives,
Exriessep v Pencextaces of Onoerer WEioHTs
Ordered
Weight, | 48in. | 60in. | 72in. | S4in. | 08 in. | 108in. | 120in. | 132 in.
Pounds Under | to to to to to 0 to or
per 48in. 60in. | 72in. | B4in. | 06 in. | 108in, | 120 in. | 132in. | over
Square Foot excl. | excl. | excl | excl | excl | exel. | excl.
| ]
8 8 B 8 -}
Itk I ai P
s|§15553§§535\3 ElE|E2
__-l ' T o e M by Ay
Under 5. .. 15 5.53 |6 7 E J o) el I [l
5 to 7.5excl. 4. fgs'g 5. 6 g R B P el R S P
7.5 to 10 M 4. 5 5.5 (1] 7 B e T
10 tol125 " 3.52.54 FS 4.58 |5 5. ] 7 8
12.5 to 15 Ly 2.63.52.5/4 4. 5 5.5 6 ¥
15 to17.5 " (2.52.568 [2.5/3.52.5/4 4.5 5 5. 6
b5 to 2 Mo 125 2.512.6|3 |2.5|3.512.5/4 4.53 |5 5.
to 12 (2 [2.5)2 |2.52.5|3 [2.5(3.8(2.54 4. 5
25 to 30 * 3 @ 12 |12 252 |2.52.563 BHi3.53 |4 4.
30 to 40 e 2 12|12 |2 2.52 12.612.53 |2.53.53 |4
40 or over...... 2 2 22 2 |27 (252 |252553 [2.53.
Note.—The weight per square foot of individual plates shall not vary from the ordered weight
by more than 114 times the amount given in this table.

(b) When Ordered to Thickness:—
The thickness of each plate shall not vary more than 0.01 inch
under that ordered.
The overweight of each lot2? in each shipment shall not exceed the
amount given in Table IT.

1The term *‘lot” applied to Table I means all of the plates of each group width and group weight.
2The term ‘Jot"” applied to Table IT means all of the plates of each group width and group thickness,
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TABLE I1.—PERMISSIBLE OVERWEIGHTS OF PLATES
ORDERED TO THICKNESS

Pensssinie Excess v Averace WrionTs
yen Bquane Foor or Prares von Woras Grves,
Exraessep 18 Percestaces or Nosmvar Wmanrs

Ordered = ] =
Inches 48in, | 80in. | 72in. | 8%in. | 06 in. | 108 in. | 120in. | 140 in

Under | to to to to to to 1o o

48in. | 00in, | 72in. | 84in. | 06 in. | 108 in. | 120 in, [ 132in. Sl

exel. | exel. | exel | exel, | exel. | exel. | exel

Under .. ..... [ 10 |12 |14
% to Ygexcl....| 8 9 10 12 s P | ] e
;}nt{)% o J 7 8 9 10 12
4 Lo e * 6 () 8 ] 10 12 14 16 19
fato B3 | & ] 7 8 9 10 12 14 17
8% to e * 4.5 5 6 7 8 9 10 12 15
Hato 1y 4 4.5 5 i} 7 8 1] 10 13
to ﬁ a4 3.5 4 4.5 5 6 7 8 9 11

% to 2 3 35| 4 45| 5 6 T 8 0
3 tol L 2.5 3 3.5 4 4.5 5 0 T 8
lorover........ 2.5 25| 3 35| 4 4.5 5 (] 7

V. FINISH

12, Finish. The finished material shal] be free from injurious
defects and shall have a workmanlike finish.

VI. MARKING

13. Marking. The name or brand of the manufacturer and the
melt number shall be legibly rolled or stamped on all finished
material, except that rivet bars and other small sections shall, when
loaded for shipment, be properly separated and marked for identi-
fication. The melt number shall be legibly marked, by stamping,
if practicable, on each test specimen.

VII. INSPECTION AND REJECTION

14. Inspection. The inspector representing the purchaser shall
have free entry, at all times while work on the contract of the
purchaser is being performed, to all parts of the manufacturer's
works which concern the manufacture of the material ordered. The
manufacturer shall afford the inspector, free of cost, all reasonable
facilities to satisfy him that the materialis being furnished in accord-
ance with these specifications. All tests (except check analyses)
and inspection ghall be made at the place of manufacture prior to
shipment, unless otherwise specified, and shall be so conducted
as not to interfere unnecessarily with the operation of the works.
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15. Rejection. (a) Unless otherwise specified, any rejection
based on tests made in accordance with sec. 5 shall be reported
within five working days from the receipt of samples,

(b) Material which shows injurious defects subsequent to its
acceptance at the manufacturer’'s works will be rejected, and the
manufacturer shall be notified.

16. Rehearing. Samples tested in accordance with sec. 5, which
represent rejected material, shall be preserved for two weeks from
the date of the test report. In case of dissatisfaction with the
results of the tests, the manufacturer may make claim for a re-
hearing within that time.
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‘ORDERING MATERIAL
GENERAL INSTRUCTIONS

Structural steel for bridges, buildings, ears and ships, steel
reinforcement bars and rivet steel are rolled to permissible variations
given in the specifications of the American Society for Testing
Materials and of the Association of American Steel Manufacturers.
In cases of design which require close fitting, allowance should be
made for rolling variations so as to insure ample clearances hefween
abutting or interfitting surfaces.

All dimensions given on profiles are theoretical. The exact
dimensions of actual sections depend on conditions of rolls at time
of manufacture.

Wherever the profile applies to more than one weight of section.
the dimensions are for the normal profile, which is the section of
minimum thickness unless otherwise indieated in bold type. Sections
having but one weight specified can be rolled only to the weight
given.

Weights of rails are given per lineal yard of section but, unless
otherwise indicated, all other weights are per lineal foot. Structural
Sections should be ordered to weight per foot, length in feet and
inches. Orders for Plates should specify all dimensions in inches.
Orders for Rounds, Squares and other bar mill products should
specify width and thickness in inches and length in feet and inches.
Rails, Ties and other track accessories should be ordered by section
number and not by weight per foot.

Section number should be specified on orders for all sections.

The Association of American Steel Manufacturers has recom-
mended certain angle sections as standard for bridge, car, ship and
general building construction, and quicker deliveries can be obtained
by ordering these standard sizes. Angles not standard are marked
“‘special’’ on the profile pages.




METHOD OF INCREASING SECTIONAL AREAS

The above flgures show the method of increasing the sectional areas and
weights of structural shapes. Cross hatched portions represent the minimum
sections and the blank portions the added areas. !

In the case of Channels, and I-Beams the enlargement of the section adds
an equal amount to the thickness of the web and the width of the flanges.
In the case of Angles and Zees, the effect of spreading the rolls is slightly
to increase the length of the legs. In the case of Ship Building Bulb Angles,
as a rule, each increase or decrease in web thickness carries with it about
one-half that inerease or decrease in flange thickness,

Inasmuch as the roll passes are modifled in the wear of the rolls, the
actual dimensions will not always conform to the theoretical, even in the
case of the minimum weight sections. Designers and detailers of structural
work should arrange for ample clearances,
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BEAMS AND CHANNELS—Common DIMENSIONS

STEA
e STRUCTURAL BEAMS
Aumenicay Stanpard Sserrons

R 4

1

MINIMUM SECTIONS:
n=minimum web=t
R=minimum web -+ 0,10"
r=%, minimum web

Blope of Flange, 1: 6=1624%5=0° 27" 44"

"™ STRUCTURAL CHANNELS
AuEnican Stanpanp Seorions

R it

MINIMUM SECTIONS!

n=minimum web =t

R=minimum web + 0,10¢
=%o minimum web

Slope of Flange, 1: 6 —1634% = 0°27" 4"

SHIP BUILDING CHANNELS

"
a AMerICAR StANDARD SEcTiONS
i i
n= Mm-
=iy
Slope of Flange—2°—3.402 %

Dimensions for Structural Beams are those adopted by the Assoclation of
American Steel Manufacturers and apply to all Structural Beams, exeept
American Standard Sections B 1, B 2 and B 3, also Sections B 18 and B 19.

The dimensions of the Supplementary Beams, B 61 to B 68, inclusive,
cannot be readily reduced to formulas. Slope of flange is 1 : 11=5° 11’ 40",

Dimensions for Structural Channels are those adopted by the Association
of American Steel Manufacturers and apply to all Structural Channels,
except Sections C 20, C 60 and O 170,

Dimensions for Ship Building Channels are those adopted by the
Association of American Steel Manufacturers and conform to the 1903
Standards of the British Engineering Standards Association; they apply to
all' Ship Building Channels,

46




BEAMS

STRUCTURAL BEAMS

ml’

10.524"
-

- 3 B6L
|
H
; i
i
1
i
925" :
~20 ¥ il || B
' ’,_,3-3*_-). ; %
o.m_'.rl: ; H

pE- L .

Section | Dgpth of
Beam,
Index ‘ Inches

pgm' FI-RIE:[I&.
Pounds

|

Web Thickness,
Inches

Decimal | Fractional = Decimal | Fraetional

4B 61 27 | 000 9.00 9 . [ 0:524 17
*Supplementary Beam,
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STRUCTURAL BEAMS—Continued 147\
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Section | Dgothol | Weght J Toches | Inches
| T | Powds’ | ol | Fraioml | Duimal | Fraciomi
B8 1150 | 7.987 ‘ 79%. | 0787 \ e
24 110.0 7.925 Toloy 0.675 Ry
(Ui He. B20) 105.9 7.875 | Ti% 0.625 I By
100.0 | 7.247 W 0.747 N
95.0 7.186 | s | 0.6868 | e
B 1 24 90.0 | 7.124 % 0.624 4
85.0 | 7.063 | TWa 0.563 i L T
709 | 7.000 7 0.500 %
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STRUCTURAL BEAMS—Continued

Pt
1 1

4 0.600"

20"
16,448

w

1o

VA

.25

3 0.500"

»
0.60-+

ogf,.—r"

]
!QL B 2 L— o
=-8.200"- —2.878%
B § : §
Pt N = T i | 'fﬁm, Web Thickness,
Gosiiai Depth of = Weight Flange
Index Beam, 1 per Foot, ]_ Tnales
Decimal | l‘muonal |  Decimal | Fractional
100.0 7.273 T ' 0.873 T
95.0 | 7.200 | Ty, | 0800 | G
B2 20 | 900 7.126 T4 | 0.726 “Rie
i 85.0 7.053 T 0.653 ]
[ 814 7.000 7 | 0.600 104y
| 75.0 6.391 6250, 0.641 s
B3 20 | 700 6.317 040 0.567 Ma
| 654 6.250 (1 | 0500 1
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STRUCTURAL BEAMS—Continued
8 659°
i ' B 19
i
.
!
i
L.
— L
3 e L -
‘8 4,0.460"
<
T
18
28
Bé4
: X L
! | e
ol . 10960
2
4 1
i
1
1
I
|
i
e e e e a8
i Width, |  WebThickness,
goon | Dol | Fegh | TR | e
Inches | Pounds |™poiral | Fractional | Decimal | Fractional
| 900 ! 7286 | 796 | 0796 o
B 19 o, 85.0 7154 | 7% 0.714 s
(01d No. BS1) 80.0 7.072 | 79 632 5
. 75.6 7000 | 7 0.560 %a
70.0 6.251 614 0.711 234,
B 4 i 630 | 6169 | 6k | 0629
(01d No. BS0) 60.0 6.087 0.547
| 547 6000 | 6 0.460 '
+B 64 18 48.2 7.500 7% 0380 | %
#Supplementary Beam.
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CARNEGIE STEEL COMPANY

STRUCTURAL BEAMS—Continued gl
~1,_1'0.590°
r B6
BSOS | [T SR ——
‘é r 4 0.500 " 41
=] o Jron”
! f S
0.69" ‘E
. A y oasmsal_s
e e e e AR e
- B7 10"
L] ]
_:. I —= . ”
-3 = -

%

je—— -15 —_
P
i B 66
1
R e e = gk
! :
al ,0,332"
i£
¥ f N
] 1
1
]
1
1
.
1
) S
L ___________________ 15 - ————————————————— -
Dl a i) s | 0 Plange WL [ Wat .
Sﬁdﬂon Depth of mwr'e ol::t Iuches | Inches
pn Beam, s SRS - =
Inches | Pounds |1yt | Fractional | Decimal | Frational
! ' 75.0 6.278 | 6% 0.808 T
B 6 70.0 6.180 6%q 0.770 "
@anesn| 15 | gy 6.082 6%, 0.672 gy
60.8 6.000 6 0.590 194,
55.0 5.738 5475 0.648 LN
8 % i 50.0 5.640 543 0.550 256,
i 45.0 5.542 5054, 0.452 MG,
| 429 5.500 5l 0410 | %,
"B 65 15 'l 37.3 6.750 6% 0.332 | 24,
e Supplenwnhu;_gum__ s
52




BEAMS

STRUCTURAL BEAMS—Continued

=3
B8
: 0.353"
, 0.460"

-

—5.05%

.859 %
¥ .“——-»_-_f
ox”\ | <

=l

“y

=

-

i
028" _;

j\;'
g

]

0.738"
o ] B g
f 0.45" ‘é
;| it
I‘ ,g' -
- 4 70.280"
i B 66
]
i e S 9,508 7= = m e - fg
i | 10.284" =
2 T T “"pfm'
i 15: 0. ;
I A1 it a!
! Sl |8
i il o
1
M
B 127 flas
I : " Flange Width, Web Thicknese,
L nd::n ! Dﬁ’;‘mf‘{ p::ﬂmti;’ Inches Inches
| Inches Poun Rl : Feanbionsl | Decital ‘ R
) 55.0 5.600 510y 0.810 184y
B sll s 500 | 5477 | e | 0687 g
45.0 5.355 Badg, 0.565 | B4
‘ \ 40.8 | 5.250 [ a4 0.460 1 206
35.0 5.078 5% 0.428 274,
B9 R 318 | 5000 IR 0.350 1igs
+B 66 12. | 979 6.000 6 0284 | Yha
*Bupplementary Beam




CARNEGIE STEEL COMPANY 1472 |
STRUCTURAL BEAMS—Continued 4 ¥ y,-
B 10
Tt =
b 10.310 H
e -o.'.ags.
J T
/ 0.41" 'é
g4 i3 oaorkl_ 4
s 7 [o.260”
: B 6? &
e cmimes i i 5
: : . | J =
L ‘ 10.262 ' i
2 = - 10,098
: o | |
‘g{ j W
5 5
i A7 e
M mmmm e mm e mm e mmmmme e 1(}'-- i
o M
5.200
-
! B1l
; e 7,085 »
u ,'O.Q__N' i e
g ~1*%
] o | %
L o
oL 0.17" '-—l'
0L Lk T s Widkh, Wob Thickness,
i | Dot | Wem | MmO | TORE
es S E) Decimal | Fractional | Decimal | Fractional
) _B ” | 400 | 5001 | 5% | o741 o
35.0 4.944 4154 0.594 18,
(OidNo.B1D | 10 30.0 4.797 4514, 0.447 P
25.4 4060 | 4% | 0310 | S
*B 67 10 224 | 5.500 51 L 0.252 Yy
o 350 | 4764 | 4% | 0726) | s
30.0 4.601 4195, 0.561 Mo
(01d No. B 13) $ 25.0 4,437 4% 0.397 ‘ i
21.8 4.330 | 4%%, | 0.200 104

i #Supplementary Beam,

bd




BEAMS

STRUCTURAL BEAMS—Continued
1 lo.2n0”
\ B12
o 621" -
- 3 L 0,270"
5 40.270 _osar”
T 2 3
o874\ |
/ ]
o 0.16" |
e e e e
- * f0.240"
: B 68
AR s 6.000 T o — e 30000 ‘g
- : - R S A &
g . T X v
[ 2 0.18
i :
e ] s' --------------- -
;10,2507
. B B 13
BN %
* 1 0,250 Lne
= T 1%
£ k- !I
I 0.35
i j M1
g ” 0,15
7 D " weone | . FiamgoWidth, | . Web Thickoss,
Bection Dﬁﬁ;“‘ | pgﬂ. ~ Inohes 0 Ine :
Inches | Pounds | Decimal | Fractional | Dicimal | Fractional
| 255 4.202 4175, 0.532 174e
B12 % 23.0 4171 | 41l 0441 | e
(0Md No. B 15) 20.5 4.070 | 4% 0.349 Wiy
18.4 4.000 4 0.270 Ty
*B 68 8 17.5 5.000 5 0.220 Tha
| 200 | 3860 | sm, | 0450 | =g
B 13 7 175 | 3755 | 3% 0345 | 114
(0id No. B17) 153 | 3.660 3914, 0.250 %
#Supplementary Beam. i
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CARNEGIE STEEL COMPANY

ﬂ'ﬁn'

B 16

-
T

I
o

STRUCTURAL BEAMS—Concluded (4 7|

Mo m——— fmm———— 2 e e
e Denlh of Wn?ht‘ m“l“e“ idth, | Web]’[‘hirkw-‘
Index Beam, PR AUE
Inches Pounds Decimnl | I"rudwnaf | T)ocl.mnl 1 l'nu-l.mu.ul

1725 | 8.565 3% | 0465 14

outaBm| 6 | 1475 | 3.3 3%, | 0343 1hs
; 12,56 3.830 3%4, 0230 L7

asg .l 14.75 3.284 394 0.404 1
5 12.25 3.137 3%, 0.347 114,
G | | 10.0 3.000 3 0.210 g,
10.5 2,870 2% | 0400 114,

9.5 2,796 g5y, +0.326 24,

(o N- am 8.5 2.723 2214, 0.253 3
! 7.7 2,600 ang, | 0.190 24
‘ {75 2.500 gn8g, 0.340 iy

oid Nn nm | 3 6.5 2411 21352 0.251 b
57 | 2330 294 0.170 Wiy
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BEAMS

H-BEAMS

8~ 5

i

. T |,

3
w
e e
s = e
L a -
o =
.
- & H2
o
G )
i
0.3137 {--- [ 3
= 4 4
v .
s P S Ay
B a3t 8. Ble——2.3u” ol 3
S g S =3
- P LA
| & i
1 1
T iR
7N
fem———— gl —y
i |
Wl
£ « o
9L 3 HS
SR
%_i
1 T
fe——-2.844% g
| | | e .
| . Flange Width, | ‘Web Thickness,
SIec:iion : D%pet;"m"f | pg%%l:; [ Inches ; Inches
ndex . i
Inches | Pounds | pecimal | Frnchona]‘ Decimal l Fractional
‘ &
H4 8 } 34.3 I 8.000 gt | 10878 3
H 3 6 24.1 6.000 ) Gl dpiats %o
2o ] e 189 5.000 5 * lwo313 Mg
H1 4 ISR S 260003 | = e = 0 R1% %o

H-Beams shown on this sheet are particularly adapted for use in inside mine tlmbermg Full

1’113for&1entmn ag to their properties and uses is given in separate pamphlets entitled ‘‘Steel Mine
imbers
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CARNEGIE STEEL COMPANY

SHIP BUILDING BULB ANGLES st
1 =A
American Standard Sections :
J
LEy BA 195 5
E .?:5';‘ '
ey 3 ‘
| b - 4
- e e ] LR
o5 BA 196 2 L
i }.625" 3 =
i ;i 8
7 S el AR - :
e
e BA 197 (8SBA 18) »
3 é .525") 5
T . ;
- 3 !4-—- - ---10' e 3
. BA 206 SR #-+.500"
3-800" B
. Y el ____,_j—; i
914 5 i
BA 206 (BSBA 17) 5
§ 5007 :
ol 4
Y 17 AT R
— T IR [T
ot | m th‘idlh. Web Thickness, ;1&:‘
{9 =T .
‘ Decimal | Fractional | Decimal | Fractional | Decimsl | Fractional |
s Rl e ek il
0.725 T 35.2
BA 105 10000 | 10 s?m | 314 0,675 e ’ 5.9
0.625 " 31.1
BA ‘we 10000 | 10 3.500 a4 o878 Pk o
BA 107 - 0.525 1igy 26.9
BdlE| 10000 | 10 3.500 3% e Moo 5o
0600 | 1% | 288
BA 205 | 9.500 9% | 3.500 3L dio o %o
. BA 208 0.500 1 24.7
gim | S000 | O | 8800 |- % | qgso |1 m. . | 298

" Dimensions of British Standard Sections sre indicated in bold type.
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BULB ANGLES

£754--+ SHIP BUILDING BULB ANGLES—Continued
American Standard Sections
H
1
%
2 BA 201 3
E 1.676" ? f:s.
i i
1 g i
t T af - [“i !
9 .
-]
At 8 oy BA 202 f
e 7 a
i i 4
! . q” i
3
| BA 203 (BsBA 16) N =% e
: 1478" & ’ ]
i 3 > :
h-- 2 L T a:-'g
= BA 208 T
A8 . i
F i a 575"‘ :
i i 3 ¥
] ' 1
i Pl T S S
%
i BA 209 (BSBA 14) /‘T'T-‘
i {.475" §
e 4 Y, S
Grrmemmm———— . 814"
S TRh: " Flangs Width, Web Thisknese I Wat
Section lncs:':; mﬁ::hea Inehes p:‘;u oo‘t'
Index |—— T - — e I
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional |
| 0.675 N 30.4
BA 201 | 9.000 9 3.500 314 0.625 5 28.6
0.575 Sh | 26,6
BA 202 | 9.000 9 3.500 3% 0.525 174y l 24.8 |
BA 203 0.475 o1 | )
BSBA 1) 2.000 | 9 3500 | 3% | o425 | g, | 209 }
= 0.575 ey | . 253 \
BA 208 | 8.500 814 3.500 318 0.535 e | 235
i 0.475 iy 21.6
B 0| 270 | 8% | 3800 | 3% | o4n5 | ey I 19.8 |
Dimensions of British Standard Sections are indicated in bold type. =]
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CARNEGIE STEEL COMPANY

g%, ' SHIP BUILDING BULB ANGLES—Continued
f‘" : American Standard Sections
o
ki BA 211 -
i ,‘,.550‘ § 450"
| = A
i . L=y :
gt L & = :
%
550" % ‘éw?—\BA 212 (BSBA 13) .'
t & 4507 i
: i ; Ly
) et e e aps e i S o
2
i BA 214 2 .450"
| £58 3 i
¢ i L 3 :
F » i .I
e e T i e ] B M ‘ﬂ
L
«r"?\\BA 215 (BSBA 12) !
5257 5§ " :
a] & 450" g
T T ) '
E e g'f ...... _ --------- B
® BA 217 /-\—,
1 »
| u52 5
+ : 4.3
= o e S-" ------------- R
o N g s, | WeTites | wamr
Slts;;.mn I Inches J Inches x Incli]:'i;snm P‘;m o?)tt
ex | T . '
I | Fractional | Decimal | Fractional | Decimal | Fractional | Pounds
e =L | i Ty
0.550 | 54, 23.4
BA 211 | 8.500 8g 3.000 3 0500 | 14 21.7
BA 212 | 0.450 | =0, 19.8
e | R A ) 8000 ] B 0400 | 13 | 181
i : 0.550 5y 23.2
BA 214 | 8.000 8 3.500 314 kD % aile
BA 215 ; 0.450 204, 19.6
(BSBA 12) | S-000 8 8.500 3 0400 | 184, 18.0
| 0.575 374, 23.1
BA 217 | 8.000 8 3.000 |- 3 Xy 11ee | 214

Dimensions of British Standard Sections arc indicated in bold type.
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BULB ANGLES

SHIP BUILDING BULB ANGLES—Continued
American Standard Sections
B2 e BA 218 (BSBA 1D
f-‘ | [\ ‘25'
ni. __i _________________ '&,“___i __________ 54
S
| BA 220 N3 £z
. 1025 8 (Tt
£ i |
t : et :
& SREES {7 i ak,
2
. £ BA 221 (psBA 10) !
5257 .ﬁ 425" i
T = i
i IY!(‘
.!
BA 223 .;E
i 525"
: ; d A
¢ = 13 1
e T 4 '
]
"."
7 BA 224 (BSBA 9) :
(\ 425" !
Tk ¥
L s
g bk  Depth, Flange Width, Web Thickness, AT
mﬂ Inches mﬁ:chu : Inches i | I:l‘ oott
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional | Pounds’
. 0.475 156, 19.6
@ssaip| 8000 | 8 3000 | 3 0.425 ‘ T | 18.0
0.575 | 22.8
BA220( 7500 | 7% | 38500 | 8% | os2s | - 114 212
]
BA 221 i = 0475 s 19.4
(BSBA 10) 7-500 T | *3.500 3% | 0.428 | %, 17.8
0.525 174, 20.3
BA 223 | 7.500 714 3.000 | 3 0.475 1540 18.8
I s | 0.425 7y 17.1
:(Bﬂﬁ‘!} 7.500 T 3.000 3 0.375 ‘ 8 15.6
Dimensions of British Standard Sections are indicated in bold type.
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CARNEQGIE STEEL COMPANY

SHIP BUILDING BULB ANGLES—Continued 3 so5”
Ameriean Standard Scetions - (l:
; E:
.‘—' - g [—\ BA m :
; -3, | 4
Q:IE \ RERNTE NN s S T ’;
"
i BA227 (BSBA 8) ---1
: #-+.500"
i
R o :
. Rar BA 229 b
5 C\ -} |
I" 28 ;
! HRS ---———JZ- --------------- —l
‘&. u
i BA 230 (SBA D 5,400
o p g~
| 100 /) i
dh
>
v BA 233 (BSBA 6) ';
- "m 3
S 614 e
Depth, Flange Width, Web Thisknew, | wos,
Bection Tk | e [ " | Weyht
" { oL,
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional | Pounds
2 - [ | 0525 | 1% 20.0
BA 226 [ 7.000 7 | 3500 | 3 0475 e | 186
BA 227 " ' 0.425 A 16.8
(BSBA 8) | 7000 7 | 3.500 3% 0.375 | % 153
r . 0500 | 1% 18.4
BA 229 | 7 000 7 2.000 3 | 0450 | gy 16.0
BA 230 | . 0.400 190 15.3
@sBA7)| 7000 | 7 3.000 3 0.350 e 13.9
BA 233 ' ' 0.400 135, 15.0
(BSBA 6) [ 0500 US| e 3% | 0.350 13he 13.6
| | | .
Di of British Standard Sections are indicated in bold type. Bl




BULB ANGLES

SHIP BUILDING BULB ANGLES—Continued {375’
American Standard Sections d
A5 5y BA 236 (BSBA 5 {s
f é /\ 316" '
i EAN %
ﬂ : 614
7 87"
: 2
v !
3
=
Lkml :
” £
'1'5! .§ [\ E
Jisd 5 ]
r e
i L-—---—-_--—--s---..--------..
al
o BA 241
| /T8 i
H 1.475" | L.
L . | 5 1
L 13
BA 242 (BSBA 4) e
[ [
g\ 315" !
TN ¥
1!’ !
Depth, Flange Width, |  Web Thickness, ’ A
Eﬁ&;ﬂ . Ilrclim mﬁc Inches I“‘:Y t
"Decimal | Fractional | Docimal | Fractional | Decimal | Fractional | Pounds’
0.425 2 15.0
1(33 2:;3 6.500 6% 3.000 3 0.375 a 13.6
e 0.350 5T 12.9
B¢ 0.475 1 16.4
tLioyd | 6.000 ' 5 8:600 | | &% | G408 | g, 14.8
i 1 0.375 i 13.4
tLoyd | 6.000 4 3500 | | s 0350 | 136, 12.8
4 3 0.525 1Tha 16.8
BA 241 | 6.000 6 3,000 3 0475 | 1%s | 156
0425 | 2Ty 14.1
BA 242 : 0.375 | 8% 12.8
(BSBA 4) | ©.000 [ 3.000 3 0.350 I 14 12.9

fRnIled by Pencoyd Tron Worka (60A).

Dimensions of British Stand are indicated in bold type.




CARNEGIE STEEL COMPANY

American Standard Sections

3

et

BA

.‘Mﬁmﬂ

" SHIP BUILDING BULB ANGLES—Concluded

P S

BA 244
o L - -_“__._?_‘E%x e
P
» BA 251 (BSBA2)
i 925"
l -
28%

Misecellaneous Sections

iRt = dedgrl P PV S |
Flange Width, Web Thickness, | wag
Section ] Inches ~ Inches (B
S Decimal | Fractional “Duﬂmnl | Fmbuml Decimal | Fractional P"’"“"’L
? 0.500 1% 15.1
BA 244 5.500 A% 3.000 3 o450 a5, 130
0.400 | 184, 12.5
BA 245 5.500 Bl 2.000 a2 0.350 14, 113
(BSBA 3) 7 e 0.325 | 214, 10.7
; | 0.375 ‘ 3% 10.4
BA 2511 5000 5 2.500 214 0.325 | 9.3
(BSBA 2) d | 0.300 | 1%, 8.8
*BA 143, 5.000 5 | 2500 | 2% 0.240 3% 8.3
sBA 144, 4.500 41% 2250 | W 0.220 The 0.7
*BA145| 3.000 3 | 2000 | 2 0.190 e 3.60
*BA14G, 2.000 3 1.750 | 1% 0.160 . 3.25
"BAHTl 2.500 I 214 1.500 Lll,ﬁ | 0150 | . %= | 2,06
*Furnished nm:qgmt
S u“)l}. ritish 5 H | in bold type.




BULB ANGLES

P Pad

CAR BUILDING BULB ANGLES

i

5;1,:2;“ Depth n.mh:h. Web Thickness, ,,E?::
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional | Founds
BA 125 | 5.000 5 4500 | 4% 0.438 o 19.3
"BA 124 | 5.000 5 3.500 3% 0.375 B 132
BA 122 | 4.000 4 3.500 3% 0.500 1% 143
BA 123 | 4.000 1 3.500 3% 0.375 3% 11.9




m....:s.ni-....m

..

[ Fractional
1
2
it
i
1
8,
L

1

-
J
4%
m’
Web Thickness,
Inches

L d
'
i
]
i
i
]
1
!
i
1
i
i
i
L]
1
-

30.600"
+0.275"

Decimal | Fractional | Decimal
4134,
A%y
4
3044,
o
gua
BT
b
450
4

66

American Standard Sections
C 60
10.400"
..-..--_----]_5' .:.....-_--_---_--__a
C 20
ﬁa;nfow‘;dn.'
nehes

STRUCTURAL CHANNELS

CARNEGIE STEEL COMPANY

I

RPN

o - & 882 x=xsa a
m SR 3113 mumm i B mmttmm
| : A
i : Qa®m ooo0oZ 9989w

_ m m_mm BEed BI998E 9SHES

: I [

i 5 f...M : >
m i g A8 MMW E: s =

-'om‘
0.24
l\?

1

1C 60
C
1C 20

i .mm

1C 60 is a Ship Building Channel (not an American Standard,) $C 20 is a Car Building Channel.




R T e

CHANNELS

STRUCTURAL CHANNELS—Continued

American Standard Sections

"0.050"
T“ 080" "I
} W
*a C 170 5
1 e L b i ) |
O Jos0o 17, ) |
1 0.7007
- -
- 12 =
‘-
0.280"
Lt 7
] I
E i 5
I e =, :
| 4 g 10.25° 1 Sy
! - 728"
e e S B e ———— ey
s 7 [02u0
1 04 T
o c3 ‘s
? R R e A —————— | I
e J0.200" il ]
T 10.633"
fmm— | —J
b ] Width, Web Trh_*hl-‘___=
; Depth of | Weight
m Channel, purmt hes Inehu_
Inches | Pounds | pocral | Fractional | Decimal | Fractional
50.0 4.135 4 0.835
| de |4l | Hb | S |
tc10 | 12 :alg 4000 4 e ozgg o
35.0 3.767 Bivg, 0467 :k
e CE -
o | = | MG HE ) HE ) &
207 2.940 214, 0.280
[
Bl He @ | um | =
G 8 | a0 25.0 2.886 28 0.526 1
20.0 2739 | 2v 0.379
15.3 2600 D 0240 |

|
1€ 170 is a Car Building Channel (not an American Standard.)
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CARNEGIE STEEL COMPANY

STRUCTURAL CHANNELS—Continued
American Standard Sections

f0.230"”
0.147 &t
¥ C4 %
e 72478 — 5% ‘f
1 J038” 10280" atbd
‘- | T 0.507%
== —— gt
f0.220"
&
C 5 t:
----------- 6,338 - ey §
1 .
10.220” P iy
0.560"
8~ :
1 0.210"
=%
C6 of
5429 | %
10.210” B ik _i E
1 Im
75— -l
. Flange Width Web Thickness,
. Depth of Weight s "
Sf::&(:‘n al 1, per. Foot; Inches Inches
Inches | Pounds | Decimal | Fractional | Decimal | Fractional
25.0 2.812 2184 0.612 3944
C 4 9 20.0 2.648 24154 0.448 294
15.0 2.485 238154 0.285 Yo
13.4 2.430 2% 0.230 1544
21.25 2.619 258 0.579 3744
18.75 2.527 217, 0.487 3y
C 5 8 16.25 2.435 2746 0.395 2544
13.75 2.343 2114, 0.303 194
11.5 2.260 2174 0.220 a2
19.75 2.509 2334, 0.629 Bg
17.25 2.404 2184, 0.524 1740
C 6 7 14.75 2.299 219, 0.419 2744
12.25 2.194 2%6 0.314 %e
9.8 2.090 2849 0.210 185,




CHANNELS
STRUCTURAL CHANNELS—Concluded
American Standard Sections
X
0.200”
C17 —3
%
o
=.4,518" - i
(0.200" | 4
0.4877
il
6 ———
—¥ g
! f0.190
= ” S
jr- 0.1 C8 T
é_ - 8.609% = = —— §
- '
T | o o | | T
' T 0.450"
ke B e —
— K
c9 110.180”
At by o
e - k
B =270~ §
T | o 0asdt) | T
T 0.413"
B dae . L0 =
= 010'0 " ";*_o‘_.!rm'
*I .'(——1.789141 %
!
2 10277 10, 176) | _§
T 0.377"
AL AR
T Flange Width, Web Thickness,
Sxe:tion foﬁge?f [ pzzm ohott, Inches * Inches
Inches | Pounds | pecimgl | Fractional | Decimal | Fractional
15.5 2.279 299 0.559 %o
o7 | 6 13.0 2.157 204y 0.437 e
10.5 2.034 2140 0.314 546
8.2 1.920 15954 0.200 1864
- 11.5 2.032 2440 0.472 1540
C 8 5 9.0 1.885 15Ty 0.325 214,
6.7 1.750 134 0.190 e
7.25 1.720 1284, 0.320 Y
Cc 9 4 6.25 1.647 141 0.247 %
54 1.580 18744 0.180 346
A 10 6.0 1.596 119, 0.356 284
(01dNo.CT2) | 3 5.0 1.498 1% 0.258 i
; | 4.1 1.410 1184, 0.170 1y
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CARNEGIE STEEL COMPANY

SHIP BUILDING CHANNELS
American Standard Seetions

£T\0.428"
ol
g C 21 (Bsc 26)
> 9,428 - --
10.625" 10.625"
"
Mo e e e e e nf.. ;
3 C 171 (BSC 25)
9.506"
10.500"
12% A
C 26 (BsC21)
7616”7
10.4T6"
e ),Df---.- -
: E © Flange Width, |  Web Thickness,
Soction | Oepthol | Weght ph Inches »
; ‘ Inches 8" | Decimal | Fractional | Decimal | Fractional
| 4.7 4.200 4135, 0.725 My
12 40.6 4.100 484y 0.625 s
[ 36.5 4.000 4 0.525 l;z:
34.5 3.950 3014, 0.475 1
41.1 3.700 3 0.700
Q171 } 37.0 3.600 31 0.600 :z:
(BSC 25) 32.9 3.500 31y 0.500 '&‘
‘ 30.9 3.450 3206, 0.450
37.0 4.200 135, 0.675 e
026 | 33.6 4.100 4 0.575
(BSC 21) L 30.2 2 | f 0.475 i
285 | 3.050 8014, 0.425 T

Dimensions and properties of the British Standard Sections are indicated in bold type.
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CHANNELS

SHIP BUILDING CHANNELS—Continued

American Standard Sections

0.522"
. 0.400” 5
1 1
' :
3 C 27 (Bsc20) 3
2 3
< « 7.634” !
s '
i 10,675 10.475" u
i3 . !o.szs"
10~
0.445”
i A
£\ 0.850” !
i !
| o
- C 28 (BSC19) ]
s ” W
: 7.925 :
) i
i 10.500" 10.375" o
& [0.555"
4 x '
- 107 o
“0.518"
[~
i
N
C 31 (BSC18) g
)
---------------- 6.616%----——--=----- H
40.475" i
0.637”
ot A
vy s | Flauge Width, Web Thickness,
SIe:é.ion Depagl:mtf p;‘,wef.%hi,g’ [ nches Inches
% | Inches | Pounds | Decimal | Fractional | Decimal | Fractional
T 35.1 3.700 3450, 0.675 436,
C o7 31.7 3.600 3194, 0.575 87hq
(BSC 20) 10 28.3 3.500 31 0.475 1840
26.6 3.450 3305, 0.425 274y
\ 249 3.400 3134y 0.375
C 98 25.3 3.550 3854, 0.425 274,
(BSC 19) 10 23.6 3.500 314 0.375 3%
21.9 3.450 3294, 0.325 215,
347 4.200 4185, 0.675 454,
C 31 9 31.7 4100 4% 0.575 n
(BSC 18) 28.6 4.000 4 0.475 1540
P 4 271 3.950 3014, 0.425 2Ty

Dimensions and properties of the British Standard Sections are indicated in bold type.
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CARNEGIE STEEL COMPANY

SHIP BUILDING CHANNELS—Continued
American Standard Sections

P

Dinmnmundmurhuoﬂhalﬂnﬂlh Standard Sections are indicated in bold lru

g
! )
v |o.570"
Mo e m e ————— s-'-l— ----------------- J
?"’" ¥
g C 87 (5C 12)
3 | | e 593" - e
] 0500 103757
l X
e .s.".' .................
oy W [ Flange Width, Web Thi
Soction. | R ) oches | Inches
® | nches | Pounds | Decimal | Fractional | Decimal | Fractional
31.6 | 3.700 3 0.650 gy
Qaz 0 28.5 3.600 B | O
(BSC 17) 25.4 | 3.800 | 3 0.450
23.9 3.450 By, 0.400 1
28.2 ‘ 8700 | 3% = 0.625
C 36 8 25.5 3.600 3104 0 :%
(BSC 13) 228 | 3500 | 3% 0.425 .
214 | 3450 3G, ! 0.375 3
265 | 3225 | 3% 0.600 194
i, | e | B | M| MR |
(o 1) 193 | 3000 | 3" | 0378 i
18.7 2976 | 2m4s | 0.350 Mpy
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CHANNELS

SHIP BUILDING CHANNELS—Continued

“0.429"
?
C 42 (®sc9 ‘5
- a.i
5.041 i
;0.875" 3
| : 0.521"
e -l]"- -------------- -
{6.330"
r. i
=
2 2
; i
i a
z {5
V. 0.440
4
s Depthof | Weight Width, Web Thickness,
Section | Cxfundl | per Foobs | mﬂlﬂ
faches | Pounds |™oimal | Fractional | Decimal | Fractional
|
25.0 3.700 Fihy 0.600 104
0 41 2 227 | 3600 | 3% | 0.500 ?
(BSC 10) 20.3 3.500 31 0.400 1
19.1 3.450 B0y 0.350 1
20.0 3.100 | 3%y 0.475 1544
(o4 S IR 17.6 3.000 3 0.375 44
(BSC 9) 16.4 2.950 2014, 0.325 2
22,0 3,700 34 0.575 o
O 46 6 20.0 3.600 31 0.475 1
(BSC 8) 18.0 3.500 3 0.375
16.9 3.450 39, 0.325 2
cwo | e 15.3 3.500 31 0.340 Ty

Dimensions and properties of the British Standard Sections are indicated in bold type.
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CARNEGIE STEEL COMPANY

SHIP BUILDING CHANNELS—Concluded
American Standard Sections

J'gi

& 2,625"

L

one=8,000 =2

MISCELLANEOUS CAR BUILDING CHANNELS

1 _10.408"

1 s
| i 010" 7T lase”
! .l 0. =
i B L C 200 J
5 * B

¥ ” .
P ar P e ewt) |
L 500" | 5517

- : | Flange Width, Web Thickness,

i | O | | TER
Inches | Pounds | Docimal | Fractional | Decimal | Fractional
C 47 6 | 163 | -3.000 3 0.375 %
(BSC 7) s 5 ‘ 2.938 21544 0.313 B4
C 48 PR 1% 2.563 2044 0.375 %
(BSC 5) 120 | 2.500 214 0.313 e
Dimensions of British Standard Sections are indicated in bold type.
MISCELLANEOUS CAR BUILDING CHANNELS

*0 106 | 5% 17.0 3.500 314 0375 | %
*O 200 4 13.8 2,500 214 0.500 ‘ 1%
*O 220 4 10.1 2,087 2360 0.304 | 256
*C 190 3 7.1 1.084 1634, 0250 | %

*I“umishadoﬂybyapmialmgmem.
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a¥
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L M..m_ ] ) ]
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Al

Section

Al

A2

A3
*Special, see page 44
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CARNEGIE STEEL COMPANY

EQUAL ANGLES—Continued

s{(” : y 8.:______1
f" * - J l [} : ]
i " "% Lo w7
| B
o = Ab i A7
| i i
H H
: L.l
t..

. v Thickness, W
Section Index ’ Inches Inches oy oo
| *1%e 19.9
‘ | % 18.5
. Hie 17.1
' % 15.7
A4 4 x4 %e 14.3
] 12.8
Tha 11.3
ny 0.8
e 8.2
j "% 6.6
"lie 171
.8 16.0
iy 14.8
4 13.6
as i i
Tha 0.8
8 &5
T4 7.2
L 5.8
*ng 1.5
*He 10.4
g 0.4
A7 3x3 Tia 8.3
! % 7.2
| | r..{m 6-]
! . Y 4.9
*Bpecial, sce poge 4. == IR -
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ANGLES

EQUAL ANGLES—Concluded

oo 2o ~-1 g‘_"...;
L A 5
{ % 2! "
= =
E All H Al12
i {
r**lX'L-; 145 1 -
!r' . 4 hr- " .g-. T : -
4| E | s
- i LS
£ Aas LUoArs Al6
M. 11 Dk, Wei F
Section Index s Ineh:' per Foot,
* 1 7.7
3;; 6.8
5.9
A9 2l x24% i 5.0
% 4.1
Ha 3.07
* 3% 2.08
* e 53
8y 47
An 2 x2 d i
Ha 2.44
* 1.65
* Tia 4.6
% 3.99
A2 13 x 13 . '.',}' oy
* %a 2.12
* 15 1.44
* 55 3.35
% 2.86
A13 134 x 134 1% 2.34
% 1.80
1% 1.23
* Be 2.33
*
A15 1 x 1% oy e
* 38 1.01
4 1.49
AlG 1 x1 * 84, 1.16
. 30 0.80
*Special, see page 4,
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ANGLES

UNEQUAL ANGLES—Continued

-————— ——-———1 P__..._....ax_____1 b_______‘t
% | L i . I
I f\' - ! 4 % (T i Tage 4 i - -
= Ji” g %" ¥ e %
I
|
a - A22
= A20 © A2l
I
|
|
: ‘LS
I
1.1 g
Bige, . Thickness, Wei
Bection Index i Inel t per Foot,
*] 30.6
» “2- 28.9
% 27.2
'y e
A20 6 x 4 14, 21.8
bk 20.0
%0 18.1
b 143
o
3% 12.3
= 28.9
* 153e 27.3
T 25.7
1344 24.0
3% 22.4
A21 6 x 31§ 2 s
" Mo 17.1
] 15.3
Tae 13.5
a6 1.7
* 5ie 0.8
. 1% 24.2
* 14y 22.7
o s
A22 5 x 4 .8 17.8
* e 16.2
. 14 14.5
* Ty 12.8
¥ N 11.0

* Special, see page 44,
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CARNEGIE STEEL COMPANY

UNEQUAL ANGLES—Continued

H
52 | noznnacown ananmanna wooknoe-t weonNeO~
g ACAEIBENON SHBHA=TR ADFN~O LSHNLASc
ﬂ 21111111 et ] ol ] e 1 o g g g g g e
=
i w- .-‘ 1_
%
-SI. WM % _ ]
"o < _ .m efelelales Felalelel Srfririel Sefefades
xw i 8 ° Fa" Fafnnwnne Frbannanse
~ |
= ! |
.ﬁ rt4 84 4 :
o
..3.. A u § W L] ] mo“
_ = « E MW " " " »
1 ") < -
i = — -
T ] _
g 3 ; :
_ m - < < <
N
. |

* Bpecial, see page 4.
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ANGLES

UNEQUAL ANGLES—Continued

e

t per Foot,

Wei

Section Index

HOWSH=WANW ALEOEBRN=SD WREANN=D BEIHIDY KRS~
EEwmscLnG CennN-cdncy A-Coundd SUrTRT KROWGT
FefaieSess fefefelase FaR0lsse SNZsfe 35850
FeF * Fale s Rassw - annEw

h "y = = Y

»® " " » "

- M m @ =

& ] a8 & 8

< < < < -

*Bpecial, sce page 44,
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CARNEGIE STEEL COMPANY

UNEQUAL ANGLES—Concluded

2 e

[
{

—r

Section Index

A 270

A 645

A 624

2 x 2

2k x 1%

24 x 14

2 x14%

2 x1¥4

13 x 1%

14 x1Yy

RN EEN ED SNRGH PRRREON WG SRRROD0
253 B8R 8% REJIE8 BR/*C® REW RABTE-T

=N e D =W

*Bpocial, see page 44,
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EQUAL TEES
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CARNEGIE STEEL COMPANY

EQUAL TEES—Concluded

=t

4|4’
T11

Thickness, Inches | Weight

Index : 1 e toeky

Flange Stem Flange Stem | Pounds
T 10 2k 24 4% to e 8% to The 6.4
T11 214 214 G4 to 34 Bhg tO 8% 5.5
T 12 214 21 59 to 83§ Be to 3% 4.9 1
T13 24 2y 14 to % 14 to % 4.1
T 14 2 2 Bhg to 8§ B4 to 8% 4.3
Yo iy 2 2 14 to Hie 34 to Ba 3.56
T 16 184 13 14 to He ¥ to Bie 3.09
g M iy 114 144 14 to % 14 to % 2.47
T 18 14 13 %0 10 TRy | Yo tO The 1.94
T19 14 14 1} to % 1% to % 2.02
T 20 13 1Y% 349 to Th2 | 340 tO The 1.59
T 21 1 1 Ha to The HMa to Ve 1.25
T 22 1 1 16 to B%a | 15 to The 0.89
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TEES

UNEQUAL TEES

e f ]

¥ 5 it

- 4%
£ 4
-
1% fF%
3 T 52
-.l}{ﬂ.-
416" pammnnnnin gy Loy
Lo 3 r
R 2 ias
e
Se
T 54
R 5
%

Seotion = Size, Inches : i Tll.lnheﬂ'_-__ .Inché . JI . Wei th__
Index Flange ] Stem |  Flange | Stem | pgounds
1T 50 5 | | % toThe | %4 to % 11.5
IT 51 5 24 5 to e Tho to 40 10.9
T 52 414 34 Tie to Big | 140 to T 15.7
T 54 414 3 8 to Te 85 to The 9.8
T53 414 | 3 %a to 3% Bia to 8 8.4

!

T 50 can be rolled with flange 14" to % ¢, and stem 314’’; weight 13.6 Ibs. per foot.
T 51 can be rolled with flange ‘5’&;* 1o %4g”, and stem zll’;% weight 13.01bs, per foot.
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CARNEGIE STEEL COMPANY

UNEQUAL TEES—Continued

O L - I
== F3 4s
- Aﬂﬁn i |
*
T 656
R

% T 58
£ 3
—~¥% —~—
: _t= 3} .r""'""" 3 ...} 3
Ia.\ ;g .;.\x *
_‘\glf i i \.;{ T
3 3
E T 59 ES T60
. Pl — R
s Sise, Inches | Thickness, Inches Weight
Index I Flange Stem : Flange |  Stem l pgﬁét.
" L 14 | ! L
T 56 44 215 % to Yie | % to TAa o 195
T 55 414 2% Ha to 3 B to 3% 78
T 57 4 5 4 to He 1% to % 15.3
T 58 4 5 2 to The B to Tie 11.9
T 59 4 44 14 to %a 15 to g 14.4
T 60 4 414 35 10 e %5 to e 11.8
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TEES

UNEQUAL TEES—Continued

Fi

B T
: g i s
s

1? T 67
i
— '..%

L Thickness, Inches pgmt.
Indes Flange Stem Flaoge |  Stem Pounds
T 61 ‘ 4 3 A% to Tae 3% to Tie 2.2
T 44 4 3 Mo to B Mo to 3% 7.8
TE2 | 4 244 % to Tha | 3% to TAe 8.5
T63 | 4 214 Mg to % | B4g to B 7.2
T 64 4 2 3% to T | % to e 7.8
T 65 4 2 Mo to 3 | Shato 3% 6.7
T 66 ] 3% £l 1 to Me | % to %e 12.6
e | 8% 4 4 to%ha | 8% to e 0.8




CARNEGIE STEEL COMPANY

UNEQUAL TEES—Continued

L VR feneaes U
T s [ ; 8
! __’:;m- ]
i YMef-%"
T T 69
!
v
B, LY P 3~ ~
r g 31 | H | e
! = = o
:: -"‘fiif...;%” 3 ~ % & kd
4 T72 . T73
i
i
|
S
e __3':,— x_ y - ﬁs.’.'.:.__ - ;
I S
~GA Tt T
i e 1% 1505
| = 2 A
= T76 2 T76 = T77
!
H
i
e | !
I, les H . _‘! e
% s b
L e s, Tabias o | i hickiions ilian Weight
sf:s';n 1| = — m = pe:ﬁ‘l:ot.
Flange Stem Flange | Stem Pounds
Ty | 34 3 1% to%e | 1 to%e 10.8
T 70 314 3 | 3 to Tae 15 to Ve 8.5
7 A N 3 | %is to 3% 8 7.5
s || .4 4 | % to%e | & to%e 11.7
S 4 | Tiato Yo | Thato 4 10.5
T 74 ‘ 3 4 8 to %ha | 3 to Tig 9.2
75 3 3% 1% to%e | % toY%e 10.8
T 76 I 3 314 %o to % | %o to % 9.7
T77 3 3% % to TAg % to Thy 8.5
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TEES

UNEQUAL TEES—Concluded

i ?
+ i
=
4 T86
it
s
1%
i 315
L]
H
Ry
e Soo, Inches |  Thickoem Inches | Weight
Index l IB?:‘.
Flange | Stem Flange | Stem | Pounds
T 78 3 I 214 i to Tie 8 to The 7.1
T 79 3 21 | Moto % | Heto % 6.1
T 82 214 3 % 10 Yia | 3% to e 71
T 83 214 3 Ha to 8% e to 3§ 6.1
T 86 234 14 Bi0 to By | Hie tOo Hie 2.87
T 87 2 114 Y to%e | Y% to e 3.00
T 510 134 2 Yato 14 | Hato % 2.45
T 605 134 1% 15 to Bhu 1§ to Tha 1.25
*T 603 1% 5 No.® |36toNo.7 0.88

T Furnished only by special arrangement,

80



CARNEGIE STEEL COMPANY

MISCELLANEOUS

‘T 156

R | A=
LT

(34

TEES

g oAt
- o
L

[

L
- Size, Inches Thickness, Inches Wd’u
Index Flange |  Stem Flange Stem m
*T 156 4 3 See cut 14 to 14 11.3
T 157 3% 21 See cut 540 t0 THa 7.3
*T 158 3 2% See cut Big tO Tha 70
* Furnished only by special arrangement.




NS

ZEES
ZEES
1 ' ) 1
(% x| i . "
e gt 7 /AN I ] WSSV |
i
L z ‘1
© © B
Z3 Zz2 ° Z1
1 —a -—%" — 0—%; 1= .-!ﬁ"
& ! 2 S
—— 2 L s )
P L T
| Lo W e B e R Bl -mmeeem »
PR L 4
(-._J—J, : “She s )e
fﬁ" TR N
I . 234~ o PSSR | 7 (A
Z6 ® Z5 ",’ Z4
5] - lugy = = E - %0
- «x N E
,_L___) l » b i
P T T
1 8% ‘ 3%
Section. | ize, Tnches Thickness, | Weight
" i
Index |  Flange | Web | Flange Inches | p;r 00.
|
3054 Glg 30 34.6
Zz3 3%a 6l4g |! 3%e 14 32.0
314 6 | 8% 20.4
354 61 354 114 28.1
z2 34 - ARl o 25.4
. 314 6 14 g 22.8
3054 614 3% 14 21.1
Z1 d%a 6144 3% Tha 184
31, 6 314 3% 15.7
| |
| 345 51§ By 184, 28.4
Z6 3%e | Slae 3% 4 26.0
31 5 31 e 23.7
384 514 | 3% 5% 22.6
Z5 3% 5Ae 3%e | e 20.2
3y 5 | 3% % . 17.9
39 514 335 Tha 16.4
Z4 Atia 5Yie 354a By 14.0
31 5 31 % 11.6

a1




CARNEGIE STEEL COMPANY

ZEES—Concluded

. iy
Z9 T
-* g i
) —
L - -am'-.--... g_..t.....s

"

e

Section Bize, Inches Thickness I WUPi
el ' oot,
M Fiaage Web Flange Inches P Pounds
3% 414 3% 5% 23.0
Z9 315 414e 3% e L] 20.9
3l4a 4 3. 5% 18.9
384 414 3% | %a 18.0
Z 8 315 41440 315 Ly 15.9
e 4 34 LT | 13.8
3%ia 41y LT b | 12.5
Z'7 3 4134 31y %o 10.3
310 4 3la 14 8.2
S 2 3%e 2, %a 14.3
21444 3 2144 1o 12.6
28 3% 2% % 11.5
&itl 2144 3 i 2“‘1&4 ‘1: 9.8
9 254 314 284 5 | 8.5
L 211, 34 2l | w | 67
92




STEEL SHEET PIILNG

UNITED STATES STEEL SHEET PILING

JW‘_H.‘\H_- : _
\....\\_. _m
/. \\-w,;/, g2 | dge
A-b~d N kg . z£
/ﬁw 3 2 S | 2
b T -h& | ]
| P S i 2
L | EERRE IE T
& ==t | s £
» a_ | = .u ! 4 | = )
m = w__u..vm m ..%_' wmm m a.,_......,w..% m - |
s | | | ] 3
! m P g7 xxx |
| m | RS m.
| m e d | ;
Nl i
! 3 3 5
b I |323
-.W. sef e o - —— w
AN 2 5 | =@xx |¥
S : mw
Neome - By _




CARNEGIE STEEL COMPANY
CHECKERED PLATE
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FLAT ROLLED STEEL

RECTANGULAR UNIVERSAL PLATES—Carbon Steel
UNIVERSAL MILL PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES

Wl.dthn and Lensths in Inches

Thick- ‘ Weight,

ness, er| s
Inches SQEI. 48-415&5-4[4%535—3]:60—2(120—"0[19—1: 16—1514—13 11 10-61%

% | 1020 bk o] s 2 4 ' 1020/ 1020 1020 1020| 540 540
%o | 12.75 | 1020 1020 1140 1260 1320 1320/ 1050 1080 1080, 600, 600
5% | 15.30 | 1200 1200 1320| 1380/ 1380 1380 1080 1080 1080 900 840
T | 17.85 | 1320 1320 1380| 1380 1380 1380 msj 1080 1080, 900/ $40
1% | 20.40 | 1380 1380 1380 1380 1380 1380| 1080, 1080/ 1080{ 1020, 840
% | 22.95 | 1380 1380 1380 1380, 1380 1380| 1080, 1080| 1080} 1020 840
5% | 25.50 | 1380 1380 1380/ 1380 1380 1380 1080/ 1080 1080/ 1020, 840
% | 30.60 | 1353 1357 1363/ 1372 1350] 1380 1080 1080| 1080| 900/ 840
% | 8570 | 1160 1163 1169 1177 1188 1203 1080 1080 1030 900/ 840
1 | 4080 | 1015 1018/ 1023 1030 1039 1052 1080 1080 1080 900| 840
1% ‘45.90 903/ 005 910 916 924/ 936 1080 1080 1080| 840 S40
14 | 51.00 | 812 814 818 824 832 842 1071 1050 1080 40| 840
1% | 56.10 | 738 740 744 749 756 766 973 1080 1080 840| 810
16 |61.20 677 a?J 682/ 687 693 702 892 1059 1080 40| 840
1% 620| 634 640 645 823 978 1050, 840 840

66.30 | 625‘ G2

1% | 7140 | 580 581| 584 588 594| 601 765 1038) 720/ 720
1% | 76,50 | 541l 543 545 549 554 501 714\ 847 660, 720
2 | 81.60 507| 509 511 515 519 526, 669 794 907‘ 600, 720

1 Plamﬂsml.erd.lmemnu than shownin above tlblu may besubmitted forapwlleomﬂmhm

RECTANGULAR AND CIRCULAR PLATES—Carbon Steel
SHEARED PLATES, THREE-SIXTEENTH INCH, EXTREME SIZES

ik ‘ W, | Widths and Lengths in Tnches >

: Diam.,
sc;ﬁf"u 72 | 70 as|ss 64]60}54-—1&38-3024 Inches

7.65}200 220!240 250‘270 320 375[400 375|4oo 77

Rectangular Plates 344" thick, over 74" wide and Circular Plates 844" thick, over 77" diameter
can be furnished to gage only and o‘niy under certain conditions. Such sizes should be submitted for
special consideration,

Plates under 84" thick are furnished only bytpec.tal arrangement and may be submitted for
consideration.




CARNEGIE STEEL COMPANY

RECTANGULAR AND CIRCULAR PLATES—Carbon Steel
SHEARED PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES

m’ﬁ."i‘h“'- Widths and Lengths in Inches I
ness, ; i Diam.,
InrhuISQ.F:|132 126 114|108'102|98I90 84 73““‘”

% 1020 175|m‘2so|3mf3m 375 | 400 | 115
Se | 12.75 | SRS 270 | 320 | 360 | 380 | 420 | 440 | 460 | 120
% | 1530 180 | 240 320 | 365 | 380 | 410 | 450 | 500 | 550 | 132
%4e | 17.85 | 200 | 270 360 | 370 | 410 | 430 | 460 | 510 | 550 | 132
% 2040 | 240 | 270 305 | 400 | 450 | 480 | 510 | 550 | 580 | 134
e 22,05 | 240 | 270 3738 | 420 | 470 | 500 | 530 | 570 | 600 | 134
% | 25.50 | 240 | 300 300 | 450 | 500 | 520 | 540 620 | 134
o | 28.05 | 240 420 | 450 | 500 | 520 | 540 620 | 134
% .30‘80 240 | 300 400 45011190 520 | 540 620 | 134
"q | 33.15 | 240 | 300 385 | 440 | 490 | 510 | 530 620 | 134

475 | 440 | 480 | 510 | 530

600

600

600

600

% | 35.70 | 240 | 300 600
340 | 440 | 460 | 500 | 530 | 580 | 600 134

5350

530

440

380

330

1 40.80 | 240 | 300

1% | 45.00 | 240 | 300

14 | 51.00 | 230 | 270 310 | 380 400 | 420 | 490
1% | 61.20 | 210 | 230 280 | 330 | 320 | 340 | 420
1 | 71.40 | 200 | 200 | 220 ﬁolzaolzm 300 | 380
2 8100 | 180 | 180 | 190 | 210 | 240 240 | 260 320

21 | 91,80 | 132 | 160 | 170 | 190 210'210 230 | 280 | 295 | 320 | 132

330 410144—0 450 | 500

g
BEEESEBEEEBENE: | B

TR | Wkt 19 NP tod i iachs ool
ness, =
xmhusq.ﬁ.'rz‘uo |54,5o‘4342.sa}30 24 |Inches
o I— | | |
— .
% ‘10.20 430 475 | 5256 | 530 530]530 530 530‘530'530 115
560 | 575 | 575 | 550 | 550 | 530 | 580 | 120

He | 1275 480'500|560
% | 1530 600 | 600 620 | 620 | 620 | 620 | 600 5SO|600 600 | 132

T | 17.85 | 600 | 630 030 | 640 G40 | 640 | 600 | 580 600 600 | 132
1% | 2040 | 610 | 630 | 630 mis«mim'aﬂo'm 630 | 600 | 134
Ma | 22.05 | 620 | 640 | 640 640 640 | 640 600 580 | 630 | 600 | 134
% | 2550 | 620 | 640 | 640 640 | 640 | 640 | 60O | 580 | 600 | 60O | 134
144 | 28.05 | 620 640 640 640 Mﬂlﬁo 600 | 580 600 | 580 | 134
% 30.60 ijMO'MOIMO;MO.MUIWISSB‘GOOTSSD 134
13{q | 33.156 | 620 | 640 040 640 640 moiaoo.sso 570 | 550 | 134
% 3570 620 640 640 640 640 | 640 | 600 | 580 | 550 | 550 | 134
I | 40.80 | 600 | 630 630 | 640 640 640 | 580 | 580 | 520 | 530 | 134
114 45.90 580'“206206&0040040'580'530 520 | 500 | 132
1% 5100 | 550 | 600 60O | 600 | 600 | 600 | 560 | 560 520 | 450 | 132
11 | 61.20 | 530 | 600 | 600 | 600 | 60O | 600 | 540 | 540 | 470 | 430 | 132
[

1% | 71.40 | 450 | 490 | 550 | 550 | 550 | 550 | 540 | 540 | 430 | 380 | 132
2 | 81.60 400 | 440 | 480 | 500 | 500 | 500 | 500 | 500 | 400 | 350 | 132
2 | 91.80 350‘39()'420 450|450|450;450}450 300 | 200 | 132

Plates 48" wide and under and 14" thick and over can also be rolled on Universal Mills.

For greater length and Universal Mill Sizes, see Universal Mill Plate Table.

Plates of greater dimensions than shown in above tables may be submitted for special consideraticn,
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FLAT ROLLED STEEL

RECTANGULAR PLATES—Nickel Steel
SHEARED PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES

ik | Widths aod Longthsin Inches
}1m|nu‘m‘34|73‘72‘su 60 | 54 ml-xs 4236 30 24
% ‘340 240 260|280 230:230 280280 260 200
o 260|260 270|300 310}3m|34nf340|340'310 310
% 280|340 390 | 420| 450 500 500 500 500 480|450 450 430 430
%a |200|300|360| 400|430 480 | 520|520 | 520 520 500|490 490 480, 480
% |270|320 380 420 460 485 520 520 520|520 500 490|490 450 450
Yo 2?0}320'380‘42%460 485 520 520 520520 500‘490'490 450 480
% |270]300 355|390 440 450/ 520|520 520 520|500 500|500 450 450
1444 (200|300 355 300|440 460 490 500|500|500 500|500 480 480 450
% 200|300 355 300 440 450|460 500/ 500|500 500 500 480|450 450
"3 200|300/ 355 300|440 440 460|480|500/ 500 500|500 480 460 440
% 260|300 355390 mfmlamiasuimlmlm|m-4soimoluo
1 |260 200 320/ 370|400 430|440 460 480 480 430 450|440 420 420
1% |250/270|205|330| 375 400|410/ 420| 440|440 440|440 440|420 420
13 |24 200|200 315 330 350 360 350 390|400 400 420|420 400 400
16 (230 260290 200 310 330 350|370 300 390390 390|330 380 | 360
1% 220 230|250 zm)aw 310|330 | 350| 370 390|390 360 | 340|340 320
2 210|230 250/260/290 205|310/ 330|350/ 370 370 340 320 320 200

RECTANGULAR PLATES—Nickel Steel
UN]\'_EREAL MILL PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES

N Widths and Lengths in Inches
Taca 43—45145-41!40-35 35-31!30-36'2&90}19-17|1o.15f14-13 11 10-6%
i |
% i 060 660| 660 540 540
5% | 540| 540| 600| 660! 720| 7s0| 780! 7s0| 7s0o| 600! Goo
' 720| 720 780 $40| 960 960 1020|1020 1020 900 840
% | 840 S40| 960 1020 1080|1050 1020 1020 1020 900 840
% 060 | 960 | 1080 | 1140 | 1200 | 1200 1020|1m0 1020 | 1020 840
%o | 960 960 1080 1140 1200|1200 | 1020 1020 | 1020 1020 840
54 900 | 900 1020[1080 1140 | 1140 | 1000 | 1000 | 1020 | 1020 840
% $40| 840 9601020 | 1080 1080 | 1000|1000 1020 | 900 840
% 780 780 $40| 960| 960 960 1000|1000 1000| 900 840
1 720 750 780| $16| 840 000 1000 | 1000 | 1000| 900 840
< 1% 640 667 | 693| 725 744 S00 1000 1000 1000 840 840
15 | 575| 600 e24| 652! 672! 720|1000! 1000 1000| 840| s40
1% 525| 545| 567 | 503 | 600| 655 970 mmlumoJ 840 840
1% 450 500| 520 544| 540| 600| 890 1000 980 S40| 840
1% 444 | 481| 480| 502 504| 554 820| 978 9s0| s40! s40
1% 410 428| 445 466| 480 514| 785 o0s| 9so| 720 720
1% 384 | 400| 416 435| 444 4.ao| 710| 847 96s| 6s0| 720
2 360/ 375| 300 40s| 420| 450 670| 794/ 90s| 600! 720
ATl sizes of Plates given in above tables under 34”7 thick should be

lar Nickel Steel abo
to gage only, 14" thick and over can be rolled to either gage or weight per square




CARNEGIE STEEL COMPANY

SQUARE EDGE FLATS
< Width-»

Thickness

8" to 134", wide, x any thickness, %'/, up to width,
Over 14" to 3", wide, x any thickness, 314", up to width.
Over 3" to 5, wide, x any thickness, 14" to 3", inclusive.
Over 5" to 7", wide, x any thickness, %' to 2", Inclusive.
Over7” to 734", wide, x any thickness, %" to 13", inclusive.
Over 74" to 8”7, wide, x any thickness, 54" to 1”  inclusive.

Sizes not listed will be considered.

NUT STEEL FLATS.

All sizes of Nut Steel Flats within the range of Square Edge Flats can be
furnished. Some of the smaller sizes can be furnished in coils.

BAND EDGE FLATS

. Thickness

5, wide, x No. 18 to No. 4 B. W. G.
T4e'’s wide, x No. 19 to No. 4 B. W. G.
&, wide, x No. 22 to No. 4 B. W. G.
%e" to 17, wide, x No. 23 to No. 4 B. W. G.
114e" to 27, wide, x No. 22 to No. 4 B. W. G.
24" to 3", wide, x No. 21 to No. 1 B. W. G.
3%a” to 31", wide, x No. 20 to No. 1 B. W. G.
394" to 4, wide, x No. 19 to No. 1 B. W. G.
444" to 414”7, wide, x No. 18 to No. 1 B. W, G.
4%q" to 514", wide, x No. 17 to No. 1 B. W. G.
514" to 6%, wide, x No. 16 to No. 1 B. W. G.
61844 to 85, wide, x No. 14 to No. 1 B. W. G.
81144” to 954", wide, x No. 12 to No. 1 B. W. G.
104", wide, x No. 12 to No. 1 B. W. G.

From 3§” to 934" intermediate widths can be furnished.
Over 93" in width, the size listed is the only one which is rolled, but
‘intermedinte widths will be considered.

SKELP

All sizes within the range of Sheared Plates, Universal Mill Plates and
Band Edge Flats can be furnished.
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MERCHANT BARS

SQUARES

Size

Size %¢” to 2", inclusive, advancing by 64ths.

Size 2142" to 314", inclusive, advancing by 32ds.

Size 3%e” to 5}, inclusive, advancing by 16ths.
Squares can also be rolled to decimal dimensions, if so arranged.
Squares 4" and smaller can be furnished in coils.

ROUND CORNERED SQUARES

i

Bize 14" to 3{"”, inclusive, advancing by G4ths.

ROUNDS

N+
Q)

Size T7ae” to 13{”, inclusive, advancing by 64ths,

Size 12542" to 314", inclusive, advancing by 32ds.

Size 3%4" to 7, inclusive, advancing by 16ths.
Rounds can also be rolled to decimal dimensions, if so arranged.
Rounds 74" and smaller can be furnished in coils.

HALF ROUNDS

N

Size

Size 944" to 24", inclusive, advancing by 64ths.,
Size 184" to 13{”, inclusive, advancing by 16ths.
Sim zn‘ 2%.1'!. 30_

HEXAGONS
Ol-

Size 14" to 11144", inclusive, advancing by 32ds.
Size 134 to 3%4", [inclusive, advancing by 16ths.
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CARNEGIE STEEL COMPANY

g
E

AREAS OF RECTANGULAR SECTIONS
SQUARE INCHES

]
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Thickness, Inches

u.!% Yo | % [ Mo %ll‘ﬁu % | %a| % |1%e| % [1%5a| % [1546] 1
| P 2 2l 25
1156/ . | 47| 50

.E(:s o 70| 75
313 58 04| 100
301 6 1.00( 1.17] 125
460 ol 1.31| 1.41] 1,50
547 1.53| 1.64| 1.75
i 1.75| 1.58 2.00
8 1.07] 2.11| 2.25 7
2.10| 234 250

2.41| 258 275
8! 2.63| 2.81| 3.00

1.0161.21 2,84 3.08| 3.25
1.094/1.313(1.53 3.06| 3.28| 3.50

117211, 3.25| 3.52| 3.75
125011, 3.50| 3.75) 4.00

7071106311 3.72| 3.08| 4.25

1251, 6| 3.04| 4.27| 4.50

1. ol 4.10| 4.45( 4.75

1 3 4.38( 4.60| 5.00

1 6 4.50| 4.92| 5.25

I 4.460| 481/ 5.16| 5.50
X 4.672| 5.03| 5.39| 575
1 4.575| 5.25| 563 6.00
i 19532 5.078| 5.47| 5.86) 6.25
3l 813 uwgla : 5.281| 5.60| 6.09| 6.50
353 5.4%| 5,91 6.33| 6.75
5 NEI 188625 5.688] 6.13| 6.56 7.00
90013501 8132.2002.7193 1724, 5.5801| 6.34| 6.80| 7.25
m 1332813 6.094] 6.56| 7.03| 7.50
SOo s 6.207| 6.78| 7.27| 7.75
| moo?z.ooag.m .mo,s 0 6.500/ 7.00| 7.50| 8.00

[

5161001 rmamz.s‘saogé 3 7.23| 7.73 8.25
531/1.06311.504/2.1252.6563.1 b 7.44| 7.97] 850
547/1.0041.641/2,188.2.734 3281 3.52 5.460(6.016{6.563.7.100| 7.66{ 8.20| 8.75
mﬁﬁt‘l mzmsss:ssmimsm 5.625(6.155/8. 3 7.88| 8.44| 9.00
;15&1m;nsmzsmsm4wuzssmns1 6.350(6. 8.00| 8.67 9.25
mﬂlush 135-23752%9%.5634 2150/4.750(5.3441 5,938 6.531|7.125 8.31| 8.91| 0.50
609112191 8282 4383 047 3.636-4.206 4.875)5.454,6.094(6.703(7 31 8.53| 0.14| 975
525/1.250(1 875/2.500 3,125 3.75044.375(5.000{5,625 6,250/ 6,875 7. 8.75/ 0.38/10,00
41181, msm‘a 'm[uuh 5125570004067 04 8.07| 0.6110.25
656/1.313(1.0002.6253.281 3.035/4.504/5.2501 5.006{6.563 0,190 0.84/10.50
67211 344.2.016:2.6883.359/4.031 4. 53150.047 6 710/7 301 9.4110.08/10.75
85813752 06327503 438 41254 81 9.63/10.31 |11.00
mgma}ma 2104.922/5 ; 0,84/10,5511.25
287 44313 .cma? ':lasl 8 10,06 /10.75 11,50
E;ngpmﬁ h 141 w's u-u 8.813/0.547110.28(11.02|11.75
3.0003.750 n: 7500 . 0110.50(11.25/12.00




AREAS OF RECTANGLES

AREAS OF RECTANGULAR SECTIONS—Continued
SQUARE INCHES

Piekaces Ta
Yie | % | %o | % % H-]%"Mn % (1%4a] % [19%a] 1

u;«il 78115632344 3.13 3 47| 025 7.08] 71| 850! 038010161006/ 11.72 12.50
13| 813/1:6252.438, 3. .00/ 6.50| 7.31) 8.13) 8.94 0.75(1056 11.38|12.19|13:00
1304 844 1.8882.531) 3 ; 6.75( 7.50 S44) 9.28/10.13 1097 11.81 13.50
14 i.s‘?iil.'a" . 7.00| 788 87 9.011 lu 13.13]14.00
1444 .m::.:g:n 7.5 8.16 9 13.50,14.50
15 | 938187528 7.50| 844! 9 15.00
1544 969 19382 7.75| 8.72 9. 13.56{14.53) 16.50
16 -1.mo|2 1000 8.00| 9.00/10, 00 16.00
1614 1031 2.0633.04 4.13 8,25 0.2810.31/11.34 15.47{16.50
17 1.033/2.1253.188 4.23 8.50| 95610, 14.88/15.04/17.00
1714 109421883281/ 4.38 8.75| 984 10. 13131422 1531 16.41/17.50
18 il.m,zmruniq omlm.m i

1814 1.156/2.3133.460] 4.63 0.2510.4111 18.50
19 [1.I8823753.563 4.7 0.50 uu;]n 19.00
1934 12192, 9.75(10.97 12 10.50
20 1,250(2.5003.7 10.00]11.2512 20,00
2014 1.281/2.5633.544| 5.13 10.25 u.nslma 20.50
21" 11:313(2.0253.088 5.25 10.5011:8113. 21.00
2114 1.344(2.088/4.031) 5.38 10.75/12.00113. 2150
22 ;1.3752? |.: 5.5 u.m-mjjwn 15.13 16 19.25 20,63/ 22.00
2214 1406 2.5134.219, 5.63 11.25/12.66/ 14 2250
23" 143826754 313 5.75 11:50/12.94/14 23.00
2314 1.460 2.038.4.406, 5.88 11.75/13.22(14 23.50
24 1mismu'4 6.00 2,00(13.50 15 24.00
3 156331254, 10.94/12.50|14.06/15.63{ 17.10{18.7. 25,00
96 1.625/3.504.57 13.00(14.6316.25/ 1788/ 10. 26,00
27 11.688/3.37 8.7 11.81/1350(15.19/16. 27.00
25 17503 l | 14.00/15.75/17 [ 28.00
2 =:.slzl.sm,5.m 7.25( 0.0610.88112.60114.50/16.3118.13 10042175123 20.00
30 1875 3.7505.625 7.50| 9.3811.25/13.1315.00| 16.88/18.7520.63/22.50 24 130,00
31 1383STSEAIY 775 0.00116313.5015.80/17.44103821 31 23.25,25.19.27.13,20.08 3100
32 2.000/4.0008.000 a.iw.on'u.wu.no‘m.w 15.00/20.00/22.00/24.00 i 3200

|

33 [2.063|4.1256.188 8.25/10.31/12.38/14.44{16.50|18.56{20.63{22.60/24.75, 33.00
80 [212514:2508.875] 8.50/10.63112.75/14.85/17.00| 19,13 21,25 23.38(25.50/27.63 34.00
35 2.188/4.3750.563 sﬁg{mmus.lslul 17.50 n%zms 24.06/26.25/28 44 35.00
36 a.aw]w:oe,? 9 qusilaao{msimmm Im m.n:zfmlmm 36,00
37 231346250 um.aul,ls.ms.msm m.srin.13.ﬂ.«];zf,n;m. 37.00
38 2375(4.7507.125 0.5011.8814.2516.6310.00(21.38 23.75/26.1328.50 30. 38.00
30 2438 4.8757.313 0.7512.10114.63/17.06/10.50(21.04/24.38 26.81120,25(31.69 30.00
10 IMm: 5.0007 mmlumls.min izum nmzs.wzmniao. 32 37.50/40.00
41 2.5635.125 ?.mm.za_.lz.m!ls.ss-n.m 20,50(23.00; 25,63 28,19 30.75(83. 38.4441.00
43 2.625(5.2507.875/10.5013.13(15.7515.3821.00|23.63)26.25 2s.ss]stm:u. 19.38(42.00
43 2688 5.3758.003/10.75(13 44/16.13/15 81121 .50| 24.191 26.58/20.56,32.25(34.04/37.6/40.31 43.00
u la.mlsmoI& 11.0013.75 16.5019.252200 24.75 27 30:5'33‘03:5‘7 41.25/44.00
45 28135.6258.435811.25 14.0616.8810.6022.50/25.31 25.13 30.04 33.75 36.56,30.38 42.19 45.00
46 2575/5.7508.625 11,50 14.317.2520.1323.00 25,88 875 31 63 34,5037 38 40.2543.19 46.00
47 2038 5.8758.81311.75/14.6917.63:20.56/23.50 mm%m.m 5.25(38.10/41.13/44.0047.00
48 3.000/6.0009,000/12.00/15.00,18.00,21,0024.00| 27 33,00/36.00.30.,00 £2.00 45.00/48.00
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CARNEGIE STEEL COMPANY

SBES S5EE S22Z 2535 rEez 23
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AREAS OF RECTANGULAR SECTIONS—Concluded
SQUARE INCHES

wsocmﬁmmw 45.00 wooiﬁsmlww

5.06(10.13 Iﬁ 19: 2525 31 ?0.38 .44 40.50 45.56 50,63 55.60160.75

Thickness, Inches
5 T e
W | % ‘!‘m1 Y% % | %0 | % | %a| % |M¥e| % Ef%u % 1% 1
! |
= — Ty N ) R R
3.06 10/12.25/15.31{18.38(21.44 24.50 27.56|30.03 33,00 36.75/39.8142.88/45.04|49.00
3.13 38/12.50(15.63(18.75/21.88/25.00  28.13(31 25|34.35 1 37.50(40.6343.75| 46.88| 50.00
3.19| 6.38 9.50 12.75/15.94/10.13) 23!|25.5ﬂ:‘!8 60131.88/35.00 38.25/41.44/44.63 47.81/51.00
3.25| 6.50{ 9.75(13.00/16.25/10.50122.75 20,00 20.25) 32.50|35 .75/30.00)42.2545.50(48.75| 52.00
3.31/ 6.63 13. .10/26.5020.81|33.13|36. H 30.75(43.06(46.38(49.60/53.00
3.38| 6.75(10.13(13.50(16.88/20.25/23.63/27.00|30.38133.75 37 13/40.50|43.88|47.25/501.63| 54.00
3.44| 6.88{10.31(18.75(17,10{20.63124.06/27.50|30.04 34, 88 37.81141.25(44.69|48.13|51.56) 55.00
3.50| 7.0010.50/14.00(17,5021.00:2 .50|38.00 31.50/85.00/38.50|42.00/ 45.50/49.00]52.50/ 56.00
3.56| 7.13{10.69, 14.25 17.81{21.38:24.04 23 50132.06(35.6339.19/42.75(46.31/40.8853.44{ 57.00
3.63| 7.25(10.88/14.50118.13/21.75125.38 20.00 32.63/36.25/30. 38 43.50|47.13|50.75(54.38| 58.00
3.60| 7.38/11.06(14.7518.44(22.13(25.81 20.50 33.10| 36.88/40. 5& 44.25/47.94/51.63155.31) 50.00
3.75| 7.50(11.2515.00/18.75/22.50 5253000]33 ?5|3'.-'-50 41.25/45.00/48.75/52.50|56.25) 60.00
3.81| 7.63{11. H‘lﬁﬁ 10.06/22.85/26.60/30.50134.31(38.13/41.94 45.7549.56 53,38/ 57.19| 61.00
3.88| 7.75(11.63(15.50119.3823.25/27.1331 .00 | 34.88|38.75 42.63 46.50| 50.38| 54.25(58.13( 62.00
3.94| 7.88(11.8115.75 1909 23.63(27.56/31.50|35.44130,38/43.3147.25|51.19(55.13|50.06/63.00
4.00] 8.00(12.00 16.00:20,00:24. .uuiszm 36.00 40,00/ 44.00|48.00/52.00(56.00/60,00| 64.00
4.06| 8.13(12.19 13.25 0.31/24.38:28 44 32.50|36.56(40.63 44.6048.7552.81|56.88|60.94 | 65.00
4.13| 8.25(12.38/16.50120.03/24.75:28.88 33.00(37.13/41.25 45.38| 40.50(53.63 57.75/61.88 66.00
19| 8.38112.56/16. ?5 20,04/25.13120.31/33.50 | 37.60/41.8846.06|50.25|54.44|58.6362.81/67.00
4.25| 8.50012.7517.00121.2525.50.20.75/34.00 | 38.25/42.50 46.75| 51.0055.25/59.50|63.75| 68.00
4.31| 8.63/12.04 17.25[21.56/25.85 3 .10:34.50 38.81(43.13 47 .44 51.7556.06/60.38| 64.60 60.00
4.38| 8.7 13.13}1?.501..88 5.2530.63 35,00 39.38143.75(48.13|52.50156.88161.2565.63| 70.00
4.44| 8.88113.3117.7522.10(26.63/31.06/35.50 30.94|44.58 48.81/53.25/57.69, 6:2.13/66.56/ 71.00
4.50| 9.0 18.50]18 00122.50/27.00:31.50 36.00| 40.50/45.00 49,50/ 54.00(58.50,6:3.00|67.50! 72.00
4.56| 0.1313.69 18.25[22.81/27.38. 1.94|3I3.50 41.06/45.63/50.10/54.75/50.31| 63.88(68.44| 73.00
4.63 13.88/18.50123.13(27.75/32.38,37.00 [ 41.63 50.88)55.50|60.13| 64.75 74.00
4.60| 9.38114.06 18.75[23.44125,13.32.81/37 50 42.10|46.88|51.56156.25(60.94,65.63{70.31{ 75.00
4.75 14 2&;10. 0/23.75/28 2538 2.76/47.50 52.25(57.00/61.75 1.25(76.00
4.81 14 u,mzs 06 .00 38,50 43.31 48.13/52.94 57.75/62.56 2.19/77.00
4.88/ 0.75/14.6319.50124.38 29.25.84 13 30.00|43.88 48.75/53.63 58.50/63.38 13/78.00
4.04 143[ 19 ?5 24 6012963 34.56 30.50 44, ﬁ|4ﬂ.38 54.31/50.25 “:tl)g 4.06(79.00
B5.

65,81

63

44

25

£ B220 N3 diES J82S 2888 SRS

uswmsz&mmzaaaaum&.ssum45135:355&.3&31msa. 6.88/82.00
5.19(10.38/15.56,20.7525.94/31.1338.31| 41.50 46.60| 51 88 57.0662.2567 7.51/83.00
5.2510.50(15.75:21.00.26.25 mﬁg .75 42,00 47.25. mmlw 275/63.00(65.. 78.75/84.00
5.31(10.63{15.94/21.2526.56/31 10/42.50/47.81/53.13|58.44/63.75/60. 79.69|85.00
5.38(10.75(16.13121.50126.88/32.25 37 .63 43.00 | 48.38, 53.75/50.13|64.50|69. 25, 80,63|86.00
5.4410.88(16.3121.75/27.19/32.63(38.06. 43.50 [48.94|54.38/59.81| 65.25/ 70 13/81.56/87.00
5.50/11.00/16.50/22.00127,50/33,0038.50 44.00(49.50/55.001 60.50{ 66.00|71.50/77.00(82.50/ 88.00
5.5611,1316.69/22.2527,81/33.38:38.04 44,50 (50.06/55.63|61.19(66.75/72.31/77.88(83.44/89.00
5.63/11.25(16 5028,13/33,75:39.38 45.00 an 63/56.25/61.88/67.50(73.13 90.00
5.60/11.35(17.0622.7528 44/34.1330.81 45.50| 51.19|56.88 62.56/68.25|73.94 91.00
5.75/11.5017.25(23.0028.75/34.5040.25 46,00 | 51.75/57.50 63,25 69.0074.75 92.00
5.81(11.63(17.4423.2520.06/34.8840.6046.50 52.31/58. 13‘&3 04/60.75(75 93.00
5.8811.75(17.63{23.50/20.35/35.2541.13 47.00| 52,88 ss 75, 64.63| 70.50{76.38)82. 94.00
5.04(11.88117.8123.75 Massaa 1.56/47.50(53.44(59.38 65.31|71.25(77.10/83. 95.00
6.00/12.00{18.00/24.00130,00/36,00/42.00| 48.00 54.00/60.00| 66.00|72.00178,00[84. 98.00
6.06/12.13/18.1024.25 ‘3: 36.3842.44|48.50 54561 60.63(66.60|72.75/78.81{84.88 97.00
6.13/12.25(18.38 .6336.75142.88/49.00 | 55,13/ 61.25(67.3873.50, 70.63{85.75 98.00
6.10/12,38(18.56124.7530.04 37, 3 .31/40.50 55.60|61.88(68.06|74.25/80.44| 86. 90.00
8.25(12 87. 100.0

18.75/25.00/31,25(37.50'43.75/50.00 | 56.25|62.50| 68.75]75 81,
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WEIGHTS OF FLAT ROLLED STEEL

WEIGHTS OF FLAT ROLLED STEEL
POUNDS PER LINEAL FOOT

] Thickness, Inches
Width, =
i : = =
1340 | 36 m‘ | Ho % | % | % % [13ha ] |‘ﬁo % (15| 1
- S __5 Wi e \_
] | |
-,hm.me.mmsﬁm!m%. 481.5313&‘.64!. 24 50 85
iy | 108 213 310| 425 84 74 85 96 1.06 117 128 138 149 150 170
# | 150 319) 78| 638| S0 96 112 128 143 150 175 191 207 223 239 2355
1 | 213 425 638) 850 1 ml 1.«1 170, 191! 213 s:j 255 276 2.08 3.19 340
1, | 266 797| 186/ 2.1 66 2.02 8.19 3.45 .72 3.98 4.25
w208 31| 7071 Il.sal.w 2 z' 372 3
114 810) 638| 956/1.275 150 101 223 255 2.87 :m| 3.51| 383 4.14 4.40 4.78 510
1%, | 372 744[1:116(1488| 1386 2223 2060 208 335 372 400 4 521 558 595
2 425 850 1.275/1.700) 2.1 a.sai 298 340 3383 425 468 5.10 5 ) 595 638 630
| | 1
21 | ATS| 956 14341913 257 3.35 383 4300 478 5 ‘u.m'a ' 6.60 7.17| 7.65
215 | 531 1.063/1.504(2.125| 319 372 425 478 531 554 6.38 691 744 797 850
5841.160|1.753(2.338| 2.02) 3.51| 4.00) 4.68 526 584 643 7.01] 7.60 8.18 8.77| 9.35
3 .nasmﬂumram 3.1 s.sn[ 4.46/ 5.10 5.74 638 7.01) 7.65 8.03 9.56/10.20
|
14 | 691 1381 | 345 414 483 622 6.01 7.60 529 898 9.6710.3611.05
314 | 601 1.351 2.072 2.763 553 , ,
314 | 744 1488 2.231 2.075 372 4.46 521 595 6.69 7.44 8.18 893 0.6710.4111.1611.90
34 | 7971594 2.301 3,188 305 478 558 0.38 7.17 7.7 877 0.5 10.3&11.;311141:;12.75
4 | 850 1.700(2.550 3400, 425 5.10 5.95 em| 7.65 9.35 10.2011.mi11. i12.735'13.00
414 | 908! 700/3.618) 4.52 5.42| 6.32 7.23 .18 0.03 0.0310.54/11.74 12.04 13.5514.45
903 1.son’s'mnsns 5.42 '
4is | 056(1.91312.860(3.525 478] 574 660 7.05 8.61] 9.56'10,52'1148/12.43 13.301434/15.30
44, 1,000 2.019/3.028 4,038 6.06 7.07 8.08 0.08/10.00 11.10 12.11 13.12 14.13 15.1416.15
5 'l.ou-lz.msussm 531 744 s.w| uallmu 1:.7av|1m|u 15,04 17.00
A16.2.231(3; 0,60 7.81| 8.03/10.04 11.16/12.2713.30/14.50 15.02 10.73/17.85
4 11.116,2.231/3.847 781 893
B 11,160 2.338 3.500/4.675 701 818 0.3510.52/11.09/12.86 1408 15.19)10.3617.5318.70
11.222/2.444/3:006(4.888| 6.1 7.33| 855/ 9.78/11.0012.22 13.44/14.68 1 17.1|1s 19.55
6 11275, 2:350/3.825 5.100 7.65 8. |wm‘uu[1sn|u lucn‘mﬂn l:au.w
64 1 13 | 9301 u|151mlij|:an17 18.5010.92 21.25
328 2.656/3.984/5.313 7.97 93010, 850
muswmu«uza m 820 967111051243 1381 15.19/16 w’m.msoumw
0% 1m|=m 4.303/5.738| 7.17| 8.61/10.04 1148 12.01 14.34/16.75(17.21 mea"mus|2m|
7 2.075/4.403 5,050/ 7.44 8.93 1o.;1|11 13,39 14saimsu 17 maq‘m 2231|
4 1541 3.081 3 10.7812.33 13.87 15.41/10.05 15492003 21 57 23.11 2488
74, 1541 3.081(4.622/0.163| 7.70 9.24/10. 20,
Ti 1.504,3.133;; 781 emi 7.07| 0.56 11.16 1275/ 14.34.15.94/17.53 10,13 20.72.22.31|23.01 25.50
T8 (1647 3.204!4. 823 0 n.s?.,umluxquwum::ﬁsumma 26,35
8 :msms:mwoo 8.50 1020 1.0 13. ISM!?MI& ao«ml 23.80/25 m.m
|
8y 77]10. 381731 .04 54126.30/28.05
lmamamrm 8, .uamnmalm? wm 2279-.-4 Jss 28
81 (1.506/3.613/5.410/7.225( 9.08110.84/1284 14.45/18 27,00 28.90
$5 |1.850/3.719/5.578 74381 930 11.16/13.02 14.88 16, maa!xwmv.xowrm 2075
9 wlaamamwmn 11 1smw1mm 21m21ﬁ24 m:mmmm
9 1 1 7317.0919.66 21 55127.1 ssma
4 lL9vs 3.9 5.81!?7.863 e.sall 13.76)15. lr uum za z?se
014 (2,010 4.038 6.056/8.075 moo}mnnam 15/18.17/20. ntzmm mmzsmnssmn
04 2,072 14144 0.210(8.288(10.30/12:43(14.50 16 58/ 18.65/20. z‘as'mm mmznmaa 3315
10 smqmmms.wummimu 17.00119.1 1
lga sns|¢mmam 10.50/13.07/15.2517 10 21?&233&2& u‘
104 2.231 4 025/11.1 13.39130217 \n.m‘sl aa
109, zmcmamolsa 11.4213.71 1599| aomzz.s;ms'mm 31.08 aus
11 n.ssacsvamsnmuwluosm 137 suuuazza\ 327335. 37.40
111 :.mlusumnm 11. 14m:amnsnm1mm 334 35.86,38.25
1114 2444 4888 9.775/12.22 14.66/17.11 1955/ srrm sﬁ 139,10
1% qu.mqmlonssm u.osun&ln.wzu s; zml 46,34 39.95
12 2.550/5.100 7.050,10.20,12.75/15.30 17.8520.40 22.95/25.50128.05| 33.15]361 aa.sam
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CARNEGIE STEEL COMPANY

—
WEIGHTS OF FLAT ROLLED STEEL—Continued
POUNDS PER LINEAL FOOT
r Thickness, Inches
Width, = .
Inches [ A B - " 5
e | % | 346 ' Y |%e| 3 |76 | Y2 | Y10 | 96 |1Wie| % [1%i6| 76 |1%h6| 1
1214 2.66| 5.31| 7.97/10.63|13.28| 15.94;18.59 21.25 23.91{26‘56 29.2) 31.9| 34.5 37.2 39.8 42.5
13 2.76| 5.53| 8.29/11.05[13.81(16.5819.34 22.10|24.86/27.63| 30.4| 33.2| 35.9] 38.7| 41.4| 44.2
1314 | 2.87| 5.74| 8.61/11.48(14.34/17.21{20.08(22.95(25.82|28.69| 31.6| 34.4| 37.3| 40.2| 43.0| 45.9
14 2.98| 5.95| 8.93/11.90{14.88/17.85/20.83|23.80(26.78/29.75| 32.7| 35.7| 38.7| 41.7| 44.6 47.6
1414 3.08| 6.16] 9.24/12.33(15.41(18.49/21.57 | 24.65|27.73/30.81) 33.9| 37.0| 40.1| 43.1| 46.2 49.3
15 3.19| 6.38| 9.56/12.75/15.94(19.13/22.31|25.50(28.69/31.88| 35.1| 38.3| 41.4| 44.6/ 47.8| 51.0
1514 3.29| 6.59| 9.88(13.18(16.47(19.76:23.06|26.35|29.64/32.94| 36.2| 39.5| 42.8 46.1| 40.4) 52.7
16 3.40| 6.80/10.20/13.60 17.00120.4Oi23.80 27.20 30.60i 34.00| 37.4| 40.8| 44.2) 47.6| 51.0) 54.4
1614 | 3.51| 7.01(10.52/14.03/17.5321.04/24.54|28.05|31.56/35.06) 38.6| 42.1| 45.6/ 49.1| 52.6/ 56.1
17 3.61| 7.23 10.84il4.45 18.0621.6825.29/28.90/32.51/36.13| 39.7| 43.4| 47.0, 50.6| 54.2| 57.8
1714 3.72| 7.44]11.16 14.88118.59 22.3126.03/29.7533.47(37.19| 40.9| 44.6| 48.3| 52.1| 55.8 59.5
18 3.83| 7.65 11.48i15.30519.13,22.95126.78 30.60|34.43/38.25| 42.1 45.9| 49.7 53.6| 57.4 61.2
1814 3.93| 7.86/11.79 15.73\19.66!23.59327.52 31.45/35.38/39.31| 43.2| 47.2 51.1) 55.0| 59.0| 62.9
19 4.04| 8.08/12.1116.15/20.1924.23128.26|32.30  36.34|40.38| 44.4| 48.5 52.5| 56.5 60.6| 64.6
1914| 4.14| 8.29 12.43‘16.58 20.72124.86129.01(33.15(37.29|41.44) 45.6 49.7| 53.9| 58.0| 62.2| 66.3
20 4.25| 8.50 12.75<17.0021.25“25.5029.75 34.00(38.25/42.50| 46.8 51.0 55.3| 59.5| 63.8| 68.0
. 2014 | 4.36| 8.71/13.07/17.4321.7826.14:30.49|34.85|39.21/43.56| 47.9| 52.3| 56.6| 61.0, 65.3| 69.7
21 4.46| 8.93/13.39(17.85 22.31}26.783124 35.70(40.16/44.63) 49.1) 53.6| 58.0| 62.5| 66.9| 71.4
2114 | 4.57| 9.14(13.71/18.28/22.84 27.41(31.98|36.55|41.12/45.69| 50.3| 54.8/ 59.4 64.0| 68.5 73.1
22 4,68 9.35/14.03/18.70 23.38i28.05 32.73|37.40/42.08|46.75| 51.4| 56.1 60.8| 65.5 70.1) 74.8
2214 | 4.78| 9.5614.3419.1323.9128.60/33.47|38.25|43.0347.81| 52.6 57.4| 62.2 66.9) 71.7) 76.5
23 4.89| 9.78 14.66/19.55/24.44 20.33/34.21(39.10|43.99/48.88| 53.8 58.7| 63.5| 68.4 73.3| 78.2
23145 4.99| 9.99 14.98/19.98/24.97 20.96/34.96(39.95|44.94(49.94| 54.9| 59.9| 64.9| 69.9) 74.9| 79.
24 5.10(10.20(15.30 20.40 25.50:30.60/35.70|40.80 45.90|51.00| 56.1| 61.2| 66.3| 71.4| 76.5 81.6
25 | 5.31[10.63 15.94!21.25 26.56131.8837.19|42.50 47.81|53.13| 58.4| 63.8 69.1 74.4| 79.7| 85.0
26 5.53 11.05’16.58522.10 27.63‘33.15]38.68 44.20(49.73/55.25| 60.8| 66.3| 71.8| 77.4| 82.9 88.4
27 5.74|11.4817.21122.95 28.6934.43]40.16 45.90|51.64/57.38| 63.1/ 68.9 74.6| 80.3| 86.1] 91.8
28 5.95(11.90 17.85i23.80 29.75i35.70'4l.65 47.60|53.5559.50| 65.5| 71.4| 77.4| 83.3| 89.3| 95.2
29 | 6.16|12.33/18.49.24.65/30.8136.98 43.14 49.30|55.46 61.63 67.8 74.0 80.1 86.3 92.4| 98.6
30 6.38112.75(19.13/25.50/31.88/38.2544.63|51.00|57.38|63.75| 70.1| 76.5| 82.9| 89.3 95.6/102.0
31 6.59(13.18 10.7626.3532.94'39.53;46.11 52.70(59.29/65.88| 72.5| 79.1| 85.6] 92.2| 98.8/105.4
32 6.80(13.60,20.4027.20 34.00140.80'47.60 54.40(61.2068.00, 74.8| 81.6| 88.4[ 95.2/102.0/108.8
33 | 7.01/14.03121.04/28.0535.0642.0849.0956.10{63.11{70.13| 77.1] 84.2| 91.2| 98.2/105.2 112.2
34 7.23(14.45/21.68/28.90 36.13“3.35]50.58 57.80(65.03(72.25| 79.5| 86.7| 93.9(101.2/108.4/115.6
» 35 744 14‘88\22.31,29.75 37.1044.6352.06/59.50|66.94|74.38) 81.8| 89.3| 96.7/104.1/111.6{119.0
36 7.65(15.3022.9530.60/38.25 5.90153.55|61.20(68.85(76.50| 84.2( 91.8| 99.5/107.1/114.8/122.4-
37 | 7.86(15.73123.59:31.45/39.31 7.18|55.'04 62.90/70.76/78.63) 86.5| 94.4/102.2/110.1/117.9/125.8
38 8.08(16.1524.23132.30140.38/48.45/56.53 | 64.60(72.68/80.75| 88.8 96.9(105.0/113.1{121.1/129.2
39 8.29/16.58/24.86/33.1541.44/49.73/58.01|66.30 | 74.59|82.88| 91.2| 99.5/107.7/116.0/124.3/132.6
40 | 8.50(17.00(25.5034.00/42.50 51.00/59.50|68.00| 76.50 85.00| 93.5/102.0|110.5/119.0|127.5/136.0
41 | 8.71[17.43(26.14/34.8543.56/52.28/60.99(69.70|78.41/87.13| 95.8/104.6/113.3{122.0130.7/139.4
42 8.93(17.85(26.78(35.70/44.6353.55/62.48 | 71.40(80.33]89.25| 98.2/107.1/1116.0(125.0133.9(142.8
43 9.14(18.28(27.41136.5545.69/54.83 63.96 | 73.10{82.24 91.38/100.5(109.7(118.8/127.9/137.1/146.2
44 9.35(18.70(28.05/37.40/46.75,56.10/65.45| 74.80| 84.15/93.50 102.9 112.2/121.6/130.9/140.3 149.6
45 0.56(19.13(28.69(38.25/47.81/57.38/66.94| 76.50 | 86.06/ 95.63| 105.2| 114.8|124.3| 133.9/143.4/153.0
46 9.78(19.55(29.33(39.10/48.88/58.65/68.43| 78.20| 87.98(97.75107.5( 117.3 127.1| 136.9| 146.6/ 156.4
47 9.99/19.98/29.96/39.95/49.94/59.93/69.91 | 79.90|89.8999.88|109.9(119.9) 129.8| 139.8/149.8/ 159.8
48 |10.20/20.40/30.60/40.80/51.00/61.20/71.40/81.60/91.80,102.0/112.2|122.4|132.6/142.8/153.0/ 163.2
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WEIGHTS OF FLAT ROLLED STEEL

WEIGHTS OF FLAT ROLLED STEEL—Concluded
POUNDS PER LINEAL FOOT
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CARNEGIE STEEL COMPANY

SQUARE AND ROUND BARS
WEIGHTS AND AREAS
R — — '
" y Weight, Lbs, Area, Square | Weight, Lbe. Area, Square
per Foot | Inches Size per Foot Inches
d Inches e | Inches )
B S ONEtE] O | 2| O O O
= — IE S T .
0 | 3 | 3060 2403 9.000 7.069
Ye 013 | .010| 0039 .0031 | %« | 31.89 25.05| 9.379 7.366
i 053 | 042 .0156| .0123 | 1% 33.20 | 26.08 9.766 | 7.670
e 120 | 004 | .0352| .0276 | %o 34.54'27.13|1o.1so 7.980
% | .=218| ae7| . | 0401 | % 35.91 | 28.21 | 10.563 | 8.206
B 261 | .0977 | .0767 | %e | 37.31 |29.30  10.973 | 8.618
B 478 | .376| .1406| .1105 | 38.73 | 30.42  11.391  8.046
T 651 | .511| .1914| .1503 | 74e | 40.18 |31.55 |11 swi 0.281
E 14 608 1963 | 16 41.65 | 32.71 | 12.250 | 9.621
Mg | 1.076| .845| 3104 | .2485| 9, | 43.15|33.80 | 12.691 | 9.968
b 1 1.043 | 3906 | 3068 | 5% 44.68 | 35.09 | 13.141 | 10.321
Yo | 1.607 | 1.262 | 4727 3712 | 1l4e | 46.23 36.31 | 13.508  10.680
b} 1913 | 1.502 | .5625| 4418 | % 47.81 | 37.55 | 14.063  11.045
Yo | 2245 1703 | 6602 5185 | 1 | 40.42 3881 14.535 11.416
T 2,603 | 2.044 | .7656 | .6013 | 7 51.05 10 | 15.016 | 11.793
ibhg | 2,088 | 2.347 | 8789 | .6903 | i4e | 52.71 | 41.40 15.504| 12.177
1 3.400 | 2,670 | 1.0000 | 7854 | 4 54.40 | 42.73 | 16,000 | 12.5066
Ve | 3.888 | 3.015 | 1.1289 | 88.66 o | 56.11 | 44.07 | 16.504 | 12.962
;{; 4,303 | 3.380 | 1.2056 | .9040 | 57.85 | 45.44 | 17.016 | 13.364
o | 4.705| 3.766 | 1.4102 1.ums| e | 59.62 | 46.83 | 17.535 | 13.772
5.318 | 4.172 | 1.5626 | 1.2272 | % 61.41 23 | 18.063 | 14.186
a | 5857 | 4.600 | 1.7227 | 1.3530 ;2., 63.23 | 49.66 | 18.598 | 14.607
| 6.428 | 5.040 | 1.8906 | 1.4849 65.08 | 51.11 | 19.141 | 15.033
e | 7.026 | 5.518 | 2.0664 | 1.6230 | T4e | 66.95 | 52.58 | 10.601 | 15.466
. 1% | 7.650 | 6.008 | 2.2500 | 1.7671 14 68.85 54.07120.250 15.904
;z. 8.301 | 6.519 | 2.4414 | 1.9175 | Ws | 70.78 | 55.59  20.816 | 16.349
8.078 | 7.051 | 2.6406 | 2.0739 | 5% 72.73 | 57.12 | 21.391 | 16.
g4, | 9 7.604 | 28477 | 2.2305 | 1145 | 74.71 ss.a7|21.973|1?.257
3 | 10413 | 8.178 | 3.0625 | 2.4053 | % 76.71 | 60.25 | 22.563 | 17.721
18, | 11.170 | 8.773 | 3.2852 | 2.5802 | 134, | 78.74 | 61.85 | 23.160 | 15.190
! % | 11.953 3.5150 | 2.7612 | 3 80.80 | 63.46 | 23.766 | 18.665
%e | 12,763 | 10.024 | 3.7530 | 2. 1%, | 82.89 | 65.10 | 24.379 | 19.147
/ 2 13.600 | 10.681 | 4.0000 | 3.1416 | 5 85 66.76 25.000'19.&35
a | 14.463 | 11.3569 | 4.2539 | 3.3410 | Ye | 87.14 44 | 25.629 | 20.129
ﬁ 15.353 | 12.058 | 4.5156 | 3 15 70.14 | 26.266 | 20.629
e | 16.270 | 12.778 | 4.7852 3?583[ e | 91.49 | 71.56 | 26.910 | 21.135
;. 17.213 | 13.519 | 5.0625 [ 3.0761 | % | 93.71 | 73.60  27.563 | 21.648
¢ | 18.182 | 14.280 | 5.3477 e | 95.96 | 75.36 | 28.223 | 22.166
a5 | 19.178 | 15.002 | 5.6406 | 4.4301 77.15 | 28.891 | 22.601
TAe | 20.201 | 15.866 | 59414 | 4 T “4s | 100.53 | 78.95 | 20.566 | 23.221
Ve | 21.250 | 16.690 | 6.2500 | 4.9087 | 14 |1 85 | 80.78 | 30.250 | 23.758
Wi | 22,326 | ¥7.534 | 6.5604 | 5.1572 | #a | 105.20 | 82.62 | 30.941 | 24.301
“ % 123.428 | 15.400 | 6.8906 | 5.4110 | % 107.58 | 84.49 | 31.641 | 24.850
Wa | 24.557 | 10.287 | 7.2227 | 5.6727 | H4q | 109.98 | 86.38 | 32.348 | 25.406
% | 25.713 | 20.195 7.5625'59396‘ % |112.41 88.20 | 33.063  25.967
_;Zﬁuzﬁ.sms 21.123 | 7.9102 | 6.2126 | 18y | 114.87 | 90.22 | 33.785 | 26.535
| 28,103 | 22,072 | 8.2656 | 6.4018 | 74 | 117.35 | 92.17 | 34.516 | 27.109
ing, | 20.338 | 23.042 | 8.6280 .??n| 1844 | 110.86 | 94.14 | 35.2 LGRS
3 |30.600 24.033 0.0000 7.0686 6 | 12240 | 96.13 | 36.000 | 28.274
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WEIGHTS OF BAR

—
SQUARE AND ROUND BARS
WEIGHTS AND AREAS
Weight, Lbs. Ares, Saisrs | | Weight, Lbs. Area,
per Fot Toihes e, | P Foot g
Inches f U] ~| Inches | N ==
| O O o | 5 (@) |l O
6 12240 96.13  36.000|28.274| 9 | 275.40|216.30| 81.000 | 63.617
« 12496 08.15 | 36.754 14 | 279.24 (21931 | 82120 | 64.504
32 127.55 | 100,18 | 37.516 | 20.465 | 15 |283.10 | 222.35| 83.266 | 65.397
8, 130.17 | 102.23 | 38.285 | 30.060 | #q | 286.99 | 225.41 | 84.410 | 66.
3% 132,81 104.31 | 39.063 | 30.680 | 200.91 85.563 | 67.201
44q | 135.48 | 100.41 | 30.848 | 31.206 | %, | 294.80 £6.723 | 68.112
4 | 138.18 | 108.53 | 40.641 [31.910 4 |208.83 [234.70 | 87.801 | 69,029
g | 140.90 | 110.66 | 41.441 |32.548 | 744 | 302,83 | 237.84 | 80 69.953
& | 143.65|112.82 | 42.250 [ 33.183 306.85 [ 241.00 90.250 | 70.882
%, | 146.43 | 115.00 | 43.066 | 33.824 | 9, | 310.90 [ 244.18| 91.441 | 71.818
4 | 149.23 | 117.20 | 43.801 [ 34.472 o6 | 314.98 | 247.38 | 02.641 | 72.760
114 152.06 | 110.43 | 44.723 | 35.125 1144 319.08 zsomi 93.848
% 15491 12167 |45 785 323.21 05.063 | 74.662
44 157.79 | 123,93 | 46.410 | 36.450 | 184, 327.37 | 257.12  96.285 | 75
% | 60.70 | 126,22 | 47.266 | 37.122 | 1% | 331.556 97.516 | 76.580
Ha | 163.64 | 128.52 | 48.120| 37.800 | 1% 335.76 | 203.71| 98.754 | 77.561
7 166.60 | 130.85 | 49.000 38.485 10 | 340.00 | 267.04 | 100.000 | 78.540
s | 169.59 | 133.19 | 49.879 | 39.1 s | 344.26 | 270.38 | 101.254 | 79.525
172.60 | 135.56 | 50 30.871 348.55 | 273,75 | 102.516 | 80.516
#q | 175.64 | 137.95 | 51.660 [ 40.574 %, | 852.87 | 277.14 | 103.785 | 81.513
1, | 178.71|140.36 | 52.563 | 41.282 | 1 | 357.21 | 280.55 | 105.063 | 82.516
S0 | 181.81 | 142.79 | 53.473 | 41.907 | 834 | 361.58 | 283 5
8% |184.93 | 145.24 | 54.301 42,718 | # | 36598 | 287.44 | 107.641 | 84.541
The | 188.07 | 147.71 | 55.316 | 43.445 | 744 | 370.40 | 200,91 | 108.941
191.25 | 150.21 | 56.250 | 44.170 | 14 | 374.85 | 204.41 | 110.250 | 86.500
z‘;. 104.45 | 152.72 | 57.191 | 44.918 | 94, | 879.33 | 207.92 | 111.566 | B7.024
% 1197.68 | 155.26 | 58.141 | 45.604 383,83 | 301.46 | 112.801 | 88,664
Yie|200.93 | 157.81 | 50.008 | 46.415 | 1liq 388,36 | 305.02 | 114.223 | 89.710
% 211 160.30 | 60.063 | 47.173 3 | 392.01 59 763
18, 207.52 | 162.99 | 61.035 | 47.037 | 18, 397.49 | 312.19 | 116.910 | 91.821
' 210.85 | 165.60  62.016 | 48.707 % |402.10 | 315.81 118.266 | 92.886
1, 214.21 | 168.24 | 63.004 | 40.483 | 15, 406.74 | 319.45 [ 110.620 | 03.957
8 |217.60|170.90 | 64.000 | 50.265 11 411.40 32311 1 05.033
Yia | 221.01 | 173.58 | 65.004 | 51.054 :2, 416.00 122,370 | 96,116
19544517620 | 66.016 | 51849 | 150:90 | 330.50 | 133766 | 97208
45, | 227.92| 170.01 | 67.035 | 52. 344 | 425.54 | 334.22 | 125.160 | 98.301
1; > 231.41|181.75 | 68.063 | 53.456 14 | 430.31 | 337.97 [126.563 | 99.402
Sy | 234.93 | 184.52 | 69.098 | 54.269 gi.|4s.5.n 341.73 | 127.973 | 100.510
% 238.48 | 187.30 | 70.141  55.088 8¢ | 439.93 | 345.52 | 120.391 |101.623
Toe (242,05 190.11 | 71.191 | 55.914 | e  444.78 | 349.33 | 130.516 | 102.743
1% 245.65 | 102.93 | 72.250 | 56.745 | 16 | 449.65 | 353.16 | 132.250 | 103.869
Wa 24928 | 195.78 | 73.316 | 57.583 | %g 454.55 | 357.0071133.691 | 105.001
o | 252.08 | 198.65 | 74.301 | 58.426 459.48 | 360.87 [ 135,141 | 106.139
114, 256.61 | 201.54 | 75.473 | 50.276 | 114,/ 464.43 | 304.76 | 136.508 | 107,284
260.31 | 204.45 | 76.563 | 60.132 | %, | 460.41 | 368.68  138.063 103434

%

135, | 264.04 | 207.38 | 77.660 | €0.994 134, 474.42 | 372.61 tl39535
i 267.80|210.33 | 78.766 | 61.863 | Tk | 479.45 | 376.56 | 141.016 | 110. 754
1hig 1 271.59 | 213.31 | 79.879 | 62.737 154, 484.51 | 380.54 | 142.504 | 111.923

o 2754021630 |81.000/68.017 {12 |480.00 88458 144.000 | 113.008
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CARNEGIE STEEL COMPANY

COLD TWISTED SQUARE BARS

e Befeble s bt <+ igy
2 4.0000 13.600
1% 3.5156 11.953
184 3.0625 10.413
1% ‘ 2.6406 8.978
114 ‘ 2.2500 7.650
184 1.8906 6.428
1% 1.5625 5.313
114 ‘ 1.2656 4.303
1 [ e 1.0000 3.400

16 0.8789 2.988
% 0.7656 f 2.603
134 1 0.6602 i 2.245
% \ 0.5625 ‘ 1.913
1146 | 0.4727 | 1.607
% } 0.3906 E 1.328
N } 0.3164 1 1.076
1% ‘ 0.2500 i 0.850
s 0.1914 ‘ 0.651
% } 0.1406 | 0.478
e ' 0.0977 1' 0.332
1% ; 0.0625 } 0213

Cold twisted bars will conform to Manufacturers' Standard Specifications, uulés otherwise specified.
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CONCRETE REINFORCEMENT BARS

DEFORMED BARS

CORRUGATED ROUND BAR
TYPE C

CORRUGATED SQUARE BAR
TYPE D

S ==l

Rolled for Corrugated Bar Co.

Section Size, | Weightper |  Seetion Size, Weight per
Indlex . Inches | Foot, Pounds | Index | In | Foot, Pounds
Corrugated Round Bar—Type C Carrugated Square Bar—Type D
*M 1732 | 1% | 1048
' *M 1781 1% | 7.69
*M 1618 114 | 4971 | »M 1650 14 5.35
*M 1617 1% [ 41 M 1651 11 4.34
*M 1616 1 2.69 *M 1652 1 3.43
M 1615 T ‘ 2.06 | *M 1653 % 2.64
M 1614 N 152 | *M 1654 A 1.94
M8 | % ‘ 105 | *M 1655 % 136
*M 1612 | e 0.86 | *M 1656 1% 0.86
*M 1611 | 1% | o068 | *M 1657 ® 0.49
*M 1610 a% 0.38 *M 1658 Y% 0.22
CUP BAR

Bection Sige, 1 Weight
Index Inches Foot, Pounds
sM 1528 | 1 | 7.65
*M 1530 | 1% Fe 5
oM 1531 | 1% 4.30
*M 1532 1 | '3.40
*M 1533 % ] 2,60
*M 1534 % 1.01
*M 1535 w 1.33
*M 1536 % 0.85
*M 1537 L 0.48

. l"ur;h'had only by special arrangement,




CARNEGIE STEEL COMPANY

DEFORMED BARS—Continued
HAVEMEYER SQUARE BAR HAVEMEYER ROUND BAR

Rolled for Concrete Steel Co.

Seetion Size, Weight per Section Size, Wi
Index Inches Foot, Pounds ‘ Index Inches Fmﬁm?:ls
2 Havemeyer Square Bar i Havemeyer Round Bar
#M 1500 1% 7.65 *M 1629 11 4.17
*M 1609 13 6.43 :ﬂ igg 114 3.38
*M 1608 1% 5.31 1 2.67
M 1607 114 430 *M 1626 % 2.04
| *M 1625 8 1.50
*M 1606 | 1 3.40 *M 1624 5% o4
*M 1605 T 2.60 *M 1623 14 0.67
*M 1604 # 1.91 *M 1622 3 0.38
*M 1603 5 1.33 #M 1600 7 [ 017
*M 1602 1% 0.85 i
*M 1601 8 0.48 l Monotype Bar—Equivalent to Square
*M 1598 i 033 | RO 71 :‘;9__'
*M 1621 0.21
V‘ *M 2152 114 4.37
3 —e— e e NS AR 1 3.45
iy _%l{wwar Flat Bar ; #M 2154 % 264
*M 2155 # 1.94
*M 2156 % 1.35
*M 2157 14 0.86
+M 2230 | 18, x % 2.08 *M 2158 3% 0.49
*M 2231 | 1% X %4¢ 2.60 = e
*M 2232 18 x 8§ 2.23 Monotype Bar—Equivalent to Round
*M 2233 | 1Max% 2.55 =5 e =
*M 2234 | 114 x 4 1.91 *ﬁ glgé izz ;'E
#M 2235 | 1% X Ha 1.59 *M 21 ‘
#M 2236 | 1% x % 1.59 oy o : G
*M 2237 | 1 x% 1.28 s o g
M 2238 | 1 xY 0.85 *M 2166 54 1.06
| *M 2167 14 0.68
*M 2168 ag 0.38

"% Furnished only by special arrangement.
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CONCRETE REINFORCEMENT BARS

DEFORMED BARS—Concluded

WING BAR—TYPE A WING BAR—TYPE B

Rolled for Trussed Concrete Steel Co.

SQUARE RIB BAR—TYPE A ROUND RIB BAR—TYPE B.

Rolled for Trussed Concrete Steel Co.

Seeti Size, Weight per Foot, | Section Size, |W ight per Foot,

Me{;n Inches ‘ mﬁ’mmdn | Index ‘ Inches elgf"luunda
Wing Bar—Type A | Wing Bar—Type B

e e ilacteeeT_E
*M 1513 a4 l 2.70 | *M 1509 315 ' 10.2
*M 1512 1% 1.40 #M 1510 1 2% 6.8
*M 1516 f 21, 4.8

Square Rib Bar—Type A { Round Rib Bar—Type B

| = | ST

Seoti Size, Weight per Foot, | ~ Section Size,  WeightperFoot,
Toder oDl bk o' Sy S il S
*M 1018 1% ' 5.31 | *M 2508 1% 4.17
#M 1917 1% 4.30 | *n1 2507 1% 3.38
+M 1916 1 3.40 | *M 2506 1 2.67
TaM 1015 | 7% 2.60 | *M 2505 % 2,04
#M 1914 | % 1.91 #M 2504 3 1.50
M 1913 | % 1.33 *M 2503 5% 1.04
M 1912 1 0.85 *M 2502 14 0.67
#M 1911 85 , 0.48 | #M 2501 £ 0.38

*M 1910 | % | oo
" Furnished only by special arrangement. T
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CARNEGIE STEEL' COMPANY

CROSS TIE SECTIONS

M 28A r‘“'"‘“‘”‘"'"""““"‘: .¥
Bame a8 M 28, excepting Web Thickness, 744" -

N T R o ) (R i i o 2
u§= ?,___ % -“'“i"' —
e

e e s

i :
\“ .
=

= 5

T s

o
e - TN T, S el ™
Seotiod s Width of Flanges
Index Inches | oy, Inches |Bottom, Inches
M 28A 614 5 10 | ue | 2s
M 28 634 5 10 S | 278
M 20 514 5 8 %t0 %6, |  24.0
M 21 5% | 4% 8 1% | 200
M 25 43 4 6 3% 14.5
M 24 3 3 5 B | 95
Full information as to uses of steel cross ties is given in a separate pamphlet on Steel

Cross Tiea.

112



CROSS TIES

CROSS TIE SECTIONS —Concluded

M 19 : <
Section, Depth Width Web Thickness, | Weight per Foot,
Index Inches Inches Inches ‘oun

M 27 21 T | 14 9.0

M 20 2 6 B 6.0

M 18 114 5 Bha 4.0

A 26 b 4154 1% 3.20

M 19 14g 4 LT 2.51

Full information as to uses of steel cross ties is given in a separate pamphlet on Steel Cross Ties.
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CARNEGIE STEEL COMPANY

A. S. C. E. RAILS AND LIGHT RAILS

—

Y0 (] IR ) O 15-_?1
| I | I 0| W I In I
et

£ |

'EQ
F
¥
B

BEBESEBEBEINEESE
&
*
#

14564 | 3% | Mhe| Ve [2%%as |Hie
1195 25964 | 596, | %g | 245425 |He
%0 1954 (2% |96y | %o [21%0 | o
5 15 |21 |13 |20 | Th |%6e|2%e |ie
4190 | 41940 | 2156 | 19764 | 29364 | 9760 | 176a (21%42s | Hia
4% 4% | 2%a | 114|219 1060|996, 2%, |Tha
470 |4%0 (2% (1%a (236 |®Vhe| Yo |1%%62 (B
A% (43 (2% |1%a 2V | *96s | "ou | 111528 | Yo
e |4%e |2V | 110 2106 | 296e | 1962 | 1108405 | Big
3% (3% |26 (136 |2%e |Mae| %he |12%82 | B4
31%s 314402 | 1%a | 1%%s 2| #T6e| 14364 | Hhe
3% (3% (1% 1%« [1%%| 5 | %es|17Hes |He
3%e 3% |10 | Uy |15he Vs | TWos| 1156 | HHe
3% (3% 1%e| T |1%%e | 1% e | 1% | He
2% 2% (1% | e 1% s | 1V6u| 1%ia | %
[2% (256 |11lha| #he|12he|The | Yo |11%6s |14 |%3| Ve
(2% 2% |13 4364 [1%%0| % | Thx |1has (Mo (Be| (Ve
2% |2We (1340 | O [1%s |Mh2| 3 | PTes [Fh2{¥e| |Me
|2 2° |1 | Me |1%s |Mba| Fe| “Tos |%ha Kie| |We
1% 1% %] Moa| 0 00u| Bio | s (GheMe| (Mo
190 |1%0 | 184! 19| e %s | She | e (% %l  |We

Fx
§3
¥

segssgsssezisesl

3
=
&

g
-
'S

g
-
W

3
L
=

¢

114



RAILS

AMERICAN RAILWAY ASSOCIATION RAILS

posmmeaQunnceon
v

B e

k I

b ;i j
In. | In. o | In [In|In| In Do,

- el |
10020 [ 100 |6 |5%|2% |1%0 [3% |1%e | %e 2190 % | 3% | e | 1o
0020 | 90 |55 | 5% | 2940 | 11954 (3%s |1 | % |2%9%s| % | % | 156 | e
8020 | 80 | 5% |4% |21 |1%a (29| M| 986y 2940 | 2% | % | 146 | Y10
00| 70| 4| 44| K |1T0ho| 20 | ko Vo (200ha| %\ %4 | o | i

G020 4

2% (170 29%¢| Wia | 10he [ 21764 | 9% | % | Yo | Yoo

A A N R B TR R

| Bl Kbl

| Pounds | In. | In. | In. | In. | In. | In. |In.| In. |In| In. | In. |In.
10030 | 100 | 5815, 5% |290Ga 145G, 200G, 1% |%a 35 | Mo | Ye | Me
9030 00 |57 4494 (2% 0 | 1990 | 2% |1%he |%e 21382 | 36 | %1 | Yie |Mia
8030 80 4184 47 (2740 |11%a 2154 1 1564 | 35 | Bie | Yie | Y
*T030 | TO 485 4%, (2% | 1%%0e 21760 “Va Mo 2Thes | 36 | Me | Yie Y
*6030 60 |4%ig 811}.."2'.-9 114 !2’!‘10 TR Mea1%% | 3 | e | Yo (Yo

*Not rolled by Carnegie Steel Company.
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CARNEQIE STEEL COMPANY

SPLICE BARS

A. 8, O, E. RAILS AND LIGHT RAILS

S10040 to S5540 85040 to 53040 82540 82040 51640 to S840

pobete &
i jil
43 I
,I ()

1

Welght | & | b |c|d|e|t|g| B |i|F ]| k|1

ﬁf:tdhm lf"ﬁ lml ::1 Sl - ! I_
X |

Tounds | 1B | In | In | In. | In. | In. | In. | In. In.| In | In. | Tn.
S 10040 | 158 1990 9% | % |19 1% | % [1%ss (el %s 8% | %
§ 0040 | 185  2%%6u1% |1a|1%e 156y 1% | o | T1%=uT60 156 2104| Lo
S 8040 | 124 2 (194 Sey| Shs s 1%s | 36 | T 94| Ths 1%
S 5040 | 115 1360l %50 | 80 %96 1% | Tho | % | % | %6 2% | %o
S 7540 | 107 18360 490 | %8s | Thg [1196s| Tho | 10%h0s Toa Liox 2%he Tho
S 7040 10.0 1569 12760 4704 | 10 | 2764 1702 | Tae | SV6u 2%/ 14, The
S 6510 9.2 1364/ 4564 | 2tha| 1362 11%s| Tio | % (Uhu| She 2132 T4
S 6040, 84 1T6s 11960 4964 | O | 20564 180 | Tho | 5%ss %4 9405 2% | %
S 5540 75 11564{ 4364 | 19%ha | 36 (1% | The | 53425 | 56 | Sha 275s | 3%
S 5040| 6.6 |2 13 (1%a|1%ha| 56 Tlhs [The| 5 | % [ % 24 | %
S 4540 | 5.8  |1Maa1%. | ®eu| e |26y MG 1%e| 3Tg, 196s Thy 186! 8%
8 4040 | 5.0 155 Wby Yo |154e | MGe| Mhe 13| 0Tiss %6 |%es 176 | Ha
S 3540 | 4.6 (19 %36 "ae The | Tie | TThe 1ha| S5u (Meu| Tas 193 Sie
S 3040 | 3.97 |12%) %%-‘%.ﬁ. e 1%5a| s | 16| S 1140 Hia
S 2540 | 220 {1% % |Yee(%he| %z | Mo %2 | e |
8 2040 1.87 1184y 14a 8% | Hie
S 1640 | .70 1% % 1o Bie | | |
S 1440 1.36 [1%q| Yhel Tée | Sie | ' !
S 1240 | 1.36 (1% | Viagl e [%e| | | |
S 1040 | 0.99 | 1549| 104 The | % | {
S 840| 075 Wiol %o | The | The ‘ | : e e |

Splice Bars 8 10040 to 8 5040, inclusive, are for A, B, C. E. Rails.
Splice Bars 8 4540 to 8 840, inclusive, nre for Light Rails.
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SPLICE BARS

SERIES

gl

sin.

Bl
1540

14
By

% |15 | 1%
’%u s 196

1%z
11 e
110Gy
1%

.

105y
e
8, | 296,

SPLICE BARS—Concluded
AMERICAN RAILWAY ASSOCIATION RAILS

A

[ G i

k

421
e | 1Ma ?/mﬂ |
My | My ’%I.[W

“ﬁq%ﬁ"i

74

17428

Thew 1%
'Hs 184y 1%
% |#9he |15

g
T128

2w

% j“ﬁ 25 270

*Not rolled by Carnegie Btoelam;mzv .

| e

| .
In. | In. J In. |In.

8 9030 to S 6030
Lot

e

g

SO

1%5a

154 1
19

1“;&4
1%he

*a|

73

135a

1T 2”:&:

174 |1Yies

128

1840
140

5%
B

14 96
P14,

%na
%

15 2500y
Tha | 2%y
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i' . CARNEGIE STEEL COMPANY
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. RAIL ACCESSORIES

RAIL CLIPS

7No. 103

————

g

"Ll

‘No. 114

%_}e‘f@ wNo 118 55

el S

No. 104

i e ] 2;
| ; : i { ‘% = ..M l.
L A Fas 5 1 el E " e
R Lyt a1
et 21 o g 21547
1
:%
{No. 108
ks
i %'L,‘...%fi:.%’.' -"iq
1. RECEE -
LR — —
e Y
No, e8 »
103 2y x2 | 44 0.64 | 100 to 60 Ib. A. 8. C. E. Rails.
114 1i4ax1% 23 | 025 50 to 20 Ib. A. 8. C. E. Rails.
118 215 x2 5.7 0.85 | 100 to 60 Ib. R. B, Rails.
104 2150x2 | 7.3 1.10 | 100 to 60 Ib. A.8.C.E. Angle Bars
108 2 x2 | 48 0.70 Girder Rails.

Clips can be furnished with 542" dinmeter holes,
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CARNEGIE STEEL COMPANY

' : PIPE—BLACK AND GALVANIZED

i NATIONAL TUNE COMPANY STANDARD

STANDARD PIPE

Diameters, Weight per Foot, Counl
d Sise lnchu m Pounds Threads

In. | ness, . |Threads| P ¥
Inches | Plain Inch |Diameter, Length, | Weight,
shboraal [ e Esds |, 4™ Inches | Inches | Pounds
M 405 200 | 068 244 245| 27 562 % 029
14 .540 | .304 | .088 424 | 425| 18 685 1 .043
b 675 493 | .001 567 L6818 S48 13 070
!-5' 840 822 | .100 850 852 14 1.024| 13¢ 116
35 1.050| .824].113 | 1.130 | 1.134| 14 1.281| 13§ .200
1 | 1.315 | 1.040| .133 | 1.078 | 1.684| 1134 | 1.576| 1% 343
1% 1.660 | 1.380 | .140 | 2.272 | 2.281| 11} | 1.950| 23 535
14 1.000 | 1.610( .145 | .2.717 | 2781 1134 | 2.218| 23 743
2 2.376 | 2.087 | .1564 3.062 | 3.678| 1114 | 2.760| 25% 1.208
215 2.875 | 2.400| .203 | 5793 | 5819| 8 3.276| 2% 1.720
3 | 3.500 | 3.068 | .210 7.6756 | 7.616 -] 3.048| 3J¢ 2.498
34, 4.000 | 3.548 | .220 9.109 | 9.202 4.591| 3% 4.241

4.500 | 4.026 | 237 | 10.790 | 10.889
5.000 | 4.500 | .247 | 12.538 |12.642
5.047 | 258 | 14.617 [14.810
6.625 | 6.065 | .280 | 18.074 | 190.185

7.625 | 7.023 | .301 | 23.544 |23.769
8.625 | 8.071 | .277 | 24.696 |25.000
8.625 | 7.981 | .322 | 28.554 |28.809
9.625 | 8.941 | .342 | 33.907 [34.188

10 | 10.750 | 10.192 | .279 | 31.201 | 32.000 |
10 | 10.750 | 10.136 | .307 | 34.240 | 35.000 |
10 | 10,750 | 10.020 | .365 | 40.483 |41.132
11 11.750 | 11.000 | 375 | 45.557 | 46,247

12 | 12.750 | 12.090 | .330 | 43.773 | 45.000
12 | 12,750 | 12.000 | .375 | 49.562 | 50.706
13 | 14.000 | 13.250 | .375 | 54.568 |55.824
14 | 15.000 | 14.250 | .375 | 58.573 | 60.375

15 | 16.000 | 15.250 | .375 | 62.579 | 64.500

5.091| 3% 4.741
5.501| 3% 5.241
6.206| 414 8.001
7.358| 44 9.554

8.358| 4 |10.932
9.358| 43¢ |13.905
0.358| 4% | 13.905
10.358| 55 | 17.236

11.721| G |20.877
11.721| 6% |29.877
1L.721| 6} |20.877
12.721| 61 |32.550

13.958| 614 |43.098
13.958| 614 |43.008
15.208| 61§ |47.152
16.446| 61 |50.493

17.446| 6} |63.204

D@W-1 o
N :
(=]
g

@ WK wEwe wmwomeomw kML

The permissible variation in weight is 5 per cent, above and 5 per cent. below.

Wd&l&uﬂluﬂm@msﬂmuﬁmmmmm

Taper of threads is 3" diameter per foot length for all sizes.

'I‘bawu;htper!wtdp&puwith threads and couplings is based on a length of 20 feet,
including the coupling, but shipping lengths of small sizes will usnally average less than 20 feet.

All weights and dimensions are nominal. On sizes made in more than one weizht, weight
desired must be specified.
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PIPE

PIPE—BLACK AND GALVANIZED—Conciuded

NATIONAL TUBE COMPANY BTANDARD

EXTRA STRONG PIPE

DOUBLE EXTRA STRONG PIPE

o i | Weight, E | Weight

Diameters, ! ] ! Diameters, : :f

% Inches Thisk- [ Poot, 0. Inches Thick- | poot,
In. | ness;, | Pounds | | Tl ness, | Pounds
Inches [—— Pl g l Inthet —

| External | Internal Inin External | Internal Plain
o Ends | Ends
14 .405 215 | .095 314 | 1| .840 252 | 294 | 1.714
g 540 | 302 | .119 535 | % | 1.050 434 | 308 | 2440
675 423 | .126 738 1 1.315 599 | 358 | 3.659
ig  .840 546 | 147 | 1.087 | 134 | 1.660 896 | .382 | 5.214
3| 1.050 742 154 | 1.473 || 134 | 1.900 | 1.100 | 400 | 6.408

1 1.315 957 179 2171 ||l 2 2.375 | 1.503 | .436 | 9.020

1 ﬁ 1.660 | 1.278 | .191 | 2,906 | 214 | 2875 | 1.771 | .552°| 13.695

1 1.900 | 1.500| .200 | 3.631 | 3 3.500 | 2.300 | .600 | 18.583
2 2.375 | 1.939| .218 | 5.022 | 3;5 4.000 | 2.728 | .636 | 22.850

214 2.875 | 2.323| .276 | 7.661 4.500 | 3.152 | .674 | 27.541
3 3.500 | 2.900 | .300 | 10.252 | -t}g 5.000 | 3.580 | .710 | 32.530

3% 4.000 | 3.364| .318 | 12505 | 5 5.563 | 4.063 | .750 | 38.552

4 4.500 | 3.826 | .337 | 14.083 | 6 6.625 | 4.807 | .864 | 53.160

414 '5.000 | 4.290| .355 | 17.611 | 7 7.625 | 5.875 | .875 | 63.079

5 5.563 | 4.813 | .375 | 20.778 | 8 8.625 | 6.875 | .875 | 72.424

g | 6.625 | 5.761 | .432 | 28.573

7.625 | 6.625 | .500 | 38.048 Furnished with plain ends and in random

8 8.625 | 7.625 | .500 | 43.388 | | unless otherwise ordered.

9 9.625 | 8.625 | .500 | 48.728 ermigsible variation in weight, for extra
10 | 10.750 | 9.750 | .500 | 54.735 mons pipe, 5 per cent. above 5 per cent.
11 | 11.750 | 10.750 | .500 | 60.075
12 | 12750 | 11750 | 500 | 65.415 | ypoue a0 por senk hetgwr 1) P
13 | 14.000 | 13.000 | .500 | 72.091 | "% L i !

14 | 15.000 | 14.000 | .500 | 77.431 oz =

15 | 16.000 | 15.000 | .500 | 82.771 L Ak

LARGE 0. D. PIPE

| Weight per Foot, Pounds 3
ﬁ I

ﬁ Thickness, Inches

% | %e | % Y %o | % | % | W | 1
14.36.713/45.682, e.3 371] 72.001) 80.726| 89.279/106.134122.654/138.542
15/39.383(49.020 77.431| 86.734] 95.954114.144/132.000/149.522
1642.053/52.357 ,2 716| 82.771| 92.742/102.629(122.154/141.345/160.20°2
17/44.72355.695! 77.380) 88.111) 98.749/109.304(130.164 150.690|1?0&2
18147.393/59. 82.061| 93.451/104.757|115.979/138.174/160.035/181.562
2 65.7 y 91 407 104.131{116.772(129.330154.194{178.725/202.923
21 69.045 82. 109.471/122.780/136.005/162.2 |
22 72.383| 86. 1 114.811/128.787/142.680/170.215 |
94.619/110. 09 125.491/140.802/156.030/186.235
2 102.629(119.442/136.172/152.818(169.380/202.25
128.787/146.852/164,833182.730[218.275
3 138.1321157.532/176.848(196.081234.2
Fumhhed with plain ends and in random lengths, unless otherwise m’demd
All weights and dimensions are nominal.
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CARNEGIE STEEL COMPANY

SCREW THREADS

AMERICAN BHIDGE COMPANY BTANDARD

Bowvts, Rops, Eys Bars, TURNBUCKLES, SLEEVE NUTS, ANDp CLEVISES

' f s e
o ) 3|
hhhhhhhh A
%
Diameter P Area 'z\'tll'ﬂrlﬂ
: e ol
Total | Net, -n,ud“ Dim Threads Total, [ Net, | Total phet | Threads
L b Dia., d, iy Oy v ia., d, | Dia., ¢, T
A I e ) R Y g 3 oy S I <%
174 185 049 | 027 20 | 214 | 2.175 | 4.909 3.713! 4
% 204 110 | .068 16 2% | 2.300 | 5.412| 4.156 4
% | 400 | .196| .126| 13 23 |2.425 | 5.940| 4.619| 4
ﬁ Y| 507 307 | .202 11 2% | 2.5650 | 6.492| 5.108 3l
.620 442 | .302 10
I 3 2.629 | 7.069| 5.428 34
# ke 0L || A10 = 314 | 2.879 | B.296| 6.509 | 6 3%
= | 838 | .785 | .551 8 3% (3,100 | 9.621| 7.549| 3y
114 039 094 | .693 7 | 33 |3.317 [11.045| B.641 3
14 [1.064 | 1,227 | .B90 7
134 |1.158 | 1.485 | 1.054 G | 4 3.567 |12.566| 9.993 3
1'% [1.283 | 1.767 | 1.294 G 414 |3.798 (14.186{11.330| 21¢
184 |1.389 | 2.074 | 1.515 514 I.! 4% | 4.028 (15.904(12.741 234
13 |1.490 | 2.405 | 1.744 5 | 4% |4.255|17.721|14.221| 2%
174 (1.615 | 2.761 | 2.049 5 5 4.480 |19.635!15.766 214
2 1.711 | 3.142 | 2.300 414 | 51 | 4.730 (21.648(17.574 214
214 |1.836 | 3.547 | 2.649 414 5} | 4.953 [23.758(19.268 233
24 |1.961 | 3.976 | 3.021 414 5% | 5.203 |25.067|21.262 235
2% |2.086 : 4.430 | 3.419 =y = 8 5.423 |28.274123.095 2%

BOLT HEADS AND NUTS

AMERICAN BRIDGE ’COIIPJ\RT BTANDARD

1.5d4~}g»[ d

1.5d+¥"|

d—" i1.5d+y§”

0.5f (1.5d+Vie"|

0.51—115"

For Screw Threads, Bolt Heads and Nuts, the American Bridge Company has adopted the
Franklin Institute Standard, ecommonly known as United States Standard.
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BOLTS
BOLT HEADS AND NUTS, Dimexsions 18 Incags
AHKNB’AN’ BRIDGE COMPANY BATANDARD
_ HEAD ] NUT
.: i Hexagonal ’l:l‘n or Bq i Hexagonal I%mll unre
'ui — == ‘si = — l =
© EEI @ © . B
D Dimet =" o | pi
Long | Short | Height| Long | Short Long | Bhort | Height| Long | Short
& i 1 1
R‘A’a 1144 é : har 1144 “?'i"c %u 1 o :’g "
1 7 Wo |18 | 3 1 | %
e i | U | dlte 1 | 8 (e
"

: 110 |18 | % |20 | 1% 1ie | 114 2%e | 1ike
1. i | 13 1 1|1 1 1 | 2% | 1%
14 |2 i I?gh ‘ﬁ: 2“: l?"g’u 1 2% l?gio 1 2"1: 11844
1 s |2 2144, | 2 1 s |2 1 2184, | 2
1 é‘ 2%e 1% |3 28 |1 g. m. 1 3 2%
1 2% | 1% 285 |1 1 215
168 |3 | 20 %‘ 3 1300 308 (3w |20 | 152 130 |30
1% |3%s | 21846 [1 o | 2tk | 155 |30 | Biie | 156 |88 |34,
2 3% | 1% |47 (3% (2 |8% [3% |2 |47 |34
Sl R R R A

a
2 Be | 4 4’% 4150 | 4 2 6 4&
3 52& 4% | 2% |0%a |45% |3 5?6 45 %0 | 4%
31 | 51%, | 5 21 |7 |5 3% |5 5 3y (7ihe |5
38 [0 | |2t |70 [Ba |33|00 3w | 3 (T (8w
BOLT THREADS, LencTH 1N INCHES
AMERICAN BRIDGE COMPANY BTANDARD
Leng | Diameter, Inchea
i TR K K % x| % ‘_1 4| 16
1w % | |1 |1k [ |
155to 2 y ¥ |1 14 134 14 | |
26t 2% % | ¥ |1 1% | 1% | 1% | 1%
2% to 3 % 2% |ek 14 | 1% | 1% | 13 | 24
3%t 4 % % | 1 | 14 | 1y | 1% | 13 | 2 |24
4o 8 | 1 |1 |1 | 16 | 1 | 2 | 3K | 34 | 3K
S8t012 | 1 |1 | 14 | 1% | 2 2 |21 | 3 | 3
12240020 | 1 |1 | mgla |2 ol ogls |3
Bolta not listed are threaded about 3 times the diameter; in no case are standard bolts
threaded closer to the head than 1§ inch.
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CARNEGIE STEEL COMPANY

BOLTS WITH SQUARE HEADS AND NUTS

AMERICAN BRIDGE COMPANY BTANDARD

Wergar ix Pouxps pEr 100 Borts

Length Diameter of Bolt, Inches
Under e
Head, | |
Inches 1 % 8% Tha 1y O% | 5 % 1
! . il L e
1 ERRH 11 15 ‘ 22 37 56
1% 4 7 11 16 23 39 50
114 5 8 12 17 24 41 62
1% 5 8 13 18 26 43 64 -
2 5 9 14 | 19 27 45 | 67 | 101 | 144
214 6 9 15 | 20 28 47 71 | 104 | 150
214 6 10 15 | 21 30 49 74 | 109 | 158
23§ 6 10 14 N, 22 | 31 51 77 | 113 | 181
3 7 11 17 | 24 | 33 54 80 | 117 | 167
34 7 12 18 | 26, | 35 58 86 | 126 | 178
4 8 13 20 28 | 38 62 | 92 | 134 | 189
414 9 14 a1 =] 120 41 66 98 | 142 | 198
5 10 15 23 | az 43 71 | 104 | 151 | 209
514 10 16 25 34 ‘ 46 76 | 111 | 159 | 220
6 G Ry 26 36 | 49 79 | 117 | 168 | 232
614 | 28 38 | 52 84 | 123 | 176 | 243
7 | 29 40 55 | 88 | 129 | 185 | 254
7 31 42 57 | 92 | 136 | 193 | 265
8 32 45 60 o7 | 142 | 202 | 276
9 . 34 49 | 65 | 105 | 154 | 218 | 208
10 | 53 | 71 | 114 | 167 | 235 | 320
12 61 | 82 131 | 192 | 260 | 364
14 | ez |'348 | 237" | 803 | 409
Per Inch | | . ! s 2
Mﬁom‘ 1.4 ! 22 | 31 | 48 | 58 f 87 | 125 | 17.0 | 22.3
SQUARE NUTS AND BOLT HEADS
AMERICAN BRIDGE COMPANY BTANDARD
WerGgaTs 1N Pounps ror OxB Hreap axp One Nur
“Diameter of Bolt, ' b '
il ]| W % | 1% i 2 21y 1| 3
e - BIEN yoerpdl b SN, el ] = —aaia]
Square Head and Nut....| 2.05 I 3.51 548 | 808 |155 | 262
Weight of Shank per Inch .34??' .5007 | .6815 .asoo' 1.391| 2.003
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BOLTS

BOLTS WITH HEXAGON HEADS AND NUTS

AMERICAN BRIDGE COMPANY STANDARD

Weiant 1n Pounps peEr 100 BoLts

Length Diameter of Bolt, Inches Length Diameter of Bolt. Inches
Under Under

Head, | Head,

Inches | % | % %|%|I Inches | % | 3 | % | % | 1
1 w|ss|s2|] | | s 58 | 92 | 137 | 194 | 264
1 |20 | 34 | 54 | 815 | 60| 96| 143 | 202 | 274
13 | 22 | 36 | 57 9 63 | 100 | 149 | 210 | 285
1 |28 | 38| 60 94 | 66| 105 | 156 | 219 | 296
2 24 | 40 | 63| 903|132 10 68 | 100 | 162 | 227 | 307
2 |26 | 43 | 66| 07 | 137 | 10 | 71| 114 | 168 | 236 | 318
215 |27 | 45 | 690 (101 (143 11 74 | 118 | 174 | 244 | 329
23 (20 | 47 | 72105 | 148 | 1134 | 77| 122 | 181 | 253 | 341
3 30 | 40 | 75 (109 | 154 | 12 80 | 127 | 187 | 261 | 352
3 |81 51| 78| 114 (160| 12} | 82| 131 | 193 | 270 | 363
3l |83 | 54 | B2 | 118|165 | 13 | 85| 135 | 109 | 278 | 374
83 | 34 | B6 | 85| 122|171 | 134 | 88 | 139 | 206 | 287 | 385
4 35 | 68 | 88 | 126|176 | 14 01 | 144 | 212 | 295 | 396
41 | 37 | 60 | 900|130 | 180 | 1434 | 93 | 148 | 218 | 304 | 407
414 | 38 | 62 | 04| 134|186 | 15 96 | 152 | 225 | 312 | 418
43 | 30 | 64 | 97 | 188 (101 | 153 | 99 | 157 | 231 | 321 | 480
5 41 | 66 | 100 | 143 | 107 | 16 102 | 161 | 237 | 329 | 441
51 | 42 | 68 | 103 | 147 [ 202 | 1634 | 105 | 165 | 243 | 338 | 452
51 | 44 | 71 | 106 | 151 | 208 | 17 107 | 170 | 250 | 346 | 463
6% | 45 | 78 (109 | 156 | 213 | 173 | 110 | 174 | 256 | 355 | 474
6 46 | 75 | 112 | 160 | 219 | 18 113 | 177 | 262 | 364 | 485
83 | 48 | 77 | 115 (104 | 225 | 1814 | 116 | 183 | 268 | 372 | 406
64 | 49 | 79 | 119 [ 168 | 230 [ 19 119 | 187 | 275 | 381 | 507
6% | 51 | 81 |122 (173 | 286 1936 | 121 | 191 | 281 | 380 | 519
7 52 | 84 | 125 177 |241| 20 124 | 196 | 287 | 398 | 530
74 | 53 | 86 | 128 | 181 | 247 | |

74 | 55 | 88 | 131 | 185 | 252

7 | 56 | 90 | 134 | 100 | 258 | |

1 e il B )

Per Inch Per Inch
Addit 1! 5.6 | 8.7 | 12:5/17.0 | 223 |, ool 5.6 | 87 | 125)17.0| 223

HEXAGON NUTS AND BOLT HEADS

AMERICAN BRIDGE COMPANY BTANDARD

WeiGaTs v Pounps ror Oxe Heap axp Oxe Nur

Diameter of Bolt, : '
s w | o | 1% ‘ 2 [ 215 ‘ 3
Hexagon Head and Nut..| 1.73 | 2.05 4.61 6.79 13.0 ' 22.0
Weight of Shank per Inch| 3477 .5007| 6815 .8900  1.391 | 2.003
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CARNEGIE STEEL COMPANY

e

UPSET SCREW ENDS FOR BQUARE BARS

AMERICAN BRIDGE COMPANY BTANDARD

Pitch and Shape of Thread A. B. Co. Standard

BAR !  UPSET
|
i Weihs | Additional | Dismet Py
Area, Dismoter | Length | Length ut 2
Square I.a- P o) b, [ a, for | Rootol | At Root | Excess
d Inches | Inches | Upset | Thresd of Ove
Inches Lbs. +10%, c. Thread, | Areaof
| | Inches | Inches |Sq. Inches n%gr
*3 (0563 1.901| 14 4 4 0.039 | 0.603 | 23.2
*7¢ 0766 260 1K 4 314 | 1.084 | 0.800 | 162
1 1.000| 340 14 &4 hd 1.283 | 1.204 | 204
134 |1206| 430 1% | 4 | 33 | 1380 | 1515 107
1 |1588| 531 134 | 4% 435 | 1615 | 2049 | 311
13¢ | 1.801| 643 -2 414 4 V| L7111 | 2300 | 2.7
‘114 [2280| 7.65| 2K 5 5 1.961 | 3.021 | 34.3
155 | 2.641| 898 | 2% 5 41 | 2.086 | 3.419 | 205
13 | 3.063| 1041 | 23 5% | 4% | 2175 | 3710 | 213
17 | 3516|1195 | 2% 514 5 | 2425 | 4619 | 314
2 4.000 | 13.60 | 2% 6 5 2.550 | 5.108 | 27.7
244 | 4.516|1535| 3 6 44 2.629 5.428 | 202
2% | 5063|1721 | 3% 64 51 | 2879 | 6.500 | 286
23 | 5.641|19.18 | 334 7 6} | 3.100 | 7.540 | 338
24 | 6.250 | 21.25 | 3% 7 7 | 3317 | 8641 | 383
25 | 6.801 | 2343 | 3% 7 5% | 3.317 | 8.641 | 25.4
23 | 7.563 2571 | 4 73 63§ | 3.567 | 9.003 | 32.1
27§ | 8.266 | 28.10 | 4% 8 73% | 3.7908 | 11.330 | 37.1
| 1
3 0.000 30.60 | 4Y4 8 G 3.708 u.sso| 25.9
3% | 0766 33.20 | 44 814 7 4028 | 12741 @ 305
3% [10.563 | 3591 | 43 814 7% | 4.255 14.221| 34.6

Upsets marked * are special. 2y
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UPSET SCREW ENDS

UPSET SCREW ENDS FOR ROUND BARS

AMERICAN DRIDGE COMPANY STANDARD

K. . FYYY YN "_"'_"'!
gt
d c b
e |

vt cmsrrmsns s P rmeermse sevempd
Pitch and Shape of Thread A. B. Co. Standard
BAR [ UPSET

: Weight Length at
Dinmeter | Ares, Diameter | Length
d, nm b, u, U‘" Rootof | At Root Em.o:«
Inches | I The. Inches Inchen +10%, Th‘c“d Thread Area of
Inches | Inches |Sq.Inches B%'
|
* 3 0.442 1.50 1 4 4 0.838 0.551 24.7
* 14 | 0601 2.04 14 4 5 1.064 0.890 48.0
1 0.785 2.67 134 4 4 1.158 1.054 34.2
1% | 0.904| 3.38 134 4 4 1.283 1.204 30.2
14 1.227 | 4.17 154 4 4 1.380 1.515
134 1.485 | 5.05 13 4 4 1.490 1.744
114 1.767 | 6.01 2 414 444 1.711 '2.300
15¢ 2.074| 7.05 2% 414 4 1.836 2.649
13 2.405| 8.18 2 5 4 1.961 3.021
1% 2,761 | 9.39 2% 5 4 2.086 3.419
2 3.142 | 10.68 2 5% 4 2,175 3.716

214 | 3.547 | 12.06 | 25§ 514 31 | 2300 | 4.156
24 | 3.976 13.52‘ 2% 6 4% | 2550 | 5.108
2% | 4430 1506 3 | 6 43 | 2.620 | 5438
215 | 4.909 | 16.69 | 3% 615 5% | 2879 6.509
25 | 5.412 m.wF 3% 634 414 ['2.879 | 6.500
2% | 5.940 20.19 | 3% 7 5% | 3.100 | 7.549
2% | 6492 2207 3% 7 6 3.317 | 8.641
3 | 7.060 2403 3% 7 5 3.317 | 8.641
3%  7.670| 2608 | 4 7 6 3.567 | 9.093
31 | 8.206 | 28.21 4 7% 5 3.567 | 9.003
335 | 8.046 | 3042 | 4y 8 5% | 3.798 | 11.330
344 | 0.621 (3271 | 4y 8 5 3.798 | 11.330
3% 10321 (35.00| 4% | 8K 5% | 4.028 | 12,741
3% [11.045| 3755 | 43 84 6 4.2556 | 14.221
3% |11.703 | 40.10 | 4% 814 5% | 4.255 | 14.221

23.5
17.5

27.7
25.6
23.8

18.3
17.2
28.4
22.5

32.6
20.3
271
33.1

222
30.3
20.5
26.6

17.8
23.4
28.8
20.6

Upeets marked * are special.
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CARNEGIE STEEL COMPANY

EYE BARS

AMERICAN BRIDOE COMPANY STANDARD

ORDINARY EYE BAR

Minimum length of short end from center of

ADJUSTABLE EYE BAR

B p——

-

to end of screw, 6°-0”, preferably 7'-0".

Theead on short end to be left hand.
Pitch and Shape of Thread A. B. Co.

Standard.
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LOOP RODS

LOOP RODS

i ‘ : T L. Lemgthl
i e—21 p-— ‘7" -5~ For Turnbuckle
1 } Min., 47 »- G-
e e e e ALY Length &7 __ - \ 3" . For Sleeve Nut
Pitch and Shape of Thread A. B. Co. Standard
ApprTioNaL Lexata “ A" v Feer axp Incues ror Oxe Loop
A=4.17p+5.80r

Diameter or Side *'r" of Rod in Inches

L T 1 I | 18 | 1% | 1% | 1sg | 1% | 1% 28

134 [0~ 6340-10 fo-11 [o-1134

13 0-10 [0-1034/0-1134/1- 0 [1- 1

134 (0-11 [0-1124[1- 0M]1- 1 |1- 2 [1- 214

1% [1- 0 [1- 0}4[1- 134]1- 2 [1- 8 [1- Bgl1- 4341~ 5 [1- 6

2 |(1-1 }1- 1}4]1- 2}411- 3 |1- 4 [1- 414[1- 524/1- 6 [1- 7 [1- 714(1- 814
2} [1- 2 [1- 3 |1- 8%|1- 434]1- 5 [1- 5}4[1- 624]1- 7 1- 8 [1- BM41- 014
24 1- 3 [1- 4 |1- 4)}41- 6}(1- 6 [1- 7 [1- 724/1- 8 [1- O [1- 9141-1014
23 [1- 4 1- 5 [1- 5M1- BMi1- T [1- 8 |[1- 8141~ 914]1-10 [1-11 1-1114
3 (1-5 [1-6 |1- 6}[1- 7M/1- 8 |1- 9 [1- 91gl1-10%41-11 |2 0 0}
31 |1- 6 [1- 7 [1- 734[1- 8}/1- 9 [1-10 [1-10341-1134/2- © 1 14
314 [1- 734l1- 8 [1- 81411 0341-10 [1-11 [1-1134/2- 0M4l2- 1 2 234
*33{ |1- 8141- 9 [1-10 [1-10%41-11 [2- O [2- Olgle- 1142- 2 3 314
4 |1- 9}41-10 [1-11 [1-11142- 0}/2- 1 [2- 2 [2- 21413 3 4 44
g1 1-11 [2-0 034i2- 134/2- 2 |2- 3 [2- 3142- 4 5 6
4315 2.0 |2- 1 1342- 2342- 3 |2- 4 [2- 43402 5342 6 [2- 7
43 I::l 2. 2 2152 334(2- 4 [2-5 [2- 5 614/2- 7 8
5 2142- 3 [2- 31412- 4342- 5 [2- 6 [2- 6342~ TI42- 8 9
5% 12- 4 5 5%/2- 6 7 l2- 7442- 8Ki2- 9 [2-10
blg 2- 5 ‘2- 1] 632- Tly2- 8 a 91¢'2-10 11
53¢ 2. 6 [2- 7 744[2- 8M[2- 9 10 1014{2-11%43- O
6 2- 7 [2- 8 814/2- 9142-10 [2-11 1134 0k 1
614 2- 9 [2- 914/2-1014/2-11 0 0143- 1343- 2
614 2.10 [2-1036/2-1134[3- 0 1 1343- 2143- 3
63§ 2-11 0 [3- 0%i3- 1 2 2143~ 3}4i3- 4
7 3- 0 1 (3 134[3- 2143~ 3 3143- 4343- 5

Pins marked * are special, Maximum shipping length of *1"=35 feet.
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CARNEGIE STEEL COMPANY

AMERICAN BRIDGE COMPANY BTANDARD

All dimensions in Inches

e S ey~ oy s
i T «clearance line
fom ey

] e |

e
b e
R A
Grip=thickness of plate + 1{"” but must not exceed dimension {
al Head Nut | Fork S
. Max; Min.| H
Eé d Iw ‘ t M;u M’;“-' 'zl y-ln|® unl wil e & w8 Eg
3|3 |14 14 [13611 |23|2%| 8 [136234|134l1 Bye|L1¥| 5 | 4 | 4
4| 402 |35]2 |1xgls |3 |4 |13¢]2%15¢1 1%/ 6 |5 | 8
5 | 5 |23 5 [234/1143%(3% 5 |2%|3%|241 2| 7]6 |16
6|6 (3 |%[3 |2 |4)44% 6 [23443¢25¢2 2%l 8 | 7 |26
71713 sulewlsyisyl 713 15 i3 l2 3l ol 8 |36
CrLevis NuMBERs ForR VArious Rops axp PiNs -
Rods Pins
Round | Square | Upset | 1 | 14 | 1% |13 | 2 |23 | 2% | 2% | 3 wlﬂ
T 1 W |
..... Mil"3g'| 318l |'s |4 [
b | 1K 4 |4 | 4|4 |
] B 134 T T |
M | 1 1% 44| 4| 4]|5]|5| l
14 13 154 4 | 4 ] 4 | 4| 5| B
L7~ | R, 13 5 5151585
...... 1% | 1% 5| 5|8)]|8 |5
1% | 13 | 2 5|5 |86|l5l5]|6]|®
A7y NI 24 55|86 86|86
1 | 13 | 24 ¢l 81018 & T T
136 | 1% | 2% Ll T N R
2 1% | 2% g'led s ool & |7l &
T et 254 T B e o e S O gl %
...... 1% | 2% | 7 ’ gl i L |
2% | 2 2% AR 9 ) T e
23 | 24 3 GRS (e 2] I O N R
abave and to right of line may be used with forks straight, those below and
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TURNBUCKLES AND SLEEVE NUTS

TURNBUCKLES AND SLEEVE NUTS

TURNBUCKLES

_-d---r----l-----r-d--:
e

i

EE WL e

a=0""; a=0"" or turnbuckles marked *
Hﬁhnﬂdupuollhud A.B.Gn.Shulud

All Dimensious in Inches

|’
|
|
o el

AMERICAN BRIDGE COMPANY STANDARD

SLEEVE NUTS

-d--—‘lf—_-d..i
poirdal

—F

Dixn Standard Dimensions '§ Di:fnn{ Standsrd Dimensions
Berew, — = 1 .’ Serew 7 | T |—|'_
u d t '3 b u d 1 | a b [
% | %a ﬁ.l 1% | 1%4e 1 |
Tho| hs % (96|19 1
1| w% 1o (o| 1% | 1 |
#ia| Thy 3| 1% 1%
5% | 194 8 [ 1% 116
8 (1% 2 | 2] _
1% [1%a 2| 3 | |1 15 1% |14
1 (1% 2‘ﬁ|4|l 1wl 7 |1h% (1%
1% (1% e & ] 1% 1% | 7% |2 o |18
1% 1% 24| 6 | 1% 1% | TIe|2 2% |1%
2140 3y 7 | 1% |2 |8 |o%on (1%
3%e 8 || 115]2 | 8 ME: 15
316 | 10 | 15 |2 | 816 |2% 3%6 1%
3% | 11 || 1% (2% | 8% 2% 3%a |1%|
3% |12 | 1% |2%| 9 |[316i3% |2%
4% 14 || 2 (24| 9 |31 3% |2%
4% | 17 | 2tk |2% | 9% 3% 4% | 2%
4% | 20 || 214 2% | 9| 3% 4lie | 2%
4% | 22 || 256 |3 |10 |37 lats |2%
545 | 25 215 (3 10 |37 416 | 2064
5% | 33 | 28 |31 |10% -m 419“2%
G134 36 27% |34 |11 g
6% | 40 | .3 315111 31
6% | 50 | 3w 3% 1% |5 E':mmi
T4 | 65 3% 4 12 356
$15 | 95 | 3% 4w |12% s%!e"f..:m,
8% 108 | 4 |434(13 ar,gms.qg
15 015 (140 || 4% | 484|131 |66 (736 (4%
1% 10% 195 | 416 |5 |14 |6%6 (71504 4%
E* 1% (114 1205 | '
lmkso | | i

The

Weight,
Pounds

D e, W

131




s
T
g~

CARNEGIE STEEL COMPANY

RECESSED PIN NUTS

AMERICAN BRIDGE COMPANY STANDARD

All Dimensions in Inches
{ p-- Plstance botween NutasGrip |

R
i
7 &
L4 =
e i
ana, ““"E
To obtain grip, add v for each bar. Cod  Nuba throdod 6 theonds poe fnch.
To obtain distance between shoulders, add amount given in table to grip.
§ Pa | T ok
Diameter of Pin, Thread 4 ] I -g'..—'.
d a:l! ! el 5 §a ;%‘E Pattern
 § 1
a|b|Gipl 'y | n |m| e, E;-;: BE No.
2, 2 (135|134 | 36| 21%e| 3% | 2 191a | 1.1| PN 21
2ig, 25 1 [ 7] St 328 '32 4, 17| BN 22
3, *34, 38 215 |1 1134 | 4%a | 5 3 12844 | 2.5 | PN 23
»33, 4 [37[1 134 | 475 | 594 | 43¢| 84 (21844 8.7 | PN 24
*41¢, 435 w430 (316 |1 138 | 5% 5 B34a | 4.6 | PN 25
5 5l [47 |1 134 | 6% | T8l 5 31574 6.2 | PN 26
5lq, *54{, © 414 |1 1 814 | 6ig o | 7.8| PN 27
*6i¢) #6834 |57 |1 13 | 7 % | 7 4155, 99| PN 28
w6, 7 | By |2 1% | 81 | 9% | 74 w118 | PN 29
*714, *71¢ | Bi4 | 2 1 10 | 8 o 143 | PN 30
*784, 8, #8ig |6 |2 2 107 | 8 3Ha180| PN 31
#8145 9 8 |2 214 101 |11 sg é 51810238 | PN 82
914 10 le |3 2id 11ix 13" |10 51844311 | PN 33

Pins marked * are special.
COTTER PINS
AMERICAN BRIDGE COMPANY STANDARD
All Dimensions in Inches

Homzowrar, on Vunrioar, Py Frosuxo  Hommotav Prx Rovas o Frsmusn
Pin | Head | | Cotter Pin | Cotter
e e L R 8

p ] LS S T Mt o B
1 | 1 2 | 2 |
CAC B R R R
3 2 + ay | 2 i 3§ |

2 2 g | 3% | 2 - N

2 3 D M7 St | ‘2 e

de | 3 t |8 | 3 £ s

sg 1 R [ ‘ i ‘ 3 2 A | E
3 44 6 3 | @




RIVETS

STRUCTURAL RIVETS

AMERICAN BRIDGE COMPANY STANDARD

Dimensions In Inches

e rineenly

o=y
S .
E
e T
S P b gt
e I0g = —
Vi NS LT
i 2 [ 14
b N N /?\ i ki
- !
¥ ’,jar * - -%

. I
g L anis i
1 RR N x e

L3

i X

sy Bl g J Laggy

GeNERAL ForMuLas FOR PROPORTIONS OF RIVETS, 1N INCHES

[t S
#302,

Full driven head, diameter, a=1.5d + 34"

b8\ | l LU *  depth, b=0425a
I %
7 > i *  radius, c=b

*  radius, e=1.5b

& Countersunk head, depth,  =0.5d
el

¥ “ e w  diameter, g=1.577d
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Dimensions in Inches

STRUCTURAL RIVETS
Grip, a5

AMERICAN BRIDGE COMPANY BTANDARD

CARNEGIE STEEL COMPANY
LexaTas or FieLp Rivers ror Various Grips

.... mm.mmm u.mzwmwuommwms %4 u.mmwf.mmm.om mem SGWW« %T.ummm
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RIVETS

STRUCTURAL RIVETS

AMERICAN BRIDGE COMPANY BTANDARD

WeicHET IN Pounps PER 100 Rivers wite BurroN HuAps

Diameter of Rivet, Inches ”L&DGUI Diameter of Rivet, Inches
Under Under
Head, Head,
Inches| 36 | %2 [ 5634 %8 | 1 | 136|134 |Inches| %6 | Y2 | 08| %4 | 78| 1 | s |14
& 18 |33 |63 | 78|109|146(190| 252
14 |18 |34 |64 | 80|111|149|103| 256
1 | 6|12 14 |19|34 |55 | 82|113|152)|197| 260
g | 7|13 3¢ | 19|35 |66 | 83|115|155|200| 265
14 | 7|13 (23|35 50 6B 91 130] 34 |20|36 |57 | 85|118|157|204| 269
55 | 7|14 |24 36| 52 71| 95134] 5 |20)36 58| 86|120[160 207| 273
3{ | 8|15)|25|37| 54 T4 98(139| 3{ | 20|37 |60, 88|122|163|211| 278
76 | 8|15|26 (39| 56/ 77/102 143 I¢ |21 (38 61| 89|124|166|214| 282
= 9 105 148| 6 21|38 |62 | 91(126|169|218| 287
%19 109(152| ¢ |22(39(63| 93(128|171|222| 201 |
|9 1121156 1 (22 /40 64| v4|130|174|225| 295
ig |10 88116/ 161 4§ |22 (40|65 | 06(132|177|229| 300
1g |10 91119165 14 |23 41 66| 97|135|180)232| 304
8¢ |11 03/123(169| 5¢ |23 |42 |67 | 99(137]|182|236| 308 |
3§ (11 96/126/174|| 3{ |24 |43 |68 (100|139|185|239| 313
7% {11 73| 9 13‘)1 178(| 1¢ |24 |43 (69 (102|141|188|243| 317
3 12 133/182| 7 24 |44 |70 [104(143|191|246| 321
1% 112 137|187 14 (254571 |105|145(194|250| 326
i 113 141|191 1{ | 25|45 |73 |107(147|196|253| 330
3¢ 113 1441195| 3¢ |26/46 |74 |108(149|199|257| 334
4 (13 148{200 15 |26 |47 |75 (110|152(202|260| 339
5% |14 151204\ 5§ |26 /47 |76 |111|154|205| 264|343 i
3 |14 155/208| 34 |27 |48 |77 (113|156| 207|267 | 347
% |15 158/213) I |27 |49 |78 |114|158|210|271| 352
4 15 162{217| 8 27 |50 |79 |116(160(213|274| 356
3 |15 165|221 1§ |28 (50 (80 |118|162|216(278| 360
|16 159|225 34 |28 (51 |81 119|164 |219(281( 365
a5 |16 172i230 3¢ |29 (52 821121 166|221 | 285 369
s |16 176{234| 14 | 29 |52 |83 122|169 224 288| 373
Bg (17 17 [239 5¢ |29 (53 (84 |124|171|227(292( 378
8 |17 |2 183;.243 34 |30 |54 (86 |125|173|230|295| 382
% |18 186'1247 1§ | 30|54 |87 |127|175|232(299| 386
B . Diameter of Rivets, Inches
e %% % [ %[ % [ L[]

100 Heads as made on rivets, Pounds. . .| 2.4 ‘ 5.0 | 9.7 Jlﬁ.ﬂ{%.o‘:ﬁ.ﬂ 49,0 78.0
1.9

100 Heads as driven in work, Pounds. . . 40 | 7.5 11251185

27.0/37.5]51.0
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CARNEGIE STEEL COMPANY

AMERICAN BRIDGE COMPANY

SPECIFICATIONS

FOR

STEEL STRUCTURES

DgsigN, DeTAILS 0F CONSTRUCTION AND WORKMANSHIP

AporTED 1912

DESIGN

1. Loads. The steel frame of all structures shall be designed
80 as to safely support the dead and live loads. The dead load shall
consist of the weight of all permanent construction and fixtures,
such as walls, floors, roofs, interior partitions, and fixed or permanent
appliances. The live load shall consist of movable loads on floors,
loads due to machinery or other appliances, and the exterior loads
due to snow on the roof and to wind.

2. For structures carrying traveling machinery, such as cranes,
conveyors, ete., 25 per cent shall be added to the stresses resulting
from such live load, to provide for the effect of impact and
vibrations.

3. The wind pressure shall be assumed acting horizontally in
any direction as follows:—

First: For finished structures—A pressure of 20 pounds per
square foot on the sides and ends of buildings and on the vertical
projection of roof surfaces, or

Second: In process of construction—A pressure of 30 pounds
per square foot on vertical surfaces and the vertical projection of
inclined surfaces of all exposed metal or other frame work.
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'CONSTRUCTION SPECIFICATIONS

’7 4. Unit Stresses. All parts of structures shall be proportioned
so that the sum of the dead and live loads, together with the
impact, if any, shall not cause the stresses to exceed the following
amounts in pounds per square inch:

Tension, net section, rolled steel............ el JHLIUT o e 16000
Direct compression, rolled steel and steel castings. ...... 16000
Bending, on extreme fibers of rolled shapes,

built sections, girders, and steel castings.............. 16000
Bending on extreme fibers of pins...................... 24000
Shear on shop rivets and pins.......oovvevvvrerrrnenn., 12000
Shearion bolts and feld' TIvetsllcl. . iy dos s 10000
Shear—average—on webs of plate girders and

rolled beams, gross 800N . . ..\ vales i o siaioidiniein slosas 10000
Bearing pressure on shop rivets and pins............... 24000
Bearing on bolts and field rivets....................... 20000

Pressure per linear inch on expansion rollers shall not exceed
600 times the diameter of rollers in inches.

Axial compression of gross sections of columns, for
ratioof [/rup to 120........... civeiees .. 219000—100 I/7
Wih i MR ORE. o ool L o e e e e 13000
where [=effective length of member in inches,
r=corresponding radius of gyration of section in inches.

For ratios of I/r up to 120, and for greater ratios up to 200, use
the amounts given in the following table. For intermediate ratios,
use proportional amounts.

Ratio Amount | Ratlo Amount
60 13000 130 6500
70 12000 140 6000
80 11000 150 5500
90 10000 160 5000

100 9000 170 4500
110 8000 180 4000
120 7000 190 3500

5. For bracing and combined stresses due to wind and other
loading, the permissible working stresses may be increased 25 per
cent—provided the section thus found is not less than that required
by the dead and live loads alone.
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CARNEGIE STEEL COMPANY

FPROPORTION OF PARTS

6. General. The effective or unsupported length of main
compression members shall not exceed 120 times, and for secondary
members 200 times, the least radius of gyration.

7. In proportioning columns, provision must be made for
eccentric loading.

8. In proportioning tension members, nef section must be used.
Rivet holes deducted must be taken 1§ inch larger than the nominal
size of rivets.

9. Members subject to the action of both axial and bending
stresses shall be proportioned so that the greatest fiber stress will
not exceed the allowed limits in that member.

10. . Members subject to alternate stresses of tension and
compression shall be proportioned for the stress giving the largest
section, but their connections shall be proportioned for the sum of
the stresses.

11. Girders. Rolled beams and channels, and built-up members
used as beams and girders shall be proportioned by the moment
of inertia of their gross sections.

12. Plate girder webs shall have a thickness not less than g0
of the unsupported distance between flange angles. The webs
shall have stiffeners, generally in pairs, over bearings, at points of
concentrated loading, and at other points where the thickness of
the web is less than 3o of the unsupported distance between
flange angles, generally not farther apart than the depth of the web
plate, with a maximum limit of 6 feet.

13. The lateral unsupported length of beams and girders shall
not exceed 40 times the width of the compression flange. When the
unsupported length (I) exceeds 10 times the width (b) of the
compression flange, the stress per square inch in the compression
flange shall not exceed 19000—300 I/b.

DETAILS OF STEEL CONSTRUCTION

14. General. Adjustable members in any part of structuresshall
preferably be avoided.

15. Sections shall preferably be made symmetrical.
16. Noconnection, except lattice bars, shall haveless than two rivets.
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CONSTRUCTION SPECIFICATIONS

17. Trusses shall preferably be riveted structures. Heavy
trusses of long span, where the riveted field connections would
become unwieldy, or for other good reasons, may be designed as
pin-connected structures.

18. Abutting joint in compression members faced for bearing
shall be spliced sufficiently to hold the connecting members accu~
rately in place. All other joints in riveted work, whether in tension
or compression, shall be fully spliced.

19. Lateral, longitudinal and transverse bracing in all structures
ghall preferably be composed of rigid members, and shall be designed
to be sufficient to withstand wind and other lateral forces when
building is in process of erection as well as after completion.

20. Girders. When two or more rolled beams are used to form a
girder, they shall be connected by bolts and separators at intervals
of not more than 5 feet. All beams having a depth of 12 inches and
more shall have at least two bolts to each separator.

21. The flange plates of all girders shall be limited in width, so
as not to extend more than 6 inches beyond the outer line of rivets
connecting them to the angles, or 8 times the thickness of the
thinnest plate.

22. Web stiffeners shall be in pairs, and shall have a close bearing
against the flange angles. Those over the end bearing or forming
the connection between girder and column shall be on fillers.
Intermediate stiffeners may be on fillers or crimped over the flange
angles.

23. Web plates of girders must be spliced at all points by a
plate on each side of the web, capable of transmitting the full stress
through splice rivets.

24. Riveting. The minimum distance between centers of rivet
holes shall be three diameters of the rivet; but the distance shall
preferably be not less than 3 inches for Z4-inch rivets, 214 inches
for 34-inch rivets, 2 inches for 3g-inch rivets, and 134 inches for
14-inch rivets. The maximum pitch in the line of the stress for
members composed of plates and shapes will be 6 inches for 74-inch
rivets, 6 inches for #{-inch rivets, 414 inches for 4-inch rivets and
4 inches for }4-inch rivets.

25. For angles in built sections with two gage lines, with rivets
staggered, the maximum pitch in each line shall be twice as great
as given above. Where two or more plates are in contact, rivets
not more than 12 inches apart in either direction shall be used to
hold the plates together.
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CARNEGIE STEEL COMPANY

26. The minimum distance from the center of any rivet hole
to a sheared edge shall be 14 inches for Z¢-inch rivets, 114 inches
for 34-inch rivets, 114 inches for 5¢-inch rivets, and 1 inch for
14-inch rivets; and to a rolled edge, 114, 114, 1, and 7§ inches,
respectively.

27. The maximum distance from any edge shall be eight times
the thickness of the plate.

28. The piteh of rivets at the ends of built compression members
shall not exceed four diameters of the rivets for a length equal to
one and one-half times the maximum width of the member.

29. Latticing. The open sides of compression members shall be
provided with lattice bars, having tie plates at each end and at
intermediate points where the lattice is interrupted. The tie
plates shall be as near the ends as practicable. In main members
carrying calculated stresses, the end tie plates shall have a length
not less than the distance between the lines of rivets connecting
them to the flanges, and intermediate ones not less than half
this distance. Their thickness shall not be less than %o of the
same distance,

30. The latticing of compression members shall be proportioned
to resist a shearing stress equal to 2 per cent of the direct stress.
The minimum thickness of lattice bars shall be for single lattice,
140, and for double lattice, 1o of the distance between the end
rivets. Their minimum width shall be as follows:

For 15-inch channels, or

built sections with 314 and 4-inch angles, 214 inches (7§-inch rivets).
For 12-10-and 9-inch channels, or

built sections with 3-inch angles. . .....2} inches (34-inch rivets).
For 8-and 7-inch channels, or

built sections with 214-inch angles..... 2 inches (54-inch rivets).
For 6-and 5-inch channels, or
built sections with 2-inch angles . ... ... 134 inches (1¢-inch rivets).

31. The inclination of lattice bars with the axis of the member
shall generally be not less than 45 degrees. When the distance
between the rivet lines in the flanges is more than 15 inches, if a
gingle rivet bar is used, the lattice shall be double. .

32. The pitch of lattice connections, along the flange, divided
by the least radius of gyration of the member between connections,
shall be less than the corresponding ratio of the member as a whole.
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CONSTRUCTION SPECIFICATION

33. pins. Pin holes shall be reinforced by plates where necessary.
At least one plate shall be as wide as the projecting flanges will
allow; where angles are used, this plate shall be on the same side as
the angles. The plates shall contain sufficient rivets to distribute
their portion of the pin pressure to the full cross section of the
member.

34  Pins shall be long enough to insure a full bearmg of all parts
connected upon the turned-down’ body of the pin. Members
packed on pins shall be held against lateral movement.

WORKMANSHIP

35. General. The workmanship shall be equal to the best
practice in modern structural works. Shearing shall be done
accurately, and all portions of the work exposed to view shall be
neatly finished.

36. Punching. The diameter of the punch shall not be more
than ¢ inch, nor that of the die more than ¢ inch, larger than
the diameter of the rivet. Punching shall be done accurately, but
an occasional slight inaccuracy in the matching of holes may be
corrected with reamer. Drifting to enlarge unfair holes will not
be allowed.

37. Riveting. The size of rivets shall be as called for on the
plans. Rivets shall be driven by pressure tools wherever possible.
Pneumatic hammers shall be used in preference to hand driving.
Rivets shall look neat and finished, with heads of approved shape,
full and of equal size. They shall be centered on the shank and
shall grip the assembled pieces firinly.

38. Assembling. Riveted members shall have all parts well
pinned up and firmly drawn together with bolts before riveting
is commenced. Contact surfaces shall be painted. Abutting
joints shall be cut or dressed true and straight and fitted closely
together. In compression joints depending on contact bearing, the
surfaces shall be truly faced, so as to have even bearing after they
are riveted up complete and when perfectly aligned. The several
pieces forming one built member shall be straight and shall fit
closely together, and finished members shall be free from twists,
bends or open joints.

141




CARNEGIE STEEL COMPANY

39. EyeBars. Eye bars shall be straight and true to size, and
shall be free from twists, folds in the neck or head, or any other
defect. Heads shall be made by upsetting, rolling or forging.
Welding will not be allowed. Before boring, each eye bar shall be
perfectly annealed and carefully straightened. Pin holes shall be
in the center line of bars and in the center of heads. Bars of the
same length shall be bored so accurately that, when placed
together, pins %2 inch smaller in diameter than the pin holes can
be passed through the holes at both ends of the bars at the same
time.

40. Pins. Pins and rollers shall be turned accurately to gages,
and shall be straight, smooth and entirely free from flaws. Pin holes
shall be bored true to gages, smooth and straight, at right angles
to the axis of the member and parallel to each other, unless other-
wise called for. Wherever possible, the boring shall be done after
the member is riveted up. The distance from center to center of
pin holes shall be correct within 142 inch, and the diameter of the
hole not more than %o inch larger than that of the pin for pins
up to 5 inches diameter, and Y52 inch for larger pins.

41. Bed Plates. Expansion bed plates shall be planed true and
smooth. The cut of the planing tool shall correspond with the
direction of expansion,

42, Annesling. Steel, except in minor details, which has been
partially heated, shall be properly annealed. Welds in steel will
not be allowed. All steel castings shall be annealed.

43. Painting. Steel work, before leaving the shop, shall be
thoroughly cleaned and given one good coating of such paint as
may be called for, well worked into all joints and open spaces.

44. TIn riveted work, the surfaces coniing in contact shall be
painted before being riveted together,

45. Machine-finished bearing surfaces coming in contact with
similar surfaces should be coated with white lead and tallow before
shipment.

46. Inspection. The manufacturer shall furnish all facilities for
inspecting and testing the weight, quality of material and work-
manship. He shall furnish a suitable testing machine for testing
the specimens, as well as prepare the pieces for the machine free of
charge.

47. He shall give the inspector for the purchaser free access
to all parts of the works where the material under inspection is
manufactured.
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ELEMENTS OF SECTIONS

DEFINITIONS

In the computations of structural designing, certain mathematical
expressions are used to designate the values of structural shapes in
the various conditions under which they are subjected to stress.
In the pages which immediately follow, these values, usually called
properties, are given in United States measurements for shapes
common in gtructural designs, and are defined as follows:—

A—Area of Section, expressed in square inches.

Neutral Axis. Axis of moments through center of gravity of section.

x and y. Distances from the back or working line of a section to
the center of gravity of section.

I—Moment of Inertia. The summation, expressed in inches to the
fourth power, of the products of the elementary areas of a section
by the squares of their distances from its center of gravity or
other axis assumed for purposes of computation.

S—Section Modulus, The moment of inertia divided by the distance
(n) from the axis of moments to the extreme fiber. In an unsym-
metrical section there are two section moduli for each axis of
. moments, the least of which determines the safe unit stress.

r—Radius of Gyration. The distance in inches from the center of
moments of a section to the point or line at which its area is consid-
ered concentrated. The radius of gyration of a section referred
to any axis is always the square root of the moment of inertia
of the section referred to that axis divided by the area.

The section modulus is used to determine the stress in the extreme
fiber of a shape subject to bending by dividing the bending moment
by the section modulus, both expressed in like units of measurement.
It is also used vice versa in the selection from a table of shapes of
the proper section required to support a load by dividing the bend-
ing stress by the allowable fiber stress, both in like units of weight.

The radius of gyration is used to ascertain the safe load any
section or shape will sustain when used in compression as a strut
or column, The unbraced length of the section divided by the
radius of gyration is denominated the ratio of slenderness.

The elements of steel sections are computed from the theoretical
dimensions heretofore given by the formulas which follow and no
approximations have entered into the calculations. No account
has been taken of fillets or roundings, and in consequence weights
figured from areas will not exactly agree with the nominal weights
published.
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COMPOUND SECTIONS

MomenTs or INERTIA, SECTION MoDULL, AND RaDlt oF GYRaTion
The moment of inertin of a compound seetion about its neutral axis I to th
ura m&mﬂutoi ?omf'.{hl of m' Mu:.iiolt:t :h}u through t}:cﬁﬁ?&mm J"" z:nu?;::;‘
plus the areas 0 um ] tan
o e iy o s e iy 1o

2. " Mmtni[nuﬁ- It = [+4+Ad?
#--7.0%- w-l
Section Modalus  §1 = L
Radius of Gyration r1 = \(_Hi'
Examriz 1. Required the moments of inertia and the
3 gection moduli about axes 1-1 and 2-2 of & compound
a‘l—— =i s. gection to be used ne a girder, composed of
1 Web Plate 33"x
4 Flange Angles  6"'x4''x84""
2 Flange Plates  14"'x3{""
basing. the propertics on the gross area of the section,
Determine the distances, of the center lines of gravity of

B ¥ o n)y— plates and angles, from the neutral axes of the compound
+ 3rs eection, from the dimensions given, then for

_J! :'.j

== 17,125~

AXIS 11 Tioy of 4-6724""x34” Angleas =4 x 75 = 30,00 Inches
Ad? of 4-87x4"x85” % =dx BSGxIST2  — 70246
Tiop of 1487234  Plate =1z 20238 e
Lo 2107« =ax AT~ o
Ad® of 21477x34"” % =23 1050x17.1252 = 015858 *
Moment of Inertia, gross section 13479.40 Inches ¢
Section Modulus, == 370 — 77026 Tuches s
AXIS 22 Iug of 467x4"x5¢" Augles =4x 201 = 8440 Inches ¢
Ad® of 46724"s85”  ©  —4x 686x22W  — 13185
Is-s of 1-39"x}4"” Plate  =1x —S00° . g w
Ig-g of 214735 =0 n-_nf;!g = m "
Moment of Inertia, groas seetion 549,50 Inches +
Seoon Modulos, =PSBl = 7851 Lnches >
11 it in desired t0 ealoulate the properties of the not section, via., to deduct the area of the rivet
as follows, that holes t'or 34" rivets lruw hededucbui and that not more
lhnmmetmuhad.menmmm of the angles in the same plane of the section,
AXIS 1-1 Ty.; of gross section = 1347040 Inches ¢
Deduect  Ty.p of &-0.575"x1.375" Rectangles= 4 31091905 — 75

Ad? of 4-0.875"x1.375"" =4;1mn§u5== 1860,16

v, haol20875"x1.75” ¢ =gpLISRATE _ggp w
" Ad?of 2.0.875'x1.75"F ** = 2x1.531x14.25% = _ 62177
Moment of Inertia, net section 11496.51 Inches 4
Section Modulus, * =101 _ 500 nches 8
AXIS 22 Ta-s of gross section = 54050 Inches ¢
Deduct  Ta-0l4-0.875"x1.375" Rectangles =4 xL3L0ET g3
“ Ad2ol4-0875"21. 375" %  —4x |03ABTE = 6767 *
“ Laolsogmyaizy” ¢ =gy OBIELIS _  ggp
Moment of Inertia, net section 450,53 Inches +
Scction Modulus, « * = 5085 _ 5060 Inches ®
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COMPOUND SECTIONS—Concluded

Examrie 2. Required the momenta of inertin and radil of
= gyration about axes 1-1 and 2-2 of a column section composed

%:l-—. aa follows:—
,-L 2 Channels  12”x30 pounds per foot,
“ 2 Tlange Plates 14" x34",
_L__..i|p-uwue|l.oheh|ui on the gross section, mno deduction
i being made for holes.
i .!é Deurmuw the distances, d, of center lines of gravity for
v the ions [rom the neutral axes 1-1 and 2-2, in
!L,u-;!J t danee with the dimensions given, then for
AXIS 1-1 Iyq of 2-12' Channels30lbs.= 2 x 161.2 = 82240 Inches ¢
Tia of 204753 Pias = 2x S4E0T% - gg8
Ad? of 2-14"x34" *“ = 2x10.5x6.3752 = 853.45 e
Moment of Loertia, gross section 1170.83 Inches +

Radius of Gyration, * * = \’+— ’_m“'“ = TR Tt

AXIS 22 lss of 2-12 Channels30lbs.—= 2x 52 = 1040 [Inches ¢
Ad? of 2-12" Channelsd0lbe.— 2x 870x4.172 = 380670 *

Iua of 2-14”x3{" Plates = 2% ﬂé&"- = 34300 *
Moment of Inertia, gross section 059.10 Inches ¢

Ehdumof Gyrstion, ™. % == v%ﬁ 413 Inches

Examrie 3. Required the radii of gyration about axes 1-1
- Q.h"" and 2-2 of a strut section composed as follows :—
II I 2 4-0x4” x 36" Angles latticed by 54e"” bars,
.,P l properties to be based on the gross section of angles, no deduc-
1 tions being made for rivet holes nor any allowance for lattice bars.

Determine the distances, d, of center lines of gravity of angles
Ali; from neutral axes I-1 and 2-2 in accordance with the dimensions
given, then for

AXIS 1-1 Iy.q of 4-8"x4"x34" Angles— 4 x 4.9 = 10.00 Inches ¢
Ad? of 46"x4'x38" " = §:861:5w = "
Moment of Inertia, gross section ﬁﬁ_ Tnches &

HRadius of Gyration, * *= VJ‘}‘HE—= 5.10 Inches

AXIS 2-2 mehhlaohdiidmﬁwlmi?plmﬂh&hhek
page 175, axis 2-2, 54"’ apart, ra-a of 46" x4"" * ungles==2.97 Inches
. Where sections are assembled without any web or flange plates, s, !or exam) |& luttioed
or | d angle struts, the radius of gyration, ry-1 can be yobhmﬂ
mihmlmndmulhemt of inertia, from the radius of gyration, r, of one section abou
its peutral axis, and the distance, d, between the mﬂrdmnlydlheuctmadﬂu
neutral axis parallel to the axis of section.

Ty-g== UT— , where —i:-l”.lll‘lr]-t =‘|’_rfm

Thus, in the above example,
ria= 4 T.17255.00% = 5.19 Inches

]
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ELEMENTS OF STRUCTURAL BEAMS
2
1—-f—-1
|D31.h Weight| Area | Width | Thick- Axis 11
Seotion | el (Rt e o MRS S
Tten Beam ‘oot | Bection | Flange | e s 1
l In |Lbe [ In2| In | In | In¢ | In | In3 |Ins| In | In3
4 ) T e | 2ol || el
. . i
B61 | 27 | 90.0 26.34 9.000)0.524 2058.3/10.60[219.1 |75.3
|
115.0 |33.67 | 7.087 | 0.737 2940.5 9.35 | 245.0 | 82.8
B18 | 24 |110.0 3218 7.925 (0675 2869.1| 0.44|239.1 |80.6
105.9 | 30.08 | 7.875.| 0.625 2811.5 9.53 | 234.3 | 7810
100.0 | 20.25 |7.247 [ 0.747 12371.8 9.05|197.6 [ 48.4
05.0 | 27,79 | 7.186 | 0.686 [2301.5| 9.08 [191.8 | 47.0
B 1| 24 | 9002630 7.124[0.624 2230.1| 9.21 |185.8 |45.5
85.0 | 24.84 | 7.063 | 0.563 2159.8 9.33 | 180.0 | 44.2
-+ 70.9 [ 23.33 | 7.000 | 0.500 laus'r.z 046 | 17319 | 420
74.2| 21,70 | 9.000 |0.476 1950.1] 9.48|162.5 | 61.2
60.4 | 17.68 | 8.250 | 0.428 1235.5 8.36 |117.7 |43.5
|
100.0 | 20.20 | 7.273 | 0.873 1648.3 7.51 | 164.8 |52.4 1
05,0 | 27.74 | 7.200 | 0.800 [1589.7, 7.59 | 160.0 | 50.5 |1
00.0 | 26.26 | 7.126 | 0.726 1550,3| 7.68|155.0 |48.7 [1
85.0 | 24.80 | 7.053 |0.653 1501.7 7.78 150.2 |47.0 1
81.4|23.74 | 7.000 [0.600 14663 7.86 146.6 |45.8 1
75.0 | 21.90 | 6.391 | 0.641 12&3.5_{ 7.60/126.3 |30.1 1
70.0 | 20,42 6.317 |0.567 121421 7.71|121.4 |280 1
wn 65.4 [ 19.08 | 6:250 | 0.500 1169.5 7.83 116.9 27.9]1
so.olmzu|7.2as 0.796 1256.5 6.91|139.6 51.9 1
85.0 24.81 |7.154 [0.714 [1216.6| 7.00|1352 |49.8 1
$0.0|23.34 | 7.072 | 0.632 1176.8 7.10|130.8 [47.9 |1
75.6 22.04|7.000|0.560 1141.8 7.20 126.9 (463 1
70.0 | 2046 6.251 |0.711| 917.5 670 101.9 24.5[1
65.0 18,98 6.160 |0.620  877.7 6.80 97.5 23.4 1
80.0 17.50 6.087 |0.547 | 837.8 6.2 9311223 1
v 54.7 1694 6.000 0.460 795.5 7.07| 88.4 2121
48.2 14.00 7.500 0380 737.1] 7.23| 1.9 300 1
75.0 [21.85 6.278|0.868 687.2 5.61| 91.6|30.6 1
70.0 | 2038 | 8.180 |0.770 | 650.6 5.69 S7.9|28.8|1
65.0 18.91 6,082 0.672 | 632.1] 5.78| 843 27.2 1
60.8 | 17.68 6.000 0.590 | 609.0 5.87 | S1.2|26.0 1
55.0 | 16.06 | 5.738 | 0.648 | 508.7| 5.63| 67.8 17.0 1
50.0 | 14.59 | 5.640 | 0,550 | 481.1! 5.74| 6412 16.0 1
45.013.12 | 5.542 | 0,452 | 453.6| 5.88| 605 15.0 1
w 42,9 | 12,49 | 5,500 0.410 | 441.8 5.95| 58.9 |14.6 1
3731001 6,750 [0,332 | 405.5, 6.10 54.1 19.9 1,
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CARNEGIE STEEL COMPANY

ELEMENTS OF H BEAMS VA1

Depth | Weight| Area | Width | Thick- Axis 1-1 Axis 2-2
Section| . of per of of ness .
Index | Beam | Foot |Section| Flange |of Web| 1 r s I r s

|
|
In. | Lbs. {In2 | In. | In. | In# | In. | In3 | Int | In. |In.a

H4 8 34.3 (10.01| 8.0 | .375 (115.4| 3.40 | 28.9 | 35.1 | 1.87 | 8.8
H3 6 241 | 701 6.0 | .313 | 45.1| 2.54 | 15.0 | 14.7 | 1.45 | 4.9
H2 5 189 | 547 5.0 | .313 | 23.8/2.08 | 9.5 | 7.9 |1.20 | 3.1
| H1 4 13.8 | 4.00| 40 |.313 | 10.7(1.63 | 53| 3.6 (095 | 1.8

ELEMENTS OF U. S. STEEL SHEET PILING SECTIONS

%2 M 105, M 104
I%v t

Dimensions Weight Aﬂfaa Axis 1-1
7 per (o)
sfcngg: b c d 37 Foot Sectﬁon I r s
| In. In. In. In. Lbs. | In2 In4 In. In8
ke M105| 1334 | 3% | 23 | 3% | 425 | 1251 | 856 | 0.83 | 4.35
| M104| 13y | 3156 | 214 | 3 | 38 | 1130 | 850 | 087 | 432
| M103| 9% | 2% | 16 | % | 16 471 | 145 | 056 | 1.13
;
154



.

S| | &
‘.m. BILEIR
o~ = ===} 1S8LR Y
2 Fife 8 SooEE-& 33
m = HROHA o oo 299 MQQI
=i e 109 [=1=1=] Ren on
2 § 0% gagaas g 3 2383 2hEsn ¢
#1 ttain aao 4 S oo 21212 BEese
Z £ | 552253 a2h anens EEEE RR0R038 18R
< it Lo it et o8 EEEEE BR2R 8BS
ey =1=1=) s 500 =200 i ~o388 o oo = 549 g
n jus} o - coces 66602 4 S e R b So o = 4%6 2
2| O & Higonasa e % 2385F 389 .. §8E5E BEh ssc sod 233
z g 1119&& T S50 6&2% S o 10 558 0 (=1=1~}
e 3% NS eanwe eouw § 33228 BREAR g28 295 388 §
=l <2 & FREREERE e bt e B ge8 28343 3 o 30 =ad
NORMAE b B b g ) o...534 sds 223
o & $ & oM Speens Aasen 9 G P e iy et s A
a2l 2 s | o o Sa88s 2O IS R P B e S dos Sas i
- = oxXe3R |35 8] B A - - .29 % S g
& B R 5.5.%45& guend [R=22 R Htire wm@s B3% S35 o33
LEN I et - RS -
185 B 2o sanss sace ssssz sehes ss 238 382 299
SNoREs 2o @0 =) Tt O 82 adc
& = £ Aol 33..129 ~© 2 = 35
al 83 |1 34 gEngsd segd s Seen k2229 8 S Swey Jae Aan 4
2.8 » 50005 i cI0d =
z| = g 292 | 4| ceay LSy nESrs qibet snaiais 8 EER BEAY 3 Aas A
& 87622% Ao == i eS8 0500000 e WK aa © 0 - Ee
= e 8 =t 25 PR %31W% SE DB ﬂ3om5. ) ool ISL- 1= ~Ow®
wl ©F = 2.5 e L 5823 SCRET 0% de8n monsn Snas ikl e
13} ) =73 5 ©0o oo o D10 ) Joe Fdiize S8 e il rieied
a m £ RIS S m..uM2%m o e 64%% grung 8 ERaR b S b ey
5 = = | 7| Sndses 23853 2337 3588 G9RRY 40555 B B T
S P 5 an oco BIRA b gE
-8 PRI b © RERN 3 }
g B=7 || 335588 el ageee a3 arsgs Si%as B3 0 o
= = R £geas & ~ 222M FR93R 23232 ooo QMJ B %mm 0
= £33 | 2 Hge rigene NRBES 83 Neiaaia §3832 ERES d 383 253 =
= LU R = NERIT BL8B § REKEE §-8G g2 g cee
4| sgeee Swrae Mese EETE S L LR 3
e %23 33028 A2y REEE 228 §EE 853
5 3 335323 Saons mea HEESR BERad Zae SaN Ees 339
...... - o
5 Sgees gt suza adse ags o2 Ao
£eq g 2 S8]% oo B o MROR QD 10
£ - g %m.ba LA ] 0N e 1019 769
& B8 HLon- RIS i S B
g3 ﬁ = =) Sy m..u..auou.% 19N Shgs
23 [ = > s wacw B
«wn — = 22
E - l -
o GO Q
™~ 765 01
o 3 Ll ~ i
O -+ 2
0
&} tx " b P~
abasiiol ©
e . o- o) Y ©
——
. (=2}
®] o =]
C -
@]




4| 8822 2385 3238 S0 223w 132 12228 223z 2332 29203

| ¥

Ins
(1]
3
1
0
3
1
8
7
0
8
o
5
8
6
3
2
8
6
4
3
2
0
9
8
8
5
3
2
6
4
2
1
4
2
0
9
5
3
2
1
1

Axis 2.2
r

Ind
8
i
5
5.
6
5
4
3
1
0.
0
8.
4
3
2
: -
0.
a2
8
8
&
&
7
T
4
3
2
1
9
8
8
7
9
8
7

6
5
5.
4
4
4

ted in bold type.

CARNEGIE STEEL COMPANY

ELEMENTS OF SHIP BUILDING CHANNELS

American Standard Sections

|

e

are

A Canbl

1

profile is shown on page 66 with Structural Channels,

British 8t

1,

of the
St 1

Dimensions and
+C 60is not an A
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ELEMENTS OF SECTIONS
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CARNEGIE STEEL COMPANY

ELEMENTS OF SHIP BUILDING BULB ANGLES

American Standard Sections

2 :-._'ﬂ-‘g
e
1
Thick+ yyy, “;""' Axis 1-1 Axis 2-2
Section Bise ? t Bﬁl 59 I 1
Tndex Web | ~°% | tion | ! I ENEL N
Jmhu In. | Lbs. | Inc | :m I [In3 | In. | Ind | In | I8 | In
< 1T | (8%
0.725 35.2 [10.85/122.0 3.43 | 22.3 | 4.53| 6.3 (078 | 2.3 078
BA m‘To ede an'%sz 0.77/115.9)3.44 | 21.2 |4.52 | 5.8 |0.77 | 2.1 |0.74
025 31.1 | 9.14/110.4/3.48 | 203 | 4.56 | 5.6 [078 | 2.0 | 072
BA “’“ i ’“Mt 575 20.1 | 8.55104.3/3.49 |19.2 | 4.56 | 51 [0.77 | 1.9 | 0.70
B 197 10 & szs 269 7.90 98.23.53 | 18.3 |4.62| 4.8 0.78| 1.7 |0.69
”}ou&ms 7.32| 02.1/3.55 | 17.2|4.63| 4.4 |078]| 1.6 |o.es
0.600 28.8 | 8.47| 93.0 3.32 179 [4.30| 5.3 |079 | 1.9 |073
BA 2"‘5|9"“"s 550 26.9 | 7.01| 87.8333 1619 |4.20| 410 079 | 1.8 o1
206014 y3149-590 24.7 | 7.28) 82. 4|3 3716.0 4.36| 4.6 [0.79 | 1.6 0.69
(mnml ﬁq 228 0.72 77. 11339 151|436 | 4.2 079 | 1.5 |0.08
| [ .
) 0,675 30.4 | 8.05] 86.3 3.1 [17.2 | 4.00| 5.8 [0.81 | 2.1 | 076
BA 301 9 "as't.ozﬁi 28.6| 8.41) 81.8 312 16.4 398 | 5.4 [0.80 | 2.0 io.u
: 10.575 26.6 | 7.82| 77.6/3.15 | 15.6 | 4.03| 5.1 |0.81| 1.8 (073
1 ' i
BA szo xs,xlomizu 7.29| 731317 | 14.8 403 | 47 [050| 1.7 071
BA 208 o 53,0475 22.7| 6.68| 68.43.20|13.9 4.10| 43 [0.81 | 1.5 iuo
(BSBA 16) Pm 200 6.14| 638 3.2 | 13.1 4.10| 3.9 |0.80 | 1.4 068
0.575 25.3 | 7.43| 65.52.97 | 13.8|3.74| 5.0 (082 | 1.8 074
'
BA 2088} X340 505 235 | 6.92| 61.72.98|13.0 (373 | 4.6 [0.82] 1.7 :0.72
2005, 51,0475 21.6| 6.34) 57. ?|3oz 12.3|3.50| 4.3 0.82) 1.5 0.70
(mwl ml 19.8| 5.83| 53 11.5(3.80| 3.9 |0.82 | 1.4 io,ss
550/ 23.4 | 6.89) 60.1/2.06 | 13.1/3.80| 3.1 067 | 1.3 063
Bk 211ls!~§x 3 0500 21.7 | 6.39| 56.4/2.97 |12.3 |3.89| 2.8 |0.66 | 1.2 ;0.01
BA 212, o 0.450 19.8 | 5.84) 52.713.00 11.6|3.96 | 2.6 [0.67 | 1.1 0.60
(m131| .400‘13‘1 5.34| 48.0 3.03 | 10.83.96 | 2.3 |0.66 | 0.99 0.58

Dimensions and properties of the British Standard Sections are indicated in bold type.
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ELEMENTS OF SECTIONS

ELEMENTS OF SHIP BUILDING BULB ANGLES
American Standard Sections

.
=i
2 N2
v ——w)
L
T [Thieks Wt. | Area | ; -” R VAR
o Size ness | por of Axis 1. Axis 2-2
of | Foot | See-
Index Web tion | I r S X I r S y
11 Inches | In. |Lbs. | In2 | In# | In. [ In8| In. [ In4 | In. | In3 | In.
. 0.55023.2 | 6.83 | 53.7 [2.81 [11.9]3.49 | 4.8 |0.84| 1.7 |0.75
BA 2141 8 x3}4 500/ 21.6 | 6.34 | 50.4 [2.82|11.2 [3.48 | 4.4 [0.83 | 1.6 |0.73
BA 215 0.450(19.6 | 5.78 | 47.1|2.85 | 10.6|3.54| 4.0 [0.84 | 1.4 |0.71
8 x3V

(BSBA 12) .400| 18.0 | 5.29 (43.8 |2.88 | 9.8(3.54| 3.7 |0.83 | 1.3 | 0.70
0.575/23.1 | 6.78 | 52.4 | 2.78 | 12.0|3.64 | 3.2 |0.60 | 1.3 |0.65

BA 217 8 x 3 5 595 21.4 | 6.31 |49.2|2.79 [11.3(3.63 | 2.9 |0.68 | 1.2 |0.63
BA 218 . [0.47519.6 575 |46.1 2,82 106(3.70| 2.7 |069 | 1.1 l0.62
(BSBA1D) 8 X 319 425/18.0 [5.30 [42.92.84 [10.0 [3.70 | 2.4 [0.68 | 1.0 |0.60
0.575/22.8 | 6.71 | 46.2[2.68 | 10.8|3.24 | 4.9 [0.86 | 1.8 |0.77

BA 220734 X3}, 505/ 21.2 | 6.24 | 43.4 |2.64 |10.2 [3.23 | 4.5 [0.85 | 1.7 1075
BA 221 . 0.47519.4 570 406 2,67 [ 9.6/320| 4.2 |0.85 | 1.5 10.73
(BSBA 10) 724 X3}4lg 425/ 17.8 | 5.24 |37.8|2.69 | 9.0(3.29| 3.8 [0.85 | 1.4 [0.72
j 0.525/20.3 | 5.98 |41.0 2.62| 9.9(3.36| 2.9 |0.69 | 1.2 |0.64

BA 223736x 3 | 475(18.8 | 5.53 | 38.4|2.63 | 9.3(3.35| 2.6 [0.69 | 1.1 [0.62
BA 224, 5 0-425(17.1/5.02/35.72.67 | 8.8|3.42| 2.4 10.69 | 1.0 |0.61
(BSBA 972X 3 0375/ 15.6 | 4.57 |33.1|2.60 | 8.2]3.42| 2.2 |0.69 | 0.920.60
0.525/20.0 | 5.90 |35.5|2.45| 8.8|2.95| 4.5 [0.87| 1.6 |0.77

BA 226/ 7 x33 475/ 18.6 | 5.46 |33.2|2.47 | 8.2|2.94| 4.1 |0.88 | 1.5 |0.75
BA 227 . . 10.42516.8|4.94/30.9/2.50 | 7.7|3.00 3.7 |0.87 | 1.4 |0.74
(BSBA 8| 7 X3 375|153 | 4.50 |28.6 |2.52 | 7.2|299 | 3.4 |0.87| 1.2 |0.72
0.500{18.4 | 5.41 |32.5|2.45 | 8.3[3.09| 2.7 |071] 1.3 [0.65

BA 229/ 7 x 3 | 450/ 16.9 | 4.98|30.3|2.46 | 7.8(3.08| 2.5 [0.70 | 1.2 |0.63
B 220 0.400/ 15.3 | 4.50 |28.1 [2.50 | 7.3|3.14| 2.3 |0.71| 1.1 |0.61
BSBA 1) 7 X 35 350/13.9 | 4.07 | 25.9|2.52 | 6.7|3.14| 2.0 [0.70| 1.0 |0.60

Dimensions and properties of the British Standard Sections are indicated in bold type.
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CARNEGIE STEEL COMPANY

AN r"’,"ir:-"!'* 3

ELEMENTS OF SHIP BUILDING BULB ANGLES

American Standard Sections

W . 1
e L—':#L.)—z
i
b ’
Thick-| Wt. Area Axis 1-1 Axis 2-2
Section Size nggs F!)a ng.'-
Index Web | Tt | ion | T r S = 1 r 8 y

Inches | In. | Lbs. [ In2 ( In4| In. | In.8| In. | In# | In. | In8 | In,

BA 233 0.400] 15.0 |4.42 [ 23.9(2.33| 6.3 [2.72 | 3.5 |0.89 1.3 |0.75
(BSBAG) 6%2x3%0.350 13.6 | 4.01 | 22.1|2.35| 5.9 |2.71 | 3.1 |0.89 |12 [0.73

0.425/15.0 [ 4.40 | 23.5(2.31 | 6.4 |2.87 | 2.3 |0.73|0.97 | 0.64
BA 236/5,, ¢ 3 (0.375/13.6|4.00 |21.7 (2.33| 6.0 [2.87 | 2.1 |0.72(0.88 0.62
(BSBA5) 0.350/12.9 [3.80 | 20.8 |2.34 | 5.7 [2.86 | 2.0 |0.72|0.84 | 0.61

i 0.475(16.4 |4.82 | 21.4|2.11| 6.0 |2.44 | 4.0 |0.91|1.5 |0.80
Lloyd | 6 x3% 495/14.8(4.34 | 19.9|2.14| 5.6 [2.49 | 3.6 [0.92]1.3 [0.78

- 0.37513.43.95 | 18.4|2.16| 5.2 |2.49 | 3.3 [0.91(1.2 |0.76
Lloyd | 6 x3% 350(12.8(3.76 | 17.6 |2.17 | 5.0 [2.48 | 3.1 [0.91|1.1 [0.76

7 0.525/16.8 [4.95 | 21.7 [2.09 | 6.3 [2.56 | 2.8 |0.75 1.2 |0.69
A 241 .
¥ ol 0.475/15.6 (4.58 | 20.2 (2.10| 5.9 |2.55 | 2.5 [0.74|1.1 [0.67

0.425/14.1 |4.14 | 18.8 (2.13 | 5.5 |2.60 | 2.3 |0.75|0.96 | 0.66
?s%nﬁ)z 6 x 3(0.375/12.83.76 [ 17.4 |2.15| 5.1 |2.60 | 2.1 [0.74 [0.87 |0.64
0.350|12.2 |3.58 | 16.6 [2.16 | 4.9 [2.59 | 1.9 [0.74|0.83 | 0.63

0.500(15.1 [4.45 [ 16.5[1.92| 5.1 [2.31 | 2.6 |076 |11 |0.71
BA 2445%x 3 |9 450(13.9 [4.10 | 15.3(1.93 | 4.8 |2.30 | 2.4 (0.76 1.0 |0.69

0.400/ 12.5 |3.68 | 14.2 [1.96 | 4.5 |2.35 | 2.1 |0.76 |0.90 | 0.67
B BAa 5% x 3(0.350 11.33.33 [13.0|1.98 | 4.1 (2.35 0.76 [0.81 0.65
0.325/10.7 (3.16 | 12.5(1.99 | 4.0 |2.34 0.75 [ 0.77 | 0.64

1.9
1.8
0.375/10.4 |3.06 | 9.7(1.78| 3.4 |2.20 | 1.2 |0.62|0.58 | 0.56
1.0
0.9

B B3| b X2140.325 9.32.74| 8.8(1.79| 3.1 |2.19| 1.0 [0.61 |0.52|0.54
0.300 8.8|2.59 | 8.4(1.803.0 |2.19 | 0.950.61 0.49|0.53

*Lloyd section, rolled by Pencoyd Iron Works (Pencoy& BOA) gl )
Dimensions and properties of the British S d d in bold type.
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ELEMENTS OF SECTIONS

ELEMENTS OF SHIP BUILDING BULB ANGLES
Miscellaneous Sections
Hagetir
2
o A
L !
A Thick v, |Area| o .
: o In&m wgr_ o8 Axis 1-1 Axis 2-2
Tndex | [ Web[¥*|fin | I |’z |8 | x | I T | 8|y
Inches | In. |Lbe. [ In? | In4| In. | In8 | In. | Ind | In. | In8 | In.
BA 143| 5 x2 240 8.3 (24486 |1.89|3.4 [2.41|0.91|0.61|0.47|0.556
BA 1444)4x2%40.220/6.7 [1.95|56 |1.69|2.4 |2.12|0.60|0.56|0.34 | 0.50
BA 145/ 3 x 2 |0.190/3.60{1.08 1.3 |1.09|0.74|1.24 | 0.31 (0.54 | 0.20 | 0.45
BA 146| 3 x1%0.160{3.25 |0.97 |1.2 [1.13|0.72|1.31 | 0.21 (0.47 | 0.16 | 0.41
BA 147214 x1'40.150| 2.66 | 0.84 | 0.74 |0.94 | 0.55 |1.17 | 0.12 | 0.38 | 0.11 | 0.36
ELEMENTS OF CAR BUILDING BULB ANGLES
12
i e MF :;;t. S::;_ Axis 1-1 Axis 2-2
on ol
Todex Web | Foob | 4ion | I r 8 X E r 8 ¥y
Inches | In. |[Lbe. | In2 | Ind | In. |[In® | In. | In4| In. | In8| In
BA 125| 5 !‘-EHFJAESB] 19.3 | 5.66 ([20.8]1.91| 7.9 |2.39| 7.0 |1.18| 2.4 |1.23
BA 124| 5 x3%40.375/13.2 |3.82|13.5|1.88| 4.9 |2.22| 3.3 [0.92| 1.2 |0.86
BA 122| 4 x31£0.500 1.4.3 4.21| 87|144|3.7 |11.65| 3.9 |0.96]| 1.5 {0.99
BA 123| 4 x3140.375/11.9 |3.48| 79/1.50]13.5 |1.77 | 3.1 10.94] 1.2 |0.94
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CARNEGIE STEEL COMPANY

ELEMENTS OF EQUAL ANGLES

.
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ELEMENTS OF SECTION

ELEMENTS OF EQUAL ANGLES—Concluded

Asis 33
i

, .| 4| 8833885528 3833583 SELRREE 3RB5EE 7 ﬁwm a;mw 8RR A8

Axis 1-1 and Axis 2-2
] 1

| wonmconene cwncnan 1-22082 E2IBES SANRLT S01SE 228 I3

Int

Area
of
Bection |

S22 LERRAT 22588 88%: wsm

Weight

r

oot

Pounds | In2

:
0
8
(1]
4
1
8
b
2
8
,5
4
4
3
2
X
9
7
8
9
0
: |
o7
08
3
7

A R S R R S N

‘J‘la

wwpy, | 8 | FfE

A 13 ‘m x 114

|
lxl|

x
1% x 1%

|

a3

A 9 215x 2%
2

Al15 1% x 1%

A1l
A2
A 16
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CARNEGIE STEEL COMPANY

ELEMENTS OF UNEQUAL ANGLES
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ELEMENTS OF SECTIONS

ELEMENTS OF UNEQUAL ANGLES—Continued
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CARNEGIE STEEL COMPANY

ELEMENTS OF UNEQUAL ANGLES—Continued
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ELEMENTS OF SECTIONS
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CARNEGIE STEEL COMPANY

ELEMENTS OF EQUAL TEES

Size SR S e | Axis 1-1 ]lum

Section Flango Stem | Thickness | o0, | See- | ¢ | | g g | p g

l- Stem

In. | In | In | In | Lba | In# | Tné | In | Ina | In. | Ins| In.

T 40 | 6% | 6% |0.40/0.45/19.8 |5.80 23.5 |2.01 |5.0 |1.76/10.1|1.32
T 1|4 [4 || % [135 39757 (120|120 |118(2.8 |0.84
T 2|4 4 8% 8% 1106 |3.00]| 45 |1.21({16 [1.13(2.1 |0.83
T 3 [8% 8% | % | % |17 [3.44]| 37 [1.04]15 |1.05[10 |074
T 4 8% [3%| % | % |02 |268|30|105[12 10114 |073
T 6(3 [3 | % | 1% |90 (201]23 088|131 |003/1.2 064
T 7|3 3 The | e | 8.9 (250 2.1 |0.89|0.98 0.91;1.0 0.63
T 83 |3 |3 |3%|78|227| 18 090 0.88|0.88 090|063
T 9|3 |8 |%a|%|67|1.05|16 0.90|074|056/ 075|062
T10 |2% | 2% | % | % | 6.4 |1.87] 1.0 lo.‘u 0.59 [0.76 1 0.52 | 0.53
T11 | 2% | 216 | 864 | %4 | 55 [1.60] 0.88/0.74|0.50 | 0.74 [0.44 [0.52
T12 |24 | 24 | %4 | %ie | 4.9 [1.43 | 0.65/0.67 |0.41 |0.68[0.33 0.48
T13 |26 | 2% | % | % |"41 119/ 0.52/0.66|0.32 | 0.65|0.25 | 0.46
T4 |2 2 %a | Bo | 43 [1.20| 0.44/0.560 (0.31 [0.61 |0.23 |0.43
T15 |2 % | % | 3.56/1.05| 0.37 0.59|0.26 |0.59 | 0.18 | 0.42
TI16 | 1% | 1% | % | % | 3.09/0.91| 0.23/0.51|0.19 | 0.54 | 0.12 037
T17 | 1% | 136 | % | % | 247073 | 0.15045 |0.14 | 047 |0.08|0.32
T18 | 1% | 1% | %0 | %0 | 194/057 | 0.110.45 0.11 0.44 0.06 | 0.32
T10 | 1% | 1% | % | % | 2.02/0.50 | 0.08 0.37 | 0.10 |0.40 0.05 |0.28
T20 | 1% | 1% | %46 | %0 | 1.50/0.47 | 0.06/0.37 | 0.07 | 0.38 | 0.03 |0.27
T2 |1 %6 | Mo | 1.25/0.37 | 0.03/0.20 |0.05 | 0.32|0.02 | 0.22
m22l1 1 | %!l oseloze 002030 003 020 001021

Ins

31

14

1.1

1.1

0.81
0.80
0.70
0.60
0.50
0.42
0.35
0.29
0.22
0.23
0.18
014
0.10
0.08
0.07
0.05
0.04
0.02
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ELEMENTS OF SECTIONS
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ELEMENTS OF UNEQUAL TEES
Axis 1-1 Axis 2-2
B | x 1 r || 8
Ind| In. | Int| In. | Ins
3 | % |18y /115 337 24 08411 |0.763.9 |1.10(16 |
215 | % | 74e [ 109 |3.18] 1.5 [0.68/0.78/0.63|4.1 [1.14|1.6
815 | %e | 1% [15.7 [4.60| 5.1 |1.05(2.1 [1.11|3.7 [0.90]1.7
3 | % 9.8 (2,88 2.1 [0.84(0.91/0.74/3.0 [1.02/1.3 *
3 | %e | %a | 8.4 |2.468] 1.8 |0.85(0.78/0.71|2.5 [1.01|1.1
215| 8 | % | 0.2 |2:68| 1.2 (0.670.63/0.59({3.0 |1.05 1.3
214 | Mo | %o | 7.8 |2.20| 1.0 [0.68/0.54|0.57 2.5 [1.05]1.1
5 % | 1% | 15.8/4.50(10.8 |1.55/3.1 (1.56{2.8 |0.79|1.4
5 | % |"8 |11.9 [849| 85 |1.56/2.4 [1.51(2.1 |0.78|11
436 | 16 | 16 |14.4 [423] 7.9 |137/25 [1.37(2.8 |0.81 1.4
41| o | s |11.2 |320| 63 [1.39/2.0 |1.31/21 [0.801.1
% | % | 9.2 268 20 0.880.90/0.78/21 |0.89 1.1
3 | %e | %e | 7.8 |220] 1.7 |0.87(0.77|0.75| 1.8 |0.88/0.88
215 | % | % | 85 248 1.2 [0.89/0.62/0.62/21 [0.92/1.0
214 | S | %e | 7.2 |212| 1.0 0.69]0.53 0.60 1.8 |0.91|0.88
2 | % | % | 7.8 |2.27| 0.60[0.52|0.40 0.48/2.1 |0.96 1.1
2 | % %e 67 |1.95| 053 052/0340.46(1.8 0.95|0.88
4 % | % |128 (370 55 |1.21(20 [1.24[19 107211
4 | % % | 98 /288 43 (12315 11914 |0.70|0.81
3 | % | % 108 (317 24 |0.871.1 0.88/19 |0.77 1.1
3 | 3% | % | 85 l248| 19 0.88/0.89/0.83|1.4 |0.75 0.8
|3 |8 | % | 75 [2.20| 1.8 |0.91{0.850.85 1.2 onloes
4 | % | % (117 |344] 52 (12319 13212 |0.50|0. 1
4 | %e | %he |10.5 |3.061 4.7 (123017 [1.20{1.1 059|
4 | % | % 92 268 4.1 (12415 1.27/0.90 0.58 0.60
3%| % | % |108 |317] 35 10615 1.12/12 |0.62 |0.80
315 | %a | %ie | 97 2,83 3.2 |1.06/13 ‘1.10,1.0 0.60 0.69 |
3| 8% | % | 85 248 2.8 |1.07|1.2 |1.070.93|0.61|0.62
2% % | % | 71 [207) 1.1 (0.72/0.60/0.71)0.89)0.66  0.59
215 | B | Ba | 6.1 |[1.77 | 0.94/0.73(0.52)0.68 0.75/0.65 0.50
8 | &% | % | 71 Lzmi 17 |0.910.84 |u.95io.53 0.51|0.42
3 | % | Mae | 61 [177| 1.5 [092(0.72(0.920.440.50(0.35
134 | %o | %o | 2.67/0.84 | 0.08/0.31 10.090.320.29/0.58 | 0.23
Be| % | % i 3.00/0.01 | 016042 0.15 0.42|o.1_a 0.45/0.18
2 | % | %o | 2.45(072| 0.27 0.61/0.19 0.63/0.06|0.92 | 0.08
1% | % | % | 1.25(0.37 | 0.05/0.37(0.050.33/0.04/0.32 0.05
8 | No. 9| 1% | 0.88/0.26! 0.01]0.16/0.01 0.16]0.02/0.31 |0.04
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CARNEGIE STEEL COMPANY

ELEMENTS OF ZEES
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ELEMENTS OF SECTIONS

ELEMENTS OF CROSS TIES

= onepen gy
IR
2
Dep v, | Are Widthof | Thick. Axis 1-1 | Axs22
Bl 0. | B | S | — 7| o W R
Tadex | ion | Yoo | Son | Top [Botien| Wep| T [ * | 8 b Eal B
In, {Lbe. | In2| In. | In, | In. | Iné| In. | In8| In. | In% | In. | In®
M 284} 6.50 | 29.8 |8.76 | 5.0 (10.0 |.438 |59.4 | 2.47 |15.0 |2.56 |30.8 |1.88 | 6.2
M 28 |6.50|27.8 |8.09| 5.0 {10.0 |.313 | 57.5]|2.67 | 14.3 |2.49 |30.8 | 1.95 | 6.2
M 290 |5.50(24.0{7.01| 5.0 | 8.0 |.375|35.4|2.25(11.3|2.38|16.8|1.55| 4.2
M 21 |5.50(20.0(5.71| 4.5 | 8.0 |.250|30.9(2.33 | 9.7|2.33|14.9|1.62| 3.7
M 25 |4.25|14.5 (4.10| 4.0 | 6.0 |.250/13.041.78| 5.5|1.88| 6.1(1.22| 2.0
M 24 |3.000 9.5(2.80] 3.0 | 5.0 |.203 4311.24] 2511.27| 3.111.05| 1.2
Depth Area 3T Axis 2-2
) of | Wt of T
ooter | ton | Foot | i x (I |r |8
In. |Lbe. |In2| In. |In. | In, |Ind¢ | In. | In® | In. | In# | In. | In®
M 27 (2.25]| 9.0 |2.62|-5.5 | 7.0 |.250|1.28|0.70|0.79 |1.62 |16.8 |2.53 | 4.8
M 20{2.00| 6.0 |1.72| 4.5 | 6.0 |.188|0.71|0.64{0.51|1.41| 84(|2.22| 2.8
Mi18|1.50] 4.0 |[1.21| 3.4 | 5.0 |.156]/0.310.50/0.31]1.00| 3.6/1.73| 1.5
Tz
1- %1
ly 1
Depth res [Width| | - Axs1nt [ Ase22
B ] o e |
ecti ness y
-Indeo':n tion 0ot | tion | tion I r |8 x I r 8
In. | Lbe. | In2 | In. ' In. [Int¢ | In |[In3| In | In4 | In | InS
M 26| 139, | 3.20 | 0.97 ‘4'”5&5 r125 0.059{ 0.25 (0.110{ 0.54 | 2.44 | 1.58 | 0.99
M19| 1144 | 251 | 0.74 | 4 141 (0.024{0.18 |0.057| 0,43 | 1.15| 1.25 | 0.58
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CARNEGIE STEEL COMPANY

ELEMENTS OF RAIL AND SPLICE BARS
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*Moment of Inertia and Section Modulus sre given for pair of Splice Bars.
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ELEMENTS OF SECTIONS

RADII OF GYRATION FOR TWO EQUAL ANGLES

Bingle Angle |I Arf:!;s It J.,nunof Gyration, lnchm £ __
Gite, Thick-.| W mght i i _ Axis2-2
ey ness, | Pound, |Inches- Axig 1-1|—5—— e = T
Inches | per Foot | Contact |6 " Apart 36" Apart 15" Apart 34 "Apart
—_— ! | | 11 i M RN, LTI R L
1% | 56.9 | 3346 | 242 | 342 | 351 | 355 | 3.60 | 3.69
8x8 | g | 42.0 | 24.08 || 2.46 | 3.37 | 3.46 | 350 | 3.55 | 3.64
14 | 26.4 (1550 2.50 | 3.33 | 3.41 | 3.45 | 3.50 | 3.50
1| 374 |2200| 1.80 | 250 | 2.68 | 272 | 2.77 | 2.87
6x6 | s | 265 | 1556 | 183 | 254 | 263 | 267 | 271 | 251
% | 149 | 872 | 1588 | 2140 | 258 | 262 | 2.68 | 2.75
1 306 [18.00| 148 | 219 | 228 | 233 | 2.38 | 2.47
5x5 | 1%e | 218 |12.80| 151 | 213 | 222 | 2.26 | 231 | 240
s |123 | 722 158 | 2009 | 217 | 2.21 | 2.26 | 2.35
axa | %o | 199 |12.68| 118 | 175 [ 185 | 1.89 | 1.94 | 2.08
Y 66 | 3.88| 1.25 | 1.66 | 1.76 | 1.79 | 1.84 | 1.93
3iexalg | e | 17.1 |10.06 | 1.02 | 1.55 [ 1.65 | 1.70 | 1.75 | 1.85
% 58 | 338 1.00| 146 | 1,55 | 1.59 | 1.64 | 1.78
3x3 | % |115 | 672] 088 | 1.32 | 141 | 146 | 151 | 1.61
1 49 | 288| 093 | 125 | 1.34 | 138 [ 143 | 1.53
15 77 | 450| 074 | 1.00 | 119 | 1.24 | 1.20 | 1.30
2}6x2}4 i % | 41 || 238 o077 | 105 | 124 179 | 124 | 1:34
= 5 |'/':1 ‘ 5.3 ‘ 312| 059 | 0.88 | 098 | 1.03 | 108 | 1.19
14 3.19 0.61 | 085 | 094 | ove | 104 | 1.14

This table and the two following are employed in computing the safe
resistance to compressive stress of two angles, back to back, used as a strut
or as the compression chord of a roof truss, etc., as follows:

Obtain from the com ession formula in use the allowed stress gﬁ
inch corres%ondlns to ¢ m(.m of slenderness of the seetion, an multipiy
that value by the area. The result will be the allowable compressive stress.

Example 1. Section given. Required the safe load in compression as per
formula f=19000—100 ljr on a strul: composed of two angles 4 x 47 x 14",
back to back, with an uns: {Pporbad length of 9 feet.

. Area of Section, A=3.8 square inches; Least Radius, r=1.25.

Ratio of Slenderness, l/r = 9 x 12+ 1.25=86.4.

Allowed Unit Stress, = 10000—100 x 86.4 = 10360 pounds per square inch.

Safe Load, Af=3.88 x 10360=40200 pounds.

Example 2, Stress given. Required a section for a member in compression
12’ 3" long, made of two angles separated by 4 inch g la.t.as' to resist a
total stress of 35000 pounds; ratio of slenderness not to exceeg

Assume 2 angles, 5" x 3" x 514", long legs, back to back.

Area of Section, A =4.80 square inches; Least Radius, r=1.26 inches.

Ratio of Slenderness, 1/r =12.25 x 12+ 1.26=116.7.

Allowed Unit Stress, = 19000— 100 x 116.7= 7330 pounds per square inch.

Safe Stress, Af=4.80 x 7330= 35200 pounds.

In the first case the least radius is that about axis 1-1; in the second case
about axis 2-2; in all cases the least radius datermines t,he ratio of slenderness

and therewith the allowed safe compressive stress. In all cases also the two
angles are to be secured toj Tget.her by stay rivets so s as to insure that the
section acts as a unit, e ratio of slenderness of any single s.ngla between

rivets must always be less than that of the strut or compression cho
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RADIT OF GYRATION FOR TWO UNEQUAL ANGLES

Long Legs Vertical
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ELEMENTS OF SECTIONS

RADII OF GYRATION FOR TWO UNEQUAL ANGLES

Short Legs Vertical

{2 44.2 | 2600 | 173 | 3.64 | 373 | 878 | 3.88 | 392
8x6 | 838 | 19.88 | 1.76 | 3.60 | 3.60 | 3. 378 | 3.87
e | 202 ‘u.se ‘ 180 | 3.55 | 364 | 3.68 | 373 | 382
1 35.7 | 21.00 ‘ 0.86 4.04 414 | 4190 | 424 | 4
8x3rg | s, | 275 | 1612 | 088 | 390 | 400 | 413 | 418 | 428
Mo | 165 068 | 0v2 | 393 102 | 207 | 412 | 422
1 | 323 | 1900 | 0.89 | 348 | 358 | 363 | 368 | 378
7 x3% Wig | 23.0 I 13.50 092 | 3.42 3.52 | 3.57 362 | 3.72
; i we | 130 | 760 006 | 336 | 346 | 850 | 8.55 | 365
1 306 | 1800 | 100 | 285 | 205 | 299 | 3.04 | 3.14
6x4 | 14, 218 | 1280 1.3 | 270 | 2.8 | 203 | 2:98 | 3.08
i ar | 12.3 ; 7.22 : 1.17 | 274 '| 2.82 | 2:87 | 202 | 8.
| | 289 | 17.00 0.92 292 8.02 | 307 | 312 | B
6x31 | 14, 208 | 1212 0.5 | 2.87 | 2.96 | 3.01 | 3.06 | 3.16
| LT ‘ 9.8 5.74 1.00 2.81 2.90 2.95 3.00 3.00
) 3 | 242 | 1422 114 | 220 | 238 | 243 | 248 | 258
t E | 11.0 1 0.48" 1.20 | 2.20 229 | 234 238 | 248
sxay | % | 227 [ 1334 | 096 | 236 | 245 | 250 | 285 | 265
I 8.7 | 512 103 2.26 235 239 244 | 2.54
s5x3 | e 199 1168 080 | 242 | 252 | 257 | 282 | 272
% | %o | 82 480 .085 | 233 242 | 247 | 252 | 261
owa | ol asfromlog | pig |2 | 20 38 | 28
| s | (7.0 ) 450 §10.87 | =
| 1344 | 185 | 10,86 | 1.01 | 1.81 | 191 | 1.96 | 2.01 | 2.11
axay | g 192 1050 107 | 178 | 181 | 186 | Lot | 200
Al ;zu‘ 17.1 | 1006 | 083 | 188 | 198 | 208 | 208 | 218
* | 5.8 |: 3.38  0.80 1 1.78 *l 1.87 | 192 | 196 | 2.08
3xs | M| 158 | 024 ' 085 161 | 171 ' 176 | 1.81 | 191
) 14 ‘ 5.4 i 3.12 0 091 i 1.52 i 1.61 1.65 1.70 1.80
1 12.5 7.30 0.69 1.66 1.75 1.80 1.86 1.96
suxays | e | 139 | 28 if 074 | 158 | 167 | 171 | 178 | 186 |
axai | %o | 95 556 072 | 137 | 146 | 151 ['156 | 166
% | 4 45 | 2,64 ’ 075 | 131 | 140 | 145 | 1550 | 1.59
7.7 | 450 | 055 | 142 | 152 | 157 | 162 | 1.72
3x 2 ﬁ 41 | 238 | 057 | 138 | 1.47 | 152 | 157 | 1.67
P 33 65 | 400 | 056 | 115 | 125 | 130 | 135.] 146
362 212 | 080 | 111 | 120 | 125 | 1307} 1140




CARNEQGIE STEEL COMPANY

MOMENTS OF INERTIA OF RECTANGLES
In Wiras FROM % T0 3 IncEH anD 1 INcH
Neutral Axis Through Center Normal to Depth

This and the following table may be used in computing the
Moments of Inertia of Plate Girders, Columns and other com-
pound sections in which plates are used; see pages 150 and 151.

g Width, Inches
i :
1 083
2 667
3 2.250
4 5.333
5 10417
6 18.000
7 28.583
8 42,667
9 60.750
10 83.333
11 110.017
12 144,
13 183,
14 228.667
15 281.250
16 341.333
? 409.417
18 486.000
19 571.583
20 666.667
21 771.750
22 B87.333
23 1013.017
24 1152.000
25 1302.083
26 1464.667
27 1640.250
28 1829.333
29 2032.417
30 2250.000
32 2730.667
34 3275.333
36 15. ooqlm 3888.000
38 [1143.167/1428.958 1714.750:2000. 4572.667
42 !Md 920 37513315 2502701.12 06174.000
44 |1774.66712218.33312662, | 7008.667
46 |2027.83312634.7923041.7 f 8111.333
48 000 9216.000
B0 [2004.16732565.208 3006, 7.202 2 L 6510.41710416.667
52 2920.3333001.007 4304, 126.3335 A 6591. 311717.333
54 [3280.5004 100, 6254020.750 740.8756561. s 201. 3122.000
56 3658.6674573.333 5488, 402,60 v 232, 9146.667/14634.667
58 40064.8335081. 042/6097,250/7 1 13.4588129, i 16259.333
60 [4500.000/5625. 000“?50 7875.00 18000.000
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ELEMENTS OF SECTIONS

MOMENTS OF INERTIA OF RECTANGLES
Ixn Wmores or 1 Inca

r

Neutral Axis Through Center Normal to Depth

To obtain the Moment of Inertia of any rectangle, multiply
the tabular value for itsdepth by its width in inches. For deeper
rectangles of tabular thickness, multiply the tabular values for
half their depth by 8; or for one-third their depth by 27, ete.

i8| 1. L. |€ . 1 {8 {5 1,
}g Inr.Lé‘ }i Inl.‘.hnl‘ -§:§ Iw:f:gu‘ ﬁ I i ES Im:'héﬂ §;§ lnrllmlﬁ
D | 000 | 6 | 18.000 12 |144.000 (1S | 456.080 24 [1152.000:30 .000
T4 000 | ¥| 10.140 | 35148.547 496.195] 341170.094] 142278.243
001 20.345 | 14]153.180 | 15 500. 1188.37 i}moa 721
004 21.590 | 3% 157.926 517.012] 951206, 32335 434
010 22.885 | 14 162.760 527. 1225.510{ 152364.385
020 24231 | 5%167.692 i 3% 2308.576
.035 25.629 | %/172.723 | 3| 549.317 j
.056 27.079 177.853 | %! 560.37
1 | 083 |7 | 2858313 |183.083 (19 [571 5.
MR
217 334 199,389 606 14112
281 35,156 205,031 617.900] 14
358 36. 210.779 620.806] 8
147 38.700 | %|216.634 641.078| 3
549 40,698 | %/222.506 | %/ 654,245
2 007 | 8 | 42.667 |14 |228.667 |20 | 066.66726
.800 44,608 | 1¢/234.847 679.245
040 46.703 ;2 241,137 601,54
1.507 1468 260.670 731.141
1.733 55.827 267.421 744.51
1.980 | 58.254 274.277 758.051
3 | 2250 | O | 60.750 |15 |281.250 |21 | 771.750 27 1640.250
HEEE S FEEE
3.204 68,665 ;2 875 813, |
3.573 71.448 310,323 828,108 14
3.970 74.305 317.801 842.727| &%
shis | B | Hamse) Hod 8
849 ; 33.390
4 | 5338 |10 | 83.333 |16 |341.333 |22 | 887.333/28 |1829 33334 laz 5.333
5.840 86,495 349,306 | 14| D02.54. 3.043
AR B B
7.504 2 06.460 | 14/374.344 I 1929.094
8244 | b5 99.955 l1'23:32 016 1954.588
8031 | 3103525 | 3 391618 1980.305
0.6556 | $4107.178 | %|400.452 2006.249
5 | 10.417 |11 |110.917 (17 |409.417 [23 1013.017 29 2032.417 35
1 12030 Eii%‘%ﬁé 5 457 740 2085434
52 12.941 122,652 | $£1437.113 2112.285
13.865 126.740 || 15/446.615 152139.365
14.832 130,918 :2 456.253 % 2166.676
15.843 135.186 466030 | % §5{2194.218
| 16,808 139.547 | %4l475.045 34.004] 962221002 743847.641
6 | 18.000 (12 |144.000 |18 |486.000 |24 [1152.000,30 2250.000/36 B585.000
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HOLLOW ROUND SECTIONS
Areas AND Rapi oF GYRATION
2
Area="020 _ 07854 (D2-d?) sq. in.
21 d3 .
Radius of gyration= —ﬁDji'L in
Dia. % Thlrknmm[nchea
I lis8 =T
Inchies | 3 m|m[%|h|§s|%| %] 1[15& 1% l“s ]'u 153 1% 1% 2
2 [A } ’
A . ! - | T
3 A. | | |
r 1=5 I U A B TR T U |
4 A ﬂ_‘!ﬁ? 5. i |
r 1.29 185/ | |
5 A 3.6, 5.45 7.07 859
r 66| 1. tﬁL
= b eﬁ&
r X mtni g
7 |A mm_ﬁua
r 235 2.0 227
i A | 609 755 898117814
r | 274 272 270 2.8 2
o A5
r 3. 105180
0 b “% 0511134 14.0218.41 nsms
r |3 &4348.41
T &Emmammzm,zqmr 33142
r_| 350 3.7 ﬂmﬂa a 3
12 A 023114713, mumasmm_'s
r | 416 418 411 4,07 £03 3.09 39
T mm@“ 14.57/10,63 24,50 28,86, 33,33
Vbl 4.51442441,: 4243
e | A[i0S00E moszwmmss ,...
= =
15 [
r |5
18 AN
r
A
¥ Pt
18 -‘:—
o X umssm amn&mm m
r eesi 6,61 6.50 ml naasgj
T msmas;m:qmmumq 50.0806.71 73,
r | 698 696 6.04 6.90 6.5/ 6.81 6.7 6,73 G 652 648 644 640
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ELEMENTS OF SECTIONS

HOLLOW SQUARE SECTIONS
AREAS AND Rapir oF GyRATION
-y Area == D?—d? &q. in.
] dD D2+ a2
* -+ | Radius of gymt:on——av—%——m
Side 'E Thickness, t, Inches
D, T
Inches é %l'ﬁu 5 |16 | o | % | %4 1[155 1) 136 | 138 | 156 | 154 | m’ 2
2 | A LD |
r | |
3 A o 4.3
3 +1in
A 3
4 r o
5 A48 6
> Iy 1.?7:11.
s | & WG AT
r | 235 23
A
" [rizWan
Al
S I X T
0 | A SHaE
r | 35 8. 3.
AW 003,
10 | |88 a0 398 ase 854
5t ;\ 10, 021
A (1L 7 B -
12 as0 o 4 40 4 i
13 | A [ET BB 005
r_| 62| 518 5.0 5.11] 5. i 484,
1 | A B TINAZ03H 94/03.75|_00. ] ;
r_| 561 550 5. 5.47] b. 3
15 AP . BN 8.7 7. -
r | 602 6005 5.87) 5.53 5 555 546 541 537
o A 44/15.75,52.01 60,00 66.94 72.79| 80.44| 57.00 3.44] 09.75105.04112.00
r_ | 643 641 6. oﬁ%__ucu . wl&qmﬂuq%gm
7 | A 10.0418.79/50.4 m:. 78.75| 85.04) 93,00 99.04/100.75/113.44120.00
r l;ﬂl..ﬁ 674 6.00 -
s || 154 Lm m a ﬁnw‘:m—ﬂumm
r?':??.go!g{ aq i 6.81
0 | A BRBRTHTOEHAT uawmu,aa - B4/120.75
r_| 7.68 7.63_7.61 756 75 41[1.&{__ 726 _7.2%
%% A (19.7524.61 a?%« 9& 10244
r | 8.06f 8.04/ 8.01] 7.96 7.01) 7.57] 7. :mi: 767 7.8
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STRESSES IN BEAMS

In the application of the principles of structural mechanies to
determine what sections should be used safely to sustain super-
imposed loads under specified conditions of loading, it is necessary
to ascertain, first, the effects produced on the structure by the loads
under those conditions; second, to decide what unit strength the
material, the use of which is contemplated, has to resist the stresses
produced within the strueture by the loading; and, third, to select
a section whose section modulus is equivalent to the ratio found to
exist between the stresses tending to cause deformation within
the structure and the unit strength of the material to resist them.

Reactions. In the simple case of a beam supported at both ends,
each support reacts with an upward pressure called the reaction
of the support. The sum of these two reactions is equal to the total
load on the beam.

Shear. The loads and the reactions of the supports are vertical
forces tending to shear or cut the beam across and the stresses
they produce within the beam are, therefore, called shearing
stresses, The shear at each support is equal to the reaction of
the support; the shear at any point between the supports is equal
to the reaction of a support less the total load between that
support and the point; or, if the reaction acting upward is
considered as positive and the loads, acting downwards, as
negative, the shear at any point is the algebraic sum of the
vertical forces acting on the beam between that point and either
support.

If such a simple beam supported at both ends carries a load
uniformly distributed over its entire length, the reaction and the
shear at each support is equal to one-half the total load on the
beam, but the ghear decreases uniformly to zero at the center of
the gpan; if the load is concentrated at the center of the span, the
reaction and the shear at each support are also equal to one-half
the total load, but the shear is uniform throughout the entire
length of the beam.

Bending Moment. The loads on the beam and the reactions of the
supports constitute external forces which produce bending stress in
the beam. The summation of the moments of the external forces
about any point is called the bending moment and varies from
point to point. It attains a maximum value at a point where the
shear is either zero.or changes from positive to negative or vice
versa. If the loads are concentrated at several points, the maxi-
mum bending moment always oceurs at the point of application of
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FLEXURE FORMULAS

one of the loads so located that the sum of all the loads on the beam
between one support up to and including that load is equal to or
greater than the reaction of the support. «

Vertical Deflection. Bending stress within a beam produces flexure,
and the deflection, or the amount of its departure from a straight
line, is the measure of the deformation which the beam has under-
gone in its resistance to bending stress. So long as the stress is
within the safe limits allowed for the material, the deflection is
negligible so far as concerns the beam itself; it may, however, be
of sufficient magnitude to cause the disruption of other materials
in contact with or supported by the beam but of less strength, such
as plaster. In such cases the limit of allowable deflection may
determine or at least influence the choice of a section.

Lateral Deflection. The sfresses within a beam under transverse
loading are compressive on one side of the neutral axis and tensile
on the other. The tensile stresses tend to hold the beam in a
straight line between the supports, while the compressive stresses
tend to deflect it in a lateral direction, just as the bending stresses
as a whole tend to deflect it in a vertical plane. On long spans
unsupported against sidewise deflection, this consideration may
influence the choice of sections.

Method of Computation. A complete investigation of the strength of
beams under transverse loading must take into account all the
elements, the bending moment, the vertical deflection, the lateral
deflection and the shearing stress; though under the usual loading

_conditions the first alone determines the size and weight of section.

In the calculation of bending stresses, the loads are usually
expressed in pounds, the span length and the distance between the
loads in feet; the resulting bending moments are in terms of foot
pounds, which necessitates conversion to inch pounds before the
section can be selected from the tables. The section modulus of
the required section is obtained by dividing the maximum bending
moment in inch pounds by the allowed fiber stress in pounds per
square inch. In such ealeulations it is assumed that the neutral
axis of the section is normal to the line of action of the load. When
this is not the case, correction must be made for the eccentricity
of the loading,.

In the pages which immediately follow are given general formulas
for the bending moments and vertical deflections of beams under
the usual conditions of loading, and also diagrams illustrative of
those conditions. The general method for the computation of the
maximum bending moment of a beam supported at its ends and
loaded at various points is as follows:—
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First. Find the reaction at the left (right) support by multi-
plying each load by its distance from the right (left) support and
dividing the sum of these products by the length of the span.

Second. Starting from the left (right) end of the beam, add the
successive loads until a point is reached where the sum of the loads
equals or exceeds the reaction of the left (right) support; the point
of maximum bending moment is located at this point.

Third. Multiply the reaction at the left (right) support by its
distance from the point of maximum bending moment and subtract
the sum of the products of all loads to the left (right) of this point
by the corresponding distance from this point; the difference
between these moments is then the maximum bending moment.

. ot o H‘ 0% Example: Required the size of a
by = - steel beam to support the following
quiescent loads over a clear span of 16
feet between supports, at a maximum
fiber stress not to exceed 16000 pounds

per square inch.

W3 =16000 pounds, 4 feet from left support.

Wy= 18000 . [+ ML L L I

Wa= 2000 & per foot, uniform up to 4 feet from right support.

Wi= ‘00 b “ ¢ agsumed welght of beam uniformly distributed
over entire span.

Left Reaction, 16000 x 12 <+ (60 x 16)8 -}-llsm.'(?-i-(m:l):!_nlmlu.

Right Reaction, 16000 x 4 - (60 x 16) 8 + ::uoo:u (2000 x 4) x 14_21805"”_

Sum of reactions=—sum of loads=W, + W, + W, + W, =42060 lbs.

Points of maximum moment (60 x 4) + 16000 = 16240 < 213556

(60 x 9) + 16000 + 18000 == 34540 > 21355
therefore the point of maximum bending moment is at point of load Wy,
Maximum bending moment, 21355 x 0-16000x5-(60x9)x4.5 =100765 L. lbs,
or, 216052 7-(2000x4)x5-(60x7)x3.5 =100765 ft. Ibs,
Required section modulus =109766X 12 1541180 _ g5 4
As the section modulus of the 15 inch 65 pound or the 18 inch 54.7 pound
beam is greater than this, either of these sections may be used. 1If it is decided
that the 18 inch 48.2 pound supplementary beam is strong enough for the
purpose, the actual fiber stress on that section would be 217150 16082
pounds per square inch. If the allowed flber stress were 12500 pounds per
square inch, the required section modulus would be 1057085 12_13,0250
105.38 and the permissible minimum sections would be 20 inch 65.4 pound, 21
inch 60.4 pound beams, etc.
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NOTATION USED IN FORMULAS

=Area of section, in square inches.
=Distance from center line of gravity toextreme fiber,in inches.
=Moment of inertia about center line of gravity, in inches®.
Ms=Static moment, in inches3.
S =Section modulus=1I/n, in inches®.

=Radius of gyration=yI/A, in inches.
f =Bending stress in extreme fiber, in pounds per square inch.
fb =Resistance of web, in pounds per square inch.
=Modulus of elasticity, in pounds per square inch.
=Length of section, in feet.
=Length of section, in inches.
=Depth of section, in inches.
=Width of section, in inches.
=Thickness of section, in inches.
W W1, Wae=Superimposed loads supported by beam, in pounds.
=Superimposed load, in pounds per unit length or area.

"c'n-'-rm

W max  =Maximum safe load at point given, in pounds.

R, R1 =Reactions at points of support, in pounds.

A4 =Vertical shear, in pounds.

M, M;, M:=Bending moments at points given, in inch pounds.

M max  =Maximum bending moment, in inch pounds.

Mr = Maximum resisting moment, in inch pounds={1/n=f{ 5.
D, Dy =Deflections at points given, in inches.

D max =Maximum deflection at point given, in inches,
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COMPARISON OF VARIOUS LOADING CONDITIONS

~ The formulas and diagrams on pages 185 to 188 give the various
stresses in sections used as beams, resulting from usual conditions
of loading.

Taking as a unit of comparison a uniformly distributed safe load
on beams of equal length and section, supported at the extreme
ends, the following table gives the relative maximum safe loads
or bending moments and deflections.

As a check on the accuracy of a computation, the safe load
obtained from the formula for any condition of loading may be
multiplied by the reciprocal given in the table corresponding to
such loading condition ; the result should be the maximum allowable
uniform load as taken from beam safe load tables.

Maximum Safe ] Maximum
Load | Deflection

Conditions of Losding %? 5
Relative | Reciprocal | Relative
Beam SvprorTep AT ENDs | l
Load uniformly distributed over span [ X E 1 ' 1
Load concentrated at center of span Ii W] g o, e gienl use
Twoequal loads symmetrically concentrated VII | 1/4a | 4a/l |
Load inereasing uniformly to one end \ X | 9743 | 1.0264 l 076
Load increasing uniformly to center x| % | wm | e
Load decreasing uniformly to center XX | % | % 1.08
Bram Prxep ot Oxe Exp, CANTILEVER [
Load uniformly distributed over span | I | % 4 | 240
Load concentrated at end I I ¥ 8 [ 3.20
Load increasing uniformly to fixed end | oI | s 234 1.92
Bram Conrinvouvs over Two Surront l I ‘ J
EquipisTaxt rrom Exps T |
Load uniformly distributed over span XVI1
1. If distance a >0.2071 | [ 12/402 | 4a2/10
2. Ifdistance a <0.2071 | _ .l_}“ _':*l“,
3. If distance a =0.2071 1 | 5.8285 | LA716
Two equal loads concentrated at ends | XV | 1 /4a 4/l |
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BEAMS UNDER VARIOUS LOADING CONDITIONS
BenpinG MoMENTS AND DEFLECTIONS

1. CANTILEVER BEAM—Concentrated load at free end

i Ry (max. shear) =W
M max.
M, distance x = Wx

Mmax, at R, = Wl
W max =—'1S-
D max. = ;ﬂs

1L CANTILEVER BEAM—Uniformly distributed load

H R; (max. shear) = W
‘E”‘“' M, distance x ==
: ) M max. at Ry ﬂ'!;}'-
W max. - —21@
— -5

HL.  CANTILEVER BEAM—Load increasing uniformly to fixed end
T R, (max. shear) = W

318
=3

Wiz
= 15E1

1IV. BEAM SUPPORTED AT ENDS—Concentrated load near one end

------ i R(max, shear if b>a) = ..!.‘P’.
'max.
— .L R;(mshwﬂn;b):fi‘_

M, distance x - %m—-
M max., at pointof load= lvl&
- 1a
W max, =5
Wab (a+2b) ¥3a (a+2b)
D max. =
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BEAMS UNDER VARIOUS LOADING CONDITIONS
Bexping MomeNTs AND DEeFLECTIONS

V. BEAM SUPPORTED AT ENDS—Concentrated load at center

ﬂ[”jw u‘m,R(mu. shear) =R, :%
{ ? ,--1 M, distance x =%
' M max., at point of load =-—-

W max. ==£1£

VL. BEAM SUPPORTED AT ENDS—Two unsymmetrical concentrated loads
R (max. shear if a<b) =—§T{l—a+h)
R, =3 (+a-b)
M, distance & =Ra="J1l-a+b)
M, max:, distance b {b)n}:R;b:u‘;lll(l-fa-b]
My, distance x = Rx—-‘g-(x-aj
W max. (b>8) =

Vil. BEAM SUPPORTED AT ENDS—Two symmetrical concentrated loads
e R

ﬁ\mm R(max. shear) =R;  =-3-
. ] . M, distance x '—-——%—‘-
‘--_--.: ¥ 1. A w
-'__.g M max nla‘nd T
Ry W max. =$
D =-WE_ (412 a3)
] =T12EI

R .. Wh+W|h;+W.I3

_ Wa+Win+Waag
= SRl e

Ry
MatW = Ra.
M max. if W =or>R
Mat Wy = Ra;-Wia;—a)
M max. if Wy+W =Ror>R
M max. if Wi+W: =Ryor>R,
Mat Wa == Rag-W (az-a)-W1(ag-a1)
M max. it W =Rior> Ry
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BEAMS UNDER VARIOUS LOADING CONDITIONS

Benpine MomunTs ANDp DEFLECTIONS

R(max. shear)=R,; = 1}
M, distance x ﬂ—‘-;i{l--f—)
M max. at center . = Jg‘—

" x
R;(max. shear) -—2-;1
M, distance x =-2§—x—(1—-§-)
i
M max., distance -l-'-;‘—=—2—m==
9 N3
ge 2718
W max. 21 V3
013044 Wi
D max. =—wr

X1. BEAM SUPPORTED AT ENDS-—Load decreasing uniformly to center

o ..{  R(max. shear)=R -
M inax. t AL

i M, distance x = Wx(}i-jx--f%]x;-)
M max., distance 5 = g
W max. = .l—zig
3Wls
B ARAXs = B20ET

XII. BEAM SUPPORTED AT ENDS—Load increasing uniformly to center

. R(max. shear)=R; ='-‘g-
I M, distanco x = Wx(4-31)

M max., distance -IQ- =—‘-§-1-—
" __ 618
A

W max.

b -
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BEAMS UNDER VARIOUS LOADING CONDITIONS
Bexpmwa MomesnTs ANp Deruections—Concluded
XIIL BEAM SUPPORTED AT ENDS—Uniform load partially distributed

, R (max. shwﬂu<c)=ELzﬁﬂL
| Wi(2a+b)
]TN"““ ” -
-

M, dist. x=aor<a, =Rx

ra+{iho M, dist.x>a, =Ry- 8

ool dgiond Ms, dist. x>(a+b), =Ry-—2X20-D)
PNl AR Mumax.,dist.o+ B2 = WEeHDdalibe ) .

i . sI3fS
b ] =TZcth) i)

XIV. BEAM SUPPORTED AT ENDS—Uniform load partially discontinuous
R(max. shear it W>W,;) = W (2l-a)+W,c

Ry = Wil2l-c)+Wa

M, distance x <a, =-Rx-—w§£
M, distante x >a, S TRLAL -
2Wal-Wa2+Wiea
M max. dist.x s
¥ & Wa>We
| i R2a
L S W max. -
XV. BEAM CONTINUOUS om TWO SUPPORTS—Two exterior lrnmlriel! loads
‘ ‘[. R(max. shear)=R; '=T'
M max. Wx
M, distance x =—3—
M max.. from Rto R, "Tw.
W max. 28

D, distance a = "I!SEIE_IM
‘g‘[ Dy, disunm-é-—u E’ﬁ%’-"-’

XVI. BEAM CONTINUOUS OVER TWO SUPPOBTB—UII!H'-J’ il.tl:rihlltnd load

A S 1
_i‘(s B = BRs =-—2-—'m M—l— or T (‘2-‘"3)

:;Fl M, distance x =w______!l__{l‘-'-‘+ll) o, ih=v3l i‘\F.L‘_H']

.5%_\,-*:;'. T MistRandRy=-tet max. if 8 > 1(Y345-39)
. Maat mmﬂ_ﬂg'iﬂ max.if a <I1(Y}5-34)

Wimax,  =-aS. e 439

Ws max.  =-Pot  maxifa <IN}
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BEAM SAFE LOADS

SAFE LOADS FOR SECTIONS USED AS BEAMS
EXPLANATION OF TABLES

The tables of safe loads for structural and supplementary beams,
H-beams, cross tie sections and channels, used as beams under
conditions of transverse loading, give the uniformly distributed
safe loads in thousands of pounds for spans customary in bridge
and building construction based upon an extreme fiber stress of
16,000 pounds per square inch. The tables of safe loads for angles,
tees and zees give the values at the same fiber stress on spans of one
foot from which the safe load for any span length may be obtained
by direct division and also the values for those spans at which the

allowed safe load will produce a deflection of Yaeo of the span length.

The loads in all cases include the weight of the section, which should
be deducted in 8rder to arrive at the net load which the section will
support.

In addition to these usual tables of safe loads, there follow, on
the same basis, tables of the allowable uniform load in pounds per
foot on beams and channels for various span lengths, which may be
used in proportioning the floor systems of buildings. The choice
between various weights and depths of sections for any given span
or any uniform load per running foot may be made on inspection.

Jt is assumed in all cases that the loads are applied normal fo
the axix 1-1 as shown in the tables of elements of sections, and that
the beam deflects vertically in the plane of bending only. If the
conditions of loading involve the introduction of forces outside this
plane of loading, the allowable safe loads must be determined from
the general theory of flexure in accordance with the mode of appli-
cation of the load and its character. This applies particularly to
unsymmetrical sections, such as zee bars and angles, which should
be used only under those conditions of loading where the section
can deflect vertically only, being rigidly secured against lateral
deflection or twisting throughout the entire span. In all such
cases of eccentric loading, the actual safe loads would be considerably
lower than the tabulated safe loads which have been based upon
the most favorable conditions of loading,

Vertical Deflection of Beams. In the case of beams intended to carry
plastered ceilings, experience indicates that the vertical deflection
to avoid cracking the plaster should be limited to not more ‘than
Vieo of the span length. This span limit for steel beams is approxi-
mately in feet twice the depth in inches and is indiecated in the
tables by the lower zigzag line. Beams intended for such purposes
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should not be used for greater spans unless the allowable tabular
safe loads exceeds the actual load to be supported. As the dead
load of the floor is supported by the beams before the plaster is
applied, only the deflection due to the live load really needs to be
considered.

The coefficients given below may be used to obtain the deflection,
in inches, of sections subjected to transverse stresses due to uniformly
distributed loads at various fiber stresses and are based upon the
following formulas, using the notation given on page 183,

Deftection, D— 7ggy, when WIS or D=rig =" X §

2
For symmetrical sections, n..-=%. Dz%l‘—xéza-ég«%

CoerricieNTs oF DerLEcTiON UNiForMLY DisTrResuTEDp LoADS

33‘“ 1I*’ibte5trms. Pounds per Square Im:hf‘ Fibre Stress, Pounds per Square Inch

eet' T TR M-S0 = [P T ?m NV — P T

: 16000 | 14000 | 12500 H 16000 | 14000 | 12500
1 0.017 | 0014 | 0.013 26 11189 | 9.790  8.741
2 0.066 0.058 | 0.052 27 12.066 | 10.558  9.427
3 0.149 | 0130 | 0.116 28 12.977 | 11.354 | 10.138
4 0.265 | o.gngg | o.zg 20 13.920 | 12.180 | 10.875
5 0.414 0. 0.3 30 14.807 | 13.034 | 11.638
6 | 0598 | 0521 | 0466 | 31 15006 | 13.018 | 12.427
7 | 0.811 0.7;’2 | 0684 | 32 16.949 | 14.830 | 13.241
8 1.050 | 0927 | 0.828 33 18.025 | 15.772 | 14.082
9 1341 | 1173 | 1.047 | 3¢ | 19134 | 16742 | 14948
10 1655 | 1.448 | 1.203 35 | 20276 | 17.741 | 15.841
11| 2008 1752 | 1565 | 36 | 21451 | 18770 | 16.759
12 | 2383 | 2086 | 1862 | 87 22.659 | 19.827 | 17.703
13 | 2797 | 2448 | 2385 | 38 23.901 | 20013 | 18.672
14 | 3244 | 2830 | 2534 | 39 25.175 | 22.028 | 19.668
15 | 3724 | 325 | 2900 | 40 26483 | 23172 | 20690
16 4237 | 3.708 | 3310 i| 41 27.823 | 24.346 | 21.737
17 | 4783 | 4.186 | 3.737 | 42 | 20197 | 25.548 | 22.810
18 | 5363 | 4692 4100 | 43 30.604 | 26.779 | 23.909
19 5975 | 5228 | 4.668 | 44 | 32.044 | 28030 | 25.034
20 | 6621 | 5793 5172 | 45 | 33517 | 20.328 ‘ 26,185
21 | 7200 | 6.387 | 5708 | 46 | 35.023 | 30.646 | 27.362
22 8.011 | 7.010 | 6.259 47 36,562 | 31.992 | 28.565
23 8756 | 7.661 & 6.841 | 48 38.135 | 33.368 | 20.793
24 9.534 = 8342 | 7.448 49 39.741 | 34.773 | 31.047
25 10,345 ! 9.062 | 8082 | 50 41379 | 36.207 | 32.328

To find the deflection in inches of a section symmetrical about
the neutral axis, such as beams, channels, zees, ete., divide the
coefficient in the table corresponding to given span and fiber stress
by the depth of the section in inches.
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.~ To find the deflection in inches of a section not symmetrieal
about the neutral axis, such as angles, tees, ete., divide the coeffi-
cient corresponding to given span and fiber stress by twice the
‘distance of extreme fiber from neutral axis obtained from table of
elements of sections, pages 152 to 172, inclusive.

To find the deflection in inches of a section for any other fiber

 gtress than those given, multiply this fiber stress by any of the

coefficients in the table for the given span and divide by the fiber
stress corresponding to the coefficient used.

| Lateral Deflection of Beams. The tabular safe loads are based on the
assumption that the compression flanges of the various sections are
secured against lateral deflection by the use of tie rods or by other

“means at proper intervals. According to the Construction Specifi-
cations, page 138, the lateral unbraced length of beams and
girders should not exceed forty times the width of the compression
flanges. When the unbraced length exceeds ten times the
width, the tabular safe loads should be reduced in accordance with

| the ratios given in the following table in order to insure that the
stresses in the compression flanges should not exceed the allowed

safe unit stress:—

e . P T e . — £ =T

3 |mmm | Allowsbie Sefe Losd | : ‘-'"'ds'm 'I Allowable Safe Load

5 x flange widt.h F‘ull tahulm' loasd [ 25 x flange wll:lt.h 71. 9% mbuiar load
10 x e " [3ux s " 162.5% “
15 x 0 0067 Iiabl.ll&l‘ load | 35 x o “ | 53.1% i “
20 x w " 81 297 " 40! s ' '43.8% “ “

In addition to this lateral deﬂectlon which is induced within
the beam by the action of pure bending stresses, lateral deflection
may be induced by the thrust of floor arches or other loading acting
on an axis perpendicular to the line of principal bending stress.
The thrust of these arches should either be neutralized by tie rods,
or the safe carrying capacity of the beam should be computed in
accordance with the general formulas of flexure to provide for the
combined stresses due to the action of both vertical and horizontal
forces; that is to say, the safe loads should be figured around both
the axes 1-1 and 2-2, and the unit stress computed so as not to
exceed 16,000 pounds per square inch.

Effect of Impact on Stresses. 'T'he formulasupon which the tables of safe
loads are based assume all loads to be quiescent or static. The effect
of moving loads may be taken care of either by reducing the allowable
unit stresses, or else by increasing the theoretical loads. See
Construction Specifications, page 136, paragraph 2.
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When the load is suddenly applied, the resultant stresses are greater
than those due to an equal static load. When the load is instan-
taneously applied, the resultant stresses are double.

When gn instantaneously applied load produces impact or percus-
sion, the resultant stresses are dynamic and are measured by the laws
governing the energy of bodies in motion. The following empirical
formulas may be used to ascertain the approximate fiber stress and
deflection due to a load falling on the center of a beam supported at
both ends, when no account is taken of the distortion due to the
impact or percussion at the point of application of the load:—Let

W =Weight of load, in pounds.

Wi=Weight of beam, in pounds.

h =Height of fall, in inches.

f =Extreme fiber stress due to static load, W+Wi, in pounds per

square inch.

fa =Extreme fiber stress due to dynamic load, W, in pounds per

square inch.

D =Deflection due to static load, W+4W, in inches,

Da =Deflection due to dynamic load, W, in inches.

35 W

m =W F 17 W1’ Then
fa =1-(1+\J%%h+1) and Da=D+ \2mhD + D?

Shearing Stresses. The safe load tables for beams and channels are
computed solely with reference to safe unit stresses due to flexure,
and the safe loads uniformly distributed on the spans given will not
produce average shearing stresses in the web greater than the
10,000 pounds per square inch allowed by the Construction Specifi-
cations. When, however, beams are loaded with heavy loads
concentrated near the supports, or when beams of short span are
. loaded with uniformly distributed loads to their full carrying
r capacity as regards flexure, the bending moments may be small in
comparison with the reactions at the supports, and the beams may
fail along the neutral plane as a result of longitudinal shearing
stresses, or may buckle as a result of the combined longitudinal
and vertical web stresses. On such spans the safe shearing or
buckling strength of the web may limit the carrying capacity of
the beam rather than the resistance of the flanges to bending
stresses.

Longitudinal Shear. At any point in any section of a beam, the
horizontal and vertical components of the web stress are equal to each

other and proportional to the vertical shear; their intensities are
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dependent upon the distance of the point from the neutral axis. In
order to determine the intensity of the vertical shearing stress at
a given point in a vertical section of the beam, therefore, it is
aufficient to find the equal intensity of the horizontal shearing
stress at the same point in the horizontal plane.

The longitudinal unit shear is zero at the upper and lower flanges
of the beam and a maximum at the neutral plane. It is greatest
at the supports and zero where there is no vertical shear.

The intensity of the longitudinal shear at any point in any section
iz the product of the vertical shear, V, for that section and the
statical moment, Ms of the section included between the horizontal
plane of shear through that point and the extreme fibers on the same
side of the neutral plane divided by the product of the moment of
inertia of the beam around the proper axis and the thickness at the

plane of shear; or

Longitudinal shear per square inch=vT1~\II§.

Example—Required the maximum longitudinal
shear per square inch in a 24" 79.9 1b. beam loaded
with two symmetrical loads of 100,000 pounds
each, disregarding, the weight of the beam.

Mg of Flange Rectangle—7x.60x11.7 = 49.14
M5 of Flange Triangles—3.25x.542x11.219— 19.76
Mgof Web =11.40x.50x5.70 = 32.49
Total Static Moment 101.39

Moment of Inertia of Beam [=2087.2

Longitudinal bhear%

=0715 pounds per square inch.

Under usual conditions of loading, the vertical shear need not be
taken into consideration.

Buckling Values of Beam Webs. The vertical shearing stresses or the
vertical con¥pressive components of the web stress may under some
conditions exceed the safe resistance of the beam to buckling, and
there remains the possibility that a web or web plate which is amply
secure as against the safe allowed shear of 10,000 pounds per square
inch will not be of sufficient strength when considered as a column.
In such cases provision must be made for gecurity against buckling
either in the way of stiffeners or by increasing the thickness of the
web or web plate. -

A series of experiments have been carried out on beams of various
depths and web thicknesses to arrive at a basis for a simpler method
of computation to use in the investigation of the safe buckling
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resistance of beams with unsupported webs, and from these experi-
ments the following formulas have been deduced:

i Safe end reaction R= fbxt (a -]—%J
l ; Safe interior load W=21{bx t (al +%)
T
La; '

In these formulas R is the end reaction, W the concentrated load,
+| t the web thickness, d the depth of the beam, a! half the distance
over which the concentrated load is applied and a the whole
distance over which the end reaction is applied, while fp is the safe

resistance of the web to buckling in pounds per square inch by the
formula 19000—100 d/2r (d/2=l in column formula).

The first formula is general and applies to any condition of
loading. The second formula covers the case of a single load
concentrated at the center of a span; it can be extended to cover a
system of concentrated loads provided the sum of the distances al is
not less than a.

The tables which immediately follow give for beams and channels
with unsupported webs:

1. Allowed web resistance fb, in pounds per square inch com-
puted from this compression formula.

2. The distance a, or the distance over which the end reaction
must be distributed when the shearing stress, V, in the web is the
maximum allowable of 10,000 pounds per square inch.

3. The allowable end reaction (R) when a is taken at 315"
which is the usual length of beam actually resting on the 4’ angles
ordinarily used in building construction for beam seats.

4. The allowable shear V, on the gross area of beafi or channel
webs at 10,000 pounds per square inch.

In addition to these data which have to do with the maximum
loads on beams and channels as computed from the web resistance,
these tables also give the maximum bending moments in foot
pounds, obtained by the multiplication of the section modulus of
each section by the allowed fiber stress of 16,000 pounds and the
division of the product by 12 in order to reduce to a foot pound
basis. These maximum bending moments may be used on inspec-
tion instead of the table of properties to ascertain the proper size
section to be used in any particular instance.
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Examrres oF THE Use or Beam SAre Loap TaBrLes

Example 1. Direct Bending. Required the proper size of a beam laterally
braced to support a superimposed or net load of 30,000 pounds uniformly
distributed over a clear span of 20 feet.

From the table of safe loads, page 201, it is found that a 15 inch 42.9 pound
beam will support a gross load of 31,400 pounds. The weight of a beam 20
feet long is 858 pounds. The net safe load is, therefore, 31,400 —858=230,542
pounds. A 15 inch42.9 pound beam will, therefore, carry the net load specified.

Example 2. Shear. Required the maximum load which a 20 inch 85
pound beam can support without exceeding the safe web resistance of the |
section.

From the table, page 200, the maximum load for this section given in small
figures above the upper zigzag line is found to be 265,200 pounds.

Example 3. Vertical Deflection. Required the proper size and the
deflection of a channel supporting a net load of 10,000 pounds concentrated in
the middle of a 14-foot span, assuming that the channel is braced against
lateral deflection.

The specified load is equivalent on the given span to a uniformly distributed
load of 2 x 10,000=20,000 pounds.

In the table, page 209, it is found that a 12 inch 30 pound channel will
support a gross load of 20,500 pounds or a net load of 20,5600 —14 x 30=20,080
pounds. The net safe load concentrated at the middle of the span will be
one-half this or 10,040 pounds.

The deflection produced by a uniformly distributed load of 20,500 pounds
is found from the coefficient given in the same table and page 190 to
ve 3:24_.270”. The deflection for the specified load concentrated in the

middle of the span is approximately t_}ﬂtl%ﬁ =0.216".

See page 184.
Example 4. Vertical Deflection. Required the deflection of a riveted

girder 37 inches deep for a span of 35 feet and a fiber stress of 14,000 pounds per
square inch.
17.741 _

Required deflection, see table, page 190, =rigy—— 0.479".

Example 5. Vertical Deflection. Required the deflection of an angle
6 x 4 x 744"’ about an axis parallel to the short leg for a span of 14 feet and a
fiber stress of 16,000 pounds.

Required deflection, see table, pages 190 and 191, 18 5 1-og; = 0401

Example 6. Vertical Deflection. Required the deflection of a 10 inch
beam for a span of 18 feet with a fiber stress of 11,000 pounds.
Required deflection, see table, pages 190 and 191,= %—a%%é-i%ﬁ—s =0.369"".

Example 7. Lateral Deflection. Required the safe load on a 12 inch 31.8
pound beam for a span of 16 feet without any lateral support or bracing.

Tabular load, page 202,=24,000 pounds.

h of span __16 x12
Rati Ange widths - 5 =38.4

Reduced safe load, page 191, 24,000 x0.468=11,232 pounds.
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BEAMS
Maxmvoum Bexping Momexts axp Wes Resisrance
Mmax | % fenl e haidee T it el
e _.,g“’“' Weight | T ‘nt Web Buckling ';f.",";;‘ - Rf.:"d
Lon
Moment | Beam ;o.u‘l Web Shear Resistance | Bearing| a=3l4""
Foot |, . Pounds
Pt [Tk | P | Db | Rk | R [Tt | Pom
202130 I 27 90.0 524 | 141480 | 10080 | 200 | 54140
325300 | 115.0 ! 737 | 1s0000 | 13460 Fu.s 95850
320390 1100 | 675 | 165120 1' 12060 | 125 | 84690
312300 10590 | 625 | 150000 | 12350 | 13.4 | 78320
264400 1000 | 747 150960 | 13490 | 118 | 96620
256560 | 24 950 | 686 | 166320 & 13000 | 125 | 85610
248710 90.0 | 624 | 151440 | 12410 | 133 | 74410
240870 850 | .563 | 136800 11710 | 14.5 63410
231920 709 | 500 | 120000 | 10690 | 165 | 50780
216670 74.2 AT6 | 114240 | 10260 | 17.4 | 46400
|
156030 | 21 60.4 | A28 | 50880 | 10500 | 14.8 | 39320
220750 1000 | .873 l 176800 I 15080 8.3 | 113320
214210 950 | 800 | 162000 ‘ 14720 86 | 101370
207680 90.0 726 | 147400 | 14300 9.0 | 80500
201140 | o 85.0 653 | 132600 | 13780 9.5 | 77630
195510 81.4 600 | 120000 13230 | 10.1 | 67160
169170 75.0 641 | 120800 | 13660 | 9.6 | 75380
162640 70.0 S67 | 115000 | 12080 | 10.4 | 63420
155930 654 | .500 | 100000 ; 12080 | 116 | 51320
186720 90.0 ’ 796 | 145260 | 15140 | 7.4 | e77a0
180840 85.0 | 714 | 130500 | 14700 7.7 | 85260
174960 800 | 632 | 115920 | 14160 82 | 72040
169080 75.6 560 | 101160 | 13450 89 | 60480
136480 | 18 700 | 711 | 120420 | 14670 7.8 | 54350
130590 650 | 620 | 114660 ‘ 14110 | 83| 71800
124710 60.0 547 99900 | 13380 9.0 | 59420
117860 55.0 A60 82800 ‘ 12220 | 10.2 | 44980
109200 | 482 | 380 | 68400 | 10800 | 122 | 32830
122800 | 780 .868 : 132300 | 16050 56 | 102660
117980 700 | 770 | 117600 | 15690 5.8 | 89160
113080 66.0 672 | 102000 | 15210 6.1 | 75650
108270 60.8 500 | 88500 | 14600 6.5 | 62440
90850 | 15 55.0 648 098400 | 15040 6.2 | 71530
85940 50.0 550 83700 | 14340 6.7 | 58020
81040 45.0 452 69000 | 13350 75 | 44520
78530 42,9 A10 61500 | 12670 81 | 37660
72130 87.8 332 49800 | 11180 | 9.7 | 26910
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BEAMS
Maxmvom Benping MoMmeENTs AND WEB RESISTANCES
Moax | d | ol | I fly a | R
Maximum | Depth | Weight | Thickness Allowable | Min. | End
Bending | o of Web | Buckling | End | Resction
‘Moment | Beam ;(:t Web Resistance |Bearing| a=314"
Pousds | locbes | Pounds | Inches | Pounds | Pounde | johes | Pounds
71330 55.0 810 08520 16470 43 87800
67410 50.0 | .87 83880 16030 45 72830
63400 45.0 565 | 69120 | 15390 | 48 | 57620
59770 | 12 | 408 460 | 55200 | 14480 | 53 | 43300
50730 35.0 428 | 52320 | 14230 | 54 | 40330
47960 31.8 350 | 42000 | 13060 | 62 | 20710
44270 27.9 284 | 34080 | 11880 | 7.3 | 21560
42320 40,0 741 | 74000 | 16600 | 35 | 75010
39050 35.0 594 | eo200 | 16120 | 3.7 | 58220
35780 | 10 | 300 447 | 45800 | 15180 | 41 | 41470
32560 25.4 810 | 31000 | 13410 | 5.0 | 24840
30270 22.4 252 | 25200 | 12130 | 5.7 | 18340
33120 35.0 724 | 65880 | 16870 | 3.1 | 71010
30180 o | 300 561 | 51210 | 16260 | 3.3 | 53200
27240 25.0 307 | 36540 | 15160 | 3.7 | 33300
25160 21.8 200 | 26100 | 13620 | 44 | 22710
22810 25.5 532 | 43280 | 16440 | 29 | 4s020
21500 23.0 441 | 35020 | 15010 | 3.0 | 39200
20190 8 | 205 340 | 28560 | 15120 | 33 | 20600
18060 18.4 270 | 21600 | 13870 | 3.8 | 20800
19470 175 220 | 17600 | 12700 | 43 | 15370
16070 20.0 450 ! 32060 | 16350 | 2.5 | 39310
14930 7 | 478 845 | 24710 | 15570 | 27 | 28850
13800 153 250 | 17500 | 14150 | 3.2 | 18580
11640 1725 | 465 I 28500 | 16810 | 21 | 390030
10660 6 | 1475 | 343 | 21120 | 16050 | 2.2 | 28250
9680 125 230 | 13500 | 14480 | 26 | 16650
8080 1475 | 404 I| 25200 | 17280 | 16 | 41370
7260 5 | 1225 | 347 | 178350 | 16580 | 1.8 | 28120
8450 10.0 210 | 10500 | 14870 | 2.1 | 14830
4760 10.5 400 | 18400 | 17310 | 13 | 31940
4500 4 0.5 826 | 13480 | 16940 | 14 | 25690
4240 8.5 253 | 10520 | 16360 | 14 | 19360
3080 7.7 100 7600 | 15360 | 1.6 | 13130
2590 7.5 340 | 10830 | 17360 | 1.0 | 26940
2390 3 6.5 251 7800 | 17020 | 1.0 | 19020
2210 5.7 170 5100 | 15950 | 1.1 | 11530
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CHANNELS
Maxmqom BeEnpivg Moments ANp WEB REsISTANCES

Mmax | d ¢ Y fb i | =R
Masimum | Depth | Weight |Thickness| Allowable | Allowable | Min. | _ End
Bending | of E of Web Buckling | End | Resetion
Moment | Channel | ] Web Shear Resistance Bearmgl =344"
pro%t | Inches | Pounds | Ioches | Pounds | pr ey, | Inches | Pounds
76490 55.0 814 | 122700 | 15820 | 5.7 93830
71500 50.0 716 | 108000 | 15390 | 6.0

66680 15 45.0 B18 93300 | 14820 | 6.4 66840
61780 40.0 520 78600 | 14040 | 6.9 53350
HB880 35.0 422 63900 1 79 850
555670 33.0 400 60000 } 12510 | 8.2 | 36270
64360 50.0 g87 | 102830 | 16150 | 4.8 86250
60110 45.0 873 88140 15680 5.0 71760
55870 13 40.0 i 73450 | 15020 | 5.4 | 57260
53320 37.0 492 64610 | 14470 5.7 48540
51620 35.0 447 58760 | . 1 6.0 42270
48740 31.8 375 48750 ' 6.8 32000
43760 40.0 755 16260 | 4.4 80090
39840 35.0 632 76320 | 15730 | 4.6 | 65040
35920 12 30.0 510 61560 | 14050 | 5.0 49850
32000 25.0 387 13670 | 5.8 | 34660
28470 20.7 2 33600 | 11570 | 74 I 21060
30800 35.0 820 82300 | 16000 | 3.4

27530 30.0 6873 67600 | 16440 | 3.6 6667
24260 10 g.o 526 52000 | 15730 | 3.9 49910
20000 .0 3790 38200 | 14470 | 4.4 33160
17840 153 240 24000 @ 11780 | 6.0 i 16970
20050 25.0 612 55350 | 16470 | 3.2 | 58220
18010 9 20.0 448 40680 | 15550 | 3.5 | 40420
15070 15.0 285 25020 | 13590 | 4.4 | 22500
14020 13.4 230 20700 5.1 | 16170
15920 21.25 579 46560 | 1 2.8 | 53200
14610 18.75 A48T 39200 | 8170 | 29 | 43580
13310 8 16.25 305 31920 | 1 3.2 | 34070
12000 18.76 .303 24560 | 14490 | 35 | 24460
10770 11.5 220 17600 | 12700 -l 43 | 15370
12640 19.75 620 44310 17090 | 23 56780
11490 17.25 524 36960 | 16700 | 24 | 46300
10350 7 14.75 419 20610 16130 | 206 | 35830
9210 12.25 314 22260 15190 | 29 25360
8030 0.8 210 14700 | 13230 | 35 14580
8680 | 15.5 559 33750 | 17150 | 2.0 ' 48280
7700 | 4 13.0 437 26400 @ 16640 | 2.1 36610
6720 | 105 314 19080 | 15730 | 23 | 25010
5780 8.2 200 12000 | 13810 | 28 | 13810
5550 11.5 AT2 23850 | 17180 | 1.7 ' 38020
4730 5 9.0 325 16500 | 16380 1.8 | 25670
3960 6.7 190 9500 | 14450 | 2.2 1
3050 7.25 .320 13000 | 16870 | 1.4 | 24670
2790 4 6.25 247 10080 | 16250 | L5 18430
2530 5.4 180 7200 | 15150 1.6 12270
1840 6.0 .356 10860 | 17560 1.0 | 27020
1640 3 5.0 1258 7920 | 17030 1.0 19110
1450 4.1 170 5100 | 15940 1.1 11520
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Maximum Bending Stress, 16,000 Pounds per Square Inch
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Loads above upper horizontal lines will produce maximum allowable shear
Loads below lower horizontal lines will produce excessive deflections,

For maximum safe loads, see page 106,
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Loads below lower horizontal lines will

For maximum safe loads, see pages 106
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CARNEGIE STEEL COMPANY
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BEAM SAFE LOADS
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BEAM SAFE LOADS

MISCELLANEOUS BEAMS
AvrowaBrLE UnmorMm Loap 18 THOUsANDS oF Pounps
Maximum Bending Stress, 16,000 pounds per Square Inch
H BEAMS
Depth and Weight of Sections Coefficients
in T of
Feet 8 Inch 6 Inch 5 Inch 4 Inch Deflection
o 34.3 Pounds | 241 Pounds | 180 Pounds | 13.8 Bounds
1 il i .
| g.o 8
p | ?'—23'1_'“ 14.3 027
4 | 87.0 ] 4 "
5 32.1 20.3 11.4 0.41
(1] 5%‘5 26.7 16.9 9.5 0.60
¥ 44.0 22.9 14.5 8.1 0.81
8 38.5 20.1 12.7 7.1 1.06
9 34.2 17.8 11.3 68 1.34
10 30.8 16.0 | 10.1 [y 1.66
11 28.0 14.6 TSR 2.00
12 | 25.6 13.4 8.5 2.38
13 | 23.7 ISR T 2.80
14 22.0 156 3.24
15 20.5 3.72
16 19.2 4.24
17 SR 4.78
18 17.1 5.36
CROSS TIE SECTIONS
NS Depth and Weight of Sectiona R ﬁnf. i
1 6.5 Inch | 5.5 Inch 5.5 Inch 4.25 Inch 3 Inch Deflection
Feet | 27.8 Pounds | 24.0 Pounds | 20.0 Pounds | 14.5 Pounds | 9.5 Pounds
— 5 g —10% x) 0.15
3 40.68 | 5 27, K d L1
4 i | 302 | y 14.7 6.7 i 0.27
5 306 | 24.2 20.8 11.8 54 | 041
6 25.5 ‘ 20.2 17.3 9.8 4.5 0.60
F 21.8 17.3 14.8 B.4 3.8 0.81
8 1 | 15.1 13.0 73 | 1.06
9 0 13.4 11.5 6.5 8.0 1.34
10 .3 12.1 10.4 2! W s 27 1.66
11 .9 11.0 9.4 5.8 2.00
12 T 10.1 R.7 2.38
13 8 2.3 8.0 2.80
14 i 8.0 7.4 3.24
15 3.72
16 4.24
17 4.78
Loads above upper hnmonul lines will produce maximum allomNe shear in webs.
Loads below lower horizontal lines will p e defl
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CARNEGIE STEEL COMPANY

CHANNELS

Avrrowasto UntrorM Loap 1N THoUsANDS oF Pounps

Maximum Bending Stress, 16,000 Pounds per Square Inch
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excessive defl

Loads above upper horizontal lines will produce maximum allowable shear in webs,

Loads below lower horizontal lines will p
For maximum safe loads, see page 198.




BEAM SAFE LOADS

CHANNELS

AvrowasLe Untrorm Loap 1Ny Trousanps or Pouxbs

Maximum Bending Stress, 16,000 Pounds per Square Inch
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CARNEGIE STEEL COMPANY
CHANNELS
Maximum Bending Stress, 16,000 Pounds per Square Inch

ArrowasLe Unirorm Loap ¥ THousAxDs oF Pounps
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Loads below lower horizontal lines will
For maximum safe loads, see page 198,




BEAM SAFE LOADS
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BEAM SAFE LOADS
EQUAL ANGLES

Neutral Axis Parallel to Either Leg
Maximum

2532RL32T8E ISFZERZEREE= m SRI28238R sREf5%gs28

Maximum Bending Stress, 16,000 Pounds per Square Inch

AvrowasLe Umirorm Loap 1§ THOUSANDS oF Pounps
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CARNEGIE STEEL COMPANY

UNEQUAL ANGLES
Avrowasre Uxirorm Loap ¥ THousaNps oF Pounps
Neutral Axis Parallel to Shorter Leg
Maximum Bending Stress, 16,000 Pounds per Square Inch

1 Foot | Maximum Span 1 Foot | Maximum Span
si Thick- Span 360 x Deflection v Thick- Span 360x Deflection

_— ness Size, ness
Toches | Inches | ore | sate |Lengin,| " [10h% | gore | gate | Lengih
{3 "
Load | Losd | Feet | Load Feet
1 161.17| 7490 | 21.5 | 1 83.52 | 5.57 | 15.0
184 162.21| 7.04 | 21.6 15| 79.04 | 5.24 | 151
%% |143.04| 6.59 | 21.7 7% | 7445 | 490 | 152
13,4/ 133.87 | 6.14 | 21.8 | 134 60.87 | 4.57 | 153
&5 8 % [124.48) 568 | 21.0 % |6507 | 423 | 15.4
- i 114.88| 522 | 220 | o, | 1He[60.27 | 380 | 155
6% |105.28| 4.76 | 22.1 X 5% | 55.36 | 3.55 | 15.6
%a | 95.47| 4.30 | 22.2 %4 | 50.35 | 3.21 | 157
v | 85.55| 3.84 | 22.3 1% |45.23 | 2.86 | 158
%o | 75.41| 3.37 | 22.4 e ggg 2.52 | 15.0
: s 19.4 - 2.17 | 16.0
1155. :gg ;ﬁ 19.5 Yie | 2923 | 1.83 | 160

T% 12002 6.63 | 19.6

184 (121.60| 6.17 | 10.7 % |53.23 | 400 | 133
5 |11317| 572 | 19.8 1346| 50.03 | 3.73 | 13.4
8 X34 1,(104.58| 523 | 10.9 4661 | 346 | 135
6% | 9579 478 | 20.0 1144| 43.20 | 3.19 | 13.5
%a | 86.03| 482 | 201 |5 x 4 6 | 39.79 | 2.92 13.6
% | 77.07| 386 | 20.2 e | 36.16 | 2.64 | 13.7
%a | 68.80] 3.30 | 20.3 a ggg g.gg 13.8
1 |112.85] 6.52 | 17.3 & g 13.9
154/106.67| 6.13 | 17.4 %, (2480, 1.78 | 14.0

% (100.48| 575 | 17.5 | . -
%] 04.08] 538 | 17.6 ,’f;i e -
ol 48. ; 13.0
5 %, | 87.68| 4.97 | 17.6 s | 45.65 | 340 | 131
7 x34% 44| 81.07| 4.58 | 17.7 144, 43.35 3'21 ]3‘-;
5% | 74.35| 418 | 17.8 %- | 3393 | 203 | 133
%e | 67.52| 3.77 | 17.9 5 x3%| o |3541 | 268 | 134
% | 00.50( 3.37 | 18.0 r; v |31.80 | 236 | 135
B | e e The | 28.16 | 2,07 | 136
% . . 8% |2443 | 279 | 137
1 85.55| 5.56 | 15.4 %e | 20.69 | 1.51 | 18.7

W, 80.96| 522 | 155

% | 76.27| 4.80 | 15.6 Wl 47.47 | 3.77 | 126
1%, 71.47| 4.55 | 15.7 % |44.37 | 349 | 12.7
% | 66.67| 4.22 | 158 154| 41.17 | 3.22 | 128
6 x 4 | 6165 3.88 | 15.9 5% |37.87 | 294 | 129
% | 56.64| 354 | 160 |5 x 3| %, 3445 | 2.65 | 13.0
%a | 51.52| 3.20 | 16,1 3% | 38104 | 237 | 13.1
1 | 46,19| 2.85 | 16.2 The | 27.52 | 2,09 | 13.2
The | 40.85| 2,51 | 16.3 4% |23.80 | ‘1.80 | 13.3
8% | 35.41! 218 | 164 : %0 | 20.16 | 1.51 | 13.4
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CARNEGIE STEEL COMPANY

UNEQUAL ANGLES

ArvowansrLe UxirorM LoAp 1N THOoUsANDS oF Pouxps

Neutral Axis Parallel to Longer Leg
Maximum Bending Stress, 16,000 Pounds per Square Inch

1 Foot | Maximum 1 Foot | Maximum
g Thick- ' Span msnunusd';: Sise Thick- Span W:Mait-lw
Inches | (RO = r Inches | (2% g
L] L] Lﬂﬁ-h. € I.n;ﬂ:.
| Load | Toad | Foet | Losd | Losd | Feet
1 |os1s| 544 | 175 1 30.93 | 3.09 | 100
1544 g% f; sl, 1;.? 150 29.23 | 2.00 | 10.1
: X 17, 27.63 | 2. 2
":‘;,. 79.36 | 4.45 | 17.8 ?gi. 25.92 gg {3.3
" % | 7302 413 | 17.9 % | 2421 233 | 104
x 6 1144| 68,37 | 8.80 | 18.0 4| 22,51 | 2.14 | 105
o (6272 | 348 | 18.0 [0 X3} g | 20,60 | 1.95 | 10,8
Y | 56,96 | 3.15 | 18.1 %o | 18.88 | 1.76 | 107
% | 5109| 281 | 182 1% |16.96 | 1.57 | 108
4o | 4512 | 2.47 | 183 | ;‘gn 15.04 | 1.38 | 10,9
- 1312 | 119 | 11.0
1 32.21 | 3.10 | 104 |
40| 30.40 | 290 | 105 | %o | 1100 | 1.00 | 11.1
% | 28.60 | 271 | 106
| 26:88 | 262 | 107 | 'ﬁ’” ot B o
8 xaig| % 2607|233 | 108 | % | 3003 | 271 | 114
; lge| 23.15 | 2.3 | 109 | Rl | Ract| tia
% |21.33| 104 | 11.0 8] o5 i :
| 1041 | 174 | 111 |5x4! 8 |2645| 2.28-| 116
Ne : ; : %e | 2411 | 216 | 11.7
% 17.43 157 | 112 | % lze7e | xee | t18
! (RS0 188 YA | <7 | 19331 | 162 | 110
1 31.57 | 310 | 102 | | % |1675] 140 | 120
15i0| 20.87 | 2.90 | 10.3 i
% |2816| 271 | 104 | % |2688| 271 | 99
1844 | gg.g 2.52 | 10.5 | 1344|2528 | 253 | 100
% .64 | 2.33 | 10.6 % |2368| 234 | 101
x316| 1144|2283 | 2124 | 107 | ‘ 14 2107 | 215 | 102
% | 2001 195 | 108 | .. % |2027| 197 | 103
%o | 13.20 176 | 109 | %q | 1845 | 1.78 | 104
% |17.98| 157 | 11.0 | 1 |16.64| 1.60 | 104
e | 15.36 | 1.38 | 11.1 | The | 14.83 | 1.41 | 10.5
% [1344( 129 | 112 | ‘ % [1291| 122 | 106
: 7
- 5‘2‘33 3'55 s | ‘ % | 10.88 | 1.02 | 10,
e . 33 | 115
% | 3616 312 | 11.6 “ ol B o e
W ot | 38| 18 Hf 1011 | 18 | 838
6 x 4 14| 2044 | 247 | 119 : . :
e o | o Jexs) a i) 08| g0
w ; ; 12.0 A : ;
% | 2210 | 184 | 121 e | 1088 | 118 | 9.2
%o | 19.73 | 162 | 1212 % | 949 1.02 | 93
% l17.07| 130 | 12.3 %e | 800! 085 | 0.4
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] X
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Mxlle
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x1
2 x1%

Inches Sale
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e
O
Ma
1
e
B
Ha
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CARNEGIE STEEL COMPANY

TEES

Avvowance Unworm Loap 1v Trousaxps or Pouxps

Neutral Axis Parallel to Flange *
Maximum Bending Stress, 16,000 Pounds per Square Inch
EQUAL TEES

lrmium 1 Foot | M
Span m;m&ﬁ- Weight | Spont 1300 2 Defouns

Safe | Safe |Length [Flange | Stem, Pﬁ"ﬂ. L
03 0 y Safy Safe Length,
Load | Toad | Feet Losd | Load | Fest

64 [ 6} | 10.8 |52.80| 2.77 | 10.1 | 23 | 24 |49 | 437 | 069 | 63
'l 4 13.5 |21.55) 1.80 | 114 | 2% 2y | 41 341 | 053 | 6.4
] 4 10.6 16.85' 145 | 116 | 2 2 4.3 331 | 059 | 56
11.7 (1632|165 | 9.9 | 2 2 |356|277 049 | 57

BH 35 9.2 (1269 1.27 | 100 | 1% 13 | 3.00 | 2.03 | 0.41 4.9

-
Weight
Basgs Stem. | For |

3 9.9 [11.73 141 | 83 | 114 | 114 | 247 | 1.49 | 0.36 | 4.1
3 3 8.0 1045| 1.24 | 84 | 1}¢ | 1}4 | 1.94 | 1.17 | 0.27 | 4.3
3 3 78 | 917108 | 85 | 1} | 1% |2.02 | 1.01 | 0.30 | 8.4

3 3 67| 780002 | 86 | 1) | 1} | 1.59 | 078 | 0.22 | 3.5
2} |24 | 64| 620(090| 70| 1 1 1.25 | 0.49 | 0.18 | 2.7
24 |24 | 55| 533/075| 7111 1 0.89 | 035 1 0.12 | 2.9

UNEQUAL TEES

Size 1 Foot [Maximum Spen| 8% | ¥ i
—|““"wu'.1u gy e o ISR LR ik e
Vit oot, Flangs, Foot,
oo | SR PR Y o o £ o Y Safe |Length,

.‘ Load | Load | Feet Load | Load | Feet
5 |3 (1151133125 00| 3% [3 |108 [1205 142 | 85
5 ‘ 215 [109 | 8906/120| 75| 3% | 8 85| 940 109 | 87
4} | 3} | 157 Izz.?z 237 | 96 | 3% | 3 7.5 | 907 1.04 | 87
4% ‘ 3 98| 971(107 | 913 |4 |11.7 2060|192 108
4% | 3 84| 832(090 | 92|13 |4 |105|1835] 168109
43 | 236 | 02 672 0.87 sl |4 9.2 16.11 147 | 110
435 | 234 | 7.8| 576/ 074 | 7.8 |3 | 334 108 1539; 166 96
4 5 153 |33.30 240 | 130 | 3 3% | 9.7 1419|146 | 9.7
. 4 5 11902602184 (141 |3 3% | 85(1237|128| 98
4+ |44 | 144 |27.00] 215 126 | 3 2} | 7.1 640 089 | 7.2
4 |4} n2(2112/165 128 |3 |2% | 61| 555/078 | 7.3
£ |3 02| 960 1.08| 89 2% |3 7.1 | 8.96/ 1.08 | 83
4 |3 | 78| s21090 o1 |‘ 23 (3 | 61| 7.68 091 | 84
4 |23 | 85| 661|087 | 76| 2% | 13 | 287 | 0.08| 025 | 37
4 | 23 ( 72| 565|073 | 7.7 | 2 14 | 3.09 | 1.60 0.36 | 4.4
4 |3 78| 427|070 | 61| 136 |2 |245| 203/ 037 | 55
4 (2 6.7 | 3.63 0.59 5.21 1% | 1% | 125 | 057|015 | 3.7
8% |4 |126 2112|190 | 121 | 135 | 5§ |0.88 | 014l 007 | 19
3y | a 0.8 116,53/ 1.46 | 113 | |




BEAM SAFE LOADS

ZEES

AvvowasLe Uxtmrorm Loap v TrOoUsanDps oF Pounps

Neutral Axis Parallel to Flanges

Maximum Bending Stress, 16,000 Pounds per Square Inch

- el = 1 Foot Maximum
W ?M Span 360 x Dﬁm
Depth, Thickness, | Per Foot, =
Inches Hls'?d:' Inches Pounds Safe Safe Length,
Load Load Feet
6l any % 34.6 174.93 14.18 12.3
6140 e 1M 32.0 162.35 13.30 122
6 31y % 204 149.76 12.40 121
615 3% M 28.1 150.40 12.19 12.3
6110 3%e ik 25.4 136.75 11.20 12.2
6 3 LT 228 123.20 10.20 12.1
(i1 3% Ya 21.1 119.68 9.70 12.3
(4T 3% . e 18.4 104.85 8.50 12.2
6 3% % 15.7 90.03 7.45 12,1
5k 3% 1o 28.4 119.47 11.58 10.3
5% 3Me LA 26.0 110.29 10.82 10.2
5 a5 e 23.7 101.01 10.03 10.1
515 3% B 22.6 102.08 9.89 10.3
54 3% M 20.2 91.95 9.02 10.2
5 3 Ya 17.9 81.92 8.14 101
5% 38 e 16.4 79.36 7.69 10.3
5Y%e 3%a %% 14.0 68.16 6.69 10.2
5 3 Me 11.6 56.96 5.66 10.1
4% 3% L3 23.0 77.44 9.32 8.3
44e 3% e 20.9 70.93 8.67 82
4 © 3% 5% 18.9 64.53 8.01 8.1
45 3% Ma 18.0 65.92 7.93 83
444a 3% e 15.9 58.67 « TA7 8.2
4 34 TAa 13.8 51.52 6.40 8.1
4% 3% % 12.5 49.81 6.00 8.3
4130 3% Ma 10.3 41.71 5.10 8.2
4 3% u 8.2 33.49 4.16 8.1
3% 2% %e 14.3 36.50 593 6.2
-8 21144 1] 12.6 32.64 5_.40 6.1
3Yie 2% Tha 11.5 31.79 5.15 6.2
3 21, % 9.8 27.41 4.54 6.1
3l 2% Ma 8.5 25,39 4.12 6.2
3 2144 W 6.7 20,48 3.30 6.1
210




CARNEGIE STEEL COMPANY

STANDARD GAGES AND DIMENSIONS FOR BEAMS

No wi
in sixteenths. Gages for connection angles are determined by 4 web thickness
Standard gages may be varied if conditions require
_]-h,_ ‘h-- ’ | Wol-: ) Gﬁp !-'“._
of m '1'&#— g . Rivet in
s In_ | In In_| In In.
27 9 by W |4 % 7
24 im’g %{, 12 ';’i" ' 3 {ﬁ %
106.9 | 774 Pl el | g
100,0 | 7% & g 4 %
96.0 Ttt 1;:0 MNu 4 %
24 000 | 7 Ma 4 7 %
86,0 | Tig | Wi Ba 4 &
79| 7 1 t 4 K ‘
24 42| 9 Y W% 4 5% He %
21 604 | 8Y | Ye Ha 4 Ya 14 s
1000 | 7 T T | 4 1 1
950 7 1:za ;z 4 1 L]
20 920.0 | Ty 4 1 Ao %
850 | 7 Bk Ha 4 ;- a3
814| 7 6% | %o | 4 1 84
1 75.0 o 4 L #5
20 70.0 M 4 84 By %
654 | 6 Ve 4 LA Ha
Sol mda: | 2 |4 |1 %
18 | ool 78 4 1 ;| %
76| 7 Ba 4 1
;23 ‘:‘lhu ﬁ % The
18 60.0 " 384 32 :2 %
54.7 o 3% % T
18 48.2 B 3% 18 u %
75.0 E 3;2 % 14
15 Eg(o) e g% % %20 H
A a
60.8 Yo 3y s %5
55.0 % 3 %
15 ﬁg %a m o E 3%
o a
129 4o 3 | % %
15 37.3 Bio 314 e W LA
220




."

STANDARD GAGES

STRUCTURAL DETAILS

Nominal dimensions are:—flange width and “'o
Gages for connection angles are fiu-n-rmnwd Y

Standard gages may be varied if conditions require.

in sixteenths.

Depth | Weight Flaago
of er | Width
Beam Foot

y In. Lbs. | It;.

12
‘ 5
12 o
[§ ¢
12 6
40.0 | 5%
350 | b
10 |30.0 | 4%
254 | 4%
10
9
8
s
0
5

10.5 215

4 | 9.5 28
8.5 28

R ¢ 0

7.5 24

3 6.5 285
5.7 2

|
|
|
|
|

Web
Thick-
Dess

%

“p

14 Web

Thick-
nias

n\
:\{lll
Ma

14

CGuge
4

Grip

almi=g~]

AND DIMENSIONS FOR BEAMS

' in ej hthq web thickness

1< web thickness.

Distance
o h
In. In.
] ’!H
13§
135
185
114
115
14
1 Vin
1 iy
1 Hia
1 14
1% Mo
1 Tia
1 5
1 13
1 Ba
T
T8
%
s
1
b e
2 e
% Mo
B e
] L)
k. Hia
b 'm
%
5% "hﬂ
B 14
By 15
B e
58 Ha
% | %
. %q
L] ¥

Max.
Rivet in
Flange

4]

B

}S‘roG_




CARNEGIE STEEL COMPANY

- |

STANDARD GAGES AND DIMENSIONS FOR CHANNELS ‘

,._,“"_,‘___.J.h. — o
— Nominal dimensions are:—flange width and ““o" in eighths, web thickness |
in sixteenths. Gages for connection angles are determined by web thickness,
stundanl m ﬁ]h(‘ varied if conditions require,
Gages riveted chanuel columns are given on pages 277 to 287

I)q,n."__' “Web |14 Web - = Phtads Max.

Wehht‘ Fl-l-lﬁ :k- ,_.f_l Cage. | Chap |5 w0 TNONRE. - - m‘-:: in |
Wi .’ i | Pl 0 | o | b |Fage |

In, l..ln | h; THE TR | o | In | In | Tn I |
'55.0 | 8% | e | e | 2% | e |12% | 1% %
| 50.0 3% | Mg 3§ 21 he | 1244 1% e

- | 450 | 3% | % e | 2 | 8 | 1235 | 18c | 14, %

15 | 400 | 8% | Jg % |2 1215 | 1% | %, |
85.0 | 3%e| He @ He | 2 o | 125 | I% 14 |
33.9 | e | 2 5 12y 1% ]

50.0 42, g % |3 Be | 108 | 1Y% %
45.0 ! iy Ma 28 Wg 1004 114 i

13 |400 | 4§ | %o W | 2% | e |10% | 14 | % | g

3 | 37.0 | % | % | 28 | %o | 20% | 18 | %o
35.0 | 4% | %o 4 20 | 95y | 100 | 1l | 14
318 | % | %o [ 260 | oa | 1085 | 1 | %o
400 | 3% | % L 2 5 | 10 1 Wy
850 | 8% | 8§ B | 2 9% | 10 1 g

12 | 300 | 3% 14 i 1% | 10 | 1 Y T
250 | 3 g Ya 1% 9 | 10 1 "o
20.7 3 W ] 1% Ya 10 |1 kL
35.0 a4 184 Tha 1%, ¥ 8l | Tk %
| 300 Uae | %o | 1% | 36 | 8 | % | %

10 | 25.0 g 14 ¥ 134 % 81 % Ma %
| 20,0 i %a | 1l | Tha 8% | % | e
15.3 2% % Yy Il 1% | %e | B4 | % %e
1 25.0 g B M 114 w | T w 40

g [200 | 2% | %e | W | & | 1 7Y% % | 4 &

15 20 | %o W | 1% | %he | 7Y [ 7 9% .
134 | 28 1 i | 1% | e T4 % | %
|21.25] 2% | MMa | %e | 13 | %o 614 % | e
| 18.75 | 214 Ly % 116 | g - 64 % | Me

8 |16.25| 2% - $e | 1l& | %e 614 % 1% %
18.75 | 2% | Ma Ly 144 a 614 7 3
11.5 | 24 i LN 1% e 61% % | e
1975 2% | % | %e | 136 | %e | 5% | % | e
17,25 | 2% 1y 1y 1t | e 5% | % | %

7 |1475| 2% | %He | e | 1§ | The | 5% 3 1 5%
1225 | 204 | 91¢ | M | D4 |43 | Sle | 8 | %
| 0.8 21y LT 1Y 1% |7 5% % | % Ma
{165 | 2% | %e | % | 1% | % m_%|fes. |

g 130 | 10 4 1% | % 436 & 14 % |
105 | 2 | %e | Me 1% s L %% by

. | 82 | 1% | %o | % | M6 | %a | 4l ‘ % | %
1.5 | 2 % | % | 1 | me | 3% | 8 | %ia :

5 00 | 1% | %e | Me | 16 | He 3% B By W
6.7 1% Me | W | 1% Ma 3% % | W
| 725 1% | ™Ma Ha | 1 T 2%4 B 3

4 6.25 | 1% 1 % |.1 Ma 28 L) M Y
54 | 19 | M e |1 | %o 28 L3 1%

6.0 | 135 | % Mo W%l W 1% % | e

3 | 50 | 14 | ¥ Wl i | % 1% [ 9% | Ma | %

4.1 1% LT Yia T % 184 L 4




STRUCTURAL DETAILS

BEAM CONNECTIONS

£
)

|statstala]
-Idl;-e;-é-r; &-oH
w\""l

214" 4 1W'x 1.8 2 x 4"x 16" 19514"
Weight 46 Ibs. Weight 39 Ibs.

15"

204" 4" W'x 122" 2184 4"x #a"x 0211%"
Weight 33 lbs, Weight 23 lbs.
10; 9,7 8
o6, 2% 21
T 59
-~
e
214" 4" Ul x 0l 1" 2176 4" %Wx 02504
Weight 17 Ibs. ' Weight 13 Ibs.
T 6 b . 4'.' 3*
- -
oy, K | wig
2176 4"x %"x 08" 206 4" W'x0-2"
Weight 7 Ibs. Weight 5 lbs.

Rivets and bolta 3{" diameter,

h Weighta mml’uﬁi&uhﬁwriulludauhmmm about 20 per cent ghould
for
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CARNEGIE STEEL COMPANY

BEAM CONNECTIONS—Concluded

Limrming VALUES oF Beam CONNECTIONS

Value of Values of Outstanding Legs of Ci tion Angles
I Benms o Field Rivets Field Bolts
'_ ** Rivets orf Minimum £ Minimu
Depth, [Poit| § ? '?':umeds%o]u Alowable | £, B‘aufsésl?loiu, ﬁ;{yﬂ b
v " 8 ' 8 eet, 4
Tnched | et Bemc: | Soogle Chioncs rmpin Foety Pounds © [Datdeintosd]
27 | 90.0 | 82530 61900 | 18.9 % | 49500 22.6 55
oy 799 67500 53000 17.5 5% | 42400 21.9 65
(742 | 64260 53000 16.4 5% | 42400 20.4 (1%
21 | 604 | 48150 44200 14.2 s 35300 17.8 %
20 | 65.4 | 45000 35300 17.6 5 | 28300 22,1 g
18 | 847 | 41400 35300 | 13.3 3% | 28300 18.7 5
48.2 | 34200 35300 | 128 | 9%a | 28300 15.4 73
15 | 429 36900 35300 8.9 5% | 28300 11.1 o
| 373 | 20880 35300 ] 0.7 1% | 28300 10.2 %a
12 | 818 | 23600 26500 8.1 %a | 21200 | 9.0 54
279 19170 26500 | 9.2 |7, | 21200 92 |
10 | 254 | 27900 17700 74 | % | 14100 92 | %
22.4 | 22680 17700 6.8 5% | 14100 8.6 1
9 (218 26100 17700 5.7 % | 14100 1 54
18.4 | 24300 17700 4.3 3% | 14100 5.4 5
8 1175 | 19800 17700 44 54 14100 5.5 5%
7 |153 | 11300 2800 6.2 % 7100 7.8 5
6 |12.5 | 10400 8800 4.4 5 7100 5.5 4
5 [100 | 9500 8800 2.9 o4 7100 3.6 o4
4 g7 8600 8800 2.2 Mo 7100 2.7 5
3 | 57 7700 8800 1.3 14 7100 1.4 54
AvrowasrLe Unit StrEss 18 Pounps peEr Squane INcu
U O S Shop 12000' ﬁ::: S ::: i
SINgle| Rivets and Turned Bolts.. Field 10000 Bearing . P A1 x s
Sh Balts Tield 8000 Rivetsand Turned Bolts, Field 20000
Rough Boltasss o vcooicn | Rough Bolts. ........... Field 16000
t—=Web thickness, in bearing, to develop max. allowabl etions, when beams frame opposite.

Connections are figured for bearing and shear (no moment considered).

Thuabovnv&luuawwithmﬂembumundwurdmmmmdm

Where web is enclosed t angles (enclosed bearing), values are greater because
of tha mure.uo:{ efficiency due to friction and grip.

Imahdlbeudwhmmdthahmhngmummam are exceeded—
luchuend reaction from loaded beam mm than value of connection; shorter span with
beam fully loaded; or a less thickness of web maximum allowable reactions are used.
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CARNEGIE STEEL COMPANY

TIE RODS AND ANCHORS

AMERICAN BRIDGE COMPANY SBTANDARD
24'tols W'tol1ls'

-------- - 4

N
Eﬁj 3¢ INCH TIE RODS
1h ____‘_}3."’_ .J -

Lexaras axp WEIGHTS ForR VaAriovs Distaxces C. o C. or Brams

Weights include two Nuts

C. to C/Length | Weight . to C. Length| Weight (C. to C. Length| Weight . to C. Length| Weight

34" Rod 17 9” long. Wt., 3 Ibs.

ANGLE ANCHOR

|
When center to center of anchors is less than 2 Angles 6" x 4/ xT44" x 0" 214"
width of washer, use washer with two holes, Weight with 34" bolts, 7 Ibs. -

Ft.-In.| Ft-In. Pmmdnil?!.-lu. H.-In.il’ounda Ft.-In. Ft.-l.n.fl’mnda Ft.-In, I-‘t.-ln.l_Poundn
1-0 1-3 230|| 1-3 | 1-6 | 2.67|| 1-6 1-9 i 3‘05. 1-9 2-0 | 3.42
2-0 | 2.3 3.80|| 2-3 | 2-6 | 417|| 2-6 | 2-9 | 4.55| 2-9 3-0 | 4.92
3-0 | 3-3 5.30| 3-3 | 3-6 | 567 3-6 | 3-9 | 6.05| 3-9 | 40 | G.42
4-0 | 4-3 680 43 | 46 | 7.17) 4-6 | 49 | 7.55| 4-9 50 | 7.92
5-0 5-3 8.30|| 53 | 5-6 | B.67| 5-6 | 59 | 9.05| 59 G6-0 | 9.42
6-0 6-3 980 63 | 6-6 |10.17| 6-6 | 6-9 |10.55| 6-9 7-00 [10.92
7-0 7-3 |11.30| 7-3 7-6 (11.67| 7-6 | 7-9 |12.05| 7-9 | 8-0 [12.42
80 | 83 |l2.30 83 | 86 [13.17| 86 | 8-9 |13.55| B-9 9-0 [13.92 .
ANCHORS
Swepae Bour GoOVERNMENT ANCHOR
Weight includes Nut
| Dismeter |  Length Weight
Inches | Feet-Inches | Pounds |
% T T B |
| | 1-0 | 2.3
(S S e € g B |
134 1-3 6.1
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STRUCTURAL DETAILS

BEARING PLATES

The size and thickness of steel bearing plates depend on the end

reaction, length of bearing, and unit pressure. The following table

gives gizes for beams of usualspans, the allowablesafe loads in thousands
of potinds and the span of beams giving equivalent end reactions.

STaNDARD BEARING PrLATES

o : - "

Beam E 51- Bearing I'hle_ i !‘m Bﬂ"_ 3 .3 g Bﬂl_“!fll‘f | Lim.
Wt, |BS span | Wt. Epan

Lbe (BE| Sime, |We,M&| of 'Deptn| Lba ] e [ | %
11':' == Tn. |Lbe| Sfe Beam, "y (== I Safe | Beam,
R E | Losd | F | '™ | BT 13 Load [ .

27 0| 16(16x16x1 | 73 | 48.8 24.0| 10 1254 | B 12x8x3{/21(13.1| 9.9
24 [79.9 | 16/16x16x1 |73 |37.9|24.5| 9 218 | & 12x8xb4 17| 87116
a1 [60.4 | 16/16x16x1 |73 | 44.0(14.2 8 184 | B | 8x8x34 12 (16.7 | 4.5
20 85.4 | 16/16x16x1| 73 [35.0{178] 7 |15.3 B8 | Bx8x34 12154 | 3.0
18 54.7 | 16/16x16x1 |73 |34.1|13.8 6 il2‘5 | 0| ox6ixle 5)|12.0| 3.2
15 60.8 | 16/16x16x1 |73 | 34.1(12.6 5100 | 6 | 6x6x}4 5/10.7| 2.4
15 42.9 | 12}16x12x 1|55 | 244120 4|77 | 4 | 4xax3g 2| 00| 18
12 31.8 | 1212x12x3131 1 20.6]| 9.3 3157 4| 4x4x3¢ 2| 7.2| 1.3

Allowable loads given for standard beams will apply also to supplementary
nnd other beams of equal depth and end reactions,

Plates of special sizes may be taken from the table of projection
coefficients given below, calculated from the following formula.  Let
A =length of bearing plate, in inches.

B =width of bearing plate, in inches.

t =thickness of bearing plate, in inches,

b =flange width of beam, in inches.

= ] R =reaction on bearing plate, in pounds.

i 2 Y | w =R+ AxB, allowable unit pressure on masonry.

M= BE-D)_WABB-D) _ gAY Bp_p)= 4L, or when 1= 16000,

B (B—b) = % , the same as the formula for rolled steel slabs, page 245,

RuoLr:—Take from table on following page the propersize bearing plate

for the reaction and unit pressure. Multiply the width of the plateby the |

width minus the widthof the beam flange and select from the table below
the thickness corrésponding to the value for the given unit pressure.

\ Prosection COEFFICIENTS
Unit f
Pm Thickness of Bearing Plates, in Inches
Botn | 36| % | 56 | % | % | 1 136|136 | 136|136 15 |13 136 2
756 [40.0(71.1/111.1/ 160 | 218 | 284 | 360 | 444 | 538 | 640 | 751 | 871 10001138
100 |30.0/53.3| 83.3/ 120 | 163 | 213 [ 270 | 333 | 403 | 480 | 563 | 653 | 750 853
125 (24.0/42.7| 67.7| 906|131 |171 | 216|267 | 323 | 384 | 451 | 523 0683
150 |20.0/35.6| 55.6 80| 100 142|180 222 | 269 | 320 | 376 | 436 569
175 |17.1]30.5| 47.6 69| 93|122|154|190|230| 274 | 322|373 | 429| 488
200 |15.0/26.7| 41.7] 60| 82| 107|135 | 167 | 202 | 240 | 282 | 327 | 375| 427
250 |12.0/21.3| 33.3 48| 65| 85|108|133 161|102 225|261 a4l
300 [10.0{17.8| 27.8| 40| 54| 71| 90|111|134 160|188 218 284
350 | 8.6[15.2| 23.8| 34| 47| 61| 77| 95|115|137 | 161|187 | 214] 244
400 | 7.5/113.3| 20,8 30| 41| 53| 68| 83[101|120|141/163| 188 213
227



CARNEGIE STEEL COMPANY

BEARING PLATES

Sare Resistance 1N Trousanps or Pouxps

Wall Bumul’lnql ] Pressure in l;oun_dl_per Square Inch
| |- : ===
i [ Width, 5 5 | o5 '
m | Inches 75|:w'12.; 150|17.,2m2.m|300!3mm
| | e _— ———
I = |
4 4 4 | 12| 16| 20| 24| 2.8 3.2 4.0 4.8 5.6, 0.4
K 4| 6 | 18| 24| 3.0/ 3.6 42 438 6.0 7.2/ 84| 9.6
4 4 l 8 24 3.‘2: 40| 48| 58 6.4 8.0/ 9.6 11.2/ 12.8
6 L] 6 2.7 S.ﬂl 46| 54| 6.3 7.2 9.0/ 10.8 I2.6| 144
6 6 8 3.0! 48| 60| 7.2/ B4 9.6 12.0| 14.4| 16.8 19.2
L] 4 | 10 -L5| 6.0 7.5, 9.0 10.5| 12,0, 15.0{ 18.0| 21.0| 24.0
8 8| 8| 48| 64| 50 96 1.2 125 160/ 19.2 22.4] 206
8 | 8| 10 | 60| 80 100 12,0/ 14.0| 16.0| 20,0, 24.0/ 28.0| 32.0
8 8 12 72| 96]120| 14.4| 16.8] 19.2 24.0‘ 28.8) 33.6) 35.4
|
10| 10 | 10 | 7.5/10.0 12.5| 15.0 17.5 20.0 25.0| 30.0| 35.0| 40.0
10 | 10 | 12 | 0.0]12.0 150 18.0| 21.0) 24.0| 30.0| 36.0| 42.0| 48,0
10 10 ll 14 |10.5|14.0 [17.5| 21.0) 24.5 28.0| 35.0 42.0) 49.0| 58.0
12 | 12 | 12 |10.8 | 14.4 | 18.0| 21.8| 25.2| 28.8| 36.0| 43.2| 50.4| 57.6
12 | 12 | 14 |12.6)16.8|21.0| 25.2| 20.4| 33.6| 42.0| 50.4| 58.8] 67.2
12 | 12 | 18 |14.4|10.2|24.0| 28.8| 33.6| 38.4| 48.0| 57.6| 67.2| 76.8
14 | 14 | 14 [147]10.6 | 24.5| 20.4| 34.3) 30.2| 49.0 58.8 68.6] 78.4
14 | 14 | 16 |16.8|22.4 250 33.6| 30.2| 44.8 56.0| 67.2| 78.4| 80.6
14 | 14 | 18 |18.9/25.2|31.5| 37.8| 44.1| 50.4| 63.0| 75.6| 88.2/100.8
14 14 | 20 |21.0 280350 42.0| 49.0| 56.0| 70.0 84.0| 98.0/112.0
16 16 16 [19.2] 256 32.0| 38.4| 44.8 51.2| 64.0| 76.8 89.6/102.4
16 16 | 18 |21.6|28.8 36.0| 43.2| 50.4| 57.6 72.0, 6.4 100.8|115.2
16 16 | 20 |24.0 /320 40.0| 48.0 56.0| 64.0/ 80.0 96.0/112.0/128.0
16 16 22 |26.4 352 44.0| 52.8| 61.6] 70.4) 88.0/105.6/123.2/140.8
18 18 18 24.3'32.1-40.5 48.6| 56.7) 64.8| 81.0| 97.2 113.4 129.6
18 18 | 20 |27.0|36.0 45.0| 540 63.0) 72.0) 90.0/10.0126.0144.0
18 18 | 22 12071306 49.5| 50.4| 69.3) 79.2) 90.0/118.5/138.6/158.4
18 18 ] 24 (324/43.2 540 64.8 75.6| 86.4/108.0/120.6151.2/172.8
|
20 20 20 S0.0I{O.IJiB0.0 60.0| 70,0, 80.0 100.0 120.0 140.0 160.0
20 20 | 22 /330 440|550 66.0 77.0/ 88.0/110.0/132.0 154.0 176,0
20 20 | 24 (360 48.0 60.0| 72.0| 84.0, 96.0/120.0]144.0/168.0/192.0
20 | ‘20 26 [39.0|52.0 65.0 78,0/ 91.0/104.0 130.0|156.0,182.0/208.0
22 22 22 363 is.ilﬁﬂ.ﬁ 72.6| 84.7 06.8/121.0/145.2/169.4/193.6
22 22 | 24 (30.6 528 66.0| 79.2| 02.4/105.6 132.0|158.4 184.8 211.2
22| 22 | 26 |42.0|57.2| 71.5| 85.8/100.1/114.4/143.0|171.6 200.2 228.8
22 | 22 | 28 1462 61.6 77.0| 92.4 107.8/123.2 154.0|184.8/215.6/246.4
24 | 24| 24 143.257.6|72.0| 86.4/100.8/115.2 144.0|172.8/201.6| 230.4
24 | 24 | 26 |46.8|62.4 78,0 93.6/109.2/124.8 156.0/187.2|218.4, 249.6
24 ‘ 24 28 | 50,4 |67.2 | 84.0 |100.8 117.6/134.4 168 0 201.6 235.2|268.8
24 | 24 | 30 |54.072.0 90,0 108.0/126.0/144.0' 180.0'216.0/ 252.0/ 288.0
228




STRUCTURAL DETAILS

DETAILS FOR PUNCHING AND RIVETING
AMERICAN BRIDGE COMPANY STANDARD
CONVENTIONAL SIGNS FOR RIVETING

Shop Rivets Field Rivets Shop Rivets
prperse : :
a :
3114 31|z
HEEEE AL
e

GAGES FOR ANGLES, INCHES

e sTars skl
g1 434 4 34 3

g2 |3 |21gl214] 2

= g8 |38 2151y

e !
| Max.rivet [136] 1 |76 76 | 36 36 7 | 3¢ | 36 |36 [ 36| 3 36 [ 3¢ | %
~ For column details, 8’7 leg (14 inch thick or less) against column shaft, g2 == 134"/, gt =3"".

Fo‘:’di;‘qnmlnﬂu. ete., gage in middle, where riveted leg equals or exceeds 3* for 35*" rivets
" f'm.
mvumﬁllmhtdmtwuthwﬁﬂem.wwmmmm.

CLEARANCE FOR RIVETS IN STANDARD

4 334] 3 J22q] 2 i3cnzgpaglung] 1 |34
2 (134134134 1’% W) %4l 56 4

2}45

WEB RIVETING . CRIMPED ANGLES RIVET DIES
o 7 A -
»ﬁk.’i--:_!ﬁ."_';.
:&s"l’lg,._';ifi_ il
1;4} SN Ty Distance x should be 14" plus thickness
1% ll’f =1 of chord angles, but never less than 27/,

CLEARANCE FOR COVER PLATE RIVETING
Dimensions in Inches

3.5|1 14| 2 (2] 3 334| 4 |415| 5 [514] 6
2!1‘_21:-:&35 206274\ 3 |33 314 31| 334 | 335
o)l Jigl 2 lasgl | |

o |

::.-n.

| d 21gigiong| 2 (134l 0

220
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CARNEGIE STEEL COMPANY

* RIVET SPACING

AMERIOAN BRIDGE COMPANY BTANDARD

MINIMUM STAGGER FOR RIVETS

‘Bﬁi
g -‘ii 15 | 0/2% 0 29 2%
B\ 14 [180] 14 1900 1%_|1‘Aoil%|l%e;£|ﬂﬁilﬁllﬁil":&-“%ei%a,%arzj

% | 1%a| % | 19%ia] 134a % | 50 0 i el
8 1% [1Mell [1Mie (e % (3 |He % 0 |
% (16 [1%e1% (1% (19 |19 136 1 1'%.‘ wa-i | %o

0

11 |14 JJL

1 108018 (11440196 [1%0 1% (1750136 1546 1310 l”lltl | %
1% 2440 11840/11540/174  |11846{18 (11144195 1% 0 14196 [159a] 1%4

1

DISTANCE CENTER TO CENTER OF STAGGERED RIVETS
Values of x for varying values of a and b

a, Inches !

o |1 [oni s [omg [ [ome [ om s | 2 [ o [ona [ o [ g

1740 (116 (1% 1104615 176 Yin a
1940 (156 [1MV4a1% [176 115162146 (2% |2% 236 [2%e 11402140
1% (11%461% (176 Il"!id a 2% (274e 120
% [11%a1% (195 24 a e 114 a
T 176 8 a a [2114
1% Yin 0 o Tk 2V5108%i0
o Y o [2% 194 02154 Y
0 o 1340215 % o
s 2%e o 14 1% ' o
%270 200 1 6 2% o e
it 1% i o (14 3% (3%
2 114 1840276 (215 T 3% a

Vlllﬂwﬂlﬂdlog‘lﬂ upwﬁmzﬁmmhm#{: ::_im

Values below and to of lower zigzag ling are large
MINIMUM RIVET SPACING

1 [Din. of Rivet, Tnched 3¢ [ 34|34 [ 36 | 3¢ [ 5[ 1 Juss
$0-6 x!ﬁnhnmhdn.l 1 |1g13¢] 2 |asg|osg| 3 Bag

239




STRUCTURAL DETAILS

REDUCTION OF AREA FOR RIVET HOLES
Area in Square Inches=Diameter of Hole by Thickness of Metal

i f Diameter of Hole in Inches
of Metal, |
Inches | 34 | 16 | 946 | % |o| % e | T |1%e | 1 | 1Me | 1%

%o | .056|.09 | .11 (.12 )| .13 | .14| .15 .16| .18| .19| .20| .21
1% 06| .13 | .14 | .16 | .17 | .19| .20 .22| .23| .25| .27| .28

%e | .08 | .16 | .18 | .20 | .21 | .23| .25| .27| .290| .31| .83| .35
8% .09 (.19 .21 | .23 | .26 28| .30| .33| 35| .38| .40| .42,
T%e |.11|.22].25|.27 | .30| .33| .36| .38 .41| 44| 46| 49
% 13 (.25 | .28 | .31 | 34| 38| 41| 44| 47| 50| 63| .56

%a (.14 .28) .32 | .35 | 39| 42| 46| 49| 53| 56| .60 .63
B 16| 81| .35| .39 | 43| 47| .51| .55| .59| .63| .66 .70
14g | .17 | .34 | .30 | 43 | 47| .52| .56| .60| .64| .69| .73| .77
% .19 | .38 | 42| .47 | 52| .56| .61| .66| .70| .75| .80| .84

%4 | .20 | .41 | 46 | .51 | .56 .61| .86| .71( .76| .81| .86 | .91
W .22 (.44 | 40 | .55 | 60| 66| 71| 77| 82| .88| 03| .98
e | 23 | AT | B3 | .69 | 64| 70| .T6| .82| .88| .94|1.00 1.05
: 4 .25 | .50 | .56 | .63 | .69 .75| .81| .88 .94(1.00|1.06| 1.13

e | 27 |.53|.60|.66 | 73| .80| .86 .93(1.00(1.06|1.13| 1.20
11 28 | .66 | 63 | .70 | .77| 84| 91| .98)1.05|1.13|1.20| 1.27 |
1% | .30 | .69 | .67 | .74 | .82| 89| .96|1.04| 1.11| 1.19| 1.26 | 1.34 J
11 .31 (.63 | .70 | .78 | 86| .94/1.02)|1.09|1.17|1.25|1.33 | 1.41 I

1% | .33 | .66 | .74 | .82 | 90| .98|1.07|1.15|1.23|1.31|1.30| 1.48
1 |.34 .69 .77 .86 | .95(1.03|1.12| 1,20 1.20 | 1.38 | 1.46 | 1.55
1%q | .36 | .72 | .81 | .90 | .99 |1.08|1.17 | 1.26 | 1.35 | 1.44 | 1.53 | 1.62
1% (.38 |.75| .84 | .94 (1.08|1.13| 1.22| 1.31| 1.41 | 1.50 | 1.59 | 1.69

STAGGER OF RIVETS TO MAINTAIN NET SECTION
AMERICAN BRIDGE COMPANY SBTANDARD

1 Hole Out 2 Holes Out Dimensions in Inches

a4 | % B4 | %

a |Rivet| Rivet| a1 Riutlliive't

b | b | b | b

% 3Y0| 3%
3 .3

-
-
.

y=diameter of rivet + 14" 21 | 214
T =it 3

‘a-y=q2+bi-2y  pl-2y=qattbi-Oy 3% |2Ns

b=+28y +¥? 415 | 2154y 3% e

180

“RERE

gragags
Ty
£

b=+2ay+y?

=sum of gages minus thickness o
5?" rivets, can be taken at 1§’ lem t.han l’or 7 rivets.
1" rivets, can be taken at }¢'’ more than for i§" rivets.

231




3 CARNEGIE STEEL COMPANY

STRESSES IN RIVETS AND PINS

Rivets. In transmitting stresses between riveted pieces, it is
customary to disregard friction and to proportion rivets to the entire
stress to be transmitted. They must be of sufficient size and number
to resist shear and to afford such bearing area as not to cause distor-
tion of the metal at the rivet holes. In the case of beams which frame
opposite and of single web girders, this latter condition often necessi-

. tates a greater thickness of web than required by the shearing stresses.

In a plate girder with 54" web, 34"’ rivets connecting the web with
the flange angles would have a bearing value at 24,000 pounds unit
stress of 5,630 pounds per rivet, while their value in double shear at
12,000 pounds unit stress is 10,600 pounds per rivet; and it might be
necessary to increase the web thickness to 3" or more in order that
the pressure of the rivets upon the metal be not excessive.

Pins. Pins must be calculated for shearing, bending and bearing

stresses, but one of the latter two will in most cases determine the
size. When groups of bars are connected to the same pin, as in the
lower chord of truss bridges, the size of the bars must be so chosen
and the bars so placed that at no point on the pin will there be any
excessive bending stress. When the size of pin has been determined
from the bending stress, the thickness of the bars or web'of the post
should be investigated to provide sufficient bearing area, the bars
being thickened or pin plates added if necessary.

The following is the formula for flexure applied to pins:
M={fmnd?+320r =f A d + 8 in which M =moment of forces
for any section through pin, f=fiber stress per square inch in
bending, A=the area of section, d=diameter, w =3.14159. The
forces are assumed to act in a plane passing through the axis of the
pin.

Examrre 1.—A pin, see filgure, has to carry a load of
64,000 pounds; required the size at 24,000 pounds fiber

stress, assuming the distance between points of support
to be 5 inches.

Bending moment==64,000 x 5 -+ 4=80,000 inch pounds;
use a 34 inch pin; allowed moment: 80,900 inch pounds.

Exampere 2.—Required the thickness of metal in the
top chord of a bridge to give sufficient bearing arca to a
334-inch pin, having to transmit a stress of 121,400 pounds

inch.

The bearing value of a 33¢-inch pin for 1 inch thickness
of metal is 81,000 pounds; therefore, the thickness of metal
required=121,400 + 81,000=1 !4 inch, or each web of the
chord must be 3{ inch thick, including pin plates.

at an allowed bearing pressure of 24,000 pounds per square |

232




RIVETS AND PINS

RIVETS
SHEARING AND BEAriNG VALUES

Values in Pounds, all Dimensions in Inches

"V l\'( H RI\I"'I"“—.‘\W& .1104 Square lru:h
| | Unit, Lba.per Sq.In.| 7000 | 8000 | 9000 | 10000 | 11000 | 12000 |

£ |SingleShearperRivet | 770 880 900 | 1100 | 1210 | 1320 [ HVET
Z . E b
DoubleShearper Rivet| 1540 | 1760 | 1980 | 2200 | 2420 | 2640 ),
Unit, Lbe. per 8q. In.| 14000 | 16000 ‘ 18000 | 20000 | 22000 | 24000
- .
£ 660 750 | 840 940 1030 1130
[ 980 | 1130 | 1270 | 1410 | 1550 | 1600
| §|= 1310 | 1500 | 1600 | 18s0 | =060 | 2250
= | sesssssssssssssssassi st sossssssnsasssalisesttsesaneess . SN
5 1640 | 1880 | 2110 | 2340 2510
' = 19010 | 2250 | 2530 | 2810 3380 |
=] ; L AT r |
L-INCH RIVETS—Area .1063 Htuum- lll( h |
| Unit, Lbs, per 8q.1n,| 7000 | 8000 | 0000 | 10000 | 11000 | 12000 |
g Bingle Shear per Rivet | 1370 1570 1770 | 1960 i 2160 I 2360 |
i DoubleShear per Rivet 2750 | 3140 ‘ 3530 | 3930 | 4320 | 4710
i | Unit, Lbe. per 8q. In. | 14000 | 16000 ‘ 18000 | 20000 | 22000 | 24000
e i i Y i ol Bl | e
i 2 | By 1310 1500 1690 1880 | 2060 | 2250 |
w|E| 14 1760 | 2000 | 2250 | 2500 | 2750 | 3000 |
Els | B4e 2190 | 2500 | 2810 | 3130 | 3440 | 3750
2y en 2630 | 3000 | 3380 | 3750 | 4130 | 4500 |
1 | 1 1
o £ | e 3060 | 3500 | 3040 | 4380 | 4810 | 5250 |
L % 3500 | 4000 | 4500 | 5000 | 5500 | 6000
85-INCH RIVETS—Area .3068 Square Inch
‘ " | Unit, Lbe. per Sq.In. | 7000 | 8000 | 9000 '.' 10000 | 11000 | 12000
i | 258
| _§ Single Shear per Rivet | 2150 | 2150 | 2760 3070 3370 3680
| & Sl S |

Dm.lbh:‘)hmrpcr}l:\ﬂ 4300 | 4010 | 5520 | 6140 | 6750 | 7360
| Unit, Lbs. per Sq.In. | 14000 | 16000 | 18000 | 20000 | 22000 | 24000

1880 2110 2340 2580 2810

%o { 1640

L1 | 5470 6250 | 7040 | 7810 8590 0380

aluce below dotted lines are gronter than double shear,

-5

| 2 " | 2190 | 2600 | 2810 | 3130 | 3440 | 8750
¥ |5 %ia | 2 ‘ 3130 | 3520 | 3910 | 4300 | 4600

‘ 5= * 3280 | 3750 | 4220 | 4690 | 5160 | 5630 |

A | 1 Ta I 3830 | 4380 | 4020 | 5470 | 6020 | 6560 |

\ o to ‘ 4380 | 5000 | 5630 | 6250 | 6880 | 7500 ‘
[& 4 4920 | 5630 | 6330 | 7030 | 7730 | 8440

= |
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CARNEGIE STEEL COMPANY

RIVETS
SHEARING AND BEARING VALUES

Values in Pounds, Dimensions in Inches

34-INCH RIVETS—Area .4418 Square Inch

Unit, Lbs.perSq.In | 7000 | 8000 | 9000 | 10000 | 11000 | 1

E SingleShear per Rivet| 3090 | 3530 | 3980 | 4420 | 4860 | 5300

“ |DoubleShearper Rivet{ 6190 | 7070 | 7950 | 8840 | 9720 | 10600

| Unit, Lbs. per 8q.In. | 14000 | 16000 | 18000 | 20000 | 22000 | 24000

_g 1% 2630 | 3000 | 83380 | 8750 | 4130 | 4500

¥ |2 e 3280 | 3750 | 4220 | 4690 | 5160 | 5630

g |8 B 3940 | 4500 5060 5630 6190 6750

2|8 e 4590 | 5250 | 5910 | 6560 | 7220 | 7880

4 1% 5250 | 6000 | 6750 | 7500 | 8250 | 9000

b Y 5010 | 6750 | 7590 | 8440 | 9280 | 10130

& 9% 6560 | 7500 | 8440 | 0380 | 10310 | 11250

7%-INCH RIVETS—Area .6013 Square Inch

. | Unit,Lbs.perSq.Tn. | 7000 | 8000 | 9000 | 10000 | 11000 | 12000

é SingleShear per Rivet| 4210 | 4810 | 5410 | 6010 | 6610 | 7220

* |DoubleShear per Rivetl 8420 | 9620 | 10820 | 12030 | 13230 | 14430

| Unit, Lbs. per8q.In. | 14000 | 16000 | 18000 | 20000 | 22000 | 24000

8 1 3060 | 3500 | 3940 | 4380 | 4810 | 5250

= e 3830 | 4380 | 4920 | .5470 | 6020 | 6560

& P 8% 4590 | 5250 | 5910 | 6560 | 7220 | 7880

g ‘ e 5360 | 6130 | 6890 | 7660 | 8420 | 9190

B 14 6130 | 7000 | 7880 | 8750 | 9830 | 10500

= B 6800 | 7880 | 8860 | 9840 | 10830 | 11810

a 5 7660 | 8750 | 9840 | 10940 | 12030 | 13130

4 8420 | 9630 | 10830 | 12030 | 13230 | 14430

1-INCH RIVETS—Area .7854 Square Inch

Unit, Lbs. per8q.In. | 7000 | 8000 | 9000 | 10000 | 11000 | 12000

g SingleShearper Rivet| 5500 | 6280 | 7070 | 7850 | 8640 | 9420
DoubleShear per Rivet| 11000 | 12570 | 14140 | 15710 | 17280 | 18850

“Unit, Lbs. per 8q. In. | 14000 | 16000 | 18000 | 20000 | 22000 | 24000

Y% 3500 | 4000 | 4500 | 5000 | 5500 | 6000

B0 4380 | 5000 | 5630 | 6250 | 6880 | 7500

-§ 3% 5250 | 6000 | 6750 | 7500 | 8250 | 9000

; f Ths 6130 | 7000 | 7880 | 8750 | 9630 | 10500

A 14 7000 | 8000 | 9000 | 10000 | 11000 | 12000

% 7880 | 9000 | 10130 | 11250 | 12380 | 13500

[ 8750 | 10000 | 11250 | 12500 | 13750 | 15000

& g 9630 | 11000 | 12380 | 13750 | 15130 | 16500

% 10500 | 12000 | 13500 | 15000 | 16500 | 18000

| 1844 11380 | 13000 | 14630 | 16250 | 17880 | 19500

Values above upper dotted lines are less than single shear.
Values below lower dotted lines are greater than double shear.
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RIVETS AND PINS

PINS
BeariNg Vavues 18 Pounps oN Meran ONE Inca Taick i

Bearing Value==Diameter of Pin x Bearing Stress per Square Inch

__ Pa | Bearing Stresses in Pounds per Square Inch
L = - —
ol WPy 12000 | 15000 | 20000 | 22000 | 24000 %
- — | . e
785 12000 15000 20000 22000 [ 24000 a
ﬁ 1.227 15000 18800 25000 27500 @ 30000
1.767 18000 | 22500 30000 33000 36000
3§ 2,405 21000 26300 35000 38500 42000
3.142 24000 = 30000 | 40000 44000 48000
: 3.970 27000 45000 49500 54000
ﬁ 4.000 30000 | 37500 | 50000 55000 GO00O
3 5.940 | 41300 = 55000 60500 66000
I 7.080 | 86000 | 60000 72000
a 8,206 30000 48800 65000 71500 78000
0.621 42000 T0000 77000 84000
3 11.045 45000 | 56300 75000 82500 0000
12

R SO00 ©OOUO0 0EME =I«d-~] SSR® OO Sd e WWW0NE BRI -

80000
i 50000
90000
X 95000
100000
ﬁ 105000
23.75 66000 82500 110000 | 121600 | 132000
i 96 69000 115000 | 126500 | 138000
28.274 90000 | 320000 | 132000 | 144000
§ 30680 | 75000 93800 | 125000 | 137500 | 150000
33.183 | 78000 | 97500 | 130000 | 143000 | 156000
Ly 35,785 | 81000 = 101300 | 135000 | 148500 | 162000
| 38485 | 81000 | 105000 | 140000 1
{ | 4L | 87000 | 1 145000 | 159500 | 174000
44.179 | 90000 112500 | 150000 | 165000 | 180000
47.173 03000 = 116300 | 155000 | 170500 | 186000
50.205 96000 | 120000 | 160000 | 1 192000
ﬁ 90000 | 123800 | 165000 | 181500 | 198000
56.745 102000 170000 204000
% | 60132 105000 = 131300 | 175000 | 192500 | 210000
| 63617 | 108000 | 1 | 180000 | 198000 | 216000
ﬁ | 87.201 111000 138800 | 185000 {
| 70.882 | 114000 = 142500 | 190000 | 209000 | 228000
3 74662 | 117000 = 146300 = 195000 | 214500 | 234000
1 | 78 120000 1 200000
1 82.516 123000 = 153800 225 246000
1 | 126000 | 500 | 210000 | 231000 | 252000
1 00.763 120000 = 161300 | 215000
1 95033 | 132000 | 1 | 220000 | 242000 | 264000
1 ié 99.402 135000 8800 | 225000 | 247500 | 270000
1 | 103.869 138000 | 172500 | 230000 | 253000 | 276000
113§ 108.434 141000 | 176300 | 235000 | 258500 | 282000
1 | 113.007 144000 | 180000 | 240000 | 264000 | 288000




CARNEGIE STEEL

COMPANY

PINS

Bexping MoMENTS IN

Inca Pouxps

Bending Moment==(Diameter of Pin)? x 0.098175 x Stress per Square Inch

Fiber Stress in Pounds per Square Inch

L

R ERE ARS

b

Pt G S N P ¢ Y Y

EBES  BER

st-l—i—v- e bk bk ]E'
e OO0 LU KEKd NN OGS GOot hRes  GH0NE HISE e

| 00,763 |1820400|2195300{2439200

i

15000 | 18000 | 20000

b
5

[ I I'aom
22000 | 22500 | 24000 | 25000

2000/
3800
6600
10500

15700
22400
30700
40800

L
HE

Dol Mealild b

B EGE B
:

113100

1
159400

220000

25656700

245000| 204000| 326700,
336000

SEES SEEE
S2R JEk §
-a:noug ==So &

:

481700 424100
D500 431400| 479400

D04400/ 1205800
60,132 | 93651!)|1183000 1315400

63.617 10?3500 1288300 1431400
67.201 1165500 1398600| 1554000
70.882 1262600 1515100(1683500
74.062 | 1364000 1637000]1819900

78.540 !1-172600 1767100 1963500
82.516 |1585900)1903000/2114500
86.500 |1704700|2045700(2273000

=

95,033 1060100 2352100 2613400

2400/
4000'

2200/ 2200
4200 4300
7500/
11800,
|
17700|
25200

34500
45900

2500
4800

11800

58300, 59600
74100, 75800
9. 04700

2600 101000
113900, 116500

124300

141400/ 150800( 157100
169600, 180900, 188400
201300 214700] 223700
236700| 252500| 263000

270000 276100 204500 306800

319600 340900] 355200
367500 392000 408300
419900] 447900] 466600

466500 477100 508000 530100
5273000 539300, 575200( 599200

BOG600
679400 724600, 754800
40800 nnuqmﬁnﬂsuan

97900
911200 9319m| 9940001035400
1005400 1025200/ umsuofl 142500
1105800/ 1131000'1205400 1256600
1212800 12am400;1323000|137 200
1326400 1447000 1507300
1446000 1479800 15?350011644200

1574500 1010300'1?177(!} 1789200
1709400|1748300/1864800/1942500
1851800|1 89390012)201 2104300
2001000 20-!7400"183&]] 274900

21 59800!22(!8900 2356200 2454400
2376&1)42537400;2643 100
7100:27276002841200

2683200\ 27441002927100 3049100

09,402 2096800 2518100 2795700
103.869 2239700(268

7600/ 29862003284
108.434 2388000 2866700/3185300 3503800

113.097 (2544700 3053600/3392000

33500}3732&)0
83400(3822300 3981600
|3732200 3817000/ 4071500'4241200
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TENSION VALUES

h
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ANGLES

Avurowaste TensioN Vanves v Trouvsanps or Pouxps

Maximum Fiber Stress, 16000 Pounds per Square Inch
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Net Areas and Stresses—One Hole Deducted
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ANGLES

Avtowasne TexsioNn VaLves i Trousanps oF Pounps
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CARNEGIE STEEL COMPANY

BARS

Arrowance TexsioN Varve v Trousanps oF Pousbps
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SHEET PILING CONSTRUCTION

STEEL SHEET PILING

The introduction of steel sheet piling in substitution for wood
has made possible the extension and indeed the practical rejuvena-
tion of the.cofferdam method of making excavations. Its use has
led to great ultimate economies, greater safety in working and to
the extension in size and depth of open excavations to limits which
otherwise were regarded as impossible of attainment. The cellular
cofferdam, first used in the Black Rock Lock, Buffalo, is a very
successful method for the elimination of the expensive, slow, and
not always reliable, pneumatic caisson on work of large magnitude.

Steel sheet piling by its positive interlock enables the sub-surface
diaphragms of diaphragm dams to be made with a certainty not
possible with wooden sheet piling, and with an economy not possible
with concrete by reason of the elimination of the exeavation
necessary in the case of the ordinary puddle core, concrete core or
masonry core wall. A diaphragm made of such imperishable
materials fulfills all the requirements of the ordinary core wall with
the additional advantage of accommodating itself, by its flexibility,
to slight irregularities of settlement in the dam. It is also used in
the construction of curtain walls, sea walls and loading slips, founda-
tions for cylinder piers, sewers and trenches, ete.

In addition to temporary cofferdams, steel sheet piling has found
large use in the construction of permanent retaining walls for
buildings. Driven before excavation in soils containing quick-
sand or water-bearing strata, its use prevents the undermining of
adjacent building foundations by movement of the strata. It also
prevents in many cases the delay, expense and danger of under-
pinning adjacent buildings. It may be employed in this way alone
or reinforced by steel buckstays as shown in the illustration, which
represents the method followed by D. H. Burnham & Company in
constructing retaining walls for the Marshall Field and Stevens
buildings, Chicago, where sheeting with its attached buckstays was
driven its full depth and the basement and sub-basement floors
placed as the excavation went forward. The rigidity of the buck-
stays with the bracing supported by the floors eliminated the
necessity and expense of shoring. After excavation concrete was
filled in between the buckstays and the total expense did not
exceed 60 per cent of its cost by the ordinary method.

Type. Carnegie Steel Company manufactures United States Steel
Sheet Piling, in three sizes and weights.
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United States Steel Sheet Piling is a simple, plain, rolled section
ready for use as it comes from the mill without further fabrication.
Each piece is complete in itself and all pieces of the same width are
interchangeable. Its profile incorporates the advantages of the
ball and socket joint, with sufficient clearance in the interlock for
ease in driving and sufficient space for the use of a packing substance
between its adjacent edges to insure watertightness. United States
Steel Sheet Piling is more easily driven and pulled than any other
section hitherto placed on the market. The reason for this is
believed to be the absence of a leading groove combined with the
line contact obtained in the joints. |

The sections have positive interlocks continuous throughout
the entire length in both lateral and horizontal directions, affording
maximum strength against sidewise deflection, distortion or sepa-
ration of the pieces due to pressures, deformation in driving, ete.

Strength of Sections. When driven and under pressure, steel sheet
piling must have strength similar to that possessed by a beam
loaded equally or unequally with earth or water pressure, and
the resistance of the piling to transverse bending can be calcu-
lated by the known laws of flexure from the properties of the sections
given in the following table. In the case of United States Steel Sheet
Piling, the properties of the individual pieces are the same as the |
properties of the sections interlocked in place.
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l.—___-—__—.--—---h- ———————— -

ErLEMENTS OF SECTIONS, AXI8 X-X

Description l Interlocked or Single Section Cm r

e jiee = = e Weight,
Section Py .
e Pl I R R
Inches |1 ‘-lmis“'.ﬁ‘ Int | In | 18| T3 | In. oy

M 105 | 133 425 | 1251 | 38 |8.56 0.83|4.35 ﬁ | 42,5
M 104 13 38 |11.30 35 |8.50 0.87 .32391 13
M08! o} 116 | 471 21 |145/0.56/1.13/1.47] 9ig | 16
8* is the avernge secti dulus per hori I foot of wall interlocked in place.

During. driving the sections are forced to act as loaded columns,
and the tables, therefore, show the radius of gyration of the sections
for computing their compressive resistance under load or the blow
of the pile driving hammer, The radius of gyration of the section,
however, need not bear any definite proportion to its length and
blocks of wood may be bolted to the leads of the pile driver if the
piling shows a tendency to spring. As the piling actually enters
the earth, it is supported laterally and stiffened by the adjacent
soil, and thé blows of the hammer need but overcome the friction.
In an ordinary cofferdam braced in the usual manner, strength in
the interlock to résist the tearing apart of the sections by direct
tension in a longitudinal direction is not often required, but if it is,
United States Steel Sheet Piling is recommended on account of
its great longitudinal strength. This interlock strength in a longi-
tudinal direction depends on the type of section, the opening of
the jaw, the character of the soil, ete., and can only be determined
by tests. The average longitudinal strength per lineal inch of
medium steel sections is as follows:

131" United States Steel Sheet Piling.................. 9,800 pounds.
914" United States Steel Sheet PIng.......covvvvenns . 5600 *

Steel sheet piling is usually made of medium steel manufactured
to standard specifications. Where the construetion is permanent
and possible corrosion is a serious factor, it may be made of steel
containing about 0.25%, copper, experiments on which, as well
as analyses of old structures, indicate that such an addition goes
very far towards making the steel practically indestructible.

Full information is given in a separate pamphlet entitled *“ Steel
Sheet Piling,” copies of which can be had on request.
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CARNEGIE STEEL COMPANY

GRILLAGE FOUNDATIONS

Grillage Beams. In the design of foundations for columns, piers
and walls, provision must be made for the uniform distribution of
the load over the footing. This is best done by the use of a grillage
of stecl beams and concrete. This method of construection elimin-
ates deep excavations and large masses of masonry and is, therefore,
truly economical. For heavy loads on soils of small bearing
capacity, three tiers of beams may be necessary; while for lighter
loads or better soils two tiers, or even one, may suffice.

The lower tier should rest upon a solid bed of concrete of sufficient
thickness to distribute the load to the soil. Good practice requires
the spaces between the beams in all the tiers to be filled with, and
the beams enclosed in, concrete not less than four inches thick.

The clear distance between the flanges of the beams in each tier
should not be less than 214 inches, nor more than three times the
flange width. The first requirement is necessary to permit the
introduction and proper tamping of the concrete, the second, to
insure uniform distribution of the load. When separators are used
to hold the beams in position, they should be of gas pipe, as cast iron
separators tend to break the continuity of the concrete. Grillage
beams should not be painted, as concrete does not adhere well to
painted surfaces but is itself an excellent preservative of steel.

To determine the area in square feet required for the foundation,
divide the total load on the column, pier or wall by the allowable
pressure per square foot on the soil. This gives the area of the
footing, the shape of which is determined by local conditions. On
the assumption that the loads on the soil are uniformly distributed,
the number, size and weight of the beams required are determined
from the maximum bending moment, the maximum shear, or the
maximum web resistance to buckling, as follows:—Let

W=Total load on the foundation, in pounds.
P L, L =Length of beam, in feet.
T a =—Length of loaded portion, in feet.
d =Depth of beam, in inches.
t =Thickness of beam web, in inches.
‘____]_T_Il_l_'_'llll_'_"_l _”_l_l_”_”j n =Number of beams in a tier.

fp=Allowable unit web buckling resistance.

The maximum bending moment occurs at the center of the beam
and is equal in foot pounds to W (L-a) + 8; this formula is
identical with the formula of maximum bending moment for a
beam of length (L—a) under a uniformly distributed load, w.

The proper size of beam in any tier as regards flexure at a fiber
stress of 16,000 pounds per square inch may be found in the beam
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GRILLAGE FOUNDATIONS

safe load table for the length corresponding to (L—a), by dividing
the total load by the number of beams.

Or may be found from the table of maximum bending moments,
by dividing the total bending moment by the number of beams;

Or from the table of properties, by dividing by the number of
beams in the tier the total section modulus required, which
is equal to —3-‘:—2%‘;0—‘]-

Note, however, that the load on the beam for any span must not
exceed the maximum tabular safe load for shear.

The maximum vertical shear occurs at the edge of the column
base or at adistance in feet of Lz_a from each end of the beam and
¥ W L—a
is equal to x5

! : ) ¥ W _ L-a 1
Web thickness, 1, fo resist average shear=—7- * —5— X —=—mmmn

Or, the average vertical shear= ‘: x L;a mé“ , which must not

exceed 10,000 pounds per square inch.
The maximum buckling stress occurs on a length in inches of

12a + d/2 and is equal in total per lineal inch of web to 33 qs
The required thickness of web, t, to resist buckling=

W
nx{12a + d/2)xfb.
Or the average web resistance per square inch to buckling=

IMiT‘LW which must not exceed the tabular values for

the allowable buckling resistance on beam webs.

Rolled Steel Slabs. To distribute the loads from columns over
girders, grillage beams, ete., solid slabs of rolled steel may be
advantageously used in the place of cast iron or riveted steel bases,
ete. The size of the slab is usually fixed by the dimensions of the
column and its thickness is determined from the maximum bending
moment, on the assumption of uniform loading, as follows:—Let
W==Total load, in pounds.

A =Width of slab, in inches.

I3 =Length of slab, in inches.

t =Thickness of slab, in inches.

| ot a =O0utside dimension of column, in inches.

- Y b =Outside dimension of column, in inches.
The maximum bending moment will occur at the center of the

slab and equals, in inch pounds, .. 2 (‘;_') or w_(g-—b) ,and at a

fiber stress of 16,000 pounds per square inch, the required thickness

— _..-L__L = =
o st b, VERGST o - I

L=
R
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10 eu

R
m.}f ”«“’-LW KRGS
13-15" 60.8 lb, Beams 13°-6" ,

Exampue: Required to design a grillage foundation for a column load of
1,040,000 pounds on soil with an allowable bearing capacity of 6,000 pounds |
per square foot. Column composed of 1 web plate, 14" x 55", 4 flange angles,
6" x 4" x 5" and 4 flange plates, 14" x 74", outside dimensions 14" x 18",

Required area of footing=1,040,000 + 6,000==173.33 square feet,

Use area 12'-0" x 15°-0"'=180 square feet.

Assume 3’-0" square as the dimensions of the rolled steel slab or column
base and allow 9 for concrete on the sides and ends of beams, then the dimen-
slons of the steel grillage will be 10™-6'" x 13’-6", concrete being assumed of
sufficient thickness and strength to distribute to the edges.

kY
H" I“la Rolled Steel Slab
14" 3" 3 x 1,040,000 x 22
13 | Thickness required, t,= W4B in.

Use 534",
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GRILLAGE FOUNDATIONS

Beams—Section Modulus Method.
Bottom tier—L—13.5 feet; a— 3.0 feet.
Required total section modulus, §,=3%1.040.000 x 10.5__ | o5 75 14

32,000
Use 13—15"" 60.8 1b. beams—Total section modulus=1,055.6 in.s
1,040,000 10.5 1
A Se—— e —| ] L o
Average she 185 X 2 *13x15x.50 3,515 1bs. per sq. in.

1,040,000
PO e . - .
Average buckling st 13 x 43.5 x 50 =3,120 lbs. per sq. in

Top tier—L=10.5 feet; a=3.0 feet.
Required total section modulus, 8,—>-% 1'0}340%0 X758 __731.95 in.8

Use 4—24" 90 lb. beams—Total section modulus—743.2 in.®

1,040,000 7.5 1
ﬁa-!'_"“""_ —_— —_— T > )
Average shear— X e o BOE == 6,200 Ibs. per sq. in.

10.5
Average buckling stress— 4—;'%% ==8,680 1bs. per sq. in.

Plate Girder Grillage Foundations. In those cases where columns carry
very heavy loads, plate girders are used for the top tier of the
grillage rather than beams. In the case of symmetrical foundations,
the method of computation is the same as has already been illus-
trated in the case of beams. The following example indicates the
procedure in the quite frequent case of unsymmetrical loading
conditions:

840,000 pounds 1,260,000 pounds
2% 6%
28"
Al 46"

gt g

Make up of 1 Plate Girder ?”énbae] Slab

4 Flange Angles 6 x 4 x 54 "-

2 Flange Plates 14 x 54

1 Web Plate 36 x 14

2 Web Reinf. Plates 54 thick,
each end between Flange
Angles

2 Web Reinf. Plates 35 thick,
each end over Flange Angles

Stiffener Angles 5x 314 x 14 3

Tie Angles 5x 314 x 14 L

- 410"




CARNEGIE STEEL COMPANY

ExaurLe:—Required to design a grillage foundation under an exterior or
wall column earrying a load of 840,000 pounds, and an interior column with
aload of 1,260,000 pounds, on soil with an allowable bearing capacity of
8,000 pounds per square foot. ‘

Required - footing area of wall col 840,000 __ 45 square feet.

8,000
Use area 8’-0"" x 14’-0""= 112 square feet.
1,260,000
8,000

Required area of interior column footing=— =157.5 square feel,

Use area 12'-0" x 14'-0""=168 square feet.
With these dimensions and areas, the load on the soil will be uniform at

7,500 pounds per square foot, and the footings the same width, both of which
are desirable from the standpoint of uniform settlement.

Rolled Steel Slabs for Column Footings: Assume a width of 30" and a
length of 32", then the required thickness will be as follows:—

3dx S40,000 x (32— 14)__ "
Wall column, t.__\( e 4.86 in.; use 5.

TS |3 x 1,260,000 x (32 — 16) = . "
Interior column, t, ‘\ 34000 = 30 5.61 in.; use 53{"".
Plate Girders: Maximum bending moment occurs at the inner beams of
the respective footings, and is equal to the load on the column multiplied by the
distance of its center from the center of moments.
M max, from wall column = 840,000 x 2’-6"=2,100,000 foot pounds.
M max, from interior column==1,260,000 x 1’-8=2,100,000 foot pounds.
Required section modulus of two girders——-20:000X 12 ) 5750 fn.»
Select from girder safe load table, page 264, two girders composed each of
1 web plate 36" x 14, 4angles 6" x 4 x 34", and 2 flange plates 14" x 94" ;—
Total section modulus, 8=2 x 792.3=1,584.6 in.»
Maximum shear occurs at the inside edge of the steel slab under the interior
column, and is equal in total for the two girders to the load carried by the
portion of the footing between that point and the inside edge of the footing,

or—]—‘&rmﬁ.-;—z—ﬁs =680,000 or 340,000 pounds per girder.
At 10,000 pounds per square inch, the 36" x 14" plate girder web is good for

180,000 pounds; therefore, it is necessary to use reinforcing web plates where
the shear exceeds that amount.

Beams, Lower Tier, Interior Column:
Required total section modulus, 8, = 3% 1:260,000 x9.67 _ ; 1404 152

32,000
Use 13—18"" 54.7 1b. beams — Total section modulus = 1,149.2 in.®
__ 1,260,000 _ 967 1 = .
Average shear — =T et 7R x STESTEFT: xde_—é,mlhs.parsq.in.

Average buckling stress — i-slfi“?'%g-g—g=4.m1bs.peraq. in.

For exterior column use 9—18" 54.7 1b. beams.

Note.—In order to facilitate manufacture and shipment, it is
desirable to use for the entire foundation as few sizes and weights |
of beams as possible, and the rolled steel slabs should be of the
same thickness or at least of as few thicknesses as really convenient. |
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GIRDERS

RIVETED BEAM AND PLATE GIRDERS

Where single rolled beams are insufficient to carry the loads, the
required capacity may be secured by fabrication in various methods.

Two beams can be used, connected together by bolts and separa-
tors. The total strength of these is twice that of the single beam
of the same depth and weight. Care should be taken, however, to
see that the loads are applied on them equally, and where it is
necssary for the beams to act as a unit, the separators should be of
plates and angles and not of cast iron. If the loading is not uniform
on the two sections, their strength must be computed separately.

The use of single beam girders with plates top and bottom to
sustain a given load is often more economical in material than the
use of two beams connected by bolts and separators.

Box girders formed of two beams with flange plates riveted thereto
are often used for supporting interior walls in buildings. They
are not, however, as economical in material as single beams with
flange plates or plate girders. Their interior surfaces do not admit
of repainting and they should, therefore, not be used in exposed
places.

The most economical section to sustain heavy loads is the single
web plate girder and it is sufficient for all ordinary purposes. When
not so, two single web plate girders may be used, together with tie
plates extending clear across the angles, or box girders may be
made of four flange angles, two web plates and top and bottom
flange plates. In case there is unequal distribution of the load,
the two girders or half girders must be figured as separate units.

In the design of beam or plate girders, care must be taken to see
that the web is of sufficient thickness to resist buckling stress and,
therefore, attention is called to the construction specifications and
to the remarks made on page 193 as to shearing stresses in general.

The tables which follow give first, a selected line of riveted beam
girders of approximately twice the carrying capacity of the single
beams of which the sections are built; second, a selected line of
riveted plate girders of various depths and carrying capacities such
as are customary in building work; third, elements of riveted plate
girders of various depths from which it is possible to select econom-
ical sections for almost any ordinary condition of loading. In
addition to the properties, the first two tables give the safe loads in
thousands of pounds uniformly distributed.

In accordance with the construction specifications, these girder
tables are based upon the section modulus of the gross area of the
section, with bending stress allowed at 16,000 pounds per square inch.
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CARNEGIE STEEL COMPANY

RIVETED BEAM GIRDERS

Avrowasre UnirorMm Loap 1IN THOUSANDS oF PoUNDS

Maximum Bending Stress, 16000 Pounds per Square Inch

p—r127e o0y
P 1 - ¥
i i :
% § Syl
] ! ] ]
Sk = - L g
1 Beam 277700 Ibs. 1-Beam24"x79.01be. 1-Beam24"x70.01be. 1-Beam30"x8L i1bs| 3
Feet | 2.Plates 12"/x3{'" | 2-Plates 12"/x3{"" | 2-Plates 10"'x5§"" | 2-Plates 10''x3{"" S
Increase Increase L I
in Safe in Bafe in Safe in Safe 3
Loads for| s for ILoads for Loads for
Safe 144 Inch Safe a Safe %‘in Inch Safe ltﬁnlnuh
Loads h“mm Loads S Loads in Loads 5
o!lﬂnnm Flange| [‘Flnnge ut.
tal
Plates Plates Plates Pl-ufl
13 370 | 15.9 | 812 | 142 | 259 | 11.7 235 | 9.7 | 280
14 343 | 148 | 289 | 13.2 | 240 | 109 218 | 9.0 3.24
15 321 | 138 | 270 | 123 | 22¢ | 101 204 | 8.4 3.72
16 301 13.0 |_258 | 115 210 | 9.5 191 7.9 4.24
17 283 | 122 | 238 | 109 198 | 9.0 180 | 7.4 4.78
18 267 | 115 ‘ 225 | 10.3 187 | 8.4 170 | 7.0 5.36
190 258 | 109 | 213 9.7 177 | 8.0 161 6.6 5.98
20 240 | 104 | 203 9.2 168 | 7.6 153 6.3 6.62
21 | 220 99 | 103 | 88 160 | 7.2 146 | 6.0 7.30
29 219 9.4 | 184 8.4 153 | 6.9 139 | 5.7 8.01
23 200 9.0 176 ‘ 8.0 146 | 6.6 133 | 5.5 8.76
24 200 8.6 169 7.7 | 140 | 6.3 127 | 5.3 9.53
25 192 83 | 162 74 | 135 | 6.1 122 | 5.0 | 10.35
26 185 8.0 156 7.1 | 129 | 69 118 4.8 11.19
27 178 ik 150 | 6.8 125 | 5.6 113 | 4.7 | 12.07
a8 | 172'| z4 | 145 | ‘se'| 120 | G.a 109 | 45 | 12.98
29 166 7.1 140 | 6.4 116 | 5.2 106 | 4.3 | 18.92
30 160 | 6.9 | 135 62 | 112 | 5.1 102 | 4.2 | 14.90
31 | 155 | 67 | 131y 60 | 1090 49 99 | 41 |59
32 150 6.5 127 5.8 105 4.8 96 3.9 ! 16.95
33 | 146 | 6.3 | 123 | 56 | 102 | 4.6 93 | 3.8 | 18.03
34 141 | 6.1 119 | 54 99 | 45 90 | 3.7 | 1013
35 | 187 | 59 | 116 | 53 | 96 | 43 87 | 3.6 |[20.28
Area 44.34 inches? 41.33 inches® | 25,83 inches? 38.74 inches®
S1-1 | 450.8 inches® | 380.0 inches® 315.5 inches® 2867 inches?
Weight | 151.2 Ibe. per ft. | 141.1 Ibs. perft. | 122.4 lbe. per ft. | 1324 Ibe. per ft. |

Safe loads above horizontal lines exceed the web resistance and
with stiffeners; for limiting conditions see explanatory notes and C

Weighta given for girders do not include &

gufim nlmul.rl be provided
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GIRDERS

RIVETED BEAM GIRDERS—Concluded

AvvowasLe UnirorM Loap i¥ TrHOUSANDS oF PoUNDs

Maximum Bending Stress, 16000 Pounds per Square Inch

0% = e
L | = (s
ki ¥ i ‘ :
40t |[ o (- | ” 1 3 5
& E 8
f i l g
faug H
H b
E 1-Beam20"x85.41 1-Bumis':u7 1-Beam 1575608 1bs.1-Beam15"x4201bs]  ©
a—m 10" x 54"72-Plates 9''x 54"’ 2-Plates 0"/ x 34" (2-Plates 8" x 14"
Increase Increase Increase Increase
in Safe in Safe in Safe in Safe
Loads for Loads for Loads for] Loads [or]
Safe alnch | gore s Inch| gqfe alnch| gafe [Yal
Loads n Loads o Loads o Loads
i Thickness
of, Flange B ol Fla of
Plates Plates Plates PE:;“

o | 279 | 142 | 218 | 115 | 180 | 04 | 137 | 8.5 | 134
10 | 251 | 127 | 106 | 10.3 [ 170 | 8.5 123 6 1.66
11 |.228 | 116 | 178 94 | 155 | 7.7 112 | 69 | 2.00
12 |_200 | 10.6 [ 164 86 | 142 | 7.1 102 | 64 | 238
13 193 98 | 151 79 | 131 | 65 95 | 59 | 2.80
14 179 9.1 | 140 74 | 122 | 61 88 | 55 | 324
15 167 85 | 131 69 | 113 | 57 82 | 51 3.72
16 157 8.0 | 123 65 | 108 | 53 77| &8 4.24
17 148 7.5 | 115 6.1 | 100 | 50 72 | 4.5 | 4.78
18 139 7.1 | 100 5.7 95 | 4.7 68 | 4.2 5.36
19 132 6.7 | 103 5.4 90 | 4.5 65 | 4.0 5.98
20 | 125 6.4 98 | 5.2 85 | 4.3 61 | 3.8 6.62
21 | 119 6.1 03 | 49 81 | 4.0 59 | 36 | 7.80
22 114 5.8 89 4.7 7 | B9 56 | 35 | 8.01
23 109 5.5 85 4.5 74 | 87 53 | 33 | 8.76
24 105 5.3 82 43 o | s 51 | 82 | 9.53
25 100 5.1 70 4.1 68 | 3.4 49 | 3.1 | 1035
20 97 4.9 76 4.0 65 | 3.3 47 | 29 |11.19
27 03 4.7 73 3.8 63 | 3.1 46 | 2.8 |12.07
28 90 4.6 70 3.7 61 | 8.0 44 | 27 |1298
29 87 4.4 68 3.6 59 | 2.9 42 | 286 |13.92
30 84 4.2 85 3.4 5T | '8 41 | 25 | 1490

Ares | 31.58 inches? 27.19 inches® 28.93 inches? 20.40 inches?
8-y | 2352 inches® | 184.1 inches® 159.5 inches® 1153 inches?
Weight | 107.9 Ibs. perft. | 03:0 Ibs. perft. | 99.1 Ibe. perft. | 70.1 Iba. perft. |

Safe loads above iwmumllinumd hnhxdlhumd;h&nduuldhmvﬂn—i
with stiffencrs; for limiting conditions see ¥ notes and C ti
Weights given for girders do not include stiffeners, nmhuﬂauutherdehah.
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CARNEGIE STEEL COMPANY

RIVETED PLATE GIRDERS

SAare Loaps 18y Tuousaxps of Pounps UNirorMrLy DISTRIBUTED
Maximum Bending Stress, 16000 Pounds Per Square Inch

TR [T gl
SR [ e e ey
YUY U |
= = = T:
& ® T : §
Dimensions In Inches . ]
2 ' [ 5 £
g2 B GBR| B | BE|GE gé
559 ;-..53 = £ Esg
258|203 |2BF | af 2R (i)l
EEs B & EE | E 222 | 8
-
B3| EEE BEp| ERBeE |EE| g
]
éi&' gﬁ«a § ol o éi?;i g99a | =3
331 | 301 | 274 | 106 | 196 | 200 | 278 | 662
315 | 287 | 261 | 187 | 188 | 285 | 265 |7.30
301 | 274 | 240 | 178 | 178 | 272 | 253 |s01
288 | 262 | 238 | 171 | 170 |T260 | 242 (876
276 | 251 | 228 | 164 | 163 | 240 | 232 | 953
265 | 241 | 219 | 157 | 136 | 239 | 223 10.35
255 | 232 | 211 |_151 | 150 | 230 | 214 [11.19
245 | 223 | 203 | 145 | 145 | 222 | 208 12,07
236 | 2156 | 196 | 140 | 3 214 | 199 12198
208 | 208 | 189 | 135 135 206 | 192 [13.92
221 | 201 183 131 130 | 199 | 180 |14.90
214 | 194 | 177 | 127 | 126 | 193 | 180 1591
207 | 188 | 171 | 123 | 122 | 187 | 174 [16.95
201 | 183 | 186 | 119 | 119 | 181 | 160 |18.03
195 177 161 115 115 176 164 |19.13
189 | 172 | 187 | m2 | 102 ‘ 171 | 189 [20.28
184 | 167 | 152 | 109 | 109 | 166 | 155 [21.45
179 | 163 |~148 | 106 | 106 | 162 | 150 [22.88
174 159 144 103 | 103 157 147 |23.90
170 | 155 | 141 | 101 | 100 | 153 | 143 [25.18
166 lg}'_ }37 gg gg 150 | ig 33.;3
161 [ 147 34 , 14 127,
158 | 144 ! 131 ‘ 04 | 93 | 142 T35 20.20
Area | 5550 | 5219 | 47.75 | 4425 | 34.00 | 2470 | 5450 | 47.00 [ In2
81-1_ | 600.7 | 6206 | 585.1 | 514.0 | 368.1 | 360.7 \mv 5219 | In®
Wipertt 1889 | 1778 | 1626 | 1507 | 1183 | 1181 | 1855 | 1600 | Lbs.

Safe loads above horizon

with stiffeners; for limiting conditions see explanatory notes and Construction
Weighta given for girders do not include stifeners, rivet heads, or other details.

tal lines exceed the end resistance and girders should be provided
e O
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RIVETED PLATE GIRDERS—Continued

Sare Loaps ix TrousaNps oF Pouxnps UNirorMLY DISTRIBUTED
Maximum Bending Stress, 16000 Pounds Per Square Inch

U o1 gon
[1 ! f
;! ‘3' ‘.n
a8l & | s
Ii 1 i g
| | ] |
Span |
in | Dimensions ‘s
Feet | g 8! !
452 | o3 55 | 52 §§ 3§a 332 A
T Eég' Sk | 53 S8 S8E|SEE %
| 222 a2
BRs | BRR | 2 | 52 | ;,35 533 EEE | B
' = | =
| ERR whe | 25 | 2% | vl (280 | vlie | £he
85% | 38 | 43 | 43 | 383 (334 |33 | 434
st pof) (5 gl T T e S
18 281 | 240 | 168 | :43‘ 258 | 220 | 202 | 176 | 536
19 | 200 | 236 | 100 | 140 | 244 | 217 | 192 | 167 | 508
20 | 253 | 224 | 152 [Ti33 | 232 | 206 | 182 | 150 | G.62
21 | 241 | 214 | 144 | 127 | 221 | a9 | a7 | 151 | 730
22 | 230 | 204 | 188 | 9421 | 211 | 187 | 166 ‘ 144 | 801
23 | 220 | 195 [T182 | 116 | 202 | 179 | 158 |_138 | s8.76
24 211 187 | 126 111 | 193 172 152 |~ 1330 | 9.58
25 | 202 | 180 | 121 | 106 | 186 | 165 | 146 | 127 [10.35
26 195 | 173 i 17 | 102 | 178 | 168 |_140 | 122 [11.19
27 | 187 | 186 | 112 98 | 172 | 153 |71 118 [12.07
28 | 181 l 160 | 108 o5 | 150 | 147 | 130 | 114 1298
20 | 174 | 165 | 105 92 | 1680 | 142 | 126 | 110 [13}02
30 | 169 | 150 | 101 S0 | 155 | 137 | 121 | 106 14.00

83 | 145 | 120 | 114 99 116.95
31 141 125 110 96 |18.03
34 149 | 132 | B9 136 121 107 93 |19.13
35 145 | 128 | 87 76 ~ 133 | 118 | 104 91 20.28

| 120 | 114 | 101 88 (21,45
125 111 a8 80 [|22.66
122 | 108 | 96 | 84 [23.00

| 119 | 106 | 93 | 81 (2518

| e
31 | 163 | 145 | o8 | s | 150 Ti@m | 118 | 108 |i501

40 | 126 112 70

68
66
Area | 43350 38.94 26.50
S1-1_ | 4743 4208 m.s 401 386.1 3415 2080 | Inhk
Wi.perFt| 148.1 132.5 100.5 . 20.1 145. 0 130.0 118.1 105.4 Lbs.
Bale loads above horizontal lines exceed the end resistance and girders should be provided
with stiffeners; for limiting conditions see explanatory notes and Construction Specifications.
'Weights given for girders do not include stiffeners, rivet heads, or other details.

116 103 91 70 F6.48
4275 38.19 | 34.60 30.05 | In.2
435.1
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CARNEGIE STEEL COMPANY

RIVETED PLATE GIRDERS—Conecluded
SAFE Loaps 1y Tuousanps or Pounps UnirormMry DISTRIBUTED
Maximum Bending Stress, 16000 Pounds Per Square Inch

L
125

g

%
Dimensions in Inches g

P EF e
SR
AREAE HE T E I
S = ' 3! = =
AGE AR 5
el
18 153 134 224 204 181 161 121 98 5.36
19 145 127 212 193 172 152 115 03 5.98
20 138 121 202 183 163 144 109 88 6.62
21 131 115 192 175 155 138 104 84 7.30
22 126 110 184 167 148 lSli 99 80 8.01
23 120 105 176 159 142 126 95 (74 8.76
24 115 101 168 153 136 120 91 74 9.53
25 110 07 162 147 131 116 87 71 10.35
68

26 106 03 155 141 126
102 00 150 136 121

11
107
99 86 | 144 | 131 | 117 | 103
95 | 83 | 130 | 126 | 113 | 100
92 | 81 | 185 [122 | 1090 | 96

89 78 | 130 | 118 | 105 93 | 70 | 57 |1501
86 76 |_126 | 115 | 102 | 90
84 73 - 88
71 | 119 | 108 | 96 85
79 60 | 115 | 105 | 03 83
80

77 67 112 102 o1
75 65 109 99 8’8 78 50 48 | 22.66
73 64 106 96 86 76 57 46 | 23.00
71 62 104 94 84 74 56 45 |[25.18
69 60 101 92 82 72 55 44 | 2648

T 58838 g 88N
=

28.75 2575 | _40.00 37.00 33.20 30.20 25.00 2120 | In?
811 2589 220.6 3785 3436 306.1 2709 204.6 165.5 In®
WiperPl 980 87.6 138.0 1258 113.0 102.8 85.0 722 Lbe.
Bafe loads above horizontal lines exceed the end resistance and girders should be provided
with stiffeners; [or limiting conditions see explanatory notes and Co Specifieat
Weights given lor girders do not include stiffeners, rivet heads, or other details.
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GIRDERS

~

1

RIVETED PLATE GIRDERS

To obtain a girder suitable to carry any specified
loading, determine the maximum end reaction in pounds
and the maximum bending moment in inch-pounds.

Select from the table a girder having the desired
depth, a thickness of web as determined by the maximum
end reaction and a suitable section modulus as deter-
mined by dividing the bending moment by the permissible
slress per square inch.

For limiting conditions see explanatory notes and
Construction Specifications.

Welghts given do not include stiffeners, rivet heads,
or other details,

R
Weight Fi Maximum

Bise in Inches oﬁ:’u::ls o |

- - Reaction

Web Plate Lo
Web Flange Flange and Flange quml
Plate Angles Plates m Plates Dot

4x 3 x¥% 59.5 50.6
4x 3 xM 69.9 50.6
6x34x Mg 79.9 50.6

24 x %9 |5x3Mgx04 92.7 X
Sx3MxM| 12x Y4 70.9 40.8 6
5x3MxM| 12x % 79.9 51.0 50.6
Sx3Mxlg| 12x 4 92.7 51.0 50.6
4x 3 xM4 64.6 60.8
bx3Max 722 60.8
4x 3 x4 75.0 60.8
4x 3 x%§ 85.0 60.8
5x3¥xl4 85.0 60.8

24x3 |5x3MxiH 97.8 60.8
S5x34x¥ |- 12x % 72.2 30.6 60.8
5x3lex¥| 12x 4 72.2 40.8 60.8
5x3MxM| 12x Y4 85.0 40.8 60.8
Sx3lexly 12 x % 85.0 51.0 60.8
S5x3Mx¥| 12x % 97.8 51.0 60.8
ix 3 x¥ 61.6 56.3
S5x3Mxy 69.2 56.3
ix 3 x4 72.0 | 563
Gx 4 x4 76.8 56.3
5x3Mxlg 82.0 56.3
6x 4 x4 92.4 | 56.3
5x3 x84 94.8 56.3

26 x Mo |6x3M4x¥| 12x ¥ 69.2 30.6 | 56.3
6x 4 x¥ 107.6 56.3
Hbx34x¥| 12x 4 69.2 408 | 563
Ox 4 x% 14 x 3 76.8 35.7 56.3
5x34x| 12x 4 82.0 40.8 56.3
6x 4 x3| 14x)4 76.8 47.6 56.3
6x3MxM| 12x 5§ 82.0 51.0 56.3




CARNEGIE STEEL COMPANY

RIVETED PLATE GIRDERS—Continued
Size in Inches Wolght:per ook, | Masimum
——————————|  Retelion
H in
Axis 1-1, wi - - it Flange | Thoussods
Inches? Plate Angles Plates m | Plates Toori
428.4 6x 4 x}4| 14x4 92.4 476 | 563
447.9 5x3x%| 12x 8§ 94.8 51.0 l 56.3
472.7 26x%e |6x 4 x14| 14 x5 924 | 595 | 563
510.5 6x 4 x%| 14x3% | 1076 | 595 | 563
503.4 6x 4 xif| l4x¥y 1076 | 714 56.3
158.5 4x 3 x% 672 | 67.5
183.8 5x34x34 74.8 67.5
193.5 4x 3 x}4 776 | 67.5
208.1 6x 4 x3§ 82.4 67.5
226.5 4x 3 x% 87.6 67.5
226.6 5x344x 14 87.6 | 67.5
258.9 6x 4 x4 98.0 67.5
267.6 5x344x 5§ 100.4 87.5
208.0 5x8lxd4| 12x 3 74.8 30.6 67.5
307.9 6x 4 xi 113.2 67.5
336.2 5x34x¥| 12x4 74.8 40.8 67.5
. 341.5 26xM [0x 4 x¥| 14x¥H 824 35.7 67.5
354.4 6x 4 x% 127.6 67.5
8774 5x3Mx14| 12xY4 87.6 40.8 67.5
386.1 6x 4 x%| 1l4x14 82.4 47.6 67.5
415.2 5x31x14| 12 x 3§ 87.6 51.0 | 675
435.1 6x 4 x1§| 14x3¥ 98.0 476 | 6715
454.5 5x334x5§| 12x855 | 1004 510 | 675
479.3 6x 4 x14| l4x% 98.0 59.5 67.5
5201 6x 4 x3| 14x% | 1132 59.5 67.5
569.9 6x 4 x3| 14x3 | 1132 714 67.5
613.9 6x 4 x| 14x3 | 1276 71.4 67.5
200.4 4x 3 x4 83.1 788
233.4 4x 3 xi 93.1 78.8
233.5 5x3%x14 93.1 788
265.8 6x 4 x4 103.5 78.8
274.5 5x314x 5 105.9 78.8
314.8 6x 4 x% 118.7 78.8
361.3 6x 4 x3 133.1 78.8
384.0 | 26x7e |5x3}xl4| 12x )4 93.1 408 78.8
421.8 5x8Mx1§| 12x % 93.1 51.0 78.8
441.7 6x 4 x}4| 14x3¥4 | 1035 47.6 78.8
461.1 5x3%x84| 12x5 | 1059 51.0 78.8
485.9 6x 4 x44| 14x5% | 1035 59.5 78.8
532.7 6x 4 x| 14x85 | 1187 59.5 78.8
576.5 6x 4 x3f| 14x¥ | 1187 71.4 78.8
620.5 6x 4 x¥| 14x3¥ | 1331 | 714 78.8




GIRDERS

RIVETED PLATE GIRDERS—Continued
Tischae Weight per Foot,

Section Size in Pounds Hsﬂmmm
Modulus, Reaction
Azis 1, Feh e Thoussads
o' | Pt | A | Paee e | WS |
185.6 5x314x 34 70.3 56.3
211.0 6x 4 x¥ 779 56.3
230.3 5x83x 14 83.1 56.3
264.1 6x 4 x4 93.5 56.3
273.2 5x3Mx%4 95.9 56.3
304.5 5x34x%| 12x3% | - 703 30.6 56.3
3153 6x 4 x5 108.7 56.3
344.2 5x34x3| 12x Y 70.3 408 56.3
340.8 | 27XxMe [6x 4 x3§| 14x 3 77.0 35.7 56.3
387.3 5x3Yix}| 12 x4 83.1 40.8 56.3
396.2 6x 4 x34| 14x 4 77.9 47.6 56.3
426.7 5x3Mx14| 12 x 54 83.1 51.0 56.3
447.4 6x 4 xM| 14x Y4 93.5 47.6 56.3
467.7 5x3M4xi6| 12 x 8§ 95.9 51.0 56.3
403.4 6x 4 x}4| 14 x5 03.5 50.5 56.3
542.4 6x 4 x%| 14x3 | 1087 50.5 56.3
588.0 6x 4 x5 | 14x3% | 1087 71.4 56.3
193.1 bx3l4x¥ 76.0 67.5
218.5 6x 4 x34 83.6 67.5
237.8 b6x3Mxlg 88.8 67.5
271.5 6x 4 x4 99.2 67.5
280.6 5x3Mx5% 101.6 67.5
811.7 5xalxd| 12x3 76.0 30.6 67.5
322.7 6x 4 x3§ 114.4 67.5
351.4 6x3Mx¥%| 12x14 76.0 40.8 67.5
357.1 6x 4 x¥| 14x3§ 83.6 85.7 67.5
3714 | 27TXH |gx 4 x¥ 1288 67.5
394.5 5x3¥x4| 12x14 88.8 40.8 67.5
403.4 6x 4 x3| 14x Y 83.6 47.6 67.5
417.9 6x 4 x% 143.2 67.5
4338 Bx3MxM| 12x 84 88.8 51.0 67.5
454.6 6x 4 x| 14x 14 90.2 47.6 67.5
474.8 5x3Mx%| 12x% | 10186 51.0 67.5
500.5 6x 4 x| 14x8 [ 99.2 59.5 67.5
549.5 6x 4 x5| 14x3§ 1144 59.5 67.5
595.1 6x 4 x%, 14x3 | 1144 714 67.5
641.2 6x 4 x¥ | 14x¥% 128.8 714 67.5
245.2 5x3Mx14 94.6 78.8
279.0 | 97514, |OX 4 X34 105.0 78.8
288.1 B5x3M4x 5 107.4 78.8
3830.2 6x 4 x5§ 120.2 788
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CARNEGIE STEEL COMPANY

RIVETED PLATE GIRDERS—Continued

8 Bize in Inches Weight per Foot, Maximum
Mm n Y r
Web Plate =
Axin 1-1, Flange Flange yod Flaoge Thousanda
Inches | Piate Angles Plates m Platea P
878.8 6x 4 x3{ 134.6 78.8
401.7 5x3Mxl| 12x M4 094.6 40.8 788
425.3 6x 4 x4 149.0 78.8
440.9 5x3¥xl| 12 x5 94.6 51.0 788
461.8 27 x%e |6x 4 x| 14x)4 105.0 47.6 78.8
482.0 5x336x 5§ 12 x 54 107.4 51.0 788
507.7 6x 4 x}4| 14x4 105.0 59.5 78.8
556.6 6x 4 x5 14x% 120.2 59.5 788
602.4 6x 4 x3| 14x3¥ 120.2 714 78.8
648.2 6x 4 x¥| 14x¥ 134.6 714 788
104.56 5x3l4x3 71.4 56.3
221.0 6x 4 x¥ 79.0 56.3
241.1 5x34xM 54.2 56.3
276.3 6x 4 x14 94.6 50.3
285.8 5x34xig 97.0 56.3
317.8 5x3Mx3¥| 12x 34 714 30.6 56.3
a20.7 6x 4 x4 109.8 56.3
359.0 5x3¥Mx¥M| 12x4 714 40.8 56.3
365.0 28x%s |6x 4 x34| 14x 3 79.0 35.7 56.3
404.0 5x34xl| 12x3 84.2 40.8 56.3
413.1 6x 4 x34| 14x4 79.0 47.6 56.3
444.8 5x3Mxl| 12x 8 84.2 51.0 56.3
466.5 6x 4 xM| 14xY 94.6 47.6 56.3
487.6 5x3Mxi4| 12x 8¢ 97.0 51.0 56.3
6514.2 6x 4 x}M| 14xY 94.6 59.5 56.3
505.4 6x 4 x34| 14 x 8§ 100.8 59.5 56.3
612.7 6x 4 xB4| 14x3¥ 100.8 71.4 56.3
202.56 5x3Mx¥ 77.3 67.5
220.0 Gx 4 x¥§ 84.9 67.5
249.1 5x34xM 90.1 67.56
284.3 6x 4 x4 100.5 67.5
293.8 5x3Mx¥H 102.9 67.5
325.6 5x3Mx¥%| 12x3% 77.3 30.6 67.5
337.7 28x 3% 6x 4 x%% 115.7 67.5
366.7 5x3Mx¥| 12x ¥4 773 40.8 67.5
3728 6x 4 x3| 14x3 84.9 35.7 67.5
388.5 6x 4 x¥ 130.1 67.5
411.7 5x34x}4| 12x 4 90.1 40.8 67.5
420.8 6x 4 x¥| l4xl 84.9 47.6 67.5
437.0 6x 4 x4 144.5 67.5
452.6 5x3¥xM| 12x 3 90.1 51.0 67.5




GIRDERS

RIVETED PLATE GIRDERS—Continued

S e Wogtp T | i
Selen
Web Plate
Web ' Flange and Flange Thousnds
Plates m Plates m Plates ML
0x 4 x| 14x Y 100.5 47.6 67.5
5x34xig| 12 x84 102.9 51.0 87.5
28 x 35 |Ox 4 x}4| 14x L1 100.5 59.5 67.56
Ox 4 xbg| 14 x 55 115.7 59.5 67.56
6x 4 x| 14x¥ 1156.7 714" 67.5
6x 4 x3{| 14x¥ 130.1 714 67.5
5x34x4 06.1 78.8
6x 4 x4 106.5 78.8
5x3)4x34 108.9 78.8
6x 4 x4 121.7 78.8
6x 4 x¥ 136.1 78.8
5x34xy| 12x}4 06.1 40.8 78.8
28xTa |Ox 4 x4 150.5 78.8
bx3lgxlg| 12x 8§ 06.1 51.0 78.8
Ox 4 x| 14x Y 106.5 47.6 78.8
5x34x%g| 12x5 [ 108.9 51.0 78.8
Ox 4 x14| l4x3 106.5 59.5 78.8
6x 4 x%| 14x% 121.7 59.5 78.8
6x 4 x5§| 14x¥ 121.7 714 78.8
6x 4 x3| M4x¥ 136.1 71.4 78.8
ix34xy 79.9 743
6x 4 x¥ 87.5 743
Sx34x14 92. 74.3
6x 4 x}4 103.1 743
5x3Mx34 105.5 74.3
5x3lx3g| 12x 3 79.9 30.6 74.3
Sx3Mx¥y 117.5 74.3
6x 4 x3 118.3 74.3
5x3%x¥| 12x Y4 70.9 40.8 74.3
6x 4 x35|' 14x 3 B7.5 35.7 74.3
30x3% [6x 4 x¥ 132.7 743
Sx3MxM| 12x 14 02.7 40.8 74.3
Ox 4 x¥| 14x Y 87.5 47.6 74.3
6x 4 x¥ 147.1 74.3
6x3Mxle| 12x 8¢ 02.7 51.0 74.3
6x 4 xM| 14xY4 103.1 47.6 743
5x34x%| 12x 8 105.5 51.0 74.3
6x 4 x}4| 14 x 5¢ 103.1 59.5 74.3
6x 4 x54| 14 x35§ 1183 59.5 743
6x 4 xb%| M4x¥ 118.3 71.4 74.3
6x 4 x¥| 14x3 | 1327 71.4 74.3




CARNEGIE STEEL COMPANY

RIVETED PLATE GIRDERS—Continued

_ Sise in Inches Welght pet Foot. | Maximum
Modul | — R _u;‘
g ¢b Plate

Axig 11, Web Plange Wi Ly - Thoussnds
Inches? Plates {E Plates Flange Plates Pu:?‘nb
281.4 bx3 Mx}4 90.0 B86.6
319.5 6x 4 x4 109.4 86.6
320.7 5x3 x4 111.8 86°6
3755 Bx3 Mxi{ 123.8 l 86.6
3773 6x 4 x5 124.6 86.6
432.3 6x 4 x% 1300 | 86.6
455.5 5x34xl4 | 12x 14 99.0 | 408 86.6
4850 | 30x%e |6x 4 x4 153.4 | 86.6
400.2 5x3MxY | 12x 5 09.0 51.0 86.6
523.0 6x 4 x¥ | 14x Y4 | 1004 47.6 86.6
545.6 5x334x84 | 12x 36 | 1118 51.0 86.6
574.0 6x 4 x} | 14x 3 | 1004 59.5 86.6
620.5 Ox 4 x5 | 14x3% | 1246 50.5 86.6
680.1 6x 4 x% | 14x3 | 1248 71.4 86.6
732.6 6x 4 x3 | 14x3 | 1390 714 86.6
200.6 5x3 Mix 14 105.4 99.0
328.8 0x 4 x4 115.8 99.0
338.9 5x3 14x 3§ 118.2 ©99.0
384.7 5x3 14x 3§ 130.2 99.0
386.5 6x 4 x5 131.0 99.0
4415 | 6x 4 x3{ 145.4 99.0
464.4 Bx3x} | 12x ¥4 | 1054 | 408 99.0
4042 |80x Y |6x 4 x4 150.8 99.0
5080 | 5x3MxY4 | 12x 35 | 1054 51.0 99.0
531.9 6x 4 x| 14x | 1158 | 476 99.0
5545 | 5x3Mxs¢ | 12x3¢ | 1182 | 510 99.0
582.8 6x 4 x}§| 14x3 | 11568 | 505 99.0
638.3 Ox 4 x34 | 14x 8 | 1310 59.5 99.0
688.9 x4 x3| 14x3 | 1810 | 714 ' 99.0
741.3 Ox 4 x3{ | 14x3% | 1454 71.4 99.0
251.7 5x3M4x 34§ 83.7 81.0
283.7 6x 4 x3 91.3 81.0
307.7 5x3 Mx 14 96.5 | 81.0
308.4 6x 6 x3§ 101.7 1215
350.3 6x 4 x4 106.9 81.0
3615 | g o 4. |DXBMXH 109.3 81.0
383.6 6x 6 x4 120.5 121.5
396.9 Bx3lix3§ | 12x 34 83.7 30.6 81.0
412.5 5x314x3 121.3 81.0
414.7 6x 4 xif 1221 81.0
445.5 5x3Mx3 | 12x Y4 83.7 40.8 81.0
453.4 Bx 4 x35 | 14x¥ 91.3 35.7 81.0




GIRDERS

RIVETED PLATE GIRDERS—Continued

" Weight per Foot, h
s Bizo in Inches 1y vl o Mnﬁtﬁm
Modulus, R in.
Waeb Plate

Axis 1-1, W, Flange Flange Thousands
it | B | B | B ﬁ Plates i
455.9 Gx 6 x5 138.9 121.5
476.1 6x 4 x3§ 136.5 81.0
477.6 6x 6 x3§| 14x3¢§ 101.7 35.7 121.5
4900.8 Sx34xl4| 12x 14 096.5 40.8 81.0
510.0 Ox 4 x3| l4x}4 01.3 47.6 81.0
525.4 Bx 0 x3 156.0 121.5
534.1 6x 6 x3| l4x}4 10017 47.6 121.5
548.0 5x34xls| 12x 3 06.5 51.0 81.0
574.7 6x 4 x}4| 14x2 | 1089 47.6 $1.0
500.6 6x 6 x3¢| 1l4x 3§ 101.7 59.5 121.5
592.6 3BxH lex 6 x% 174.5 121.5
590.9 5x3laxig| 12x 3% 100.3 51.0 81.0
607.1 6x 6 x| 14x14 120.5 47.6 121.5
630.9 6x 4 x}g| 14x3§ 106.9 50.5 81.0
663.1 6x 6 x14| 14x34 120.5 50.5 121.5
603.0 0x 4 x3§| 14x3 122.1 50.5 81.0
719.2 Gx 6 xM| 14x ¥ 120.5 714 121.5
732.7 6x 6 x5| 14x% | 1389 59.5 121.5
748.9 6x 4 x5¢| l4x¥ 122.1 714 81.0
788.3 6x 6 x¥%| 14x¥ 138.9 714 121.5
807.6 6x 4 x¥%| 14x¥y 130.5 714 81.0
854.9 6x 6 x¥%| 14x¥ 156.9 71.4 121.5
318.9 bx34x4 103.5 94.5
361.5 6x 4 x4 113.9 04.5
a7 5x3Mxig 116.3 04.5
304.8 6x 6 x4 127.5 141.8
423.7 5x34x¥ 128.3 04.5
425.8 6x 4 x¥§ 120.1 94.5
467.0 6x 6 x5 145.9 141.
487.2 6x 4 x¥% 143.5 04.5
510.7 33x%e |5x3MxM| 12x ¥ 103.5 40.8 .5
536.6 6x 6 x¥ 163.9 141.8
b558.8 Sx3Mxl4| 12x 8¢ 103.5 51.0 94.5
585.6 Ox 4 x14| 14xY4 113.9 47.6 04.5
603.8 6x 6 x4 181.5 141.8
610, 5x3Mx¥| 12x 34 116.3 51.0 04.5
617.9 6x 6 x}4| l4x4 127.56 47.6 141.8
641.7 6x 4 x| 14x 5§ 113.9 59.5 .5
673.9 6x 6 x}§| 14x5g 127.5 59.5 141.8
703.8 O6x 4 x5¢| 14x5¢ 120.1 59.5 94.5
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CARNEGIE STEEL COMPANY

RIVETED PLATE GIRDERS—Continued
: Wei F :
Bection oy fn Tnchan . s i Maimem
n
At | oo | g ” i | [ Thousands
Inches® Plates Angles Plates Flange Plates i
Angles
729.9 6x 6 x34| 14x3% | 1275 71.4 141.8
743.5 6x 6 x3| 14x35 | 1459 59.5 141.8
750.6 33 x % [6x 4 x¥| 14x3 | 1201 714 94.5
709.0 Bx 6 x3| 14x3 | 1459 71.4 141.8
818.3 6x 4 x3| 14x3 | 1435 71.4 94.5
865.6 6x 6 x3| 14x3 | 1639 714 141.8
330.0 5x3814x14 110.5 108.0
372.6 6x 4 x4 120.9 108.0
383.9 5x344x54 123.3 108.0
406.0 6x 6 x4 134.5 162.0
434.9 5x3¥x3 135.3 108.0
437.0 6x 4 x4 136.1 108.0
478.2 6x 6 xif 152.9 162.0
408.4 6x 4 x¥ 150.5 108.0
521.5 5x314x14| 12x14 | 110.5 40.8 108.0
54T.8 6x 6 x¥ 170.9 162.0
560.5 Bx3Mx14| 12x8 | 1105 51.0 108.0
596.4 33xM [ox 4 x}4| 14x M 120.9 47.6 108.0
615.0 6x 6 x¥§ 188.5 162.0
621.4 Bx3}4x%§| 12x5§ | 123.3 51.0 108.0
628.8 6x 6 x1§| 14x1§ | 1345 47.6 162.0
652.5 6x 4 x}4| 14x3% | 1209 59.5 108.0
654.6 6x 6 x4 14x % 134.5 59.5 162.0
714.5 6x 4 x3| 14x3 | 1361 59.5 108.0
740.6 6x 0 x}4| 14x3g 134.5 714 162.0
754.3 6x 6 x8| 14x% | 1529 | 595 162.0
770.3 6x 4 x5 | 14x3 | 1361 71.4 108.0
800.7 6x 6 x3| 14x3 | 1529 71.4 162.0
820.0 6x 4 x3| 14x3 | 1505 714 108.0
876.3 6x 6 x3{| 14x3 | 1700 714 162.0
318.0 6x 4 x% 95.1 87.8
344.4 5x31§x34 100.3 87.8
346.9 6x 6 x¥ 105.5 135.0
391.4 6x 4 x4 110.7 87.8
403.7 Bx34x5§ 113.1 87.8
4303 36x 35 |6x 6 x1§ 124.3 135.0
460.0 5x314x3{ 125.1 87.8
402.4 6x 4 x3§ 125.9 78 |
503.3 6x 4 x¥%| l4x3 95.1 35.7 87.8 |
510.5 6x 6 x3§ 142.7 1350 |
530.2 6x 4 x% 140.3 87.8
531.6 6x 6 x3| 14x3 | 1055 35.7 135.0
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GIRDERS

RIVETED PLATE GIRDERS—Continued

Size in Tnches THEgS pe Yook, Maximam
End
n i

Web Plate in

Plates Angles Plates Flange Plates ok
M Pﬂll‘.ll’l
5x3Mxl| 12x 4 100.3 40.8 878
6x 4 xM| 14x4 95.1 47.6 878
Ox 6 x¥| 14x14 105.5 47.6 135.0
6x 4 x} 154.7 87.8
6x3Mxl4| 12x 84 100.3 51.0 878
6x 4 x}| l4x14 110.7 47.6 87.8
6x 0 x3| 14x% 105.5 59.5 135.0
36 x 3§ Sx34xl| 12x 84 113.1 51.0 878
6x 6 x4| 1l4x4 124.3 47.6 135.0
6x 4 x4| 14x34 110.7 59.5 87.8
6x 0 x}4| 14 x 8§ 124.3 59.5 135.0
Bx 4 x34| 14 x 8§ 125. 59.5 87.8
0x 6 x¥| 1d4x¥y 124.3 714 135.0
0x 6 x4 14 x 84 142.7 59.5 135.0
Ox & x84 M4x¥y 125.9 714 87.8
6x 6 xB| 14x3 142.7 714 135.0
Bx 4 x3%| 14x3§ 140.3 71.4 87.8
hx3lgx 14 108.0 102.4
6x 4 x4 118.4 102.4
Hx34xh 120.8 102.4
6x 6 x4 132.0 157.5
5x3Mx¥ 132.8 1024
6x 4 x5 133.6 102.4
Gx 6 x3¥ 150.4 157.5
6x 4 x¥ 148.0 102.4
bx3%xl4| 12x14 108.0 40.8 102.4
36xTie [6x 4 x4 162.4 102.4
5x3Mx14 12 x %% 108.0 51.0 102.4
6x 4 x'4| M4xY 1184 47.6 102.4
Sx3Mxig| 12x %4 120.8 51.0 102.4
6x 6 xM| 14x3 [ 1320 47.6 157.5
6x 4 xM| 14x5¢§ 1184 59.5 1024
G6x 6 x| 14x3§ 132.0 50.5 157.5
Ox 4 x3§| 14x3§ 133.6 59.5 102.4
6x 6 x'4| 14x ¥ 132.0 714 157.5
Gx 6 xBf| 14 x % 150.4 59.5 157.5
Ox 4 x%| l4x¥ 133.6 714 102.4
06x 6 x%§| 14x3 150.4 714 157.5
6x 4 x3%| 14x3§ | 1480 714 102.4

w
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CARNEGIE STEEL COMPANY

RIVETED PLATE GIRDERS—Continued

Weight per Foot, ~
: Size in Inchea cight per Masimun
Modulus, Reacti
Web Plate o
Axis 1-1, Web Flange ol Flange Thousands
Ikt | Pt | Angls | Fate | Fame | Pie Pt
Angles
418.0 6x4x4 126.0 117.0
450.9 6x06x 139.6 18C.0
489.0 6x4x5§ 141.2 117.0
537.1 Gx06x5§ 158.0 180.0
556.9 6x4x¥ 155.6 117.0
614.5 6x6x3 176.0 180.0
621.9 6x4x 7% 170.0 117.0
662.5 6x4x14| 14x2g 126.0 47.6 117.0
689.2 6x6x% 193.6 180.0
700.3 6x0x14| 14x 139.6 47.6 180.0
723.7 Ox4x14| 14x 5 126.0 59.5 117.0
761.3 36x' |6x0x¥| 14x8g 139.6 59.5 180.0
702.3 6x4x56| 14 x 55 141.2 59.5 117.0
822.3 6x0x 14| 14x¥ 139.6 714 1580.0
838.8 6x6x3| 14x54 158.0 59.5 180.0
853.2 6x4x84| 14x3 141.2 714 117.0
809.4 6x06x84| 14x3 158.0 71.4 180.0
018.3 - 6x4x¥| 4x¥ 155.6 714 117.0
973.7 6x6x3| 14x3 176.0 714 180.0
1039.4 6x4x3¥| 14x1 155.6 95.2 117.0
1004.1 6x6x%| 14x 1 176.0 95.2 180.0
1101.1 6x4x%| 14x1 170.0 95.2 117.0
1164.9 6x6x7| 14x 1 193.6 95.2 180.0
444.7 6x4xM 141.3 146.3
483.5 6x6x4 154.9 225.0
515.7 Bx4x§ 156.5 146.3
563.7 6x6x5 173.3 225.0
583.5 6x4x¥ 170.9 146.3
641.2 6x6x3 191.3 225.0
648.5 6x4x% 185.3 146.3
6S8.4 36xi |[6x4x14| 14x 34 141.3 47.6 146.3
7158 6x6x% 208.9 225.0
726.2 6x06x14| 14x 14 154.9 47.6
749.4 6x4x| 14x 5§ 141.3 59.5 146.3
787.0 6x6x3| 14x 3 154.9 59.5 225.0
818.1 6x4x54| 14 x 35 156.5 59.5 146.3
847.9 0x6x| 14x3 154.9 714 225.0
864.6 6x06x54| 14x5 173.3 59.5 225.0
878.8 6x4xif| 14x¥ 156.5 714 146.3
924.9 6x06x8§]| 14x ¥y 173.3 714 225.0

')
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GIRDERS

RIVETED PLATE GIRDERS—Continued
Weight per Fool
! - Bizo in Inches e PRI
End
Modulus, mi
n
Axis 1-1, Web wﬁm‘ Thousands
of
b’ | Pt | Anele | P Foge Pt | pol,
943.9 6x4x3| 14x ¥ 170.9 714 146.3
999.3 6x0x3{| 14x 3 191.3 714 225.0
1045.9 6x06x86| 14x1 | 1733 952 | 2250
1064.7 36x5 [6x4x8| 14x 1 170.9 05.2 146.3
1119.3 Gx0x3| 14x 1 191.3 95.2 225.0
1126.3 6x4x%| 14x 1 185.3 95.2 146.3
1190.1 6x0x¥4| 14x 1 208.9 95.2 2256.0
300.2 Gx4x3§ 102.8 1013
4275 6x6x 113.2 157.5
4772 6x4x4 118.4 101.8
527.2 6x0x 4 132.0 157.6
561.4 Bx4x5§ 135.6 101.3
606.6 6x4x3f| 14x3§ 102.8 35.7 101.3
623.5 6x0x84 150.4 157.56
638.3 Ox4xdg)| 16x 34 102.8 40.8 101.3
642.1 Gx4xi 1450 101.3
643.2 0x6x3§| 14x3g 113.2 35.7 157.5
675.1 6x6x3| 16x3 | 1132 40.8 157.5
678.6 6x4x3g| 14xY4 102.8 47.6 1013
715.2 Bx6x3| 14xY 113.2 47.6 157.5
716.5 6x6x3 168.4 157.5
710.5 6x4xi4 162.4 101.3
7679 Bx0x3§| 16x 34 113.2 54.4 157.56
763.7 42x%M [oxdax)g 14x14 118.4 47.6 101.3
787.2 0x0x3g| 14 x 54 113.2 59.5 157.6
806.2 6x4xl| 16x 14 118.4 544 101.3
806.4 6x6x7 186.0 157.56
812.7 Bx0xl 14x14 132.0 47.6 157.5
835.5 Gx4xl4| 14x5§ 118.4 59.5 101.3
855.2 0xBx14| 16x Y 132.0 54.4 157.5
884.2 6x06x14| 14x 5§ 132.0 59.5 157.5
017.3 6x4x8 14x5 133.6 59.5 101.3
937.3 6x0x4| 16 x 5§ 132.0 68.0 157.56
055.7 «|6xB8xd4| 14x¥H 132.0 71.4 157.6
970.4 Bx4x04| 16 x 5§ 133.6 68.0 101.3
977.6 Bx0x084| 14 x 5§ 150.4 59.5 157.6
088.7 6x4xif 14x¥y 133.6 714 101.3
1030.8 6x6x5| 16 x 5§ 150.4 68.0 157.5
1048.6 G6x6x8§| 14x 3 150.4 714 157.5
1066.6 G6x4x3| 14x3¥ 148.0 714 101.3
1112.4 6x06x5§| 16x 3 150.4 81.6 157.56




CARNEGIE STEEL COMPANY

RIVETED PLATE GIRDERS—Continued

F
Sise in Inches Witlaht paw Yoot i
Modulus, h i
Web Plate
Axis 1-1, Web Flange and Fango | Thoumnds
a1 | e | T | veae | PG ity
1130.4 6x4x3¥| 16x3 | 1480 S1.6 101.3
1138.5 Ox6x3| 14x¥ 165.4 714 157.5
11941 L 6x6x3§| 16x% | 1504 95.2 157.5
1202.3 42x% |[6x06x3| 16x3% 168.4 81.6 157.5
1283.5 Bxox3| 16x¥ 168.4 95.2 167.56
1286.4 6x4x7g| 16x 7% 162.4 95.2 . 101.3
1369.9 6x0x3g| 16x% 186.0 95.2 157.6
405.3 Bx4x 4 127.3 118.1
545.4 6x6x4 140.9 183.8
579.5 6x4x 5§ 142.5 118.1
641.6 Bxtxig 150.3 183.8
060.2 Bx4x ¥ 156.9 118.1
734.7 6x0x3 177.3 183.8
737.6 Ox4x g 171.3 118.1
781.5 Bx4x3| 1l4x M4 1273 47.6 118.1
824.0 O6x4x1| 16x 34 1273 544 118.1
£24.6 6x6x 1§ 194.9 183.8
830.4 6x6x3| 14x M 140.9 47.6 183.8
853.1 6x4x1| 14x3 1273 59.5 118.1
872.9 6x6x3| 16x 3 140.0 54.4 183.8
901.8 6x6x14| 14x 5§ 140.9 59.5 183.8
0934.9 42xTe |Bx4x54| 14 x 5§ 142.56 59.5 118.1
054.9 0x6x1| 16x 8§ 140.9 68.0 183.8
0973.2 OxBx1| ldx3y 140.9 714 183.8
088.1 Ox4x5| 16xi8g 142.5 68.0 118.1
995.3 O0x6x8§| 14x5¢ 159.3 59.5 183.8
1006.2 Oxdxig| 14x¥y 142.5 71.4 118.1
1048.4 6x0x5| 16x 5§ 150.3 68.0 183.8
1066.2 B6x6x3%| 14x¥% 159.3 714 183.8
1084.1 6x4x3 14x 3 156.9 71.4 118.1
1129.9 6x6x3| 16x¥Y 159.3 81.6 183.8
1147.9 6x4x¥| 16x ¥ 156.9 81.6 118.1
1156.0 6xB8x3¥| l4x¥ 177.3 71.4 183.8
1211.6 6x0x8¢| 16x7g 150.3 » 95.2 183.8
1219.8 Gx6x3%| 16x3 177.8 81.6 183.8
1300.9 Ox0x3| 16x 3§ 177.3 95.2 183.8
1387.3 6x6x3g| 16x7§ 194.9 95.2 183.8
513.5 Bx4xld 136.2 135.0
563.5 6x6x34 149.8 210.0
8977 42x 34 |Ox4x3 IFl.-l 135.0
650.8 6x6x53% 168.2 210.0
678.4 Cx4x ¥ 165.8 135.0
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RIVETED PLATE GIRDERS—Continued*

) Sise in Inches RS D Fous, Magimun
ud\l’lﬂ. w h;
Al'h 1-1, Web ﬂlﬂﬂ a zge wd::‘“ wl
Inches?, Plates Angles Plates Flange Phates A

Angles

752.8 6x06x% 186.2 210.0
755.8 Oxd4x% 180.2 135.0
709.2 6xdxl4| 14x15 | 130.2 47.6 135.0
841.7 6xdxlg| 16x15 | 136.2 544 135.0
842.7 6x6x7% 203.8 210,0
848.1 6x6xi4l 14x15 | 1408 476 210,0
870.8 6x4xig 14xsg | 1362 59.5 135.0
890.6 6xBx34| 16x35 | 149.8 544 210.0
019.4 6x6x34| 14x3 | 1408 59.5 210.0
952.6 6x4xd| 14xs§ | 1514 59.5 135.0
072.6 6x6x14| 16x8 | 140.8 68.0 210.0
900.8 6x6x14| 14x3 | 1408 714 210.0
1005.7 6x4x5| 16x35 | 1514 68.0 135.0
101290 | 42x34 |6x6x5§ 14x55 | 1682 59.5 210.0
1023.7 6xdxd| 14x3 | 1514 71.4 135.0
1066.0 6x6x3| 16x3 | 1682 68.0 2100
1083.7 6x6x3| 14x3 | 1682 714 210.0
1101.7 6x4x3| 14x3% | 1058 714 135.0
1147.5 6x6x5| 16x3 | 1682 816 210.0
1165.4 6x4x3| 16x3 | 1658 S1.6 135.0
1173.6 6x6x3| 14x3 | 1882 714 210.0
1229.0 6x06x5| 16x73% | 1682 95.2 210.0
1237.4 6x6x3%| 16x3 | 1862 816 210.0
1318.4 6x0x8{| 16x7% 186.2 95.2 210.0
1321.2 6x4x%| 16x7% | 1802 95.2 135.0
1404,7 6x6x%| 16x7§ | 203.8 95.2 210.0
466.9 6x4x3 1104 121.5
512.7 6x6x34 120.8 180.0
567.4 6x4xlg 126.0 121.5
628.9 6x6xY 139.6 180.0
664.9 6x4xb 141.2 1215
714.4 6xdx3| 14x3 | 1104 35.7 121.5
741.3 6x6x5% 158.0 180.0
750.8 6x4xd| 16x34 | 1104 10.8 121.5
758.5 | 48x34 [6x4x¥ 155.6 1215
759.5 6x06x3| 14x3g | 1208 35.7 180.0
795.9 6x6x3| 186x3 | 1208 40.8 180.0
797.0 6xdxs| 14x35 | 1104 47.6 121.5
841.9 6x6x3| 14x4 120.8 47.6 180.0
8458.3 6x4x% 170.0 121.5
850.1 6x6x3 176.0 180.0
- 800.4 6x6x3| 16x35 | 1208 544 180.0
895.5 exdx4| 14x345 | 1200 47.6 121.5
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*RIVETED PLATE GIRDERS—Continued
. Sise in Inches Moight pes Buot, Masimum
Modulus, R h-'
Axis 1-1, Web o | o | et | meaa T
Inches® Plates Angles Plates Flange Plates
Angles Pounda
924.3 6x6x3| 14x3 120.8 59.5 180.0
044.0 6x4x14| 16x 14 126.0 544 121.5
055.2 6x6xg 193.6 180.0
955.8 6x6xM| 14x14 139.6 47.6 180.0
777 6x4x4| 14x3 126.0 59.5 121.5
1004.3 6x6x14 16x1¢ 139.6 54.4 180.0
1037.6 6x6x 14| 14x 354 139.6 59.5 180.0
1072.7 6x4x5g| 14x35 141.2 59.5 121.5
1098.2 6x6x14| 16x 3¢ 130.6 68.0 180.0
1119.5 6x6x4| 14x3 139.6 71.4 180.0
1133.3 6x4x8| 16x34 141.2 68.0 121.5
1147.1 48x 3% [6x6x 56| 14 x5 158.0 59.5 180.0
1154.4 6x4xtg| 14x¥y 141.2 71.4 121.5
1207.8 6x6x8g| 16x 3 158.0 68.0 180.0
1228.4 6x6x84| 14x3y 158.0 71.4 180.0
1245.2 6x4x3| 14x¥y 155.0 71.4 12L.5
1301.2 6x6x%| 16x3 158.0 S1.6 180.0
1317.9 6x4x3| 16x¥ 1556.0 81.6 1215
1334.0 6x6x3| 14x¥% 176.0 71.4 180.0
1394.7 6x6x8| 16x7§ 158.0 95.2 180.0
1406.7 6x6x3| 16x¥ 176.0 81.6 180.0
1498.1 6x4x7| 16x% 170.0 95.2 121.5
1499.7 6x6x¥| 16x7%% 176.0 95.2 180.0
1601.3 6x6xJ4| 16x7§ 193.6 95.2 180.0
591.2 6x4x4 " 136.2 141.8
652.7 6x6x 149.8 210.0
688.7 6x4x5 151.4 141.8
765.0 6 x 6 x 5 168.2 210.0
782.3 6x4x3f 165.8 141.8
872.1 6x4x7 180.2 141.8
873.8 6x6x3 186.2 210.0
918.8 6x4xdg| 14x%4 136.2 47.6 141.8
967.3 o 6x4x14| 16x34 136.2 54.4 141.8
970.0 X¥s g x6x 7% 203.8 210.0
979.0 6x6x14| 14x4 149.8 47.6 210.0
1000.8 6x4xM| 14x35 136.2 59.5 141.8
1027.6 6x6x)4| 16x4 149.8 54.4 210.0
1060.8 6x6x3| 14x5% 149.8 59.5 210.0
1095.8 6x4x¥| 14x3 151.4 59.5 141.8
1121.4 6x6x34| 16x3¢ 149.8 68.0 210.0
1142.5 6x6x14| 14x¥ 149.8 714 210.0
1156.5 6x4xif| 16x3§ 151.4 68.0 141.8
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RIVETED PLATE GIRDERS—Continued

Weight per F £
Sin —— o™ | Mg
Modulus, oo
4 Web Plate
Axin 1-1 Thousands
¥ Web Flange Flange nnd Flange of
Tnchest Plates Angles Plates m Plates Pounds
1170.3 GxGx8§ 14xb4 168.2 59.5 210.0
1177.4 6x4x3§| 14x3 151.4 71.4 141.8
1230.9 6x6x8g| 16x 84§ 168.2 68.0 210.0
1251.5 6x0x8g| l4dx¥y 168.2 71.4 210.0
1268.2 Gxd4xdy| l4x¥ 165.8 714 141.8
1324.3 G6x6x3% 16x% 168.2 81.6 210.0
1341.0 48x7s 6x4x¥| 16xY 165.8 Bl1.6 141.8
1357.0 6xB6x3| 14x¥ 186.2 71.4 210.0
1417.7 6x6x85| 16x]§ 168.2 95.2 210.0
1420.8 6x0x3| 16x¥ 186.2 81.6 210.0
1521.0 6x4xg| 16x ] 180.2 95.2 141.8
1522.7 6x6x3| 16x%4 186.2 95.2 210.0
1624.2 6x6x7| 16x% 203.8 95.2 210.0
615.0 Gx4xlq 146.4 162.0
670.4 G6x6xl4 160.0 240.0
712.4 6x4x 8§ 161.6 162.0
788.8 6x06x 8§ 178.4 240.0
806.0 Gx4xiy 176.0 162.0
895.8 6x4xig 190.4 162.0
807.6 6x6x 3 106.4 240.0
042.1 Gx4xly| 14x Y 146.4 47.6 162.0
090.6 Gx4xl4| 16x 4 140.4 54.4 162.0
1002.3 6x6x 3| 14x ¥4 160.0 47.6 240.0
1002.7 6x6x3§ 214.0 240.0
1024.0 6x4xly| 14x8§ 146.4 59.5 162.0
1050.8 6x6x4 16x 14 160.0 54.4 240.0
1083.9 6x6x3| 14x84 160.0 59.5 240.0
1119.0 G6x4xbf| l14xi4 161.6 59.5 162.0
1144.5 48x )4 6x6x 14| 16 x 5§ 160.0 68.0 240.0
1165.6 6xB6xl4| 14x¥y 160.0 714 . 240.0
1179.6 6x4x84| 10x % 161.6 68.0 162.0
1193.4 6x6x5| 14x34 178.4 59.5 240.0
1200.5 6x4x8g| 4x¥y 161.6 71.4 162.0
1254.1 6x6x85 16x054 178.4 68.0 240.0
1274.5 6x6x8§| 14x ¥ 178.4 714 240.0
1291.2 Bxdaxi| l4xy 176.0 71.4 162.0
1347.3 6x6x85 16xYy 178.4 81.6 ¢ 2400
1364.0 6x4x3| 16x¥ 176.0 ?.6 162.0
1380.0 6x6x| l4x ¥y 196.4 1.4 240.0
1440.6 6x6x5§| 16x% | 1784 95.2 240.0
1452.8 6x6x¥| 16x¥y 196.4 81.6 240.0
1543.9 6x4xl4 16x 3§ 100.4 95.2 162.0
1545.6 6x6x3{| 16xY 106.4 95.2 2400
1647.1 6x6x %' 16x 214.0 95.2 240.0
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RIVETED PLATE GIRDERS—Concluded
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COLUMN SAFE LOADS

STRESSES IN COLUMNS AND STRUTS

Compression members in structures are called posts, struts or
columns. No exact theoretical formula has been found which will
give the strength of such members under various conditions of
loading. The formulas in current use are based on the assumption
that the members under stress may fail by direct compression, by
compression and bending combined, or by bending alone. The
empirical formulas based on these assumptions practically agree
with results obtained by experiment on full size members. These
experiments show that steel columns of ordinary sizes and lengths
fail at nearly a constant stress which corresponds to the yield
point of that material, and that the load which will cause a column
to fail decreases in the ratio of its length to its least lateral
dimension.

Radius of Gyration. As the strength of a column depends on its
ability to resist flexural stress, the moment of inertia of its cross
section is an important factor in the determination of its carrying
capacity. For the purpose of computation, however, it is much
more convenient to use the radius of gyra.tmn which depends on
the moment of inertia.

Ratio of Slenderness. The ratio of slenderness is the unsupported
length of a compression member divided by its radius of gyration,
and the unsupported length of a column is determined by such
points of support as will prevent defleetion of the column in the
direction which corresponds to the particular radius of gyration
under consideration. Columns of unsymmetrical gection have
more than one radius of gyration. It is, therefore, necessary to
determine the ratio of slenderness for the different radii of gyration
of such columns and to use the proper ratio in any particular
ease.

The unit stresses for different ratios of slenderness given in the
construction specifications and on page 274 are consistent with
present practice in column construction and their use does not
involve the refinements of the more complicated formulas, which
refinements are often vitiated by uncertainties in the application
of loads or other practical features.

The construction specifications limit the maximum ratio of
slenderness to 120 for main members under steady stresses. For
secondary members under temporary stress, such as those used in
wind bracing, higher ratios may be uged, but in no case should the
ratio exceed 200.
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Form and Size of Section. Important as it may be to have the metal
in the column section distributed as far as possible from the neutral
axis, that is, with as large a radius of gyration as possible, considera-
tions of ease in fabrication and simplicity in connections are of
greater weight. The economical column section is not that which
affords the least weight of metal in the shaft, but that which, with
a reasonable radius of gyration, provides the least weight of member,
shaflt and details with the minimum amount of riveting. Modern
practice, therefore, eliminates earlier forms of construction which
represented the minimum amount of metal for the maximum
radius of gyration, such, for example, as the column composed of
three I-beams or one I-beam and two channels placed either with
the flanges in or the flanges out. The Z-bar column has also fallen
into disuse, likewise a number of patented sections and other sections
shown in earlier editions of this publication.

The most practical column is one the surfaces of which are
readily accessible for painting and, therefore, it is desirable to use
open angle and plate columns rather than closed channel and
plate columns.

The column sections should be of such size as to permit ready
framing of beams and girders thereto and so placed in the construc-
tion as to permit the simplest details. Experience indicates that
eight inches is the smallest desirable dimension in ordinary building
work. For struts and light loads, smaller angle columns are still |
in use, while the H-beams are excellent for such purposes. I-beams
and single angles may be used with economy where the conditions
of lengths and loading permit.

Explanation of Tables. The tables which immediately follow give
the safe loads in thousands of pounds on H-beam and I-beam
columns and on a selected line of channel and angle columns which,
in the light of experience, seem to be desirable for use in ordinary
building and bridge construction. In addition to the safe loads,
they give moments of inertia and radii of gyration about both
axes of symmetry, areas of sections, and weights in pounds per [oot
without allowance for rivet heads or other details. |

These tables have been computed for the least radius of gyration
in accordance with the formula given in the construction specifica-
tions. The values may be adjusted to other formulas or to different
values of the ratio of slenderness by use of the comparative tableson
pages 274 and 275. These tables are also suitable for use in figuring
columns so braced against flexure, that their safe strength may be -
computed for the greater radius of gyration.
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Combined Bending and Compression Stresses. It is assumed in the
tables that the loads are direct and equally distributed over the
cross section of the column or balanced on opposite sides thereof.
In the case of beams carried on brackets or other forms of eccentrie
loading, bending stresses are produced which should be taken into
consideration and the column sections so proportioned that the
combined fiber stresses do not exceed the allowable axial compres-
give stresses. There is no direct simple solution of this problem;
the following trial method is suited to the tables:—

Let

W =Direct load, in pounds.

Wi=Eccentric load, in pounds.

M =Bending moment due to eccentric load, in inch

pounds = W,;x
I =Moment of inertia of column in direction of
bending.

n =Extreme fiber distance in direction of bending.
A =Area of column section, in square inches.
f =Allowable axial unit compression, in pounds
per square inch; then f should be equal to or greater
1]

than 1’%_},%&5 the fiber stresses due to compression and
bending respectively.

RuLe:—Assume a section in excess of that required for the
direct compression W + Wi and compute the combined fiber stress.
If it works out too large or too small, try again.

Examrre:—Required to select a plate and angle column 20 feet long to
sustain a balanced load of 210,000 pounds and an eccentric load of 40,000
pounds applied 15 inches from the column center on axis 1-1.

Assume a section made up of 14”x%" web plute, four angles 6" x4"'x%14"" and
two flange plates 14"'x34”, page 203.

A =32.47, I1-1=1351, rs-2=3.09, ratio of slenderness=20x12+ 3.09=77.

Allowable flber stress, 19,000—100 I/r ==11,300 pounds per square inch,
page 274,

__ 210,000 + 40,000 , 40,000x 15x7.625 __
Actual fiber stress= 1547 + 1351 =7,700+3,3900=

11,090 pounds per square inch.
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COMPARISON OF COMPRESSION FORMULAS
Artowapte Unir Stresses 1v Pouxps pER Square INcu

SR 1 3
a\mu'hln A.R.E.  New York, " i
Ratio | g Co. } Amoclation | 1917 i | wme | e
R | _[
Constructio 16250
— | Specifeation, | 10000-70-- wm-m-—];| 0000701 | 3¢ | 10000-70-L
r Page 187 | | o0 |
el Y oy ,
o | 13000 | 14000 | 16000 | 14000 | 16250 = 14000
5 | 13000 | 14000 15650 14000 16213 | 14000
10 | 13000 | 14000 15300 14000 | 16104 | 14000
15 | 13000 14000 14950 14000 15924 14000
20 | 13000 | 14000 14600 14000 15650 | 14000
25 | 13000 14000 14250 14000 15376 | 14000
30 | 13000 13000 13000 13900 15020 | 13900
as | 13000 1 13550 13550 14622 | 13550
40 13000 13200 13200 13200 14186 | 13200
a5 | 13000 | 12850 12850 12850 13724 | 12850
50 | 13000 | 12500 12500 12500 13241 12500
55 | 13000 12150 12150 12150 12745 12150
60 | 13000 | 11800 11800 11800 11800
65 | 12500 11450 11450 11450 11741 11450
70 | 12000 11100 | 11100 11100 11243 11100
76 | 11500 | 10750 | 10750 10750 10752 10750
80 | 11000 | 10100 | 10400 | 10400 | 10272 | 10400
8 | 10600 | 10050 10050 10050 9808 10050
90 | 10000 0700 9700 9700 0350 9700
95 9500 9350 09350 4350 8026 09350
100 9000 9000 9000 8512 9000
105 8500 8650 8650 8650 8116 8650
110 8300 8300 8 ]300
115 7500 7060 7950 7950 | 7378 7950
120 7000 7600 7600 | 7 7600
125 6750 | 7200 | 6714 7250
130 6500 6900 6900
135 6250 6550 6116 6550
140 6000 | 6200 6200
145 5750 5850 5550
150 5500 5500 5500
155 5250 5150
160 5000 4800
165 4750 4450
170 500 | 4100
175 4250 3750
180 | 4000 | 3400
185 3750 3050
190 3500 2700
195 | 3250 2350
200 3000 2000
1
Maxmvom RaTio OF —
o N & | h.hi.n Secondary| . --. al M.nm EBem nry
Compression Formula | Members Mm'l:m'l| Comp I . ™
American Bridge Company.| 120 | 200 | Chieago Bldg. Law, 1019. . 1

T10 | mo
10 | 120 |Phila Bldg Taw. 19| 10 | 100
120 120 | St. Louis Bldg. Law, 7. 120 | 200

Amerivan R'y Engrg. Ass'n,
New York Bldg. Law, 1917,

274




COLUMNS

COMPARISON OF COMPRESSION FORMULAS

AvrowaBLE UniT Stresses IN Pounps PER SqQuare Inch

= — —
. Boston, Cleveland, | Baltimore, | Pittsburgh, | Cincinnati, |
Ratio || o1y 1020 osre | doa | Vi | Gord
= | C]l_uveﬁnd 15000 D000- {)ID_-.-I.I = o
. 20000-1004- :Builﬁliu.g Code y o8 e 5 l am; 5 17;00.57'_ [ l!.%gn
r : A TS50 | 13000-50L T | 1+350000%
0 12000 15000 15000 | 13000 13000 12500
5 12000 “ 14910 14972 13000 13000 12492
10 12000 14930 14800 13000 13000 12465
15 12000 14870 14754 13000 13000 12422
20 12000 14770 14568 13000 13000 12363
25 12000 1 14336 13000 13000 12287
12000 14460 14062 13000 13000 12195
35 12000 14250 13752 i | 13000 12088
40 1 13411 13000 13000 11968
45 12000 13700 13043 | 13000 13000 11834
50 12000 13350 12657 | 13000 13000 11688
55 12000 12950 12254 13000 13000 11531
60 12000 12500 11842 13000 13000 11364
65 12000 12030 11425 12500 13000 11187
70 12000 11540 11005 12000 13000 11002
75 12000 10588 11500 12825 10811
80 12000 10440 10176 11000 12540 10313
85 11500 9850 9771 10500 122556 10410
90 11000 9375 1 11970 10204
95 10500 8750 a500 11685 9995
100 10000 8220 8617 0000 11400 9784
105 9500 7720 8257 8500 11115 9571
110 9000 7240 0 8000 0
115 8500 BS00 7577 7500 10545 9142
120 6380 7258 7000 0!
125 7500 5980 6953 6750 9975 8717
130 7000 6661 (i} 8507
135 6500 5260 6383 6250 9 8209
140 6000 4950 6118 6000 9120 80904
145 5500 4660 5865 5750 8835 7802
150 5000 4390 5625 5500 8550 7692
155 4500 | 4140 5306 8265 7495
160 4000 3900 5179 7980 7305
165 3690 4972 7695 7118
170 3520 4776 7410
175 . 3340 4589 7125 6754
180 3170 4412 6840 6579
185 3010 4243 6408
190 2870 40 6242
195 2740 3930 6080
200 2620 3785 5921
1
Maxmiom RaTiOS OF =
R T R BN ) 72 = SO T
Compression Formula | yro s !E.E‘“"-.dm‘! Comp Formula | Membe lSMacmonm
Boston Bldg Law, 1919, ...| 160 160 Pittsburgh Bldg. Law, 1914. 120 | 150
Clevelnd Bldg. Law, 1920.| 120 ‘ 200 | Cincinnati Bldg. Law, 1017 180 | 180
Baltimore Bldg, Law, 1008.] 120 Govdem oo iy idive 200 | 200

275




CARNEGIE STEEL COMPANY

BEAM COLUMNS

Sare Loap 1N Taousanps or PounNps

wable Fiber Stress aqnlm tnch 13,000 pounds
%mmammuwung for lengths over 60

Specifications
Weights do not include detalls.

Depth and Weight of Seotions

T Beams
Oin. | 8in. | 7in. (Bin. | 5in. | 4in.
218 | 184 | 163 | 125 | 10| 7.7
iba. | Ibe. | Ibe. | Ibs. | Ibs. | 1bs.
3 82.0/69.3|57.5/46.9/37.3 [28.7
3 82.0/60.3|57.5!46.0|37.3[ 285
1 82.060.3/56.5/44.5|33.3| 24.0
5 77.8 50.0/38.5 28.0[19.5
6 60.4/55.6/43.2 32.5/22.7[15.2
7 61.0(48.0|36.4/26.5 T8.8| 1.0
8 52.6/40.4/30.3 161108
9 44.2(35,0/26.9/19.9/13.5| 8.5
10 40.0|31.2{23.5 16.8 10.8
11 35.8(27.4/20.1 138 ‘
12 31.5/23.6|16.7(10.8
13 27.3/19.8/13.3
14 231{16.0
15 18.9 '
16 ‘
17
18 4 |
19 36.0
20 33.1 .
21 30.2
22 27.3 .
23 244 |
24 21,5
25 [
26 |
27 .
28 , .
29 |
s |
a1
Area,in2| 10.1 | 7.01 | 547 | 4.00 [ 1249| 9.26| 7.35| 6.32 | 5.34 | 443 | 361 | 287 | 221
Ti-s,ind) 1164 | 45.1 | 23.8 | 10.7 (4418|2158 122.1 | 840 | 56,9 | 36.2 | 2.8 | 12.1 | 0.0 |
ri-1,in. | 8.40| 254 | 2.08 | 163 || 5.05| 4.83| 4.07| 3.67 | 3.7 | 2.86 | 2.46 | 2.05 | 1.64
Isgind| 35.1) 147,70 |36 | 146 05| 69152 (38 |27 (19 |12 |077 |
re-sin. | 187|145 120 [ 095 | 1.08| 1.01| 097 090 | 034 | 0.78 | 072 | 065 | 0.39
Weight, | |
Lbscper'| 543 | 241 | 180 | 138 | 420 | 318 | 2.4 | 208 | 184 | 153 125 | 10 | 77
|

Hehduhuuhuurpumuﬂumfwmhul not over 60, those between the zigzag
lines are for ratios up to 120 [/r and those below lower zigzag line are for ratios not over 200 l/r.
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COLUMNS

10 INCH CHANNEL COLUMNS

L)
Il
i
e
'
i
H
I
x

H |2 L}
'S Sare Loaps 1N THOUSANDE OF Pouxps
o lr {V'
P Hevwf'-
1 k Allowable Fiber Stress per square inch, 13,000
é 1 | 1 for lengths of 60 rmﬁi orsqundar. reduced for
i i lengths over 60 radii; see Construction Specifications,
i e i Weights do not include rivet heads or other
':_‘-’ ,ja - -
L - | r-— 1
5 |3, 210 in. Channels, 2-12 in. Plates
?
: Sl |l |wola |of o (o |of |oF [o
E §§ 5 grgggi: BEBie 8288 22
=285 =|2% 85 alaa
B EZ B AR L aR | 25|25 2m ég &
10 g B6 416 :(6 &5} 1673
E = et el et - = ™ i )l ol
3 e e e uex‘fg S5lsels
£ SRR CRE ‘a*a CHcaChEs
11 | 1161 {191 213'233 328 34 367 386 40 443/ 463
12 llﬂl 153(191( 213{233|252|272|289|3 323 343 367 424 443|463
13 | 116 153191 213|233 252|272/ 289|3 7| 386/ 405 424|443/ 463
14 | 116/153/191]213|233|252|272/289 30?32 34&367 386 405/ 424 443|463
15 || 116 153191 213|233 252 272/ 280309 323' 348 367|386 405 424 443/ 463
16 | 116/153/191) 213 348367 386 405| 424| 443 463
17 ||116/153 1911213 403( 423|437/ 457
18 | 116/152 186{ 213 3 324 343; 359 378(392) 411|424 444
19 | 115148 181|208 227|245/ 264! 278 315 334' 67 381/399/412/ 431
20 |112{144 176|203 221 239 257] 271|289 307| 325 339| 357/ 370| 388( 400{ 418
21 109| 171/ 197215232 I2ﬁ3 298| 316,329 347|359 376{ 387|405
22 |136 165( 192 209| 226/243 256/272 289 307 31 336|348/ 364/ 375302
23 132 160/ 186,203 219, 230|248, 264 0 326/337| 353| 362|379
24 1001 128155/ 181/197(213 229] 240,256/ 2 300{ 316/ 326/ 341| 350 366
25 gﬁ 124 150( 175/ 191|201 222‘ 233 248 . 330| 338|354
26 170 185 200! 215225240, 295;803 318/ 325|341
27 164/ 179193 208/ 217|231 24 285/292| 306| 313|328
28 159/ 173/187|201|210(223 2? 281 295 301 315
29 153 167180 194/202(215 0| 283/ 288| 302
30 1481' 161|174 187 195/207 253 259 271 276 289
a1 142 155 lﬁ?ilsq 187|199 211 224 231/ 243! 248 260 263|276
32 137|149 lBl 173(179/191203} 215/ 221| 233} 237| 248| 251|263
33 131/143 154=1 172183 222226237 239|250
34 126/137 14& 159164174 21ﬁ21 227|232 243
35 12’0, 131 141‘ 1521' 157|166 205[211 221|226 237

Aren,in2| 882 11,79 umlr 1m1 r.vmv! mgmqnma n'ma 276 2820/ 20.70) 3144 32.64) 34,08 35 58
Iy, ing 134! | ssi 559 606 583 630 m[ 656
ri-1,in. ﬂ.ﬂﬂ &521 lﬁ -H‘i -I 4.53 4 'HS 4.52 488 430 422 429
Ia.gind 372| 300
Faa,in. s‘% u: m 35 7 330 33!
e J ol i

Ll}glzar 38.41 478 57, | 56.1 612 063 7 ﬁ Bﬂ 8& 0.0 85, 10101(59] 11,0 115.9) 1200

00!

Safe load values above u per h.namiwnmdl!ruotumw those between the zigzag
lines are for ratios up to 120 r,nmipu belowlwarnuaghmmformhunotmmolfr.
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CARNEGIE STEEL COMPANY

T T 10 INCH CHANNEL COLUMNS—Continued

N Sare Loaps iy THOUsANDS oF Pounps
1 21 A
5! Allowable Fiber Stress per square inch, 13,000
] 1 Pounds for lengths of 60 i ursqundur. reduced for
I engths over 60 radii; see Construction Specifications.
Weights do not include rivet heads or oth
= et —WJA._ details, W
El‘iz_--...'.-‘
N 0N ‘ 210 in. Channels, 2-14 in. Plates
(-] |
B e e e e e e e s el L s
g.ﬂ.ﬁlﬁmsamﬂdfm dﬂ_giﬂ.
: 2 = g 2dlSd 3 a4
§ |2Blafakadlagiatiagatagiadlaladladlaslad
B |32 8% 8% 8% 3% 35|37|’F |17 |8F (87|’F 8" (aTla
|
11 | 116|153 191|220 | 252|275 | 208|312 335 [ 358 | 330|306 [ 410 | 441|464
12 ||116(153| 191 229252 275|208 (312 3 410|441 | 464
13 [ 116{153 191|229 | 252| 275|208 | 312 | 335 | 358 | 380 306 (419|441 | 464
14 |[116[153|191 229252 |275|208 (312 | 335 | 358 | 380|306 (410|441 | 464
15 116|153 101|229 | 252| 275|208 | 312 | 335 | 358 | 380 306 [ 419 | 441 464
16 | 116|153/ 101 |229| 252|275/ 208 | 312 | 335 | 358 | 380|306 | 410|441 464
17 [116|153/191|229 | 252|275 | 208|312 |335 | 358 | 380396 (419 | 441 |464
18 | 116/153[180 224 | 252 | 275|298 | 312 | 335 | 358 | 380|396 | 419|441 |464
19 | 116[150 184 218 | 252|275 (298 312 |335 | 358 | 380|306 | 419|441 464
20 |T14 146 179 211 |252|275 208|312 335 358 380 306 419|441 464
|
21 | 111|142 174 205 |252/275 2098|312 | 335|358 | 380|396 | 419 | 441[464
22 | 109|139(169| 190 [251 205 | 308 | 330 | 352 | 374 | 388 | 410|432 453
23 | 106/135| 164 193 | 246 | 267 | 289 | 302 | 323 | 344 | 365 379 [ 401 (422 443
24 (103|131|159|187 || 241 (261|282 205 | 316 |337 (357 371 [392(412/433
25 | 100[127| 154|180 | 235|256 | 276 | 288 | 308 | 329 | 349 | 362 [ 382 | 403 | 423
20 123|149 (174 | 230 | 250 | 270 | 282 [ 301 [321 |341 {353 | 373|303 |412
27 || 95|119(144|108 (225|244 | 263 | 275 | 204 |313 | 332|345 | 364 | 383 402
28 | 92|115/139 162 210| 238|257 | 268 | 287 | 306 |324 336 | 355|373 | 392
29 | 89(112|134)156 {214 232|250 | 261 | 279 |208 [ 316|327 | 346 | 364 | 382
30 | 87|108 129|uo 200|226 | 244 | 255 | 272 | 200 | 308|319 336|354 372
31 | 84104 124 143 1203|220 238 248 |265 | 282 209|310 327 344 361 |
32 | 81/100/119 137|198 214|231 241|258 275 291|301 318 335 351
33 | 78| 96 114 131 193|209|225| 235 | 251 | 267 | 283|203 | 300 | 325|341
34 | 75| 92/109 125 187|203 |219|228 | 243 | 259 | 274|284 | 300 | 315|331
35 | 73| 88/104[T21] 182|197 (212|221 |236 (251 (266|275 291 | 306|320
Aren, in.9 8.92 [11.7614.70 1_1'34;! 10.42]21.17| 22,02/ 24.01 | 25,76 27.51| 20.26 50.45) 52,20/ 33,06 35.70
Iy-y,ind| 134| 158 182 207 | 416| 468 | 520| 401 | 544 | 597 | 652| 622 676 | 732/ 700 |
rion,in | 357 | 3,66 |3.52 342 | 4.63 | 4.70 | 4.76 | 4.52 | 4.50 | 4.66 | 4.72 | 4.52 | 4.58 | 4.64 | 4.70
[a.9,ind) 197 | 241 m!m|m 395 | 426 | 442 | 470 | 400 | 527| 541 | 570| 508 627
Fes,in. || 470 | 4.5314.30 | 4.28 ) 4.36| £33 431|4.20 | 4.27[4.26 | £.24)4.22 | 4.21] 420 4.10
Weight, | i | |
Lbs, = o m.niiu!w.qeo.;"m 72.3 | 78.2 | 8.7 | 87.6 | 03.6 m;ilw.ﬁ 1005 1155 1214

~ Bafe load values above upper sigzag line are for ratios of 1/r not over 60, those between the zigaag
linea are for ratios up to 120 1/r, and those below lower zigsag line are for ratios not over 200 |/r.
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COLUMNS

s T 10 INCH CHANNEL COLUMNS—Continued
R
f T {-;! Sare Loaps 1§ Trousaxps oF Pounps
i Bl - N
é i 1 Allowable Fiber Stress square inch, 13,000
; unds for lengths of 60 i or under, reduced for
| E.gt.hn over 60 radil; see Construction Specifications.
4 s . Weights do not include rivet heads or other
L g2 7]
i 210 in. Chanoels, 2-14 in. Plates
=2 . z z
2 3| ds| 42 8 ¥s 22 12| 2
E‘geéagéagegga.ggeé
g 04[54 |54 54|54 594 (045 | G4| 54 (04 | 5
S5 |82 x| 22| & S7 | 85| S| 22
= = - - | =8 2
g 187 |8%|a%|s% 8% |8 |8F |87 |85 |5~ | 25| 5%
11 | 480 | 502 | 525 | 548 | 571 | 593 | 609 | 632 | 654 | 677 | 700
12 | 480 | 502 | 525 | 548 | 571 | 503 | 609 | 632 | 654 | 677 | 700 | 723
13 | 480 | 502 | 525 | 548 | 571 | 503 | 609 | 632 | 654 | 677 | 700 | 723
4 | 480 | 502 | 525 | 548 | 571 | 6593 | 609 | 632 | 654 | 677 | 700
15 | 480 | 502 | 525 | 548 | 571 | 503 | 609 | 632 | 654 | 677 | 700 | 723
16 | 480 | 502 | 525 | 548 | 571 | 593 | 609 | 632 | 654 | 677 | 700 | 723
17 | 480 | 502 | 525 | 548 | 571 | 593 632 | 654 | 677 | 700 | 723
18 | 480 | 502 | 525 | 548 | 571 | 593 | 609 | 632 | 654 700 | 723
19 | 480 | 502 | 525 | 548 | 571 | 593 | 609 | 632 | 654 | 677 | 700 | 723
20 502 | 525 | 548 | 571 | 593 | 609 | 632 | 654 | 677 | 700 | 723
21 | 477 | 500 | 522 567 602 | 624 | 647 | 669 | 691 | 714
22 | 467 | 488 | 510 | 532 575 | 588 | 610 | 632 | 654 | 675 | 607
23 | 456 | 477 | 499 | 520 | 541 | 562 | 575 | 596 | 617 | 639 | 660 | 681
24 | 440 | 466 508 549 | 561 | 582 624 | 644
25 | 435 475 | 495 | 516 547 | 568 | 588 | 608 | 628 | 648
20 | 424 | 444 | 464 | 483 522 553 | 573 612
27 | 414 | 432 | 452 | 471 | 490 | 509 | 520 | 539 578 | 596 | 616
421 459 | 478 | 496 525 581
20 | 302 | 410 446 | 465 | 483 | 492 | 511 | 529 | 547 | 565 | 583
382 417 | 434 | 452 | 469 | 470 | 406 | 514 | 532 | 549 | 567
31 [3an 405 | 422 | 440 | 456 | 465 | 482 | 500 | 517 | 533 | 550
32 377 | 394 | 410 | 427 451 | 468 | 485 517 | 534
33 ['350 | 305 | 382 | 398 | 414 | 430 | 437 | 454 | 470 | 487 | 502 | 518
34 | 339 | 354 | 870 | 385 | 401 | 416 | 424 | 440 | 455 | 471 | 486
35 | 828 | 343 | 359 | 373 p389 | 403 | 410 | 425 | 441 | 456 | 470 | 485
Ares,in.2) 36.80 | 38.64 | 4030 | 42.14 | 43.80 | 45.04 | 46.83 | 48.38 | 50.33 | 52.08 | 53.53 | 55.58
Tia,inéd 767 | 814| 873 | 932 | 904 | 1056 | 1018 | 1080 | 1144 | 1200 | 1275 | 1343
i 453 | 450 | 485 470 | 4.76 | 4.51| 4.08 | 472 | 477 | 482 | 457 | 4902
Isaine| 637| 666| 695| 723 | 752| 7s0| 788 816| 845| s&74| 902 | 931
fooin | 410 | 415 415 434 | 414 €13 4100 410 | 410| 410 400 | 400
Waight,
l-h?p-r 1255 | 1314 | 1374 | 1433 | 149.3 | 155.2 | 150.3 | 1652 | 1712 | 177.1 | 183.1 | 189.0
‘oot

Bafe load values sbove heavy line are for ratios of |/r not over 60, those below bheavy line ure
for ratios not over 120 l/r.
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CARNEGIE STEEL COMPANY

s
12 INCH CHANNEL COLUMNS—Continued

Py
S « 8are Loaps 1Ny THoUsANDS oF Pouxbps
g e Allowable Fiber Stress per square inch, 13,000
q 1] 1 unds for lengths of 60 i or under, reduced for
f:imm over 60 radii; see Construction Specifications.
iy .\l?elshm do not include rivet heads or other
i ¥ w2 7
'..__u ..... p—
¥ | o e 212 in. Channels, 214 in. Plates
a. | —
| g | gl 1 H_|dls, |Sg|s, |8
L
- 3|23 ﬂ{;éaéfééﬁéz
"E £’§ gg’ S8 3 £§ -.éfg ég et a‘i d'% ji .n'.—;: .sg Ag
= ‘ o = ~ ™~ = = s s = o =
I il ol e i 0 O
11 157 | 191 0| 268 | 203 | 316 | 330 | 362 | 384 | 396 | 419 | 441 | 464 | 487
12 157 | 191 | 220 | 208 | 203 | 316 | 330 | 362 | 384 | 396 | 419 | 441 | 464 | 487
13 157 | 191 [ 220 | 268 || 203 | 316 | 339 | 362 | 384 | & 419 | 441 | 464 | 487
14 157 | 191 | 229 | 268 316|339 | 362 | 384 | 306|419 | 441 | 464 | 487
15 157 | 101 | 220 | 268 | 203 | 310 | 330 | 362 | 384 | 396 | 419 | 441 | 464 | 487 |
16 157 | 101 | 220 | 208 | 293 | 316 | 330 |3 384 (396 | 4190 | 441 | 464 | 487 I
17 1567 | 191 | 220 | 268 || 203 | 816 [ 339 | 362 396 (419 | 441 (464 (487 |
18 157 1191 | 229 | 268 316 362 | 354 | 396 (419 | 441 | 464 | 457
19 157 | 101|220 | 268 | 203 | 316 | 330 | 362 | 384 | 396 (419 | 441 | 464 | 487 |
20 157 |10 208 | 203 | 316 | 330 | 362 | 384 | 396 | 419 | 441 | 464 | 487

26 146|174 284 | 304 | 324 | 344 | 352 |372.| 392 | 412 | 431
27 142|170 | 200| 230 | 258 | 277 | 207 | 316 | 335 | 344 421
130|166 | 105 2 271 335|354 | 372 (301 | 410
136|162 | 190 | 218 | 246 | 264 300 | 318 | 326 362 1309

910 | 986 | 1063 1142 |1223
547 | 5.53 | 5.60 | 5.6 | 5.71
837 | 565 | o594 | 622 | 681
4.20 | 419 | 418 | 418 | 407

260 | 288 359 730
ri-14in || 4,01 | 4.43 | 4.28 | 4.17 | 540 | 5.48 | 5.55 | 5.62
Ta-g,ind || 244 | 270 | 316 | 351 | 415 | 444 | 473 | 501

293
285
277
268
Ares, in? | 12.06 14.70) 17.64) 20.68 22.56 24.31) 20.06] 27.51] 20.56| 30.45 32.20 33.95 85.70| 37.45
054
5.8
530
ra-s,in | 4.50 [ 436 | 4.23 | 413 | 4.20 | 4.97 [ 4.26 [ 4.24 | 498

Lhrﬂ‘ 50.8 §0.4| W.ﬁ 4 771 831 W.q 95.1 100.9| 103.6 100.5| 1156.5) 121.4| 1274
Foo! | |

 Bafe load values above sigzag line are for ratios of 1/r not over 60, those below sigzag line are for
ratios not over 120 I/r.
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COLUMNS
a-ge ol 12 INCH CHANNEL COLUMNS—Continued
e . ¥
i T Sare Loaps 18 THOUSANDS OF PoUNDSs
~v-s -
3 1 f 1 Allowable Fiber St-rnig:dllmr square inch, 13,000
1 P-:mnds for lengths of 60 i or under, reduced for
engths over 60 radii; see Construction Specifications.
T ‘Weights do not include rivet heads or other
[ ] details.
4.3 o2 vig
R e | TS
2 | 2-12 in. Channels, 2-14 in. Plates
a
g |Egleg | o TR R FAE]
§1 §§§§§§§g§§a§%§§§§§§§§
gméﬂﬁsmagmga‘éﬁéﬂmé
e |8%5(04|85/04(85(85(6%(64/6%184(84/64|83|64(6
- el e et e e e e B e i el i e P e
£ |3%|3%|8% |8 (37 8% (s |87 | 8% 25|57 55 |B" 25 27
11 502|525 | 548 | 571|593 | 609|632 654|677 (700|723 | 745|768 | 791 | 814
12 502|525 | 548 | 571|593 | 609|632 | 654|677 700|723 | 745|768 | 791 | 814
13 502 | 525|548 | 571|593 | 609|632 | 654 | 677 | 700|723 | 7457 791|814
14 502|525 81571 (593 632|654 |677|700|723| 745|768 | 791|814
15 02 | 525 | 548 571|593 | 609 6 777 '45[768 | 791 | 814
16 | 502|525|548 571593 | 609|632 654 | 677700723 | 745|768 | 791 |814
17 502 | 525|548 | 571 |5 609 654|677 |700| 723 | 745,768 791 | 814
18 525 | 548 | 571 (593 | 609|632 | 654 | 677|700 723 | 745|768 (791|814
19 502 | 525|548 | 571|593 | 609|632 | 654|677 |700| 723 | 745|768 |701 (814
20 |[502|525|548 571|593 |609|632| 654|677 (700|723 |7451768|791 814
21 [498|521 (543 |565/588 | 601,623 645| 668|689 |712 (734|757 |779|802
22 487 | 509 | 531 | 553 | 575 | 587|609 | 631 | 653 | 674 | 695|717 (739|761 | 783
23 476|497 | 518 | 540|561 | 573|504 | 616 58679 | 700|722 | 743 | 765
24 [ 465|486|506 | 527|548 | 550 601 | 622 642 841704 1725|746
25 [ 453 474|494 514 535 545|566 | 586 | 60T | 626 | 646 | GBT 687|707 728
26 [ 442|462 482 522 532|552 571|591 |610 650|670 | 689 | 709
27 [431 (45146048 518|537 | 557 | 576 614|633 | 652|672 691
28 420|439 | 457 | 476|495 | 504|523 | 542 | 561 | 578 | 597 | 616 | 635 | 664 | 672
24 409 427 | 445 | 463 |482 | 490| 509 | 527 | 545|563 | 581 | 509|617 | 636 | 654
30 397 | 415|432 | 450|468 | 477 (494 | 512 | 530|547 | 564 | 582|600 | 618 | 635
31 ||386|404 420 438)|455|463|480 497 | 515|531 | 548 | 565583 | 600 617
32 375|392 408 (425|442 | 449|466 | 483 | 499|515 | 532 | 548|565 | 582 | 599
33 364 | 380|396 412|428 435|452 | 468 | 484 (499|515 |531 | 548 | 564 | 580
34 352|368 |383 399415421437 |453 | 469 (483|499 | 515|530 | 546 | 562
35 |341|357|371 386402 408I423 438 (453 467 | 482 | 498 513 | 528 543
Aren in.2 | 38.64 |U.39|42.14 wﬁ.ﬂii 43.83i 48.58 5033} 52.08 53.83| 65,58| S?leﬁﬂ.% 60.83, 62.58
I3-1,ind 1174) 1258| 1340, 1424! 1500 1450| 1544/ 1630 1719| 1808 1800] 1902) 2087| 2183( 2280
ri-1,in. || 552 558 5.64) 5700 5.75) 5.58| 5.64| 5.60| 5.74| 5.80| 5.85 5.80 5.94| 5.90| 6.04
Io-p, ind 6881 TI7| 745 T74{ 770 80B| 837 8 804 0511 980| 1008/ 1087
To-odn. | 4.13) 4.13] 412 412 4.12 4.08/ 4.08 4.08( 4.08 4.07 4.07| 4.07| 4.07| 4.07) 4.07
Waigh sl
Lh]?:!;:; 131.4 137.4| 143.3/ 149.3 155.2/ 150.3 165.2(171.2/ 177.1 183.1; 189.0{ 195‘0:200‘9 Eﬂﬂ.ﬂj 2128

Bafe load values above heavy line are for ratios of 1/r not over 60, those below heavy line are
for ratios not over 120 I/r.
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CARNEGIE STEEL COMPANY

PERTLE 12 INCH CHANNEL COLUMNS—Continued
T E,v Sare Loaps N THousaxps oF Pounps
§ WL 5
b Allowable Fiber Stress uare inch, 13,000
'.}! ! m for lausths of 60 ors?mder redumd tor
! over 60 radii; see Construction Specifical
i B Ln. Weights do not include rivet heads or owm-
S details.
L [ Jra—— |
é 212 in. Channels, 2-16 in. Plates
&
2|43 11
§§Higé§§§é§5§“‘*égf
3 ) 3 o £ 24 2 . 8
3 | 22|22 | 2| 2% | 22| 2x| 22| 25| 42| £
£ [gF |8 |8% | 8" 3% |57 |88 | 5% | 8E | ¥F
11 610 | 645 | 671 | 697 740 | 762 | 788 | 814 | 840
12 || 610 | 845 | 671 | 607 | 723 | 749 | 762 | 788 | 81
13 | 619 | 645 | 671 | 697 | 728 | 749 | 762 | 788 | 814 | 840
14 || 610 | 845 | 671 | 697 | 723 | 749 | 762 | 788 | 814 | 840
15 || 619 | 645 | 671 | 697 749 | 762 | 788 | 814 | 840
16 | 610 | 645 | 671 | 697 | 723 | 740 | 762 | 788 | S14 | 840
17 || 619 | 645 697 749 | 762 | 788 | 814 | 840
18 || 619 | 645 | 671 723 | 749 | 762 | 788 | 814 | 840
19 || 610 | 645 | 671 | 697 | 723 | 749 | 762 | 788 | 814 | 840
20 | 619 | 645 | 671 | 697 | 723 | 749 | 762 | 788 | 814
o1 | 610 | 645 | 671 | 607 | 723 | 740 | 762 | 788 | 814 | 840
22 || 619 | 645 | 671 | 697 | 723 | 749 | 762 | 788 | 814 | 840
23 | 610 | 645 | 671 | 697 | 723 | 749 | 762 | 788 | 814 | 840
24 | 6190 | 645 | 671 | 607 | 723 | 749 | 762 [T787 | 813 | 838
25 |"B10 | 635 | 060 | 686 | 711 747 | 772 | 797 | 822
26 623 | 648 | 673 | 607 | 721 | 732 | 756 | 781 | 805
27 | 587 | 811 | 635 | 659 | 683 | 707 | 718 | 741 | 766 | 789
28 | 575 | 599 | 622 | 646 | 669 703 | 726 | 750
20 | 563 | 586 | 609 | 633 | 655 | 678 711 | 734 | 757
30 | 552 | 574 | 596 | 619 | 642 674 | 696 | 719 | 741
31 | 540 | 562 | 583 | 606 649 | 659 | 681 | 703 | 724
32 549 | 571 614 | 635 | 644 | 665 | 687 | 708
33 | 516 | 537 | 538 | 579 621 | 630 | 650 | 672 | 692
34 525 | 545 586 615 | 635 | 656 | 676
35 | 403 | 512 | 532 | 553 | 572 | 592 | 600 | 620 | 640 | 660
Aresin2| 47.64 | 40.64 | 5104 | 53.64 | 55.64 | 57.64 | 58.58 | 60.58 | 6258 | G458
Tion, ins| 1581 | 1678 | 1777 | 1878 | 1980 | 2084 | 2015 | 2110 | 2225 | 2333
rian | 570 | 581 | 587 | 592 | 597 | 601 | 587 | 581 | 596 | 6.01
Io.o ind] 1121 | 1064 | 1206 | 1240 | 1202 | 1334 | 1340 | 1392 | 1434 | 1477
rosdn | 485 | 484 | 483 | 483 | 482 | 481 | 480 | 479 | 470 | 478
Weight, Y
mﬁ 1620 | 1088 | 1756 | 1824 | 180.2 | 106.0 | 1992 | 206.0 | 2128 | 2196

Bafe load values above line are [ ru.lnld not those below line are for
e e S T
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COLUMNS

12INCH CHANNEL COLUMNS—Continued
Sare Loaps 1x Trousaxps oF Pounps

Allowable Fiber Eltm:s.d?er square inch, 13,000
ds for lengths of 60 i or under, reduced for
m%h- over 60 radii; see Construction Speclﬂcat.lom

Weights do not include rivet heads or other
details.

2-12 in, Channels, 2-16 in. Plates

x
.ﬂ . -
3 3 -gs 2 é 55 g i £ 3
| 52| 24 2 £ |32
5 4 [ S4 | O4 oL ea = ;; TR
- - -
= =R\ = | =F | =R F | =R =F | =
B |85 |3~ | 8% |2~ |2 |8~ |az|=~ |22 |a"
11 866 892 018 044 970 006 | 1022 | 1048 | 1074 | 1100
12 866 | 8902 018 044 970 006 | 1022 | 1048 | 1074 | 1100
13 866 | 802 | 918 | 944 | 970 | 006 0 1048 | 1074 | 1100
14 866 802 018 044 970 006 | 1022 | 1048 | 1074 | 1100
15 866 | 892 | 018 | 944 | 970 | 996 | 1022 | 1048 | 1074 | 1100
16 866 | 892 | 918 | 044 | 970 | 906 | 1022 | 1048 | 1074 | 1100
17 866 802 218 044 970 006 | 1022 | 1048 | 1074 | 1100
18 866 892 018 044 970 996 | 1022 | 1048 | 1074 | 1100
19 BA6 892 018 044 970 006 | 1022 | 1048 | 1074 | 1100
20 866 218 944 970 006 | 1022 | 1048 | 1074 | 1100
21 866 018 044 a70 096 | 1022 | 1048 | 1074 | 1100
22 866 892 918 944 970 906 1048 | 1074 | 1100
23 866 802 918 044 970 996 | 1022 | 1048 | 1074 | 1100
24 864 889 215 940 966 992 | 1017 | 1042 | 1068 | 1093
25 847 | 872 | 807 | 022 | 947 | 972 097 | 1022 | 1047 | 1072
26 830 | 854 | 879 | 903 | 928 | 953 077 | 1002 | 1027 | 1050
27 814 | 837 | 862 | B85 | 900 | 934 957 | 981 | 1006 | 1029
28 797 820 844 867 891 014 937 961 085 | 1007
29 780 | 803 | 8206 | 848 | 872 | 8 017 | 941 964
30 764 785 808 830 876 89 920 043 065
31 747 768 70 812 857 878 900 922 M3
32 730 751 773 794 815 837 858 880 901 922
33 713 734 755 776 797 818 R38 859 881
34 697 | 716 | 737 | 757 | 778 | 799 | 818 | 839 | 860 | 879
35 680 | 699 | T 730 | 759 | 779 | 798 | 819 | 839 | 858
Ares,in2|| 6658 | 6858 | 70.58 | 72.58 | 7458 | T6.58 | 78.58 | BO.58 | 8258 | B4.58
T1aq,ind|| 2443 2555 | 2008 2783 2001 3020 | 3141 3264 3380 3516
T1=1; 6.06 6.10 6.15 6.10 6.24 6.28 6.32 6,36 6.41 0.45
lg-q, Insl 1520 1562 1605 1848 1690 1733 1776 | 1818 1861 1004
ra-g in 4.78 477 437 4.76 4.76 4.70 4.75 4.75 4.75 4.74
Weight, '
I.H'..s- 2264 ‘ 2332 | 2400 | 2468 | 253.6 | 2004 | 207.2 | 274.0 | 2808 | 287.8
Bafe load values above heavy line are for ratios of 1/r not over 60, those below heavy line are for
ratios not over 120 I/r.




CARNEGIE STEEL COMPANY

T..qu,g’.;..... 15 INCH CHANNEL COLUMNS—Continued
i i
I = —d Sare Loaps v TrousANDS oF Pounps
TR | e it Y Allowable Fiber Stress per square inch, 13,000
? unds for le of 60 mdfla;r under, reduced for
| i m:st.hs over 60 radii; see Construction Specifications,
Hr- 2 ORI AN Weights do not Include rivet heads or other
5 v details.
s T L EONERER
i ke Shamee | 215 in. Channels, 2-16 in. Plates
g ]
-5-5»55;53535'!3552
i MJHJEH 2142 = 2
- ; 118, ]
§ |23|28(28|a3 a3 (29 (282422 a8 25 a2 a0 2
5 |S%|8%|s% (9% |37 (3F 37 |3F 37 87|87 |87 |8F |87
: . S A IR L | ==
11 | 257 | 268|306| 844 | 413|430 465|401 | 517 | 528 | 554 | 580 606 | 632
12 | 257 | 268|306 344 | 413 | 439|465 | 401 | 517 | 528 | 554 | 580 | 606 | 632
7| 268 | 306 | 344 | 413 | 439 | 465 | 491 | 517 | 528 | 554 | 580 | 606 | 632
1 257 [ 208 | 306 | 344 | 413 [ 430 | 465 | 401 | 517 | 528 | 554 | 580 | 606 | 632
15 | 257 (268|300 |344 | 413 | 439 | 465 | 491 | 517 | 528 | 554 | 580 | 606 | 632
16 | 257 | 208 | 306|344 | 413 1439 | 465 | 401 | 517 | 528 | 554 | 580 | 606 | 632
17 | 257|268 306 | 344 | 413 | 439 | 465 | 491 | 517 | 528 | 554 | 580 | 606 | 632
18 | 257|268 344 | 413 | 439 | 465 | 491 | 517 | 528 | 554 | 580 | 606 | 632
19 | 257|268 | 306|344 | 413 | 439 465 | 491 | 517 | 528 | 554 | 580 | 606 | 632
20 | 257|268 | 306 344 | 413|439 | 465|401 | 517|528 | 554 | 580 | 606 | 632
21 | 257|268 (306 344 | 413 | 439 465 401|517 | 528 | 554 | 580 | 606 | 632
22 | 257 | 268|306 | 344 | 413 | 430 | 465 | 491 | 517 | 528 | 554 | 580 | 606 | 632
23 | 257|208 | 300|344 | 413 | 430 | 465 | 401 | 517 | 528 | 554 | 580 | 606 | 632
24 | 257|268 |306[343] 413 | 439 | 465 | 491 | 517 [527 | 552 | 578 | 604 | 620
25 | 257|200 | 301|336 [407 | 432 | 457 | 482 | 507 | 517 | 542 | 567 | 502 | 617
26 261 (205 | 320 | 400 | 424 | 448 | 473 | 408 | 507 | 531 | 555 | 580 | 605
27 |247 280 | 322 | 392 | 415 | 440 | 464 | 488 | 497 | 520 | 544 | 560 | 502
28 | 243|251 284|316 | 384 | 407 | 431 | 454 | 478 | 486 | 510 | 533 | 557 | 580
29 | 238 246|278 | 300 | 376|309 | 422 | 445 | 468 | 476 | 499 | 522 | 545 | 568
30 |233) 241|272 300 413 | 435 | 458 466 | 488 | 511 | 533 | 556
31 | 228|236 266 206 360 404 | 426 | 448 | 456 | 478 | 400 | 522 | 543
32 | 224231260 289 | 352|373 |305 416|438 | 446 | 467 [ 488 | 510 | 531
33 | 219 254 345 | 365 | 386 | 407 | 428 | 436 | 456 | 477 | 408 | 519
34 | 214|221(249|276 | 337 | 357 | 877 | 398 | 418 | 425 | 446 | 466 | 487 | 507
35 216 | 243 320|348 368 388 408|415 435|454 (475 404
Aren, in.2 | 10.50( 20.58] 23,52 20,48 31,50 33.80( 35.80] 37.50 30.80 40.58 42.58 44.38| 40,58/ 48.58
Ly-y,ind | 625 | 640 | 605 | 750 | 1334 |1450 | 1586 |1715 [1847 |1861 |1904 2120 | 2267 | 2406
Fi-1, i | 5.62 | 5.58 | 5.43 | 5.32 | 6.45 | 6.57 | 6.06 | 6.74 | 6.81 | 6.77 | 6.54 | 6.01 | 6.98 | 7.04
Tg-s, ine | 491 | 504 | 552 | 507 || 747 | 780 | 832 | 875 | 917 | 930 | 973 |1016 |1058 {1101
Pa-g in. | 408 | 4.95 | 454 (475 | 485 (483 | 483 | 481 | 480 | 470 | 478 | 477 | 477 [ 4.76
Veight, |
Ib'l.”rr 820 | 84.2 | 92,1 um‘ﬁ 1085 1154 1222 120.0 1355 135.0) M43 1516) 1384 165.2

load values above xigaag line are for ratios of I/r not over 60, those below zigzag line are for

Safe
ratios not over 120 I/r.
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COLUMNS

Allowable Fiber Stress
ds for lengths of 60 radii or under, reduced for
mm over 60 radii; see Construction Specifications.

Weights do not include rivet heads or other

15 INCH CHANNEL COLUMNS—Continued

Sare Loaps v Taousanps or Pounps

square inch, 13,000

detalls.
2-15 in. Channels, 2-16 in. Plates
(g |98 90| 52 48|52 25 ( 52| 52|92 42
e % 2%
35 gé:EgE 2| g8 éés]ééia"!
£ 5|52|04[C204/04|04/05/04/06|C4
S L3 |deldpldeldalde|sslde|snldz|8
¥ el bt e e o e S e d
e $7 |87 |8 |97 9% 9% 8= |9¥ |3 |35 57
11 | 644 (670|606 | 722 | 748 774 | 786 | 812 | 838 90| 916 | 942 | 068
12 | 644 670 696 722 | 748 | 774 | 786 | 812 | 838 | 864 [ 890 | 016 | 042 | 068
13 | 644|670 | 696 (722|748 | 774 | 786 | 812 | 535 | 864 | 890 916 | 942 | 968
14 | 644(670| 696 | 722 | 748 | 774 | 756 | 812 | 838 | 864 | 890 | 916 | 942 | 068
15 || 644|670 722|748 | 774 786 | 812 | 835 864 890 | 916
16 | 644 (670 | 606 722 | 748 | 774 | 780 | 812 | 838 | 864 | 890 | 916 | 942 | 968
17 | 644 670|696 | 722 | 748 | 774 | 786 | 812 | 838 | 864 | 890 [ 916 | 942 | 068
18 | 644 |67 722|748 | 774 | 786 | 812 | 838 | 864 | 890 |016 | 942 | 068
10 | 644|670 696|722 | 748 | 774 786 812|838 | 864|890 (016 | 942 | 968
20 | 644|670 096|722 748 | 774 756 S12 838 | 864 890 016 | 942|068
21 | 644|670 696|722 748 774 786 812 838 864 500 916|942 068
22 | 644|670 696|722 [748| 774 | 786 812|838 890 | 916 | 942 | 068
23 | 644|670 096] 722|748 | 774 | 786|812 | 838 | 864 890|916 | 942 | 968
24 B30 715 | 741 827 (853 870 904 | 930 956
25 (627651 677 701|727 |752 761|786 S11|836 |S61|886 | 012|037
26 | 614|638 | 603 712|737 | 746 | 770 | 704 | 810 | 844 | 868 893 | 018
27 602|625 649|673 721|730 | 754 | 778 | 802 | 826 | 850 | 574 | 898
28 | 589|612 636|659 | 683 | 706|715 738 | 761 | 785 | 808 | 832 | 856 | 879
20 | 577|599 | 622|645 | 668 | 691 | 690 | 722 | 745 76% | 791 | 814 | 837
30 | 564|586 600 631653 676 684 705 751|773 796 | S18 | 841
31 |551|573| 505616 | 639 | 661 | 668|680 711|734 |756 778|800 822
32 | 539560 | 581 | 602|624 | 646|653 | 673 695|716 73S | 760 | 751 803
33 | 526|547 | 568 | 588 | 609 637 | 657 | 678 | 699 | 720 | 741 | 763 | 784
34 |514 (534|554 (574 | 505 | 615 | 622 | 641 | 662 | 682|703 | 723 | 744 | 764
35 | 501|520 541 | 560 | 550 606 | 625 | 645 665 | 685 705 | 725 745
Are, 103 | 4053 51,52 9.52 56,53 57.53 6057 00.45] 02,45 6445 60.45 0548 7048 7245 74.48
Ip-1,iné| 2329 2461 2748 2501 2046 3004 3244 1024
riop,in. 691 697 7.080 7.00 7.8 698 7.04 7.09 7.15 7.20 7.2 7.30 7.35
Lacaiind | 1100] 1149 1192/ 1234] 1277| 1320( 1322 1305 1408| 1450 1493 1536] 1578 1621
raain | 473 472 472 471 471 471 465 4.67 4.67 4.67 4.67 4.8 4.31 4.67
WVeight, ] ’ 4 n‘
Lbs. per | 108.4) 175.2) 182.0 1888 105.6) 2024/ 205.6) 212.4) 219.2 226.0 252.8 230, 253.2
7 s ot )

"~ Safe load values above heavy line are for ratios of I/r not over 60, those below heavy line are

for ratioa not over 120 |/r.

|
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CARNEGIE STEEL COMPANY

Ja1:"

15 INCH CHANNEL COLUMNS—Continued

e ;11:'2_
]- 5‘:; '; SAFE Loaps 1Ny THoUsANDS oF Pounps
% -1~ Allowable Fiber Stress per square Inch, 13,000
20 T mg.: for la&?-l;ha of 00 tadii or thder. rednoed for
over 60 radii; see Construction Speciflcations.
| & : E-elahu do not Include rivet heads or other
B
RSO e L)
,§ | 2-15 in. Channels, 218 in, Plates
g . - Py
b £i4
ik R
g 2254 2[SgCEC 4
P [Endse 3etdzan
5 127878 $Fe7sE e
11 | 433|462 491
12 | 433 462 491
13 462| 401
14 462| 491
15 462 401
16 462| 491
17 462| 491
18 462| 401
19 462 401
20 462 491
21 401
29 491
23 401
24 491
25 491
26 491
27 491
28 491
29 450, 484
30 421 4490 4T
31
a2
33 426| 451 477| 503| 51
34 |
35

Area, in.# 3u§35.55p7m|40.05§42.sa4a.m%w.33u7u 0. 2.oa|m.n .02 |57.27160.62/61.77 64.02

-, in4 | 1069/ 1130| 1100

Ty-q, ind || 14231 1564 | 1707
rioa, in || 6.54] 6.83) 6.72
54| 5.1

1852, 19991 2014 2164 2316 2470/ 2627| 2525| 2682 | 2841/ 3002, 3

6.98| 7.04f 7.10 7.16 7.21

6.50/ 8.87 1| 6.98/ 7.04| 7.10| 6.92
1251 13121 1332 1303| 14531 1514 1575 1580| 1640 | 1710/ 1771/ 1832 1562

5.57| 5.56 5.54| 5.58| 5.51) 5.50| 5.49| 545 546 5.45 5.45 5.44

Weight,
At por iua.’:’uu m,o’

130».'3'1 mslm.s,llm 1618 lﬁ-!-lil‘a'?.lilm

' e

| 187.1 [l

Bafe load values above sigzag line are for ratios of 1/r not over 00, those below sigang line are for

ratios not over 120 I/r.
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COLUMNS

15 INCH CHANNEL COLUMNS—Continued

Sare Loaps 1y THOUSANDS OF PoUNDSs

Allowable Fiber Stress per square inch, 13,000
unids for lengths of 60 radii or under, reduced for

engths over 60 radii; see Construction Specifications.

Weights do not include rivet heads or other

details.

|
,§ | 2-15 in, Channels, 2-18 in. Plates
& |
o = =z 0] 5 V= = e &Il
g8 |dg| 48 | L glog| =8
B 1303|080 42 0 12 a2 g2 4 2 12 s
& E8R ng ~| 85 8% | 2= meﬂ-g"'EE 5mgg
£ |54|02|62|84|S4[C(64|64|64|64|64|64 (65|55
R R e e P e P e P P e e
EERI L S Sl il el il - R -l -l
11 | 841 (871000 929|958 |988/1017 10461075 1105 1134 [1163(1222|1280
12 | 841 871 /900|929 958 | 9881017 (104610751105 (1134 1163/1222 1280
13 841|871 /900|929 | 958 | 988|1017 (10461075 /11051134 1163|1222 {1280
14 | 841{871 (900|929 /958|988 1017|1046/1075/1105/1134 1163|1222 |1280
15 | 841 |871|900|929| 958|988 1017 (1046/1075|1105 1134 1163|1222 1280
16 [S41871|900|929| 958 | 0988|1017 [1046/1075/1105 1134(1163 /1222 (1280
17 841 (871/900(929| 058 | 988|1017 (10461075 (1105/1134{1163|1222 (1280
18 | 841|871 /000|929 | 958 [ 988 1017|1046(1075/1105|1134 1163[1222 41280
19 841|871 900|929 (058 | 0388|1017 (10461075 1105 1134|1163|1222 [1280
20 | 841 871|900 (9209|958 |988 1017 1046|1075 11051134 1163|1222 1280
21 | 841/871|000(929 (058|988 [10171046/1075 [1105(1134 116312221280
22 | 841 871(000(920 058|988 (1017 |1046/1075 (11051134 1163|1222 1280
23 | 8411871 029 988 1017|1046 (107511051134 1163[1222 1280
24 (841|871 920|958 | 988 1017|1046 (107511051134 |1163[1222 1280
25 | 841 [871(900 (920|958 | 958 [1017 1046|1075 1105(1134 (1163|1222 1280
26 | 841 [871|900|929| 058|988 1017 {1046 107511051134 1163|1222 (1280
27 | 841871900929 958 [987 [1015 (1044 [1073 |1 102|131 1159|1216 1275
28 | 829857 885 | 013|042 | 070 | 9981026/1054 1083(1112(1139/1195 [1253
20 | 814|843 870|897 | 926|953 | 980(1009|1036/1064(1002(1119{1174 1231
30 | 800|828 855 852|000 936| 963] 9911017 1045 1073/1099|1153 1208
31 | 786|813 /830 866|803 |019| 045 973| 9991026/1053/1070(1132 1186
32 | 771|798|824|850|877|902| 928! 955| 9801007 |1034(1059/1111 1164
33 | 757 (783 834|860 885 011/ 937 | 062| 0881014(1039/1090 1142
34 | 743(768|793 (818|844 (868 803| 010| 943 | 069 995/1019/1069 1120
35 |728|754(778 827 852 | 876 901 | 925| 950| 975| 999(1048 1098
Area,in2| 64.73) 00.08) 60.23 7148 73.73) 75.08 78.23] 80.48) 82.73) 84.98) 87.23] 80.48) 03.98| 0848
T1-1.n 4436 4610 4805| 4004| 5185 5575 5076
T1-1,in 742| 747 7.52) 757 7.81] 7.70| 7.79
2-g,ind 2320 2380 2450/ 2511| 2572| 2603 2815
ra-a.in. | .40 540 539 538 5.38 537 537 5.37 536 535 535
vais, e re l
n:;. per | 2201 227.7)235.4 2430 2504 | 200 273.6) 2513 258.) zoucl 3043 3105 3343
00/ 1

Safe load values above zigzag line are for ratios of 1/r not over 60, those below zigeag line are for

ratios not over 120 Ifr,
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CARNEGIE STEEL COMPANY
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15 INCH CHANNEL COLUMNS—Concluded

Sare Loaps 1v TrousAanps oF Pounps

2 “1Ur Allowable Fiber Stress square inch, 13,000
H unds for lengths of 60 or under, reduced for
E b1 4 engths over 60radii;see Construction Specifications.
s —— ——= Weights do not include rivet heads or other
1 2 : dat.ullu.ew
2.15 in. Channels | :
| 2-15 in, 45 Ib. Channels
E 31b.  |451b. |
sis..s'!szgsasg A
3 =E|28 =5 = é 23 é =f|=25
§ éﬂé:g B-E ﬂaﬁaﬁi 51% ie-g -a imé
et e e gt e e e
_% B|sE ElRE |kE |EE|EE KB |RE|RE (BB (KB (EE
-] =
alaflad[SelanRe|Re|Be DR [T [Se{ee
E Mobg | WM b Ml R M M oMK OMH MM MM MM R MW R KK
ENlasiIEEIE E: S22 IR IR |82 B2 IS
ik [l ik cheh bk |chch chich [chch|chich [cich|chal [t
1 | 1408 16121677 1742| 1 872 1037 2002|2067 2132
12 1408 1612 1677 1742 1807 1872 1937 2002 2067 | 2132
13 40! 1612 1677|1742( 1807| 1872,1937| 2002 2067| 2132
14 1612/ 1677|1742| 1807 | 1872/1937| 2002 2067| 2132
15 1612|1677/1742| 1807| 1872 1937(2002| 2067 | 2132
16 1612| 1677|1742 1807| 1872/1937| 2002| 2067 | 2132
17 1742 1807| 1872 1937|2002 2067 | 2132
18 1742/ 1807| 1872/ 1937|2002 2067 | 2132 |
19 742| 1807| 1872/1937| 2002/ 2067 | 2132
20 1742| 1807| 1872 1937|2002| 2067 | 2132
21 1742(1807| 18721937 2002|2067 | 2132
22 1742|1807 | 18721937 | 2002|2067 | 2132
23 1742| 1807 18721937 2002| 2067 | 2132
24 1742 1807| 18721937 | 2002| 2067 | 2132
25 77, 1742| 1807 1872/ 1937 2002| 2067 | 2132
26 1742|1807 1372' 1937| 2002| 2067 | 2132
27 1807| 1872 1937| 2002| 2067 2132
28 1507 | 1872/1937| 2002|2067 | 2132 |
29 1807| 1872 1937 2002|2067 | 2132
30 170S| 1863/ 1926/ 1991 2054 2118
31 1834]1896/ 1060/ 2022 2085
32 18051866 1929| 1989 2052
33 1776/1836| 1897|1957 | 2019
34 1747|1806 1866/ 1925| 1985
35 1718 1775/ 1835, 1803 1952
Ares,in2 143.98 148.98/153.98] 158.98] 163.98
[1-1,in.8 8744 | 9251 | 0770 | 10301| 10846
£y, il 7.79| 788 | 707 | 8.05| 813
[g-g,ind 5073 | 5240 | 5407 | 5573| 5740
ra-s in. 5904|5903 | 598 | 592 592
Weight, | r 2
nﬁ.’;‘ﬁm's 308.4 | 355.4 [ 404.5 | 421.5 | 438.5 | 455.5 | 472.5 | 450.5 | 506.5 | 523.5 | 540.5 | 557.5

Safe load values nbove zigzag line are for ratios of I/r not over 60, those below sigzag line are

for ratios not over 120 l/r.

288




COLUMNS
. 2 PLATE AND ANGLE COLUMNS
‘3%35 Sare Loaps v TrousanDs oF Pounps
+ J+
! Allowable Fiber Stress per square inch, 13,
'3,“‘:;%? unds for lengths of 60 rndﬁrsgndar. reduced (}22
=3 ﬂ:B-& ! engths over 60 radii; see Construction Specifications.
gy Weights do not include rivet heads or other
e 2 details,
g | WebPlatex1i| WebPlate8x% WebPlate8x%4s || WebPlateSx 5
]
T 2= zlz|f|2|s]s|e|f|e]e]s]2
o - L} L L L L) = Ll - L L " L] [
ala[EIE|E|F(E|E|E|c|n]n]n]|=
L] " - - - ] L] L] L] £l - ] ] "
R I
Io|3|E(3|3|2(2(22|2(2) 00828
- - - - - - - - - - - - - -
6 | 69| s1|8s|os|110]101]119] 125 142|141 161 168|188 208
7 63 [ 78 | 82 | 86 [103[ 101|119 125| 142|141 | 161|168 | 188|208
8 | 56|72 76| 70| 05[ 96(115( 120|138 141|161 168| 188|208
o |49| 66| 60| 72| 87| 80/107112|130|136[155| 163| 185|206
10 | 43| 60| 63| 65| 78| 83|100| 104|121 |128|149| 154| 175|196
11 38| 54 | 56 | 57 | 70| 76| 92| 96|112|121|140| 145| 165|185
12 | 35|49 | 50| 50| 62| 70| 85| 80/104|113|131| 136|155|174
13 | 32|43 |45 || 47 | 56| 63| 78| 81| 95|105|123127|145|1
14 | 28|40 42| 43| 52| 57| 70| 73 97| 114 118|135 152
15 25| 37| 39| 39| 48| 52| 63| 66| 77| 89(105100| 124|141
16 | 22)|34| 35| 36| 44| 49| 60| e2( 73| 81| 97| 100|114|130
17 18 32| 32| 32| 40| 46| 56| 58| 68[ 75| 88| 00/104)120
18 20| 29| 28| 36| 43| 52| 54| 64| 71| 83| 86| 958|110
19 26| 26 | 25| 32| 39| 49| 50| 60| 67| 79| s1| 93|105
20 23 | 22 28| 36| 45| 47| 55| 63| 74| 77| 88|100
21 20 33| 41| 43| 51| 59| 70| 72| 83| 94
22 30! 38| 39| 47| 55| 66/ 68| 78| 80
23 27| 84| 35| 42| 51| 61| 63| 73
24 23| 30| 81| 38| 48| 57| 59| e8| 78
25 34| 44| 53| b4 63| T2
26 | 40| 48| 49| 58| 67
27 36| 44| 45| 53
1 30| 40| 48| 56
29 | 51
30 |

Area, in | 5.74|0.26 | 0.74 | 7.24 | 548 | 7.76 | 0.12 || 0.62 | 10.04| 10.86] 12.42]| 12.92| 14.48| 16.00
Ii-4,in¢ [343(301|42681.2]060)|001) 107 ) 110 127 122 | 141 143| 161| 178
F1-1, 245|250 2,51 [ 8.35 | 3.38 .43 || 3.38 | 8.40 | 3.35 | 3.36 || 3.33 | 3.34 | 3.33
Iz-g,int 162 |10.3/10.3 1103 |12, 2 |120,7 | 24.9 | 30.3 | 36.3 || 37.2 | 43.5 | 50.2
re-g, in [ 1.04/1.28]1.24 )11.19 | 1.2 01147 | 1.51 | 1.67 | 1.71 || 1.70 | 1.73 | 1.77

Weight, .
I.h;.%ur 19.6 { 21.5 | 23.1 ‘I 2481202204 |31.2| 32.0 | 37.5 | 37.3 | 425 | 44.2| 404 | 546
00

Bafe load values above and to right of uﬁw %i line are for ratios of 1/r not over 60, those
bﬂ% tl.h; zigzag lines are for ratios up to 120 l/r, aﬁm below lower zigzag line are for ratios not
over 7
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CARNEGIE STEEL COMPANY

PLATE AND ANGLE COLUMNS—Continued

Sare Loaps 18 THousanps oF Pounps

o
f-
+ Allowable Fiber Stress Pcra(mm inch, 13,000
CH wﬂa for legths of 60 radif or under, reduced for
E ", hs over 60 radii; see Construction Specifications.
= = Weights ‘do not include rivet heads or other
{d
Web Plate | Web Plate  Web PL
i 10x%e | Web Plate 10 23¢ l} 10x%% |10x%
= AR E R EEEER BB B
g % w| m|% ® 3; w |5 m | w| % | » "
¥ S HHE MM M B
% gf w|wl|w|lw|w|lw|le|o|e]lv|vle| o
8
g BB\ B2 22935322
- - - - - - - - - - - - - -
6 149 sl 108 207|232 B 370 386
7 ) 81207 386
8 100119 125 - 386
9 03111 1171 386
10 1 386
11 386
12 356
13
14
15 365
16 351
17 338
18 325
19 312
20 208
21 285
22 272
23 258
24 245
25 232
26 218"
27 I
23 200
29 103
30 ] 187
u-.m-nquqmd 'mi? 11,40 13.05) 13,07 15.23 15.95 1757 181400 20.47 2275] 24.00 2624/ 28.44] 20.60
Tya,ins) 134 148 1 201 | 22| 237| 267| 279 @5 | 319) 36| 4ot || 412 450 | 489 500
rrnin (4.0 420) 448|422 | 417| 410| 438 420 4.10] 420|420 | 414|415 415] 410
To-z,in 1 .mmmmmmmmm 165| 188 | 208 2t3!
i 145! 142|162 | 1.67 | 165 | 1.69)| 2.00| 2.15 | 2.56| 261|265 | 2.62| 266|269 268

ra-adn. L
I’dgil, ‘l -
e por zs. 39| 360|304 | 446 485|520 |544] 608 | 20| 70| 726 818|804 | 070 | 1013

anelud values nho\rumdwmhtdu%unwhmmmmd I/r ot over 60, thoss
ﬁmn%l lines are for ratios up to 120 Ir, below lower aigsag line are for ratios
over g

'
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COLUMNS

PLATE AND ANGLE COLUMNS—Continued

12
‘5 Sare Loaps ¥ TrHousanNDs oF Pouxps
Allowsblo Piber Stross per squaro fnch, 13,000
| unds for lengths of 60 rulﬂmlr under, reduced’ for
i : over 60 radil; see Construction Specifications.
- ‘Weights do not Include rivet heads or other
details.
Web Plate || Web PI. Web Plate
3 12x34 |12x%s]  WebPlate12x3§ Web Plate 12 x 3 |17 1o
b =
.nx*u:g:t:::x;x:;::::‘::xx&::
§ Rl W] wfl = " SR IR AN Y BT Y
'.-E e o] |lee i" o B [l il Pt Pl B w|lwlele
% q " - » " w.=| ‘: "3 - - L - - - L] - -
-é. .3,\ wilw|lwllw| vwu|w wv|le|lef|le || lcolelelle
AR T R T LR LR
iEE 888 HEELE
jw |w | w || w ||| |l | e - -
(1] 1‘8‘1157 178 137-2172421260;70 ) '3 ‘411439 (478
7 1157 1712 ’Hl 535&}383 111439 51478
5 “ﬁ 17242/2600276) 335354 ]1 3 -
9 (9 : 41143
10 1 17, -26627 3250354383411 43045
1n s 149 156/210/237(264/276/305 11{439
12 139145201 226/252(270,3 111439
13 1912152412 I

3331354/3831411
181205, 264 L1148 1 "K‘ ]
09113171 194 u 00, .%Bﬂ

16 2062
17 195
18 211 N-"

si147l166]1731192/213/234'054! 262 272
142115 1185120322012301 247[ 250
106/137(154) 21791196213 2301 239248
1031132 1491 517 18 —Hﬂ 231 240
71 8" 05["714'bl'166.1ﬂ310 215 2‘23 233

kru, in.? | 87010.1211.38) 12111367, 14208701 500 BT 32 B8
1-1, I8 &85
cuin, | 800 81 608 soi 305 4 sadl & 08 507 4 5 40
int | 160 202 29 26
in | 13 141 1 210 215 256 261 257 261, 265 509 2.2 270 28
346 w% 4L6 468/ 403 iu m

Joad values abave and to right of linsmfnrﬂuuoll!rnotovuﬂﬂth_
lines are for nuuu?:: mﬂn,.ﬁ"" Lelow lower sw line are for ratios not

e d
elers ]
B
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CARNEGIE STEEL COMPANY

PLATE AND ANGLE COLUMNS—Continued

Sare Loaps 18 Tuousanos oF Pounps

Allowable Fiber Stress per square inch, 13,000
ds for lengths of 60 radii or under, reduced for
mhﬂ over 00 radil; see Construction Specifications,

Weights do not Include rivet heads or other

Web Plate 12 x 3§ | WebPlatel12x§ |  WebPlate12x5§

[ »

- °
w s le |& |= »le e
.xf\.t:f;n S T ..;:}3:-: e | =

=
-]
E | e | e | e || | e | W | et || K| M| e | wH

il

- - " " e Mp L
L4 M e - - | | w2

11 || 383 | 428 | 458 | 487 | 507 | 553 | 582 | 610 | 630 | 675 | 721 | 766
383 458

12 428 487 | 507 | 553 | 582 | 610 | 630 | 675 | 721 | 766

13 | 383 | 428 | 458 | 487 || 507 | 553 | 582 | 610 675 | 721 | 768

14 458 7 || 507 | 553 | 582 | 610 | 630 | 675 | 721 | 766

16 383 8 | 487 || 507 | 553 | 582 | 610 || 630 | 675 | 721 | 766

16 |[379 | 428 | 458 | 487 | 506 | 553 610 | 630 | 675 | 721 | 766

17 || 368 [410 | 447 | 475 | 401 | 643 | 560 | 596 || 613 | 663 | 714 | 763

18 |l 357 | 407 | 434 | 461 | 476 | 526 579 644 | 604 | 742
19 421 | 447 | 461 | 510 | 536 576 | 625 | 674 | 721

20 | 334 | 383 | 407 7 | 495 | 520 | 544 606 | 654 | 700

21 370 | 304 | 419 479 | 503 | 527 | 540 | 587 | 634 | 679

22 l312 381 417 | 463 | 487 | 509 | 522 | 568 | 614 | 658

23 | 301|346 | 368 | 301 | 403 | 448 | 470 | 492 | 504 | 548 | 504 | 637

24 355 | 377 432 | 454 | 475 || 486 | 529 | 574 | 616

25 | 278 | 322 | 342 | 303 | 373 | 416 | 437 | 457 || 468 | 510 | 554 | 595

26 || 267 | 310 | 820 | 3490 | 358 | 401 | 421 | 440 | 450 | 401 | 534 | 574
a7 256 | 207 | 316 | 335 | 344 404 | 422 || 431 | 472 | 514 | 553

28 285 | 303 | 321 | 329 | 360 | 388 | 405 || 413 | 453 | 404 | 532

29 233 | 273 | 200 314 | 354 | 371 | 388 | 395 | 434 | 474 | 511

30 | 222|261 | 277 | 293 | 299 | 338 | 354 | 370 | 377 | 415 | 454 | 490

31 211 | 240 | 264 | 279 | 285 | 323 | 338 | 353 | 359 | 300 | 434 | 460

32 WL%%O 265 [272] 307 | 321 | 336 | 341 | 377 | 414 | 448

33 | 197 242 | 257 | 264 | 204 | 300 | 323 | 331 304 | 427

34 [ 101|221 | 235 | 250 | 257 | 287 | 301°| 815 | 822 | 351 [ 851 | 409
35 | 186 | 215 | 220 | 243 | 249 | 279 | 203 | 306 || 313 371 | 399

Area, in2] 20.44 | 32.94 | 85.22 | 87.50 || 89.00 | 42.50 | 44.74 | 46.04 || 48.44 | 51.04 | B5.44 | 53.94

13-1,ind} 016 1073 | 1136 | 1107 | 1215 | 1377 | 1437 | 1465 | 1513 | 1683 | 1856 | 2087
ri-,in | 5581 5.71| 508| 5465 558] 5.60 | 547 5.04 500| 579| 588

lo-aine] 201| 348| 308| 35| 3o4| 451 472| 402 400| 556| 613] 671

ra-nin | 3.04] 325| 3.23| 322 3.18| 95.20 | 3.25| 824 321 327 3.33| 347

“Weight,

I.h.b‘. 100.2 | 1120 | 1201 | 127.7 | 1328 | 144.7 | 152.3 | 1509 | 165.0 | 176.9 | 188.8 | 200.7

Sale load

over 200 I/r.

wvalues above and to right of upper zigaag line are for ratios of 1/r not over

are 60, those
between sigssg lines aro for ratios up to 120 |/r, and those below lower xigzag line sre fo ratios not




COLUMNS

PLATE AND ANGLE COLUMNS—Continued

Sare Loaps 1N Trousanps or Pounps

Allowable Fiber Stress square inch, 13,000
Poundl for lengths of 60 radii or under, reduced for
engths over 60 radii; see Construction Specifications.

Wed;hw do not include rivet heads or other
details

. I Web Plate 12 x 54 Web Plate 14 x 3§
4 = |
& 4 O B S -
= u§ - n§ wilt | W n.‘E -
WH | M| "M o Wy W (WM
i H! K‘:‘. H: - o LR I:
e |o” |e TSl Sl ™ Sl ™
BEHE el
e 5|3
-l | W (e, L BE N - BE 1.1
11 812 | 857 422 | 452 | 474 | 497
12 812 | 857 | 903 422 | 452| 474 | 497
13 812 | 857 422 | 452 | 474
14 812 | 857 | 903 422 | 452 | 474
15 812 | 857 | 903 422 | 452 | 474 | 497
16 812 | 857 | 903 415 | 444 | 470 | 407
17 812 | 857 | 903 403 | 431 | 456 | 482
18 840 | 888 300 | 417 | 442 | 468
19 769 | 817 | 864 377 | 404 | 428
20 | 747|794 | 840 390 | 415 | 439
21 | 725|771 | 817 352 | 377 | 401 | 425
22 | 703|748 | 793 340 | 363 | 387 | 410
23 681 | 725 | 769 327 | 350 | 373 | 306
24 | 650|702 | 745 314 | 336 | 350 | 381
25 | 637)|679| 721 345 | 367
26 | 615 657 | 607 280 | 309 | 331 | 353
27 | 593 | 634 | 673 276 | 296 | 317 | 338
28 571 | 611 9 204 303'| 324
20 540 | 588 | 625 251 | 269 | 289 | 309
30 | 527|565 601 223 | 2390 | 255 | 275 | 205
81 | 505|542 | 577 227 | 243 | 261 | 281
82 | 483|519 | 553 236 (251 | 207
33 461 529 214 | 229 | 244 | 260
34 | 439 473 | 505 208 | 222 | 237 | 253
35 (427450 484 | 201 | 216 | 230 | 245
mh" 62,44 | 65.94 | 60.44 82,47 | 34.75 | 36.50 | 38,25
Ty.qy int) 2224 | 2418 | 2618 3038 1351 | 1436 | 1539 | 1643
ri-ndn § 5O7T| 6.06) 6.14 6.30 045| 6.43| 640 | 0.55
lo-g, ing) 723| 785| R42 0456 311| a31| 360 3s8
ra-g in | 341 345| 348| 351) 3.54| 3.56| 3.58| 3.60| 3.10| 3.00| 3.09] 3.14| 3.19
Weight,
l.hlr.”p‘r 2120|2245 | 236.4 | 2483 | 200.2 1 272.1 | 284.0| 205.0 | 102.8 [ 110.8| 118.4 | 124.3 | 130.3
Mnhdnhaahnmdtorightol lmmlwuhmoﬂ not over 60, those
m?hlhn-mfwmuphmgmnﬁm ml{;nmfurm”l
over
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CARNEGIE STEEL COMPANY

PLATE AND ANGLE COLUMNS—Continued

= :g' Sare Loaps 1v Trousanps or PouNps
* Allowable Fiber Stress per square inch, 13,000
2 ds for I hs of 60 radil or under, reduced for
E ms over 60 radii; see Construction Specifications.
i Weights do not include rivet heads or other
Wbl Vo Web Plate 14 3¢
2 wole = & 1x |2 R RS
& et Wl vl | R W & 5-’\ Mot u:f; P u;
o | g || | e | e | o | e | W M| e | w s | e | gy
% o o L - - Lt o “3 M- L] - M
e e e o7 |leT |7 e | o7 | e i - g
g | 23| Bz f3|2z|iz| it 8§§§§ 2y | 2
aﬁai‘aé’aéﬁ 21 52| 52 2122|H%
ey | wea || wed | wed | wed || wed | wer | wiea | wiea | woa | wiea | wneq
11 520 | 543 | 566 | 595 | 623 || 6406 | 691 | 737 | 782 | 828 | 873 | 910
12 520 | 543 | 566 | 595 | 623 || 640 | 691 | 737 | 782 | 828 | 873 | 919
13 520 | 543 || 566 | 505 | 623 | 646 | 601 | 737 | 782 | 828 | 873 | 910
14 520 | 543 || 566 | 595 | 623 | 646 | 691 | 737 | 752 | 828 | 873 | 010
15 520 | 543 || 506 | 595 | 623 || 646 | 691 | 737 | 782 | 828 | 873 | 010
16 520 | 543 || 566 | 595 | 623 | 643 | 601 | 737 | 782 | 828 | 873 | 019
17 507 | 533 || 561 | 578 | 605 || 624 | 675 | 726 | 776 6 873 | 919
18 493 | 517 || 535 | 501 | 587 || 606 | 655 | 705 | 754 | 803 2 | D01
19 478 | 502 || 518 | 544 | 569 | 587 | 635 | 684 | 733 | 780 | 829 | 876
20 463 | 487 || 502 | 527 | 551 || 568 | 615 | 664 | 711 | 758 | 805 | 851
21 448 | 472 | 486 | 510 | 533 || 549 | 596 | 643 | 689 | 735 | 782 | 827
22 433 | 456 (| 470 | 403 | 515 | 530 | 576 | 622 | 668 | 713 | 7568
23 418 | 441 || 454 | 476 | 497 || 511 | 556 | 602 | 646 | 690 | 734 | 778
24 403 | 426 || 437 | 459 | 479 || 403 | 536 | 581 | 625 | 667 | 711 | 753
25 385 | 410 || 421 | 442 | 461 || 474 | 517 | 560 | 603 | 645 | 687 | 728
26 374 | 395 || 405 | 424 | 443 | 455 | 497 | 540 | 581 | 622 | 664 | 704
27 359 | 380 || 380 | 407 | 425 || 436 | 477 | 519 | 560 | 600 | 640 | 679
28 344 | 364 || 373 | 390 | 407 || 417 | 457 | 498 | 538 | 577 | 617 | 655
29 329 | 349 || 356 | 373 | 300 | 399 | 438 | 477 | 516 | 554 | 593 | 630
30 314 | 334 | 340 | 356 | 372 || 380 | 418 | 457 | 495 869
31 200 | 318 | 324 | 339 | 354 || 361 | 308 | 436 | 473 | 509 | 546 | 581
32 284 | 303 | 308 | 322 | 336 345 | 378 | 415 | 452 | 487 | 522 | 556
33 275 | 200 || 208 | 312 | 327 || 336 | 365 | 396 | 430 | 464 | 409 | 532
34 267 | 282 | 200 | 304 | 318 || 326 | 356 | 385 | 415 | 444 | 475 | 507
35 260 | 275 | 282 | 205 | 309 || 317 | 346 | 375 | 404 | 432 1 461 | 489
Area, in. 2 40.00 | 41.75 || 43.50 | 45.74 | 47.94 || 40.60 | 53.19 | 50.09 | 60.19 | 63.60 ﬁf.lg 70,60
Ty, in4| 1740 | 1857 || 1885 1070 | 2053 | 2081 | 2302 | 2520 | 2764 | 3008 | 3235 | 3512
ri-n,dn | 6.61| 667 | 6.58)| 6.56| 654 | 647 ) 6.58| 6.68| 6.78( 6.57| 6.96| 7.05
Tawaind| 417| 446 451| 472| 402 | 409| 556| 613| e71| 728| 785| s42
rg-sin, | 3. 827 (| 822] 321 320! 3.17| 3.23| 820 | 3.34| 3.38| 3.42| 345
Weigh
lb? « 136.2 | 142.2 || 148.1 | 155.7 | 163.3 || 169.3 | 1812 | 193.1 | 205.0 | 216.0 | 228.5 | 240.7
Bafe load values above and to right of upper #i line are for ratios of 1/r not over 60, th
m@q&mmmhmuw 120 1ir, and those belaw lower sigaag line are for ratios
not over
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COLUMNS

PLATE AND ANGLE COLUMNS—Continued

Sare Loaps 1N Trousanps or Pouxps

Allowable Fiber Stress square inch, 13,000
unds for lengths of 60 or under, reduced for
hs over 60 radii; see Construction Specifications.

Weights do not include rivet heads or other

Web Plate 14 x 5§

Bo| R Bp | P | B | B | R R | R | R | R | R
u's "-5 e | W= | wm .35 wer | men u§ ua u§ u§
wM | v | o | On | o | ox | OoR
we | e | v | k2 | ke [ e
e |leT |eT | e © " |e = = = =

Effective Leagth in Feot
x4
4x
x4
4x
x4
4x
x4
4x
x4
ix

906 1001
037| 1064 | 1115|1154 | 1206 1258 | 1308 | 1359

907
719 | 750| 707| 833| 877[1009| 1058|1003 1142|1192 | 1241 | 1289
693 848 030 0| 1207
668 | 706| 742| 781| 81S| 0954|1001 10311079|1127| 1173|1220
642 | 679| 715| 753| 7s0| 026| 973|1000|1047 1094|1139 1185
617 | 653| 687| 724| 759| 599| 944/ 0701015 1062 1106|1150
501 | 626| 630) 800| 730| 71| 910| 930| 984)1029| 1072) 1115

565 | 600 00
540 | 573| 604| 639| 671 816| 859 877| 920| 964|1005| 1046
546| 577| 610 O641| 788| 830 847| 889| 931| 971|1011

g mEENE MeNRe Bope: B
3
L=
o
L
g

Area,in.2) 74.10 | 77.60 | 81.19 | 84.60 | 88,10 | 92.19 | 96.19 [101.19/105.19 |100.19|113.10 | 117.19

Tiadnd] 3776| 4045| 4327 | 4615]| 4010 | 5120 | 5457 | 5484 5830 | G187 @552 | 6928
ripin | 703 7.22| 730 7.38| 746 745| 753 | 7.38| 744 | 7.53| 761 | 7.60
Isainé| 800| 056 1014| 1071 1128 1403 | 1570 | 1581 1666 | 1752| 1837 | 1922
rogin | 348| 851| 3.53| 3.56| 358 | 402 | 405) 395| 898 | 401| 403 | 4.05

W
I-l:.tplé 2520 | 264.5 | 270.4 | 2883 | 300.2 | 3138 | 327.4 | 344.2 | 357.8 | 3714 | 385.0 | 398.6

Sa{u load valuea above and to right of umr mm line m for ratios of 1/r not over 60, those
hiwm&g;unlpuguumfwnmﬂpw Ife wmnhuemlwm
not over 3

’
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CARNEGIE STEEL COMPANY
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Web + 14"
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j%;"f J

=8

PLATE AND ANGLE COLUMNS—Concluded

Sare Loaps 1Ny Taousanps or Pounps
Allonhle Flbu' Stress

overso
Weights do not im‘.'lnde rhret heads or other

muP"

square inch, 13,000
undar. reduced for
Specifications,

Two Web Plates 14 x 14

Two Web Plates 14 x 3§

Effective Length in Feet
6x@
16 x

=
3

b3
S
=M
"

i

o

-
L]

-0

R
P
= -
g

=
Ll
wea

=
3
L

"8
o

3
L

o
-,
e
=" |

n?l

B

et i
Dl —
s
%0‘&0
SRES

5=
55
B8

%
g

EREEE LUERE penme ¥
g

1400 | 145
1365 | 1415

202;20922

2027
2027

2027

Ares,in.2 122,44

13744 14104

Iy-pins) 7014
m J‘:‘ 757

ra-ain, | 3.90

7081
7.62

2063
463

7.70
3074
4.65

5.14

4164

L

433.6

4523

467.6

482.9

408.2

510.1

530.5

7.5

504.5

5815

Safe load values above and to right of zigzag line are for ratios of |/r not over 60, those below
sigsag line are for ratios not over 120 lr.
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COLUMN DETAILS

TYPICAL COLUMN DETAILS
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: Bearing on Masonry

MILL BUILDING COLUMN

Simplicity in details is essential to
economical construction. To eliminate
bending or secondary stresses, it is
desirable in making designs and details
that loads be transmitted from beams,
girders and trusses to columns directly
and with the minimum number of
connecting pieces, rivets, or bolts, and
that the rivets or bolts be stressed in
shear or bearing only.

The column connections shown on
this page and the two pages which fol-
low represent the best modern practice
and conform to these fundamental
conditions and cover the range of
cases met with in ordinary mill and
office building construction.

Where columns rest on steel slabs
or castings, the loads are transmitted
direetly into the footing, and shoe
angles may be provided for proper
anchorage. Where they rest on
masonry, gusset plates may be re-
quired to distribute the load.

Columns should be milled to accu-
rate bearing at joints, with splice plates
sufficient to hold the sections in line
and to resist bending stresses. Horizon-
tal bearing plates must be used between
column sections of different forms or
general dimensions. Rivet spacing in
column shafts and at beam connections
should be uniform to permit the use of
multiple punches; spacing should be
in multiples of one-quarter inch.

Erection requirements should not
be overlooked; beams should frame
with ample clearances, particularly to
column webs, and rivets should be
countersunk or flattened where neces-
sary to swing beams into position.
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CARNEGIE STEEL COMPANY
Orrice Bumwping CONSTRUCTION

TYPICAL COLUMN DETAILS
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Section B-B

Section A-A

TYPICAL ANGLE COLUMN
Bearing on Steel
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Bearing on Masonry

TYPICAL ANGLE COLUMN




COLUMN DETAILS

TYPICAL COLUMN DETAILS

Orrice BuiLping CoNsTRUCTION

TYPICAL SPLICE
Angle Column to Channel Column
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TYPICAL CHANNEL COLUMN TYPICAL SPLICE
Bearing on Steel Channel Columns, different sizes




CARNEGIE STEEL COMPANY

CAST IRON COLUMNS
AmowasLe Unir STrESSES IN POUNDS PER SQUARE INCH

By New York Bumping Law, 1917
D000-40 1/r 1bs. per square inch

i Lbs. per 8q.In. TR ST TG TR LT 5

0 9000 | 30 7800 | 51 6960
10 8600 | 31 7700 52 G020
11 8660 32 | 7120 53 ‘ 6880
12 8520 | 33 | 7680 | 54 6840
13 8480 | 34 7640 | 55 6800
14 | 8440 3 | 7600 56 6760
15 | 8400 36 7560 57 6720
16 8360 37 7520 &8 G680
17 | 'ss20 | 38 7480 | 59 6640
18 8280 | 39 7440 60 6600
19 8240 40 | 7400 | 61 6560
20 8200 41 7360 | 62 6520
21 8160 42 ‘ 7320 63 G480
22 8120 43 | 7280 64 6440
23 8080 44 7240 65 G400
24 so40 | 45 | 7200 66 6360
25 S000 | 46 | 7160 67 6320
26 7080 | 47 7120 68 6280
27 | 7920 | 48 7080 69 6240
28 ! 7880 49 | 7040 70 6200
29 | 740 | 50 | 7000

The safe load for a cast iron column of given dimensions is determined
from the above table by obtaining the ratio of I/r and multiplying the correspond-
ing unit stress by the sectional area of column.

Example:—Required the safe load of a cast iron column, 15 inches square,
% inch in thickness, and 16 feet long.

From table of Hollow Square Sections, page 179, the radius of gyration
is 5.78 inches and the soctional area is 49.44 square inches; hence the ratio of
lr=16x 12 + 5.78 = 33.2, corresponding to a stress of 7672 pounds per square
inch, giving a total safe load of 49.44 x 7672 = 379300 pounds.

The minimum size of a cast iron column of a certain length to safely
support a given load is determined as follows:

Divide the length in Inches by 70; the quotlent is the minimum allowable
radius of gyration required. Divide the total load by 6200 pounds; the quotient
is the minimum sectional area.

Example:—Required the minimum size of a round cast iron column, 20
feet long, to support a load of 235000 pounds.

The minimum radius of gyration is20x 12 + 70=23.43 inches; the minimum
area is 235000 —- 6200==37.90 square inches. From table of Hollow Round Sec-
tions, page 178, the nearest minimum size for this radius of gyration and this
area is found to be a column 11 inches in diameter and 1 £ inches in thickness,
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CAST IRON COLUMNS

ROUND CAST IRON COLUMNS

AvrowapLe Loaps 1N Taousaxps oF Pounps
By New York Building Law, 1917

-

——

P S N S -

o et e et o ek i

S SR SEER SRR SRS oS SR

[ ST T

Welghts do not include details
fwaj_] : . I_‘__:  Effective Length of Column in Feet
""':"'"Pﬁ.luhn 8 ‘ 10 12| ul 16 lsl 20[22' 24 | 26|28
- e _——l_
8.64| 27.0/1.95 | 61| 56 L ]
10.55| 33.0| 101 | 74| 68 |
12.37 | 38.7 | 1.88 | 86| 80 | |
14.00| 340/ 184 | 97| 90| | |
2.52| 80.1/2.27 | 02 86l 81 }
4.73| 46.0|2:23 [107[101| 95 . {1
6.84 | 52.6|2.19 |122/1156]107 . '
18.85 | 55.9|2.15 |136/128/110 ' |
17.08| 53.4|2.58 |128/122/116/100 ko | |
19.50 | 61.2|2.54 |147/130| 132|124 , L«
21.99| 68.7|2.50 |164]156/147|139 | |
24:30| 75.0| 246 181171 162|152 |
22.34 | 69.8|2.80 |171/164/157 140|142 U1
25.13 | 78.5|2:85 192/184/175/167|168| | {14
27.83 | 87.0|2.81 |212/203|103|184/174) | .
30.43 | 95.1(2.78 |232 221|211 L]
28.28 | 88.413.20 |221/212(204/105(187 178/ | |
31.37 | 98.0|3.16 |244|235|225/216|206|107
34.36 [107.4 | 3.13 |207| 257 246|235 225|214 |
37.26 |116.4 | 3.00 |280 277 266|254 243 231 |
34.90 (109.1|3.51 |276/266/257|247 235|228 (210 | | |
38.20 |119.7 | .48 |302 292|281 /271|260 /250|239
41.58 [120.0| 3.44 |328 316/ 305/203 281 270|258 s
44.77 |139.9 | 3.40 |352 340(327|314 302 289|277 -
42.22 181.9| 3.83 |338/327 316/306/205 285/274 (264 |
45.00 143.4 | 3.79 |3067(355(343|332|320 308 297|285 | |
49.48|154.6| 3.75 | 395 382 360|357 344 331 319|306 |
52.97 (1055 371 {422 408 394 351 340326 | |
50.22 156.9 | 4.14 |405(304|382)370|350 347|336/ 324 312
54.19 189.4] 4.10 |437 424 312/ 300 386 374|361|348|335
58.07 |181.5| 4.00 |468 454|440 427|413 399 385 372 358
61.85|103.3 | 4.03 |498/483 168/ 454/430 424409 395 380
58.01 (184.1 | 4.45 |470/467 454 441|420 416 403 300/378
6318 |107.4 | 4.41 (514500 450|472/ 459|445 431 417 104
67.35 [210.5 | 4.38 |547|532|518/503|488 473 450|444 420
71.42223.2| 434 m‘m 548|532 516 501|485 469
68.20 213.4 | 4.76 532/518|504 491477 463 440 436
72.85 (227.6| 4.78 aw] 567|552|537 523|508 493|478 463
77.31|241.6| 4.60 |632/617|601 585|569 553 538 522|506 490
81.08 |255.3 | 4.65 seslum 634|617 600|583 566|550 533|516
78.34 |244.8| 5.08 (646 631|616,601 587|572 557|542/527 513 498
83.20|260.0 | 504 |685 670|654 638|622 606/590| 574 559|543 (527
87.97 |274.9 | 5.00 724‘707 690|673 657|640 623| 606|580 572|555
92,03 | 280.5 | 4.06 |702 744|726/708 690/ 672|654/ 636/619/601 | 583




CARNEQGIE STEEL COMPANY

SQUARE CAST IRON COLUMNS 3
Avvowapre Loaps v TrHousANDS oF Pounbps
I
By New York Building Law, 1017 |
Weights do not include details
| 'w" —-.| Effective Length of Column in Feet |
A o ==
Inches| Inches 'Pounds 10¢hes| 8 | 10 12| 14|16 18 zoL22|24|aaiza |
11.00| 34.4|2.20 | so| 76| 71 - i
P 13.44| 42.0|2.21 | 02| 86 |
15.75 49.2|2.17 |114/107/100 '
17.94I 56.1|2.12 [120(121{113 , I :
15.94| 49.8(2.62 120(114/108 103 | |
7 18.75| 58.6 | 2.57 |141(134/127(120 | i
21.44| 63.9| 2.53 |153|145/137|130 |
17" | 24.00| 75.0| 2.48 |179170/160/151| |
% 21.76| 68.0| 2.08 |168/161(154147 140 '
‘3 24.94| 77.9| 2.03 |192(184/175/167|159
1 28.00| 87.5| 2.89 |215/205/106/187 178
13 | 30.04| 96.7 | 2.84 |237|226/216(205|195
% | 27.44| 85.8| 3,34 |215/208/200/192|184 178
o | 1., |382.00{100.0| 3.29 |251|241|232|223|213 204
1 ﬁ 35.44/110.8 | 3.25 | 277|267 256 246|235 225
134 | 88.75/121.1 | 8.21 |302(201|270 268 256 244
1 | 86.00/112.5|3.70 |287|277/268 259249 240|231
10 | 13| 39.94/124.8|3.65 317|307 206 286 275 265254
134 | 43.75/136.7 | .61 |347/336/324 312|301 289|277
1 47.44(148.3 | 3.57 |376|363|350/338 325‘ 312|209
13 | 44.44 138.9 | 4.06 |358 347(337 m!am-m 295|284
11 | 1} | 48.75(152.3| 4.01 |392(350 369 357 345 334 322(310
1 52.94|165.4 | 3.97 |425/412|400 /387 374 361|345 336
114 | 57.00/178.1 | 3.93 |457 443|420 416 402 388 /374 360
13 | 53.78 168.1 | 4.42 1437 426/414 402!391:379 367 356344
12 | 135 | 58.44/182.6| 4.37 |475/462 449 436 423 410|3981385 372
1 63.00/196.9 | 4.33 (511 4n?|483 460455 441|427 413 399
15§ | 67.44/210.8 | 4.20 | 547 532 516|501 |46 471 456 441 426
|
i1 63.04 199.8 | 4.78 |524 511(498|486 473|460 447 434 421409
13 | 1%9 | 69.00/215.6| 4.74 |565(551/537 523|509 495 481 467 453439
1 73.94(231.1 | 4.69 |605/580|575 560|544 520 514 409 484 169
1 78.75(246.1 | 4.65 644 627|811 595 579 562|546/530 514/407
114 | 75.00/234.4 | 5.14 |610]605!501 577 563|549/ 535|521 507 493470
14 | 133 | 80.44/251.4 | 5.10 |663|648/633|618 603 588/ 572|557 542 527|512
i 85.75(267.0 | 5.05 |707|600|674 658|641 625 609 593576 560 544
174 | 90.94/284.2| 5.01 |740(731|714 696|679 662|644| 627 60o/502|574
154 | 86.94/271.7 | 5.50 |722(707/601|676|661| 646|631 |616/600585 570
134 | 92.75/280.8 | 5.46 |769|753|737|721|704| 688|672 655 639623606
15 | 174 | 08144/307.6 | 5.41 (816799782 764|746/ 720 711|694 676/650|642
2" |104.00/325.0 | 5.37 (862 843|824 /806 787I 769/750/731 713/694 676
1% 99.75/311.7 | 5.86 [832/816/800 783|767 751|734 718702 685 660
¢ | 1% [105.94/331.1 | 5.82 (884|866/849|831|814 706|779 761 (744|726/700
18 | o™ 1112.00/850.0| 5.77 |934|015/8306/878 840822803 |785(766(747
214 |117.94/308.6 | 5.73 |982|0631943/923 8831864 |844 824 804 785
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FLOOR CONSTRUCTION

FLOORS AND FLOOR LOADS

Kinds of Loads. Two kinds of loads are carried by structures.
Live loads consist of the weight of carriages, eranes or other handling
devices and their supported loads, machinery, merchandise, persons
or other moving objects, the support of which is the purpose of the
structure, including also wind stresses. Dead loads consist of the
actual weight of the structure itself with the walls, floors, partitions,
roofs, and all other permanent construction and fixtures, The
dead loads stress the structure at all times and it must, therefore,
be proportioned to sustain them at all times without reduction.
The live loads may be taken at their full values or reduced in
accordance with the probabilities that the structure as a whole
or its principal members will not be subject at all times to the full
theoretical live loading.

Dead Loads. The permanent load should be calculated from
known weights per unit of the material composing floors, partitions,
walls, or other permanent construetion. The weight assumed for
the steel frame itself should be checked after the sections are
determined and then the sizes readjusted if necessary.

Live Londs. Live loads vary with the character of the strue-
tures. In buildings they consist of uniform loads per square foot
of floor area, concentrated loads, such as heavy safes, which may
be applied at any point of the floor, and uniform loads per lineal
foot of beams or girders. The load which produces the maximum
bending moment or reaction is to be used in proportioning sections.
The floor system between beams must of course be of sufficient
strength to transmit any concentrated load to the beam.

In cities the minimum live loads to be used on the various classes
of buildings are fixed by public ordinances, and are given on page
304 for the principal cities of the United States in accordance with
the most recent building laws, which are intended to cover general
conditions and do not inelude machinery or other concentrations.
If such eoncentrations, like safes, armatures, generators, or printing
presses, occur on floors, special provision should be made for them
in the floor framing. Flat roofs of buildings which may be loaded
with people, should be treated the same as floors and the same
uniform live loads used as given in the table for dwellings, hotels
or assembly rooms.
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FLOORS AND ROOFS
Minmvom Live Loaps, Pounps per Square Foor

By Building Laws of Various Cities

Description of Building

Floorl for me
Apartmentsand Dwellings. |
Asylums, Hospitals, ete.. .
Detention Buildings, etc. .
Factories:

Light manufacture.....
Heavier manufacture. . .

Schools, Colleges, etc

Stores, light goods.
‘" heavier goods

Warehouses

Floors for Assembly Halls,ete. |

Aud.ltorlums. fixed seats.
movable saata

Armories, Dance Halls,etc.

Miscellaneous

Garages, Stables
Stairways, Fire Escapes. .
Sidewalks
Roofs

Flat, slope up to 20° (14)
Steep, slope over 20° (14)
Wind Pressure

a Dwellings, Clevel
b First floors:  8t.

land, 60.
Louis, 100;

vate:
31“ Cleveland, 80

Chicago,

&
fs

i Loads
i[mdsm
i

ind Pressure:

or
ind pressure

B
:E'ﬁ

=q§=

ind pressure on curtain

n
o
] nrbuﬂdmuwerm{eet

=

A - " T 5 -3 E-3
f | g B |l | g B | B | B B
=5 | #2172 | s §§ 55853 |85
i 6" £ e : = z é"‘
= | 2 A | &
40 | 40 7o| 50 | 50 70a,| 60 50‘ 40
100 | 50 | 70 | 50 | &0c . 70 | 40
100 | 50 ‘ 50c 80 | | 60
120d. 100d 120d 100d 125d | 1254 125d 100d
1 150d| 150d| 250d 175d | 150d
40 | 50 | 70 | 50 504 70 | 60 | 70 | 40b
60 | 50 100 | 60b 75b 70b 75h 70 | 50b
100 75¢ 100 ] 1100
100 (100 [120 | 75 [100 | 80 | 75 |125 |100
100 100 | 125 | 200
100 |100 |120 |100 100 | 80 | 75 |125 | 100
75 | 75 75 | 50 | 70 | 75 | 70 | 60
120 | 100 |120 100 |125 |100b{125 | 125 | 100
150 | 150 |250 175 150
150 150 | 250 250 |200 |150
1100 1100 |120 (100 100 | 80 | 75 |125 | 100
100 | 100 120 |100 |100 125 125 |125 | 100
100 | 100 100 | 150 | 150 | 150
120 | 100e 100 | 150¢ 150€ 100 75
100 | 100 100 | 75f 70g 80g
100 | 100 100 | 75f 100h 80g
300 250 | 200 | 200 300
40 | 25 | s01| 30| 40| 351 40| s0k 25
30 | 25 | 30i| 25j| 30i| 20 | 50k 25
301 20 | 30m 30 [10-20n 290[ 30 | 25| 20p

Chicago, 40;

W
DmdundllwImd snow load 23

for hlghbtuldmmsmhm
less for each story below and 2
buildings 40 feet high, 10 s
orwhmhmshtmmsmuthanwmdthofhm

Boaton, 125; Cleveland, 125 Baltimore, 150; Cincinnati, 100.
¢ Public floors of Hospitals, Hotals, Public Buildings, ete.: Boston, 100,
d Floor loads do not include the

t or the impact Iuad of mncluuwy

n, 75; Garages; public, upper floors: Cleveland, 100;

8 are

, 80; D

po more for each story above, u
uEtuﬁﬂl'set 15 pounds; over 80

sembly Halls, Armories, e¢te.:  Boaton, 100.
Exeeptmeellmpwha‘eﬂmrmd less.

Stairways, ete., for Apartment Houses, wellings, 60.

uare foot of nuperﬁua! roof area; other roof loads are for the projected area.

nds up to 15 up to 14 slo
s e

buildings over 150 feet high, or where height i m over -I times lau.at horizontal dimension.
districts: 25 pounds at tenth story, 214 pounds

pe, 20 over 14 slope.

between 20°and 45°.

to 35 pounds.
eet, 20 pounds.
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FLOOR CONSTRUCTION

Reduced Live Loads. Floor beams in buildings should be computed
to sustain floor by floor the full live and dead loads. It is not
probable that all the floors will be fully loaded at all times, and,
therefore, good practice permits a reduction of the theoretical live
load in the computations of column sections. The New York and
Pittsburgh building laws do not permit any reduction on columns
supporting the roof and top floor. These building laws permit for
buildings more than five stories in height on columns supporting
each succeeding floor a reduction of 5 per cent of the total live floor
load until 50 per cent is reached, which reduced load is to be used
for the columns supporting the remaining floors. Pittsburgh build-
ing law, however, does not permit any reduction of live floor loads
over 150 pounds per square foot (bulk storage). The Chicago
building law requires columns to sustain the full live load on
roofs, 85 per cent of the full live floor load on the top floor with a
5 per cent reduction on each succeeding floor down to 50 per cent.

When the character of the loading will permit, it is also considered
good practice to reduce the live load on the main girders to which
the primary supporting beams are framed. The amount of the
reduection will depend on the probable distribution of the loads.

Foundation Loads. Footings should be so designed that the loads
they sustain per unit of area shall be as nearly uniform as possible,
and the dead loads carried by the footings should include the actual
weight of the superstructure and foundations down to the bottom
of the footing. The live load should be assumed to be the same as
the live load in the lowest tier of eolumns or in the footings under
walls. According to the proposed New York building law, the
area of the footing which has the largest percentage of live load to
total load shall be determined by dividing the total load by the
unit working stress. From the area thus caleculated all the other
footings of the building shall be proportioned according to the
ratios of their respective dead loads only. In no ecase shall the
load per square foot under any portion of any footing due to the
combined dead, live, and wind loads, exceed the safe sustaining
power of the soil upon which the footing rests.

Fireproof Floor Systems. A modern office or mercantile building
is essentially a steel framed structure which supports the dead load
of the building and its contents and is itself protected on all sides
by refractory materials. The floors are made fireproof by the use
of terra cotta tiles or arches or of a composite flooring made of
concrete or reinforced concrete. While brick arches may still
be used in special locations where great floor strength is needed,
and concrete arches are sometimes thrown between the beams,
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modern practice is limited substantially to the hollow tile areh
sprung between the beams and the reinforced concrete slab laid
on their tops, the ceiling construction being modified to suit.
Each system has advantages of its own.

Terra Cotta Arches. Hollow tile arches fill the total depth of the
floor beams, and, therefore, tend to stiffen and brace the building;
their weight per square foot is light as compared with other forms
of fireproof floor econstruction of equal strength. Hollow terra
cotta floor arches are made either flat or segmental. The segmental
arch will develop much greater strength than the flat arch of the
same width and depth, and may be designed to carry a given load
with tile of less depth than flat arches. They are, therefore,
more economical, though not always acceptable from the stand-
point of architectural appearance. In office buildings the ceilings
under such arches are usually suspended. A correctly designed
and constructed flat arch will always develop the full strength of
the steel beam which supports it.

When arch blocks are the same depth as the beams, they are
usually laid to project 134 inches below the bottom of the beams,
and the space above the arch is filled in either with cinder concrete,
in which can be laid pipes, conduits, and wooden nailing strips
supporting wood flooring, or with thin terra cotta blocks made for
this purpose, or with a layer of plastic composition of gement,
which forms the wearing surface for the floor.

Thrust of Floor Arches. All forms of terra cotta arches produce side
thrust on the floor beams. In the flat arch the blocks have tapered
faces and the central block or key wedges the others together; in
the segmental arch the thrust is that due to all arch action. These
thrusts it is found necessary to counterbalance by means of tie rods
which connect the floor beams and relieve them from the tendeney
to deflect sidewise. In the central bays, owing to the action of
adjacent arches, the tie rods are sometimes omitted, but it is
necessary to investigate outer beams and channels around openings
for additional thrust stresses so that the combined fiber stresses
produced by vertical loading and horizontal thrusts may not be
excessive. With flat arches 3{ inch tie rods spaced apart not over
fifteen times the width of the beam flanges will usually be sufficient.
The total thrust of arch, the net area of tie rods required, the maxi-
mum distance between tie rods and the section of outer beams for
any condition, may be found as follows:




FLOOR CONSTRUCTION

w = unit load on arch, in pounds per square foot.

D = distance of arch span, in feet.

L = length of floor beam supporting the arch, in feet,

R = effective rise of arch, in inches.

p = thrust of arch per lineal foot, in pounds,

P = total thrust of arch per panel, in pounds,

A = total net area of tie rods per panel, in square inches.
a = net area of one tie rod, in square inches.

T = spacing of tie rods, center to center, in feet.

f = allowable combined fiber stress, in pounds per sq. inch.
Si.1 = Section Modulus of beam, axis 1-1, in inchess,

Sa.2 = Seetion Modulus of beam, axis 2-2, in inchess.

Mi.1 = Bending Moment for vertical loading, in inch pounds.
M3.2= Bending Moment for arch thrust, in inch pounds; then—

2
o P - plL
B o o gwEaE S| g
2R f
T - 2R it AL
awD2 p
M _ 12L (3%4wDL) _ 3wD L2
3 8 1
Moo= ]21;(2 = pT2
M Ma.a
[ 1-1 + 2-3

In formula given for Mas, the beam is considered continuous,
supported at intervals by the tie rods, In segmental arches the
effective rise is equal to the vertical distance between highest point
of conecave surface and springing line or chord ; the effective rise of
a flat arch may be taken at 2.4 inches less than the arch depth.

The allowable combined fiber stress in tie rods should not exceed
16,000 pounds, and tie rods should be placed in line of thrust, usually
3 inches above the bottom of the beam.

The net areas of usual sizes of tie rods are as follows:—

T T

iir!i % 1

....... 1 0.202 B 0.302 . 0.420 | 0.550
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Examprre.—A floor panel 18 feet by 6 feet, of 12 inch flat terra cotta blocks,
is to support a uniform live and dead load of 150 pounds per square foot.
Required the total thrust, total area of rods per panel, maximum spacing
of rods, and the proper size beam to carry one-half of the panel without other
lateral support than the tie rods.

Entire panel load is 18x6x150=16,200 pounds.
31.8 pounds, and ¥4-inch tie rods, then—

Assuming a beam, 12 inch

Thrust of arch per lineal foot, P = 23();1252% = 844 pounds.
Total thrust of arch, P = 844x18 = 15,200 pounds.
Total area of tie rods, A = {—g% = 0.95sq. inches.
Maximum spacing of tie rods, 4 = C_i_.§0_28x4176@ = 5.75 feet.
Bending Moment, vertical loading, M-y = &Zﬁxmi = 218,700 in.lbs.
Bending Moment, horizontal thrust, M,., = 844x5.752 = 27,900in.Ibs.

Combined fiber stress in tierods, 1 =222100 4 27900_ 13 490 1 /in 2

I

If tie rods are spaced 6’-0’’ centers, then

Bending Moment, horizontal thrust, M-, = 844x62 = 30,400 in.lbs.
Combined fiber stress in tierods  f %3(’ 400_ 1 4,0801bs./in.?

MAXIMUM SPACING OF 3¢ INCH TIE RODS,

Loaps oF 100 Pounps PER SQUARE Foor

(e Effective Rise of Arch, R, in Inches

Span, | &
N I T I T B I Y 10“11"12 13}14 15
3 slaE sl a0 0f At | TR
4 | 81(10.1]12.1]14.1 1
5 52| 64| 7.7 9.0/10.3(11.6|12.9|14.2 |
6 | 36| 45| 54| 63| 7.2| 81| 89| 9.8(10.7|11.6|12.5|13.4
& 33| 39| 46| 53| 59| 66| 7.2| 79| 85| 9.2 9.9
8 30( 35| 40| 45| 50| 55| 60| 6.5 7.0| 7.6
9 32| 36| 40| 44| 48| 52| 56| 6.0
10 3.2| 35] 39) 42| 45| 4.8
For any other loading, multiply tabular values by 100 and divide

by total new load per square foot.

The tables which follow give the weights per square foot for terra
cotta arches, both flat and segmental, of various depths, their area
in square inches, and the safe loads they will sustain on various
spans. These tables should be used as a general guide only, as
conditions may make it possible to design more economical arches
for a given load than indicated by the tables. Where a paneled
ceiling is not objectionable, for example, a shallow arch may be used
on raised skewbacks with a considerable economy in material.
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FLAT TERRA COTTA ARCHES
MANUFACTURERS' STANDARD
Sare Loaps iN Pounps PER SQUARE Foor
Factor of Safety = 7

Depth of Arch Blocks, Inches
s @ 0y e T D e ] T e
FAtmi]’ Area of Arch Blocks, Square Inches
0.
| 8t | 37 0 | 8 | @ 58

3-0 458 588 735 901 1084 1487 2210
3-3 386 496 622 763 916 1262 1877
3-6 330 424 531 653 785 1083 1612
3-9 284 365 459 565 679 938 1398
4-0 247 318 399 493 593 820 1223
4-3 216 278 350 433 521 722 1079
4-6 190 245 309 382 461 640 951
4-9 168 217 274 340 410 571 855
5-0 149 193 244 304 367 511 767
5-3 172 218 272 330 460 691
5-6 154 196 245 297 416 626
5-9 139 176 222 269 378 569
6-0 159 201 244 344 518
6-3 144 183 222 314 474
6-6 131 166 203 287 435
6-9 152 186 264 400
7-0 139 170 243 369
7-6 144 206 315
8-0 177 272
8-6 153 236
9-0 132 205
9-6 180

10-0 158

This table and the two following are employed in computing the
safe loads of floor arches of hollow terra cotta blocks. The area
given is that of a cross section at right angles to the webs, and,
generally, end-construction blocks of various shapes but of the same
depth and cross-sectional area have equal strength.

The weight of the terra cotta arch has been deducted from the
safe load givea in the tables, so that only the dead load of the
concrete fill, plastering, etc., must be deducted to obtain the net
safe live load for any arch and span ; blocks of different areas and
for other factors of safety are calculated as follows:

E xamrre.—Required the load per square foot for a 5-6”” span and 8 inch
arch blocks with three horizontal and four vertical webs, 34 inch thick, setinend
construction, cross-section through webs of blocks parallel to webs of beams.

Sectional area of the blocks is 8/x3{"/x4+ (12"-4x3{"")x 3{"'x3=—44.25 sq. in.
at 0.06 pounds per cu. in., the weight is 44.25x12x0.06=32 pounds.

The net safe load of the 8 inch block given in the table is 196 pounds.
Adding the weight of the block, 37x12x0.06=26 pounds, the total safe load is
222 pounds. The net safe load for blocks with an area of 44.25 sq. in. and a
safety factor of 5 is (44.25 + 37x222x7/5)—32=340 pounds per sq. ft.
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SEGMENTAL TERRA COTTA ARCHES
MANUFACTURERS' SBTANDARD
Sare Loaps 1N Pounps pErR Square Foor
Factor of Safety=7
i g | Depth of Arch Blocks, Inches | 2 e Depth of Arch Blocks, Inches
pan | Fas | Span i
| o b _l_._"__[._l'.--"atmh KA N D
f reh, . i reh,
. | T, Area of Arch Blocks, 8q, Inohes okl iy Arca of Arch Blocks, 8q. Inches
28 | 38 | 48 | 47 | 8 |3 | @ | @
3 | 702| 902 1078 117s| 3 | 366 | 471 563! 615
1 920 | 1184 | 1414 | 1545 | 1 482 | 621 741 810
134 | 1155|1485 | 1774 | 1939 13 | 602 | 774 9251011
40 | 115 |1353[1740| 2070 | 2272 | 7T-6 | 134 | 715 | 9201099 1201
13 | 1545 1986 | 2373 | 2503 13 | 815 | 1049 1253 1369
2 | 1736|2233 | 2667 | 2015 2 915 | 1176 | 1405 | 1536
i | 616| 792 946/ 1084 3% | 341 | 430| B25| 573
1 812 1044 | 1247 | 1363 1 457 | 588| 703| 768
1% | 1020|1313 | 1568 | 1713 1% | 562 | 724| 864 044
46 | ;15 | 1196/ 1539 | 1838 80 | 1145 | 6638 | 830 1026 1122
13 (1381|1775 | 2121 | 2318 13 | 767 | 0987|1179 1288
2 | 1536|1975 | 2359 | 2578 2 854 | 1009 | 1312 | 1434
. 3{ | 551| 700| 847 926 3 | 319 | 411| 401| 536
' 1 744 | 0957|1143 1249 1 428 | 551| 658 719
| 5o | 1% | 911/1172| 1400 1530 1y | 527 | 678| 810| 885
' 1'% | 1072|1379 | 1647|1800 86 | 114 | 626 | 806| 9631052
13§ | 1238 1592 | 1002 | 2078 13 | 710 | 926 1106|1208
2 | 1379|1773 | 2118|2315 a 807 | 1037 | 1239 | 1354
3 | 499| 641| 766| 837 3{ | 300 | 386 461 504
1 672| 86410321128 1 403 | 518 619| 677
s | 14 | 8261062 1269 1387 14 | 501 | 645 770 842
135 | 984/1266) 1512|1652 90 | 115 | 590 | 758 906| 990
13 [1119] 1439 1719 1879 13 | 677 | 871| 1041 1137
2 | 1258|1619 1933|2113 2 759 | 9771167 | 1275
3{ | 455| 585| 699| 764 3{ | 283 | 364| 435| 475
1 612| 788| 9411028 1 380 | 489| 584 638
6o | 1)6 | 753| 96911571265 1% | 472 | e08| 726| 793
114 | 898|1154|1370(1507) 90 | 114 | 561 | 721| 862| 042
13 | 1022| 1315|1570 | 1716 13 | 639 | 823| 9831074
2 | 1148|1476 | 1763 | 1027 2 717 | 9231102 | 1204
3 | 428| 551| 658| 719 3 | 267 | 344 411| 449
1 562| 724| 864| 944 1 359 | 462| 552| 603
o6 | 1% | 701| 902| 1077|1177 14 | 447 | 576| 688 751
134 | 823]|1058 (1264|1382 10-0 | 115 | 531 | 683| 816| 802
1% | 9047|1218 1455 | 1590 13 | 610 | 784| 9371024
2 | 1055|1358 | 1622 | 1772 2 683 | 8791050 | 1147
3 | 894| 508| 606 662 3 | 251 | 330| 394| 420
1" | 520| e60| 799 873 1 342 | 442| 528| 577
114 | 648 834| 996 1089 1% | 426 | 547| e55| 717
70 | 115 | 762| 981|1171|1280| 10-8 | 115 | 504 | 646| 776| 840
13 | 87611271346 1471 13 | 581 | 749| 891| 974
2 983 | 1264 | 1510 1650 2 650 | 83711000/ 1092
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SEGMENTAL TERRA COTTA ARCHES—CoxcLubED

+a Depth of Arch Blocks, Inohes Depth of Arch Blocks, Inches

o o ] o |8 oo | R LENETETEF T s T

Arch, | Arch, Arch, | Arch,

el Areaof Arch Blocks, 8q. Inches bl iy Area of Arch Blocks, 8q. Inches

22 |38 | @S] @ o e a o

3 | 244 | 815 | 376 | 411 3 | 151 | 194 | 232 | 254

1 327 | 421 | 503 | 550 1 205 | 285 | 316 | 345

14 | 404 | 519 | 621 | 678 114 | 256 | 330 | 304 | 430

11-0 | 315 | 479 | 617 | 737 | 805 17-0 | 114 | 304 | 392 | 468 | 512

13 | 551 | 700 | 847 | 925 13 | 351 | 452 | 540 | 500

2 617 | 794 | 948 | 1036 2 393 | 506 | 605 | 661

3 | 233 | 200 | 358 | 301 3 | 141 | 182 | 218 | 238

1 312 | 401 | 480 | 524 1 102 | 248 | 206 | 324

1} | 388 | 499 | 596 | 652 11 | 240 | 310 | 370 | 404

11-6 | 115 | 460 | 592 | 707 | 773 18-0 | 114 | 287 | 370 | 442 | 482

13 | 528 | 680 | 812 | 887 13{ | 830 | 425 | 507 | 554

2 591 | 761 | 909 | 993 2 871 | 477 | 570 | 623

3¢ | 222 | 285 | 341 | 372 3¢ | 134 | 173 | 206 | 225

1 297 | 383 | 458 | 500 1 181 | 233 | 2790 | 304

134 | 370 | 477 | 560 | 622 11 | 227 | 203 | 850 | 382

12-0 | 114 | 430 | 566 | 076 | 738| 19-0 | 115 | 271 | 348 | 416 | 455

13 | 505 | 649 | 776 | 848 13 | 812 | 402 | 480 | 524

2 565 | 727 | 869 | 949 2 351 | 451 | 539 | 589

3¢ | 212 | 273 | 326 | 356 8 | 126 | 163 | 194 | 212

1 284 | 366 | 437 | 478 1 172 | 221 | 265 | 289

13 | 354 | 456 | 545 | 595 114 | 215 | 277 | 331 | 361

12-6 | 114 | 420 | 541 | 646 | 706 20-0 | 115 | 257 | 330 | 305 | 431

13 | 483 | 621 | 742 | s11 135 | 296 | 381 | 455 | 4907

8 541 | 606 | 832 | 909 2 332 | 427 | 510 | 558

3 | 208 | 261 | 312 | 341 1; | 119 | 153 | 183 | 200

1 272 | 351 | 419 | 458 1 163 | 209 | 250 | 273

13 | 339 | 437 | 522 | 570 134 | 205 | 263 | 315 | 344

13-0 | 115 | 403 | 519 | 620 | o77| 21-0 | 114 | 243 | 314 | 375 | 400

13 | 483 | 596 | 712 | 778 134 | 281 | 361 | 432 | 472

g 521 | 670 | 801 | 875 2 315 | 406 | 485 | 530

3¢ | 186 | 240 | 287 | 313 1 | 113 | 145 | 174 | 190

1 253 | 326 | 300 | 426 1 154 | 199 | 237 | 259

1% | 315 | 406 | 485 | 530 13 | 194 | 250 | 298 | 326

140 | 115 | 374 | 482 | 575 | 620 22-0 | 14 | 232 | 299 | 357 | 309

13 | 430 | 553 | 661 | 722 13§ | 208 | 344 | 412 | 450

2 481 | 619 | 740 | 808 2 301 | 377 | 462 | 505

35 | 174 | 225 | 268 | 203 3 | 108 | 139 | 166 | 181

1 234 | 302 | 361 | 304 1 147 4 190 | 227 | 247

13 | 292 | 377 | 460 | 491 13 | 185 | 238 | 284 | 810

15-0 | 134 | 347 | 447 | 534 | 583 23-0 | 114 | 221 | 284 | 340 | 371

13 | 401 | 515 | 616 | 673 13§ | 255 | 328 | 392 | 428

2 4490 | 577 | 690 | 754 2 286 | 360 | 440 | 481

3 | 162 | 200 | 240 | 272 3 | 102 | 132 | 157 | 172

1 218 | 281 | 336 | 367 1 140 | 181 | 218 | 236

1Y | 274 | 353 | 421 | 460 1 | 177 | 227 | 272 | 207

16-0 | 115 | 325 | 419 | 500 | 546 240 | 114 | 211 | 272 | 325 | 355

13{ | 374 | 481 | 575 | @28 13{ | 244 | 314 | 375 | 410

2 420 | 540 | 645 | 705 2 274 | 353 | 421 | 460
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CARNEQIE STEEL COMPANY

TERRA COTTA ARCHES —{
For
Floor Load of 150 Pounds per Square Foot

| Approx, Weight, Lbe. per Sq. Ft.

Depth | Span

= of |of of of
== E Beam, | Blocks, | Floor, ?vh- .'!E g g g
o0 2 Toches | Tnches | Tnches | Feot 2,55 8|8 3
s I s 6 11 | 5% | e|22]|80| 45| 67
E8 | 7 8 | 12 | 5} | 7|22]38| 4|5 | 76
= | | 8 6 | 13 | 5% | 8|22|45|4 |5 | 84
g IS 7 7 | 12 | 8 szsao|4‘5|71
2k e 7 13 | 6 8|2¢4|38| 4|5 | 79
3 . 0 7 14| 6 8|24|/45| 4|5 | 86
- : 8 8 13 | 63| 8|27 (30| 4 |5 74
3L g 8 14 | 635 8|27(38|4 |5 | 82
Sl .§§ | 10 8 15 6} | 8|27 45 4 |5 | 89
. N 9 14 73| 829|304 |5 | 76
£y | 10 9 | 16 | 73| 9|20|38|4 |5 | 85
12 9 17 | 7% | 9|29|53| 4 | 5 | 100
{liza /] 10 15 | 8 0|31|30|4 |5 79
8 [ 12 | 10 T IO 9(31(45| 4 | 5| 94
& |12 12 17 914 (10 /35|30| 4 | 5 | 84
| 12 | 20 | 9l |10|35(53| 4 |5 |107
15 | 15 I 20 l11" [12]l42/300 415 | 93

g
g
g
i

Tor flat arches on raised skews, where the top of the arch is level with the
deduct about 7 pounds per inch of difference between the height of the floor

l
:
;

: Approx. Weight, Lbs. per 8q. Ft,
th Rise

ot |ghgh | o |
§ Toches | Tnches | faches | Feet | B | B2 g L
m |0 | 2]
3 6 4 i | 43 | 7|20|27| 4|5 |63
§ 7 4 1 5 7(20]|28| 4|5 |64
8 4 | 1% | 53 | 7|20|20| 4|5 |65
4 9 4 | 115 | 6 8(20|30| 4 |5 |67
B s 6 ¥ |5 8|26|27|4 |5 |70
= 0 6 |1 5% | s|l26(28| 4|5 |71
5| 10 6 |14 |8 9l26|20| 4|5 |78
12 6 | 136 | 635 | 9|26|30]| 4 |5 |74
E 10 8 i | 52 | o|31-|27| 4|5 |76
12 & o 6 o|la1|28| 4|5 |77
. | 12 8 | 13 | 6% |10(|31|20| 4 |5 |79
15 8 | 13| 7 10(31(30]| 4|5 |80
8| 12 | 10 3 | 53¢ |10|32|27]| 4|5 |80
= 12 10 |1 61 (11|34|28| 4 | 5 |82
15 10 | 1% | 7 11(34]|20| 4 | 5 |83
15 10 | 13§ | 736 l12l384)30|l 4 | 5 |85

TERRA COTTA PARTITION, CEILING, ROOFING AND
FURRING BLOCKS

Thick- | Approx, Weight, Pounds per Sq. Foot | Thick- | Approx. Weight, Pounds per Sq. Foot
Tachéa | Pastition| Ceiling | Rofing | Furring | Tnches | Partition| Ceilng | Roofing | Furing
1% 9 16-18 22

4
2 12-14 12 10 5 18-20
3 16-17 20 20 6 24-20




FLOOR CONSTRUCTION

REINFORCED CONCRETE BEAMS AND FLOOR SLABS

For a complete mathematical analysis of the stresses occuring in
reinforced concrete structures, reference may be made to standard
text books on the theory and practice of reinforced concrete.

Girders and Floor Beams. The arrangement of girders and floor
beams follows the same principles as in structural steel construction.
On short spans floor cross beams may be omitted or used only at
columns to secure lateral stiffness. Beams are usually designed as
tee beams, and thereby a part of the floor slab is utilized as a part
of the beam. The width of the slab thus considered to act as part
of the beam should not exceed one-fourth of the span length, and
the overhanging width on either side of the web should not be over
six times the thickness of the slab.

Floor Slabs. Reinforcement may be of small rods, wires or metal
fabric, the latter especially on short spans. Cross reinforcement of
small rods or wires about two feet apart laid parallel to the beam
supporting the slab should be used to prevent cracks, shrinkage,
etec. If the length of the slab exceeds 114 times its width, the
entire load should be carried by transverse reinforcement. For
rectangular slabs, the length of which does not exceed 114 times the
width and which are supported on four sides and reinforced in both
directions, the proportion of the load is determined by the
formula: R=I1/b—0.5, where R is the ratio of the load, 1 the length
and b the width of the slab. An effective bond should be provided
at the junction of beam and slab, and if the principal reinforce-
ment of the slab is parallel to the beam, transverse reinforcement
should be used extending over the beam and well into the slab.

Spacing of Reinforcing Bars. The lateral spacing of parallel bars
should not be less than 3 diameters, nor should the clear vertical
space between layers of bars be less than 1 inch; distance from
edge or side of beam or slab should not be less than 2 diameters.

Shear or Web Reinforcement. In the calculation of web reinforcement,
concrete may be assumed to carry 4 of the total shear; the
remaining 24 to be taken by additional reinforcement arranged in
intervals equal to the depth of the beam. The usual method of
reinforcing beams against failure by diagonal tension or shear is
to use bent rods or stirrups in either vertical or inclined position.
The longitudinal spacing of such rods or stirrups should not exceed
34 of depth of beam if inclined, and 14 of depth if vertical.

Formulas. The following formulas are those given by the
Committee of the American Society of Civil Engineers on Concrete
and Reinforced Concrete (Transactions, Vol. LXXXI—No. 1398, December, 1917.)
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CARNEGIE STEEL COMPANY

ReiNrForcEp CONCRETE BEAMS—NoTATION

Rectangular B Reinf t for Tension only.
fs =Tensile unit stress in steel, in pounds per sq. inch.
% fo =Compressive unit stressin concrete, in pounds persq. inch.
| s =Modulus of elasticity of steel, in pounds per sq. inch.
Ee. =Modulus of elasticity of concrete, in pounds per sq. inch.
n =LElasticity ratio, Es+Eec.
M =Bending moment or Moment of Resistance, in inch pounds:
Mg=Moment of resistance of steel, in inch pounds.
M =Moment of resistance of concrete, in inch pounds.
Ag =Area of steel in tension, in square inches.
b =Width of beam, in inches.

d =Depth of beam to center of steel in tension, in inches.

k =Ratio of depth of neutral axis to effective depth, d.

i =Ratio of lever arm of resisting couple to depth, d.

z =Distance, from top to resultant of compression, in inches.

jd =Arm of resisting couple, in inches—=d—z.
p =Ratio of areas, steel in tension to rectangle, bd,=—=A-+bd.
kd =Distance from top of beam to neutral axis, in inches.

Tee Beams, Reinforced for Tension only.
b =Width of flange, in inches.
b’ =Width of stem, in inches.
t =Thickness of flange, in inches.

Rectangular Beams, Reinforced for Tension and C i
A’ =Area of steel in compression, in square inches.
p’ =Ratio of areas,steel in compression torectangle, bd,=A’-+bd.

f; = Compressive unit stressin steel, in pounds per sq. inch.
C =Total compressivestressin concrete,in pounds persq.inch.
€’/ =Total compressive stress in steel, in pounds per sq. inch.
d” =Depth to center of steel in compression, in inches.

z =Depth to resultant of C+C’, in inches.

Shear and Bond.
V =Total shear, in pounds.
V7 =Total Shear producing stress in reinforcement, in pounds,=24V.
v =Shearing unit stress, in pounds per sq. inch.
u =DBond stress per unit surface of bar, in pounds per sq. inch.
3, =Sum of perimeters of tension bars, in inches.
T =Total stress in single reinforcing member, in pounds.
8 =Horizontal spacing of reinforcing members, in inches.
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FLOOR CONSTRUCTION

REINFORCED CONCRETE BEAMS—FORMULAS

Rectangular Beams, Reinforced for Tension only.
kd =d(y/2pn+ (pn)® —pn)

z  =ikd jd=d (-1k)
M —tAjd — f.pjbds
M — itckjbdz
o g g i M
s = Agd = pibas
L 2M __ 2pfg
PR dihas; 1, roatt TS
Balanced Reinforcement: W - P
Steel ratio, p= 2.8 |5 9= = _M
D T [ntc+ 1 bds - Tl = e H
Tee Beams, Rginfored for Tension only.
R Ty ] refe- " e __ 2ndAg+bt2
T =z = ZnAg + 2bt
=
& = 4 Neutral axis in flange—
d J;d (use formulas for rectangular beams.)
coel - e _J Neutral axis in stem—
| ——
! L fofn- : =Y =@
M ten(1-k)
M=fsAgid farmigigy e Ml Seteen
fcbt (kd —3t)jd PN EMtd S0 I
L M P ¢ = Bikd10id = 5K
Rectangular Beams, Reinforced for Tension and C i

kd =d [ \en@+p'$)+n2 +p)2 -n(g+p')]
’
__¥ksd+2pnd’ (k—-g-)

i jd=(d-2)
e é Setess k2+2p’n(k—gl-)
AT At Mol sl
l 8 15 pabgMe) T k
.- 09 Q7
o aD nfe (k—7-)
o T s K
s 6M
6;
baz ke + BB ) -5 ) |
Shear and Bond. W v, v
Rectangular Beams v = id T='j?i" u= j—dzo
oy i P Ve, o e
T Beams == W —T; = jdEO

If reinforcing bars are bent up at angles between 20° and 45°,and web members inclined at45°,
3V's
T=— _jif
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CARNEGIE STEEL COMPANY

The formulas are based upon the following assumptions:

1. The applied forces are perpendicular to the neutral plane.

2. The deformation of any fiber is proportional to its distance
from the neutral axis.

3. The resisting moment of the beam is the sum of the moments
above the neutral axis, due to the concrete area in compression,
and of those below the neutral axis, due to the steel area in tension.

4. The tensile strength of the concrete is negligible.

Bending Moments. If slabs and girders are reinforced over supports
to take care of negative bending moments, they act as continuous
beams, and the bending moment at the center of the span will be
reduced. It is considered good practice to use the following values:

Floor slabs, M at center and at supports={; wi2.

Beams, M at center and at supports=—y; wl? for interior
spans, and v wl? for end spans.

If beams are freely supported at ends, M=} wi=.

Columns. Columns may be reinforced by means of longitudinal
bars, by bands or hoops, or by both. The general effect of the
banding or hooping is to permit the use of somewhat higher working
stresses; the values of Asand p given in the formula which follows,
refer to longitudinal steel reinforcement only:

P =total load on columns, in pounds.

A —total area of column section, in square inches.

Ac=area of concrete, in square inches.

As=area of steel, in square inches.

p =ratio of steel area to total section, Ag+ A.

fe =unit compressive stress in concrete, in pounds per sq. inch:

P —fe(ActnAn=feAll-+(-1pl. fe—=grrr iy

Working Stresses. The following working stresses are in current use
for reinforcing bars of medium structural steel and good Portland
cement and gravel concrete of a 1:2:4 mixture:

fe=unit compressive stress of conerete... ...... 6501b, 8q. in.
fy=unit shearing stress of concrete,
straight horizontal reinforcement . .. R L
special shear reinforcement, ......... 90to 120 ** «
fu==unit bond stress of concrete, smooth
rods and deformed bars............ SOHGTLO0 LW I
fs =unit tensilestressof steel............. 16,000 * ¢ ¢
rod reinforcement. .. ................ 36,000 50 4t
wire reinforcement. .. ............... 20,000 ¢ & #
fe=unit compressive stress of steel....... 16,000 *“

n =Eg + E.=15.
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Substituting in the formulas given for rectangular beams, reinforced
for tension only, the values for fe=650, fs==16,000 and 20,000, and
n==15, the following constants are obtained for equal moments of
resigtance Mc=Ms.

“f 2 I f l g, H l
Notation l._. e ___J Not ; -
fe=16,000 | fs==20,000 {s=16,000 | f5=20,000
P 0.00769 0.00533 | pi 0.00672 | 0.00474
k 0.37864 | 0.32773 kj 0.33085 0.29193
i 0.87370 | 0.80076 | fspi=14fck] | 107.526 | 94.877

For approximate calculations, the arm of the resisting eouple, jd, may be
taken at 0.9d, and ordinarlly accepted working stresses of 16,000 for steel
and 650 for concrete will not be exceeded if the steel ratio, p. does not
exceed 0.008.

Explanation of Tables. Reinforced Concrete Slabs: The tables
given on page 318 are based upon the preceding formulas for rect-
angular beams reinforced for tension only, and upon fiber stresses of
650 pounds per square inch for conerete, 16,000 pounds for steel bar or
rod reinforcement, 20,000 pounds for steel wire reinforcement, and
for an elastieity ratio of n=15.

The bending moments are given in foot pounds per foot of width;
below and to the left of the zigzag lines the values are determined
by the maximum allowable fiber stress on steel; above and to the
right they are determined by the maximum allowable stresses in
conerete.

The first column gives the total thickness of the slab, the see-
ond, the distance from the center of the steel to the bottom of the
slab, and the third the approximate weight of conecrete slabs one
foot square.

E xamrLe—Required the reinforcement for a slab continuous at four sides
and 5 inches thick to carry a superimposed load of 150 pounds per square foot
over a clear span of 8 feet,

Assuming the weight of the concrete slab in pounds at twelve times the
thickness of the slab in inches, then the weight of the slab per foot is 12x5=060
pounds, and the total welght, W, for a span of 8 feet is (604 150)x8=1680
pounds,

M=WL + 12=1680x8 + 12=1120 foot-pounds,

If medium structural steel bars or rods are used, the required area, by
the upper table, page 318, Is, by interpolation, 0.235 square inches, and the
sizes may be taken from page 106.

If triangle mesh is used, the steel area required by lower table, page 318,
computed for a 5 inch slab, is, by interpolation, 0.188 square inches, requiring
by table, page 319, triangle mesh style number 208,
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CARNEGIE STEEL COMPANY

REINFORCED CONCRETE SLABS
Bexping MomexTts 1N Foor Pounps peErR Foor or WinTa

Allowable Fiber Stress: Steel, 16,000 and Concrete, 650 Pounds per Sq. Inch

—_—_?b"‘ il Area of Steel Reinforcement in Square Inches per Foot of Width
%é é% 'g.a | |
ZE[E=| 25| 10| 20| 30 | 40 | 50 | .00 (70 | 80 | 90 1.00| 110 1.25 | 150
B |R«

214 3; | 80 | 200 | 338 - |

3 | 3| 36| 2r2 [ 525| 590

314| 37| 42| 335 | 650| 858 |

4 | 3| 48| 398 | 775111851245 ‘ |

434| 37| 54| 461 | 900]1235 1584 .

5t 60 | 407 | 9611412 [1766 | 1804 |

514 1 06 | 558 | 1087 | 16002101 | 2312

6 |1 | 72| 621 |1213 1787 | 2340 12760 | 2022 |

61 1 78 | 686 | 1340 | 1975 | 2506 | 3205 | 3431 kig il

7 |1 | s4 | 751 |1466 | 2162|2844 | 3515 |3074 | 4173

74 134 | o0 | 783 | 1531 | 2257 | 2069 | 3660 |4254 | 4465 ‘ [

8 14| 9 1658 | 2446 | 3218 | 3077 | 4728 | 5007 | 5300 | 5404f 5674, |

814|134 | 102 1785 | 2634 | 3467 | 4288 | 5000 | 5734 | 5082 | 6206 641

9 |14 |108 1849 | 2730 | 3504 | 4444 | 5283 | 6069 | 6338 | 6574| 67

og| 114 | 114 1077 | 2019 | 3845 | 4757 | 5656 | 6543 | 7063 | 7330] 7575

10| 134 | 120 2104 | 3100 | 4096 | 5068 | 6027 | 6974 |mn 8120 8392

1084 134 | 126 3205 [ 4222 | 5224 [ 6213 | 7102 | 8163 | 8525( 8817| 0079 0432 0030
1 | 13¢ | 132 3305 | 4475 | 5537 | 6588 | 7625 | 8652 19350] 0681 9972(10360/10036
1124 13 | 138 3586 | 4726 | 5850 | 6960 | 8058 | 9145 |10224]10575 10808 11337/11969
12 12 144 3681 | 4852 | 6007 | 7148 | 8276 | 0303 |10500{11087 11878/ 1185812404

Allowable Fiber Stress: Steel, 20,000 and Conerete, 650 Pounds per Sq. Inch

SMS.Q'_R Area of Steel Reinforcement in Square Inches per Foot of Width
8l sw) =
iy
SE|E=|28] 04 |06 |08 ].10| .02 .14 6. .20}25.au|35 -1an
grlae
214l 84| 30| 108 | 160 32 2 353 3 | |
3 | 3| 38140207 38 574 ggg vorJ
314 34| 42173 | 258 808
4 301 458|205 | 304 1068} 1135/ 1194 1246'
41 35| 54| 237|352 13541 1430| 1516{ 1584 1644,
5 (1 | 80 377 ss';' 972| 1087 1201) T486/1605) 1601 1766( 1834 1694
541 | 66 491 3 1350/ 16821
61 [z | 1512 1875 2233|2449 2564 2665, 2760
641 | 78 '| 1180] 1352{ 1514 1675/ 2075| 2469/ 2858|3002 3124|3235
) Lol gt | 1120/ 1300{ 1479| 1657| 1833 2271| 2703| 3131) 346
744 134 | 00 1168{ 1356| 1543| 1729 1013 2370/ 2821/ 32
11 | 06 . 1466) 1670) 1872 2072 2568 3057 3542| 4023 [438714556
814 134 | 102 1578| 1707| 2015, 2231| 2765 3202 3815
145|108 1637) 1863 2088 2311/ 2864 3412 3055 4493| 5026) 5416
014l 104 | 114 [ 2231|2471/ 3063{ 3649 4
10 | 134120 | 2630, 3261| 3886' 4500! 51




FLOOR CONSTRUCTION

TRIANGLE MESH CONCRETE REINFORCEMENT

AMERICAN BTEEL AND WIRE COMPANY BTANDARD

B R G ET sy R PSS Ay

TH Shr /8 LGN o F AT Tk D T A & R P

Triangle Mesh is a woven fabric of cold drawn steel wire, providing a
continuous reinforcement, an even distribution of metal, and a perfect bond.

Made with both single and stranded tension members in lengths up to
300 feet and in widths up to 56 inches,

TRIANGLE MESH—STYLES, AREAS, AND WEIGHTS
l.nnsltudlml and Cross Wires (No. 14 A. 8. & W. Co, Gage), Spaced 4 Inches.

L B Longitudinal Wire Triangle Meﬁ

tyle Number Thickness, Net Area Total Area  |Approx. l:;h

am bty of A.B. & W. Co. |per Foot Wiath Fthidﬂ: per lmﬂ t.,

Btrands Wire Gage Bq. Inches Bq. Inches

032 1 No.12 026 032 22
040 ' * 11 034 040 25
019 3 A 180 043 040 28
058 1 oA ! 052 068 32
068 1 8 062 068 35
080 1 LT 074 080 40
093 1 HA iy 087 003 45
107 ' ! 0 s J01 107 50
126 1 b1t 120 126 &7
146 1 W 140 146 65
153 1 y” 147 163 68
168 1 s 162 168 T4
180 2 a5 174 A80 78
208 2 e v 202 208 89
245 2 4 239 245 103
207 3 sh i 261 267 111
287 3 17 1 281 287 119
300 3 k- 303 309 128
330 3 44 330 .336 138
365 3 ‘4 359 365 140
305 3 3y 489 305 160
Tength of Rolls: 150, 200 and 300 feet.

Width of Rolls: 18, 20, 24, 28, 32, 36, 40, 44, 48, 52 and b0 inches, .pmwmmywxﬁed

Tm:;ﬁhm itmnhhduﬁwm&am&mtmw- ise

material be shipped not galvanised.
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BUCKLE PLATES

BN e | M e |
/' 7

Buckle Plates, as generally used on highway bridges with paved
floors, are subjected to a concentrated live load due to the weight of a
wagon or truck wheel and to a uniform dead load due fo the weight of
the roadway paving.

Buckle Plates should be placed with the buckle turned down; then
the live load which can be placed on a buckle in addition fo the
uniform dead load can be obtained from the following formula. Let:

P =Total allowable concentrated load on buckle plate, in pounds.

w =Uniform load, in pounds per square foot.

d =Rise of buckle, in inches.

1 =Length of buckle, in inches.

b =Width of buckle, in inches.

t =Thickness of buckle plate, in inches,

Pet (300 fdt — 0.525 wlb

6d+15¢

The following table gives, for a fiber stress of 9000 pounds, the
maximum concentrated live load in pounds allowed on buckles (turned
down), in addition to a uniform load assumed to be the average
weight of paving, ete., of 120 pounds per square foot.

) pounds, per buckle.

Thickness of Rise, d, in Inches
Buckle Plate, _— i
Inches 2 214 3 344
" 20000 22000 22000 22500
S 30000 33000 34000 34000
k3 41000 45000 47000 47500
e 53000 58000 61000 63000

The total allowable uniformly distributed load which a buckle
plate will safely support may be obtained from the formula:
W == 12 fdt pounds, per buckle,
When the buckles are turned up, use one-third of above values,
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CARNEGIE STEEL COMPANY

CHECKERED PLATES

L

'—l | — S g W ™ A g WL Y g R T W S g W' S g Wk S g W S __1
i
EremenTs oF CHECKERED PLATES
| Width, o v s Seetion
Section Thickness, Weight per Modulus for

Tidex Mini | Mui el Sqmmh OneFoot Width,
Inches Inches Inches®
M 54 12 60 1% 21.4 0.500
M 53 12 60 Tie 189 | 0.388
M 52 12 . 60 o 16.3 0.281
M 51 12 60 B 13.8 0.195
M 50 12 4 & 60 1 11.2 0.125
M 49 12 48 $ig 87 | 0070

AvrowaBLeE Unirorm Loap 1§y Pounps rPER SQuare Foor

Boe Fiber Stress, 16000 Pounds per Square Inch | Fiber Stress, 12000 Pounds per Square Inch

in i T
Feet | M 54| M 53 | M 52 | M51 | M50 M49:M64 M 53 | M52 Mﬁl‘MM’M‘lD

1 |5333 4083|3000 2083 | 1333 | 746 | 4000 3064|2248 |1560 1000 560
2 [1333|1021| 750| 520 333| 187 (1000 | 766 | 562 390 250 | 140
3 | 503| 454| 333| 232 148| 83| 444| 340| 250 173 111| 62
4 | 333| 265 188| 130| 83| 47| 250| 191| 141| 97 ‘ 63

5 | 213 163] 120| 83| 53 |.160| 122| 90| 62 ‘

6 | 148| 113| 83| 58 11| 85| 62| |

7 | 100| 83| s1 | 82| 63 11, it S

8 | 83| o4 62 ,

9 | 66 ‘ Wy g

| | |

The values given in above table are the safe loads per square foot of
plates suppo on two sides onlﬁ' and are based upon the resistance of
rect sections, 12 inches by the net section, t.

The weight of the plates are included in the safe loads and must be
deducted to obtain the net superimposed safe load.

Safe loads for other fiber stresses than those given in table may be
obtained from the values given by direct proportion of the fiber stresses.
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ROOF CONSTRUCTION

ROOFS AND ROOF LOADS

The design of roofs and the selection of suitable roofing materials
depend on the character of the building, whether monumental,

‘publie, residence, mill or. shop; permanent or temporary; geo-

graphical location as regards allowance for snow and wind loads,
and also availability of materials and familiarity of workmen
with the construction; atmospheric conditions as concerns presence
of industrial or other plants producing deleterious gases; water-
tightness or resistance of the roof layers to penetration of water,
snow or ice under storm and long continued exposure; wind
resistance or the strength of materials to resist displacement of
the entire surface or disruption between points of support; type
and pitch of roof, whether self-supporting on wide spans or
requiring the use of sheathing, and whether materials can be laid
safely on steep surfaces.

A good roof on a permanent structure should be fireproof from
within as well as without, made of refractory materials supported
by equally refractory framing. It should last without repair as
long as the building stands without repair. Its maintenance cost
should be low and its materials purchased on the probable life and
service of the structure.

Snow Loads. .The snow loads on roofs vary with the geographical
location, the altitude and humidity of the place, and with the slope
of the roof. Where snow is likely to occur, the minimum load per
horizontal square foot of roof should be taken at 25 pounds for all
slopes up to 20 degrees; this load to be reduced one pound for each
degree of increase in slope up to 45 degrees, above which no snow
load need be considered. In severe climates these loads should be
increased in accordance with actual conditions. Regard should
also be taken to the possibility of partial snow load with local
concentration. :

Wind Loads. These vary also with the geographical location and
the slope of the roof, and, when not fixed by building laws, are
usually taken as acting horizontally at 40 pounds per square foot
on vertical surfaces of the most exposed structures, and 30 pounds
on less exposed structures. On inclined surfaces only the normal
components of the wind pressure need be considered. The following
normal pressures are based on the formula given by Duchemin:
P—P; 2si'na.

1+4sin?a
assumed at 30 pounds per square foot on the vertical surface and
P the normal pressure on a unit of surface, sloping at “angle a with
the horizontal.

, where Pi is the direct horizontal pressure
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CARNEGIE STEEL COMPANY

Normarn Winnp Pressure, 1N Pouxps pEr Square Foot

Pressurs | Pressure
Stope Prigus Sope | o | Some | e | Sope i o
a Fi a Foot,| a uare Foot,| a | Bquare Foot,
Bq?u 'oot, Square i s |
5 5.19 20 18.37 35 25.90 50 28.97
10 10.11 25 21.51 40 27.29 55 20,41
15 14.55 30 24,00 45 28.28 60 20.69

For other pressures than 30 pounds per square foot, the values
given above change in proportion. TFor slopes over 60° the values
assumed for horizontal pressure are applied.

Combined Roof Loads. In climates corresponding to that of
Pittsburgh, and where the roof loads are not fixed by building
laws, ordinary roofs up to 80 feet span should carry the following
minimum loads per square foot of exposed surface, applied verti-
cally, to provide for dead, wind and snow loads combined.

Roof Load

Rool Covering Sqnl;'nerl?oot,
Gravel or [on boards, flat slope, 1 to Borless .......co0ueun. 50
Compositions on boards, steep slope, more than 1 to 6 .......... 45
Roofing on 3 inch flat tile or cinder concrete .............. 60
Corrugated sheeting on boards or purlins. ..................... 40
Slate {on DOArds OF PUrMBE " .5 Gcibie s e iinieee e s 50
on 3 inch flat tile or cinder concrete .............. 65
e/ on SUeel PUCING o 0. etk e s ks Crmanie s s nia s s kg 55
L A T A R O T DO O T G T T o 45

For roofs in climates where no snow is likely to oceur, reduce
these loads by 10 pounds per square foot, but no roof or any part
thereof should be designed for a total live and dead load less than
40 pounds per square foot.

Roof Covering. As stated above, suitable protection of a building
against rain, snow, ete., depends on the character and location
of the building, and the slope or pitch of theroof. Tin, tar, gravel,
asphalt roofings and similar compositions are used for flat roofs;
slate, tiles, and tin are used for slant roofs of public buildings and
residences, shingles for smaller dwelling houses, and corrugated
sheeting for shops and warehouses. Slate, tile, tin, and shingles
are usually attached to a layer of planking, called sheathing,
which in turn is supported by rafters, often called jack rafters,
resting upon the roof purlins, or placed directly upon the purlins
of the roof.
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ROOF CONSTRUCTION

ArrroxiMATE WEIGHT oF RooriNG MATERIAL

| -Wei;il

Roofing Material Sq?el?rmt.
—th - - P S L A . — RS - — _— Po"nd'
Ciatay vy o g oG T - D AU oL O N et WY SO | P} | 1%
Corrugated galvanized fron, No. 20 B. W. Guevovtovnnennnnnnnnn.. | 2x
Corrugated galvanized iron, No. 26 B. W. Guevnrvrevnnennnnnnnn. | ax
e T T RIC I I T P e el 4
Felt ant asDRRIE OF CORIBAT. .o ovcc oivsivisiesiois e oo soios sinesssss e 2
(e gt T Ui T e A T P SR SR R SRR e (et SRR 13
Eath and DIsetar COIUNE. ..omnima snaih ot siss « 5 Beu s s G dres s i Soie 6-8
O T R T N i PO R PRI e s SN M SR T 7%
Mackite, 1 inch thick, with plaster...............c.ciiiiinnnnns 10
Sheathing, hemlock, 1 Inch $hickK. . ...\ veivreivirensssesssssns 2
Sheathing, white pine, spruce, 1inch thick ...........¢ccovuivnunns 21{-214
Sheathing, yellow pine, 1Inch thick ........covnivveuenennansins 3%
Shingles, 6x18 inches, 6 inches to weather ... ........covvveunnn... 2
Skylight, glass 8¢ to 14 inch, including frame .........ccvvnennneans 4-10
Slag roof, 4-ply, withcementand sand.......................... 4
Slate, 14 inch thick, 3inchdoublelap ............c.civmiuennens | 434
Slate, 84q inch thick, 3inchdoublelap ...........cccocvuivniainns 635
OB Yl o o o e atyie sl s alare s s eiatragpatte ol ote Dol lv e e o oo e o 8¢
s A B R R A o R i O e P g
Tiles (plain), 10 14x6 1{x 3§ inches, 5!{ inches to weather ........... 18
Tiles (Spanish), 14 }4x10 44 inches, 7 inches to weather........... 84
NSO RO W B i s aimas oy v o v fe s 8 bty et el 14

Roof Trusses. Trusses are used where wide roof openings are to be
spanned; they form a structure of compression and tension members
and produce vertical reactions under vertical loads; the total load
of the roof, that is, the weight of the truss, purlins, roof covering,
ceiling, and often also the snow and wind load, is usually considered
a uniformly distributed load, equally divided between the two
supports and producing equal and vertical end reactions,

The purlins usually rest on the upper chord of the truss, trans-
mitting to the latter the load of the roof covering, the wind and
snow load, that of the jack rafters and their own, and are often so
arranged as to carry the dead load directly to the truss joints or
panel points to avoid transverse stresses. The distance between
two consecutive joints of the top chord is the panel length; the dis-
tance between two adjacent trusses the bay length.

The transverse strength of the sheathing or of the corrugated
iron used for the roof covering generally determines the spaces
between the jack rafters or the purlins. These purlins or rafters
are small steel shapes, such as beams, channels and angles, or
wooden beams, if the roof is not of fireproof construction.
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CARNEGIE STEEL COMPANY

TRUSSES—FoRMULA FOR STRESSES AND LENGTHS

n=LH=2cota

SIMPLE FINK TRUSS SIMPLE FAN TRUSS
Kember| Stress Length |Member Stress | Length
An |+ % e He sW| W Lseca Aa "‘mf&nwﬁ £ W|W L seca
Bb |+ (ineh) xW| % Liseca Bb  [+oore=linn®+6)x W/ 4 L seca
L]
:: R :x “t?ﬁ:‘m.., Co T'-\ = (un?+1) xW|4L seca
b ++ xW| % Lsccatan E 'Kn :&“Eﬁe":& wecta)
o a a —_ -
\oi+d i o ey
be |—%4n xW| % Lsec's ab, be wa “L\Igﬂr;h-rm'aun'd'
od |—wun xWinLsec? a

n=L/H=2cota

COMPOUND FINK STRU& COMPOUND FAN TRUSS
lemharl Stress | Length Member! Stress Length
As [+ NVRTHL xW| WLseca | e s TrqUsat+11xW ik L seca
Bb |+ T (hnt+5) xW| % Lseca J ] Tyal it +8) XWiis L seca
Ce | +T==(un*+3)xW| % Lseca ) Traln’47) xWiia L seca
DI 9
nt +'\ Tr4 (Wn®+1) xW| 4 Lseca HAHat$0) KW Lveca
La |—%n 2W| 4L secta Eg W{'Mw‘-‘-&xwml-ma
S ey 1 RPN Bl e S e
n —%in xW % L secta
u {Frie
bl ARl e I = w “lﬁ?fu-ue'.)
mn +
o |+ aW| %Lsecatana 1:::;-} +uq95;:_;;1..w. » L,F_ﬁ_ﬂl+m..m._
—_ w| %Lsect
b‘d“' _:: :w b L:‘: de +if:'m W% L secatana
g |[—un xW| % Lsecta ed, el |—tn AW/ 4% L sec®a
. ot —MNn AW 4 L secta
—¥n Wik L sec’a
Coefficients for Calculating Lengths of Truss Members
Values of n 3 ‘245 | 2e0t30° 4 | Mk SAE e
Values of a 33941°24¥130°15°23"  30° 29933547 22987712Y121°48’ 5'"18°26 6"
sec a 1.2018 | 1.1577 | 1.1547 | 1.1180 | 1.0833 | 1.0770 | 1.0541
sec? a 14444 | 1.3403 7| 1.3333 | 1.2500 | 1.1736 | 1.1600 | 1.1111
sec a tan a | 08012 | 0.6753 | 0.6667 | 0.5500 | 0.4514 | 0.4308 | 03514
BECAR+ nori o tande
'I/s 2.isectqtan?a| 0.8058 | 07778 | 0.7698 | 0.6718 | 0.5781 | 0.5608 | 0.4969




ROOF CONSTRUCTION

TRUSSES—COEFFICIENTS OF STRESSES

T
i
H
]
i
¥
< 5 L
2w n=LH=2cota
n==_58pan +- Height =2 cot a n=Span =+ Height =2 cot @
e 2 coty e 2ot
3 |24/7(300| 4 |24/5) 5 | @ 3 (247|500 4 (245 5 | ©
]
As  |2.702.98(8.00|3.35 |3.00 |4.04 |4.74 Aa 4.51 |4.08 | 5.00 | 5.50|6.50 |6.73 | 7.91
Bb |2.15|2.47|2.50 [2.01 |3.52|3.67 |4.43 Bb 3.54 |3.96 |4.00 [4.55 | 5.38 | 5.59 | 0.64
La |2.25(2.572.60|3.00|3.00|3.75]4.50 Ce 3.40|3.95|4.00 [4.70|5.73 | 5.90 (7.27
Lo 1.50|1.71{1.73(2.00 | 2.40 | 2,50 | 3.00 La 8.754.30|4.33 | 5.00 | 6.00 | 6.25 | 7.50
ab |0.83 |0.86 |0.87 |0.89 |0.92|0.93 | 0.95 Id 2.25|2.572.60|3.00|3.60 | 3.75 | 4.50
be |0.750.86|0.87 |1.00 |1.20 {1.25 | 1.50 ab,be |0.03]0.99/1.00(1.08]1.181.21 |1.34
| od 1.50(1.71]1.73|2.00|2.40 | 2.50 | 3.00
SR R IF V3 n=L/H=2cota
n == Span + Height =2 cot o n = Span -+ Height =2 cot a
Member Member % T
3 |aam(3eeY 4 24;5’ 5|8 3 [2477(365] 4 ‘24;5; 5|6
6.31|6.95|7.00 (7.83 | 9.10 | 9.42 11,07 Aa 0.92 110.9111.0012. 80'!!.3014.8]]:.39

5.76 |0.44 | 0.50 |7.38 |8.72 | 0.05 10.75 Bb 8.05| .0110.0011. 2513 13‘13 6616.13
5.2015.94 | 6.00 6,93 |8.33 | 8.68 10,43 Ce 881 9.9110.0011. lﬂl&MH.ﬂ?l.lB 76
4,65 |5.43 | 5.50 | 6.48 | 7.05 | 8.51 |10.12 DI 8.25| 9.40, 9.5010.96 13, 15|13 7016.44
5.256.00(6.07|7.00|8.40|8.75 10.50) "Eg 7.28| 8.41) 850 9.9112, 0212.5515.18
5.206.00|7.207.50 | 9. 40| 8.5/ woa;zssaz.namns
3.003.43 | 3.46 | 4.00 |4.80 | 5.00 | 6. la 8.25| 9.43] 9.53 11 wtaﬁﬂ 7-':|1050
0.83 |0.86|0.87 | 0.80 0,62 |0.93 | 095 1d 0.75| 7.71) 7.7 90010 11.25 18.50
1.66|1.73 {1.73 | 1.79 | 1.85 | 1.86 | 1.90 Li 4.50| 5.14 5.

air:rgesr
g
-

be, de [0.75 0,86 0.87 1.00{1.201.25 | 150 ab, be, iz, gh{0.93 | 098] 1. Tog 1.
g |150/17111:73|200/240|20| 800 " do " |250) 2.0 2.0 268 2
fg |2.25|2.57 (2,60 |3.00(3.60|3.75 od,ef | 150| 1.71] 1.7 2.00( 2.

| (225257 2.00 3.0 3.
. . | hi 375420 433 5.0 64

The piteh of a truss is the ratio of the rise or height to the span length of the trusa,
Pitch=H/L=1/n, n=L/H=1/pitch,

To obtain the stress in any member of a given truss, multiply the corresponding coefficient by
the panel load W.

Compression members are designated by -+ and tension members by —
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CARNEGIE STEEL COMPANY

TRUSSES—ForMuLAs For STrEsses aND LENGTHS

 PRATTTRUSS— PANELS | © PRATT TRUSS—6 PANELS
Member| Streas Length !M&nharl_  Streas | Taneth
Aa, Bb+3%y/ ni+ 4xW4 Lseca |Aa, Bb+%y/ nit 1 xWisé*L';e;:_r:
La -3¢ n Wi L Cd |+ yni+ 4 xWity Lseca
Le —% n xWi4 L La n xWiy L
ab l+1 sWis h Le — n xWis L
be 35 /miFie faricks Lo % Wii L
—3}y/ n2+16 xW 4/ L=+ 1607 S0 xWitg
I ab |+1 xWits h
ed |+% xWa4 h
| be —y/ni+16 xWitey/ Ta+1ons
| de Xy nF36 xWity/ L2F36n:

PRATT TRUSS—8 PANELS 1

Meber| Stress | Length | Member Stress | Length

Aa, Bb+%y/pf 4xW Lseca |Aa, Bb+%y/nitd xWlke Lseca

Cd +3/pis 4xWi Lseca | Cd +2)/n¥i3z xWh4y Lseca

Dr ’+%/meszs Lseca A Df I,+!-11,/n=+i xWle Lseca

La '% n xWh L | Eh [+%/n3Fi xWio Lseca

Le -3 n  xWptk L | Ls % m xWie L

Le l—% n Wi L |i Le 2 n xWitie L

Lg |- n xWh L | Le <% n  xWise L

ab [+1 xWW h | Le ‘4’. n xwiy.u L

od Wk h L -% n xWK L

ef [+2 xW#% h | ab [+1 xWis h

be |y /niriexW Y/ Le+16he| ed |+% xW3t h

de |14/ nitaexWlky/ L2+36hs ef |+2 xW3s h

fe | —Y%y/nireaxwWy/I276an gh [+% __ xWps h
I | be |-¥%Y/ni% 16xW ey LET16 he
1 | de |~%)/nft 36xW Yoy Lit 36k
|' |l fg |4y DiF 64xW Yoy Li+ 04h?
| hi  [~%y/ n¥+100xW %0y L3+1000% |
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ROOF CONSTRUCTION

TRUSSES—COEFFICIENTS OF STRESSES

n=L/H=2cot a

n="Span + Height =2 cot @ | | n=Span + Height =2 cot @
Member | VR Al I . Member 1
3 Ezm %f,‘:‘| o |ows| 5 o] . 8 (2|30 ¢ |2us| 5 | 8
An, Bb|2.70/2.98 3.00|3.35|3.00 | 4.04 | 4.74 b |4.51[4.06(5.0015.500.50|6.73 |7.91
La |2.25(2.572.60|3.00/3.00{3.75|4.50 3.018.97|4.00/4.47|5.20| 530 6.32
Lo |150{1.71|1.73]2.00{2.40|2.50|3.00 3.75(4.20|4.335.00|0.00|6.25|7.50
ab |1.00/1.00{1.00|1.00|1.00|1.00|1.00 3.43/3.18|4.00|4.50|5.00{6.00
2.25|2.57 |2.603.00/8.60(3.75 | 4.50

1.0011.00{1.0011.00|1.00/1.00{1.00
1.5011.50/1.50(1.50| 1.50 | 1.50 | 1.50
1.25]1.32|1.321.41|1.561.60 1,80
1.6811,73[1.7311.80]1.02{1.95 [2.12

be [1.25]132132 141|156 I:wr.sa
|

srassErel
g

|
R
¢

B

n=L/H=2cota [44

n==5pan + Height =2 cot & | [ =8pan -+ Height =2 col @

szm%,'ﬁ'é'imsale |sfm§§3'{4ms{a|e

&
g
&

95(7.00(7.88/0.10/0.42111.07 As, Bb |8.11/8.93/0.00 1o.m,u.7du.1s‘,14.u
5.41!5.956.00|0.71|7.50/5.08] 9.49 7.217.948.00| 8.9410.4010.7712.65
4.51/4.97 5.00(5.59|6.50|6.73| 7.01/
5.25(6.0016.067.00|8.40|8.75 [10.50,
4.50/5.145.20/0.00{7.20|7.50 | 9.00/
4,33|5.00|6.00|6.25 | 7.50
3.00(3.43(3.46(4.00[4.50 8.0 | 6.00
1.00{1.00(1.00{1.001.00|1.00| 1.00;

6.31/6.65|7.00| 7.83 9.10[ 9.4211.07
5:41/5.95(6.00| 6.71| 7.80] 8.08 0.4

rezaaa:::rzei
)
E
8

1.50 {1.50 {1.50 | 1.50|1.50 | 1.50 |
2.00{2.00|2.00 |2.00|2.00{2.00 | 2.00,
1.251.32{1.32 /141 1.56 | 1.60 | 1.80,
1.68/1.73/1.73|1.801,92|1.05 | 2.12
2.14|2.182.18|2.24 | 2.33|2.36| 2.50

&
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CARNEGIE STEEL COMPANY

CORRUGATED SHEETS

Corrugated sheets are used for roofs and sides of buildings. They
are usually laid directly upon the roof purlins and held in place by
means of clips of steel hoops which encircle the purlin and are
placed about 12 inches apart. Special care must be taken that the
projecting edges of the sheets at the eaves and gable ends of the
roof are well secured, otherwise the wind will loosen the sheets.

Corrugated sheets are made in the sizes given on opposite page,
the size most generally used has nominally 2}4-inch corrugations,
actual width 23ginches, about 14 inch in depth. The gages frequently
used for roofing are Nos. 20 and 22, U. 8. Standard Gage.

By one corrugation is meant the double curve between corres-
ponding points, and by depth of corrugation the greatest deviation
of the curved surfaces from the straight line.

One and one-half corrugations are allowed for lap in the width
of the sheet and 6 inches in the length for the usual quarter pitch
roof; one corrugation in width and 4 inches in the length of the
sheet is usually allowed for sidings. ?

Corrugated sheets of 2, 215 and 3 corrugations are furnished in
standard lengths of 5, 6, 7, 8, 9 and 10 feet and with a standard
covering width of 24 inches, when laid with a lap of either one
or one and one-half corrugations.

By experiment it has been determined that corrugated sheet
steel, 5§ inch deep and No. 20 gage spanning 6 feet, began to
give a permanent deflection with a load of 30 pounds per sq. foot,
and that it collapsed with a load of 60 pounds per sq. foof.
The distance between centers of purlins should, therefore, not
exceed 6 feet and should preferably be less than this.

Approximately the uniformly distributed safe load of corrugated
sheets may be obtained from the formulas given below, using the
following notations:—

W="Total allowable uniform load, in pounds.
b=Curvilinear width of sheet, in inches (b=1.075 x covering
width).
l=Unsupported length of sheet, in inches.
t=Thickness of sheet, in inches.
d=Depth of corrugations, in inches.
f=Allowable fiber stress, in pounds per sq. inch.
ea dagiion 8f _ 4dbdt 32fbdt
Then: W= -—1-— =T l- —-—i-g-l—

» __ 25,600 bdt
for f=12000, W e
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ROOFS AND ROOFING

CORRUGATED SHEETS

AMERICAN BHEET AND TIN PLATE COMPANY

DgscripTiON OF SHEETS AREAS OF SHEETS d

i Corrugations | Width, Tnches| Sq.-.li‘l.i.nlﬁhﬂ. | Sheets in 100 Sq. F.
mdu:,mu.' Num- } L ti ‘ Corrugati
N Inches bt Si;r:E i H ", 2
‘omi-| k| ing 1 W 14",

o gl o |R%| & ff}f!gg | o e
5 |5 % | 8 |28 |25 | 60/11.67| 10.83 10.42 8.57| 9.23| 9.60
3 |3 |9 |9 |26 |24 | 72/14.00 13.00 19:50, 734 7.60 | 8.00
-2!4[ 23, | 14 [1014]2734| 24 | s416:33) 15.17 [14.58 6.12| 6.50 | 6.86
214 [ 235 | da 1077|2677 | 24 | 96/18.67| 17.33 |16:67| 5.38| 5.77 | 600
2 ’ 2" | 7, |18 |26 |24 (108/21.00) 19.50 |18.75 4.76| 5.13 | 5.38
1;2 1& % |20 |25 |23% |12023.33 21.67 20.83 4.29| 4.62| 450
b5 85| %e |40 |25 | 24% | 144[28.00) 26.00 |25.00 3.57| 385/ 4.00

Standard | 356,78, 0and 101t. Maximum length, 12 ft. except for 3§ corrugation.

Sizes iorlhnﬂ * width.

Pamnrep Saeprs—Weights in Pounds per 100 Square Feet.

Cor- Thickness, United States Standard Gage
Tug., - T r
|10 12| 14| 16|18 | 20 21| 22|23 | 2425|2627 28|20
5 470|336 [ 269 (215|162 | 148 | 135 |122 | 108 | 95 | 81 | 756 | 68
3 472 1338|270 | 216 | 163 | 149|136 [122 | 109 | 05 | 82 | 75 | 68 |
*2141615 | 478|342 | 274 (219 | 165|151 | 137 | 124 |110| 97 | 83 | 76 | 69 |
214|607 |472|338 (270|216 |163 1149136 (122 |100| 95 | 82 | 75 | 68
2 270|216 | 163 | 149 | 136 [122 | 100 | 95 | 82 | 75 | 68
lﬁ 169 [ 155 | 141 (127 |113| 99 | 85 | 78 | 71 |
, - 113] 99 |85 | 78 | 71

G.u.vmmn Snzm'm-—Welghts in Pounds per 1 100 Square Feet.
Cor- Thickness, United States Standard Gage
rug., .
In. | 10|12 | 14 | 16| 18 | 20| 21 | 22| 23 | 24 | 25 | 26 | 27 | 28 | 29
5 486|352 | 285|231 | 178|164 | 151|137 |124 {111 | 97| 00 | 84 | 77
3 488 | 353 | 286 | 232 | 178|165 |151 | 138 |125(111| 98| 91 | 84 | 77
‘2;2331 494 | 358 | 290 | 235 [ 181 | 167 (153 (140 | 126 {113 | 99 92 | 85 | 78
214|623 | 488 | 353 | 286 (232 | 178 | 165 | 151 (138|125 |111| 98| 91 | 84 | 77

286|232 | 178 | 165|151 [ 138 125|111 98| 91 | 84 | 77
1 186 | 172|158 | 144 | 130 | 116 102 | 95 | 88 | 81
130 116|102 | 95 | 88

The weights ger 100 square feet given in preceding tables do not include
allowances for end or side laps. The tollowtns table gives the approximate
number of square rent. of sheeting n an area of 100 square
foet and is based on sheets of standard wi th 06 inches long. If longer or
shorter sheets are used, the number of square foatrequimd will vary ly.

8q.Feer oF 214 Ix. Staxparp SmeeTs 10 CovEr AREA oF 100 Sq. Fr.

End Lap, Inches
g a La 5 | ©
1 Corrugation 109 | 111 112 | 113 | 114 116
134 = 116 117 118 ‘ 120 121 122
2 = 123 | 124 126 | 127 129 130




CARNEGIE STEEL COMPANY

STRUCTURAL TIMBER

The strength of structural timbers depends upon a number of
factors; the kind of wood, the age of the tree, the time of the year
in which it was felled, the method of sawing, the character of the
seasoning and therewith its moisture content, the proportion of
heartwood to sapwood and the proportion of knots to clear wood.

In consequence of these variable factors, the working unit stresses
approved by the building laws of different cities vary widely, as
well also as the unit stresses given in the proceedings of the various
engineering associations. They go back in some cases to the
studies made in 1895 by the Association of Railway Superintendents
of Bridges and Buildings.

The most recent studies in this direction have been made by the
American Railway Engineering Association, and the tables for
wooden beams and columns which follow are based on the working
unit stresses for structural timbers adopted by that Association,
The table of working unit stresses has been reprinted, by permission,
from the Manual, edition of 1911.

These unit strésses vary with the class of construction. They are
intended, as noted, for railway bridges and trestles. For highway
bridges and trestles and for buildings and similar structures, the
unit stresses may be increased in accordance with the more quiescent
character of the loading and freedom from deleterious weather
conditions. The values are based on carefully selected timber
purchased in accordance with the standard specifications of the
Association and subject to careful inspection.

The commercial timbers whiech are in common use in building
construction will not meet these specifications, and, therefore, the
unit stresses approved by good building practice as evidenced in
the building laws of various cities are rightly lower. The tables
as they'stand are in accord with the average practice as represented
by these building laws, and may, therefore, be used as they stand
for ordinary building work executed with the commercial grades of
timber, such as can be purchased in the open market.

The allowable loads may be adjusted to other species of wood
than those stated in the headings of the tables and to other unit
stresses by the direct proportion which such unit stresses bear to
those for which the tables are computed. In the case of columns
the values may be adjusted to any working unit stress by direct
proportion based on the relations of 1/d.
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TIMBER SAFE LOADS

WORKING UNIT STRESSES FOR STRUCTURAL TIMBER

ADOPTED BY THE AMERICAN RAILWAY ENGINEERING ASBBOCIATION

To compute the deflection

of a beam under long continued loading instead of that when the load is

and similar structures, in which

ccted from the weather and practically free from impact,
nding modulus of elasticity

The working unit stresses given In the table are intended for railroad
and trestles. For highway bridges and trestles, the unit stresses
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CARNEGIE STEEL COMPANY

WOODEN BEAMS

The safe load tables of wooden beams which follow, based upon
the working unit stresses adopted by the American Railway
Engineering Association, give the uniformly distributed safe loads
for rectangular sections one inch thick; the safe load for a beam of
any thickness is found by multiplying the tabular value by the
thickness of the beam in inches. The safe loads include the weight
of the beams and are computed on the assumption that the beams
are braced against lateral deflection. These tables also give mini-
mum and maximum spans and coefficients of deflection.

The maximum safe loads as limited by the allowable shearing
stresses along horizontal axes of beams have been calculated from
the formula: Maximum safe load = % x area of section x safe
unit stress for longitudinal shear. These limits, indicated also by
horizontal lines in the tables, should not be exceeded to avoid
failure of the beam in horizontal direction of the grain of the wood.

The theoretical deflection in the center of the span for uniformly
distributed and permanently applied loads is obtained from the
coefficients of deflection by dividing the depth of the beam, in
inches, into the corresponding coefficient; the result obtained only
approximates the actual deflection, as the modulus of elasticity
varies with the moisture content of the wood.

The deflection of beams intended to carry plastered ceilings should
not exceed Y4p0 of the span; the table gives the maximum spans for
this limit, for uniformly distributed and permanently applied loads.

For loads concentrated in the center of the span, use one-half the
values for the tabular loads and four-fifths of the coefficients of
deflection. For special cases of loading, see pages 183 to 188.

ExampLe 1.—Required the thickness and the approximate deflection of a
beam of white oak, 14 inches deep, supporting a uniformly distributed and
permanent dead and live load of 10,000 pounds over a span of 19 feet.

The tabular value for a beam one inch thick and for a span of 19 feet is
1,261 pounds; the required thickmness is therefore 10,000+1,261=S8 inches, and
the deflection is 20.72+14=1.48 inches.

Examrre 2.—Required the safe load of a beam of white pine, 8 inches
deep and 6 inches thick, without exceeding the longitudinal shearing stress.

The table gives for a corresponding beam 1 inch thick a safe load of 747
pounds; the total safe load is therefore 6 x 747=4,482 pounds, or the safe load
which can be safely supported over a span of 8.6 feet.

ExamrrLe 3.—Required the safe load, concentrated in the center of a span
26 feet long, and the deflection of a beam of longleaf pine, 18 inches deep and
12 inches thick.

The table gives for a corresponding beam 1 inch thick a uniformly distri-
buted safe load of 1,800 pounds, or for aload in center of span 1,500-+-2=900
pounds; for a beam 12 inches wide the safe load is therefore 900 x 12=10,800
pounds, and the deflection is approximately 4 x 32.75+18=1.46 inches.
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TIMBER SAFE LOADS

RECTANGULAR WOODEN BEAMS—ONE INCH THICK

Maximoum SAFE Loaps AND LiMITING Spans

White Longleaf | Shortleaf | White | Dougls | Western ‘ Spruce
§n| Oak | Pine l Pine | Pine B |uBemionk
55 o e e e B B B B e B
¥ |The| P |Llon t. | Lbs. | |Lh.s¥‘:’u:. t. | Lbs.'| Ft. | Lba.
2| 203 1. 18 347 1.4 2.1 18 267 1 2.4
4 | 587 3. 3.6 69 4.3 587 a. 3 4.8
6 5. 5.4/ 1 6.4 5. 5. 7.1
8 |1173| 6. 7.2 138 8.6(1173 7. 7. 9.5
10 | 1467 8.4 9.0 173 10.7| 1467 9. 9. 11.9
12 | 1760/ 10. 10.8| 208 12.9| 1760! 10. 11. 1%.3
14 |2053/11.7 12.6| 2427 15,0/ 2053 12. 12. 16.7
16 | 2347/13.4 14.4/2773 11 17.1]2347] 14. 14.7| 1493{ 19.0
18 | 2640 15. 16.3] 31 19.3| 2640( 16. 16. 21.4
20 | 2933 16. 18.1/ 3467| 14.1| 1867, 21.4/ 2933/ 18 18.3| 1867/ 23.8
22 13.-1’ 19.9/ 35813 15, 23,6/ 3227 20. 20 26.2
24 | 3520 20.0 21.7| 4160 16.9/ 2240 25.7) 3520, 21. 22.0 2240/ 25.8
CoEFFICIENTS OoF DEFLECTION FOR PErRMANENT LoaDps
sfgtt' White leaf | White
Span . Iﬁ- i ? L
White | | Pine, | Pine, |g White | Pine, | Pine
in v + | Bpruce ' | Bpruce
Osk | pine W Onk | p; estern|
Feet Pine ' pie - Feet £ | Pine Mo, -
lock I loek
1 | 0.06]| 0.05 0.05| 0.05| 0.05| 21 |25.31|21.37|19.67|21.05
2 | 0.23| 0.19] 0.18| 0.19| 0.18] 22 |27.78|23.44|21.59|23.10|22.17
3 | 0.52| 0.44| 0.40| 0.43| 0.41] 23 |30.37|25.63|23.59|25.25|24.23
4 | 0.92] 0.78] 0.71] 0.76| 0.73] 24 |33.06|27.91|25.69|27.40|26.38
5 | 1.44| 1.21| 1.12| 1.19| 1.15| 25 |35.88|30.28|27.88|20.83 |28.63
6 | 2.07| 1.74| 1.61| 1.72| 1.65] 26 |38.80|32.75|30.15|32.27 |30.96
7 | 2:81| 2.37| 2.19| 2.34| 224 27 [41.85/35.32|32.51|34.80|33.30
8 | 3.67| 3.10| 2.85| 3.06| 2.93|| 28 [45.00(37.00|34.07 |37.42|35.91
0 | 4.65| 3.92| 3.61| 3.87| 8.71|| 29 [48.27|40.75|37.51|40.14 |38.52
10 | 5.74| 4.85| 4.46| 4.77| 4.58( 30 |51.66|43.61|40.14|42.96(41.22
11 | 6.95| 5.86| 5.40| 5.78| 5.54/ 31 |55.16|46.56]42.86|45.87 |44.01
12 | 8.27| 6.98| 6.42| 6.87| 6.60] 32 |58.78)|49.61|45.67|48.858|46.90
13 | 9.70| 8:19| 7.54| B.07| 7.74] 33 |62.51|52.76{48.57|51.98 | 40.88
14 |11.25| 9.50| 8.74| 9.36| 8.98| 34 |66.35|56.01|51.56|55.18|52.05
15 |12.92/10.90|10.04/10.74!10.31| 35 |70.32|59.35|54.64|58.47 | 56.11
16 |14.69[12.40 11.42|12.22/11.73| 36 |74.30|62.70|57.80|61.86|59.36
17 |16.59(14.00/12.80/13.70|13.24| 37 |78.58|66.33|61.06|65.34|62.70
18 |15.60|15.70 | 14.45|15.47|14.84| 38 |82.80/69.96|64.40|68.92|66.14
19 |20.72|17.40|16.10/17.23|16.53| 39 |87.31|73.6967.84 | 72.60|69.66
20 |22.06|10.3817.84|19.00(18.32| 40 |91.84|77.52|71.36|76.37 | 73.28
L]
Maximum Spans IN FeEeT For DEFLECTIONS = Vigo SPAN
Species of Timber
2|4 (6|8
White Oak {3 g‘g 3.1, g.s
Longleaf Pine 4284155
Shortleaf Pine, Hemlock |1.5 3.0 (4.5 6.0
White Pine, Douglas Fir [1.4 |2.8 4.2 (5.6
Spruce 1.5129/4.4158

&




CARNEGIE STEEL COMPANY

RECTANGULAR WOODEN BEAMS—ONE INCH THICK
DOUGLAS FIR
ArrowaABLE Uxtrorym Loap 1§y Pouxps
Maximum Bending Stress, 1200 Pounds per Square Inch

s Depth of Beam in Inches
o e P R TR ST (T 1 13'13::222{
28 _

2 | 207

3 | 178 | _sar |

4 | 133 |533

5 | 107 | 427 \

- 850

6 | 89 | 356 800D | ;

7 76 | 305 | 686 | 17

8 67 | 2067 | GO0 | 10067

9 237 | 533 | 048] 147
10 213 | 480 | 853 (1333

5 v | 1700
11 194 | 436 | 77612121745
12 178 [ 400 | 7111111 |1600)| ess
13 300 | 6501026 | 1477 | 2010
14 343 | 610| 9952|1371 | 1867 | 247 |
15 320 | 500| 8890(1280 1742 2276 :
16 300 | 533| 833|1200(1633 2133 | 2640 |'
8 502 784111291537 (2008|2541
18 474| 741|1067 [1452 | 1896 | 2400 | 20
19 449| 70211011 |1375|1796 | 2274 | 2807 | s |
20 427 | 667| 060| 1307 | 1707 | 2160 | 2667 | 3227
21 635| 014 |1244 1625|2057 (2540|3073 | s
22 606{ 873 (1188|1552 | 1964 | 2424 | 2033 | 3401
23 580| 835|1136 | 1484 | 1878 | 2319 | 2806 | 3339
24 5506| S00|1089 | 1422 | 1800 | 2222 | 2689 | 3200
25 768 | 1045 | 1365 | 1728 | 2133 | 2581 | 3072
206 738 /1005|1313 | 1862 | 2051 | 2482 | 2954
27 7i1| 9068|1264 |1600) 1975|2390 | 2844
28 636 | 933 |1219|1543 | 1905 | 2305 | 2743
29 0901|1177 | 1490 | 1839
30 8711138 | 1440|1778 {2151 | 2560
31 l 8431101 | 1394 | 1720 | 2082 | 2477
32 817 | 1067 | 1350 | 1667 | 2017 | 2400
33 1034 [ 1309 | 1616 | 1956 | 2327
34 1004 | 1271 | 1569 | 1808 | 2259
35 o7 1524 | 1844 (2104
36 948 | 1200 | 1481 {1793 | 2133
37 1168 | 1441 | 1744 | 2076
38 1137 | 1404 | 1698 1

1108 | 1368 | 1 1969

40 1080 | 1333 | 1613 [ 1920

Horizontal lines indieate the limit for resistance to shear in the horizontal direction of the grain.
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TIMBER SAFE LOADS

RECTANGULAR WOODEN BEAMS—ONE INCH THICK
LONGLEAF PINE
ArvowanLe Uxrrorym Loap 1N Pousps

Maximum Bending Stress, 1300 Pounds per Square Inch

[

EHRBRE RRERE

bt b

1
“

36
37
38
39
40

Depth of Beam in Inches
2 | 4|68 sllolls 14|‘la'1simnu
1
N - — S
820
280
193 | s
144 (578
116 | 462
|_Seo |
96 | 385 [R07
83 | 330 | 743 | som
72 | 289 1156
257 | 578 | 1027 [_1000
231 | 520 | 924 [1444
1920
210 | 473 | 840 [1313 [1801
193 | 433 | 770|120 | 1733 | 280 |
400 | 711|1111 | 1800 [2178
371 | 660|1032 | 1486 |2022 | gm0 |
347 | 616| 9063|1387 1887 [2465
325 | 578| 903 |1300|1769|2311 | 2880 |
544! 850|1224 (1665|2175 2753
514| 802|1156|1573 | 2054 | 2600 |_som |
487 | 760 [1095 | 1400 | 1946 | 2463 [B041|_2m
d62| 722 |1040| 1416|1849 | 2340 | 2889 3196
688| 001 (1348|1761 | 2220|2751 (3320 | se
857 | 0451287 | 1681|2127 | 2626 | 3178 3782
628 1231 | 1608 [ 2035 | 2512, 3040 | 3617
602| 867 |1180|1541 19502207 | 2913 | 3467
832 | 1132 | 1470 | 1872 | 2311 | 2796 | 3328
800 | 1089 | 1422 | 1800 | 2222 | 2689 | 3200
770 | 1049 | 1370 | 1733 | 2140 | 2589 | 3082
743 | 1011 | 1321 | 1671 | 2064 | 2497 [ 2071
761275 | 1614 | 1992 | 2411 | 2869
944 | 1233 | 1560 | 1926 | 2330 | 2773
0131103 | 15101 1864 | 2255 | 2684
885 | 1156 | 1463 | 1506 | 2185 | 2600
1121 | 1418|1751 | 2119|2521
1088 | 1377 | 1699 [ 2056 | 2447
1057 | 1337 | 1651 | 1998 | 2377
1027 | 1300 | 1605 | 1942 | 2311
1265 | 1562 | 1890 | 2249
1232 | 1521 | 1840 | 2189
1200 | 1482 [1793 [ 2133
1170 | 1444 | 1748 | 2080

Horizontal lines indicate the limit for resistance to shear in the horizontal direction of the grain.
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CARNEGIE STEEL COMPANY

RECTANGULAR WOODEN BEAMS—ONE INCH THICK
SHORTLEAF PINE, WESTERN HEMLOCK AND WHITE OAK
ArrowasLe Uxirorm Loap 1§ Pounps
Maximum Bending Stress, 1100 Pounds per Square Inch
g Depth of Beam in Inches
o , T
Fet| 9 | 4 o|s|m||2 4 | 16|18 {20 |2 |2
"W o | = T . | T |
2 (245 |_om | [
3 | 163 | 657 | I
4 | 122 [G867 wow0 Il
5 | 98| 391 'S80 | s
[ I"“:':“‘ 1 I
6 | 82 | 320 |"7EE7] 1304
7| 70279 | 620 [1117| yms [
8 | 61 | 245 | 550 | 9781528 | soe0 |
] 217 | 489 | 860 (13581056 sar
10 196 | 440 | 7821232 (17602306
11 178 | 400 | 711 1111 [T600°| 2178 | ams
12 103 | 367 | 6521010 | 1467 [ 16962607 | a0
13 338 | 602| 9040|1354 | 184312407 [3046
14 314 | 559 | 87312567 1711|2835 | 2820 | sunr
15 203 | 522 | 8161173 | 1597 [2086 2640 (3259 g4
16 275 | 480 | 7064|1100 (1497 | 1956|2475 | 3055 [3607 | 4e0
17 400 | 7101035 1400 | 1841 [ 2336|2876 | 3480 (3141
18 435| 670| 07813311738 2200|2716 3287 | 3911
19 . 412| 643 | 0261261 1647 |2084 | 3578 3113 3705
20 | 301 611| 8801198 1564 | 1980 | 2444 | 2058 530"
21 583 | 83811411490 | 1886 | 2328 3817 | 3352
22 556 800 |1089 | 1422 | 1800 | 2222 | 2680 |F300°
23 531| 7651042 1361|1722 | 2126|2572 | 3061
24 500 | 733| 9908|1304 | 1650 2037 | 2465 2033
26 | 704| 0958|1252 |1584 | 1956 | 2366 | 2816
26 677| 921(1203|1523 1880 | 2275|2708
27 652 8871159 1467 1811|2181 2608
28 ! 620| 856|1118|1414 1746 | 2113|2514
29 | 8261079 | 1366 | 1686 [ 2040 | 2428
30 | 799 | 1043 | 1320 | 1630 | 1973 | 2348
31 [ 773 (1000 | 1278 | 1577 | 1908 | 2271
32 740 9781238 | 1528 | 1849 2200 '
33 ' 048 | 1200 | 1482 | 1793 | 2133
34 9201165 | 1438 [ 1740 | 2071
a5 804 | 1131|1397 [ 1690 | 2011
36 869 | 1100 | 1358 | 1643 | 1056
37 1070 | 1321 | 1509 | 1003
38 1042 | 1287 | 1557 | 1853
39 11015 1254 | 1517 | 1805
40 990 /1222 | 1479|1760
) Upm' middle, and lower horizontal lines indicate the limits for resistance to shearin the
borizontal direction of the grain of Shortleaf Pine, White Oak, and Hemlock respectively.
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TIMBER SAFE LOADS

RECTANGULAR WOODEN BEAMS—ONE INCH THICK
WHITE PINE
ArrowasLe Uxirorm Loap 1x Pounbps

Maximum Bending Stress, 900 Pounds per Square Inch

Spes Depth of Beam in Inches

n
Fet'| o | 4| 6 | 8|10/ 12 u‘ulwlao‘nn
2 187

3 133

4 | 100 |
_5 | 80 [320

6 67 | 267 | so0

7 57 | 229 | 514

8 | 50200 450 | 7

9 178 | 400 | 711

10 160 | 360 | 640

s

11 145 | 327 | 582 | 909

12 133 | 300 | 633 | 833 | 1120

13 277 | 492 | 760 (11

14 257 | 457 | 714 11029 | 1307

15 240 | 427 | 667 | 9601307

16 225 | 400 | 625 | D00 1225

17 477 | 688 | 847 1153 | 14

18 3506 | 5566 | 800 | 1089 1422

19 337 | 526 | 7581032 | 1347 | 1880

20 320 | 500 | 720| 9801280 |1620

21 476 | 686 9331219 1543 | 1887

22 4556 | 655 801 1164 | 1473|1818

23 435 | 626| 85211131409 (1739 | e

24 417 | 600| 8171067 | 1350 | 1667 [2017

25 676 | 7841024 1296|1600 | 1936

20

26 554 | 754| 08512461538 | 1862 | 2215
27 533 | 726| 048|1200| 1481|1793 2133
28 514 700| 914 |1157 | 1429|1729 | 2057
29 676| 883 111713791669 | 1986
30 653 | 8531080 1333|1613 | 1920
31 632 | 8526|1045 | 1290 | 1561 | 1858
32 613 | 8001013 1250|1513 | 1800
33 776| 982|1212|1467 | 1746
34 753 | 95311761424 | 1694
a5 731| 9261143 | 1383 | 1646
a6 711| 900 1111|1344 | 1600
87 876 | 1081 | 1308 | 1567
a8 853 (1053 [ 1274|1516
39 831110261241 | 1477
10 810{ 1000|1210 | 1440

Horizontal lines indicate the limit for resistance to shear in the hevizontal direction of the grain.
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CARNEGIE STEEL COMPANY

RECTANGULAR WOODEN BEAMS—ONE INCH THICK

SPRUCE

ArvowasrLe Uxirorm Loap v Pounps

Maximum Bending Stress, 1000 Pounds per Square Inch

Span

Depth of Beam in Inches

L TR R T

10 1z‘uiw|1s‘m‘n 2%

ow I e
*
L=}

198 | 444 | w7

10 178 | 400 | 711

1L 102 | 364 | 040

12 148 | 333 | 503
13 308 | 547
508

15 207 | 474

16 250 | 444

17 418
18 395
19 474
20 360

038

0926

855

704 | 12

741 | 1067

604 | 1000 |_1307
041 | 1281

617 [ 8891210

520 | 7621037 | 1354 | 1080
505 | 727 9901293 | 1636
483 | 696| 947 | 1237 | 1565 |_ 1867
403 7| 907 | 1185|1500 | 1852
640 | 8711138 1440|1778

6G15| 838 1094 1385|1709 | 2063
593 | 8071053 | 1333 | 1646 | 1992
571| 778|1016|1286 | 1587 | 1921 | =0
751 | 981 1241|1533 | 1854 | 2207
726 948 1200 1481|1793 | 2133

703| 918 1161 | 1434|1735 | 2065
681 88011251389 1681 | 2000
862 | 1091 | 1347 | 1630 | 1939
837 | 1059 | 1307 | 1582 | 1882
813 | 1029 | 1270 | 1537 | 1820

700 | 1000 (1235 | 1404 | 177
g;g 1201 | 1453 | 1780

923 (1140|1379 | 1641
900 | 1111 | 1344 | 1600

Horisoah!lin-indiulmhelimitfnrmiahnumnhmin the horizontal direction of the grain.
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TIMBER SAFE LOADS

WOODEN COLUMNS

The safe load tables of wooden columns which follow, based
upon the working unit stresses addpted by the American Railway
Engineering Association, give the allowable direet compressive
loads for square and round columns,

The safe loads of rectangular columns may be found from the
safe loads of square columns by direct proportion of areas, using
the safe load unit stress of the square column whose side is equal
to the least side of the rectangular section.

The following table gives the safe load in pounds per square inch
of sectional area for ratios of

1 __effective length of ecolumn, in inches
“ [east side or diameter, in inches
ranging bctweon limits of 15 and 30.

Uxit WorginG STreEssEs IN Pounps pErR Square Incr

Shortleaf
Longleaf Do\;}lﬁﬂ""- Pine, White Pine, | Red Cedar, | Norway

Pine, eatern Tamarack Redwood Pine

4| White ak | Hemlock 0 e
1300 (1—1d60) 1200 (1—1160) 1100 (1—1/d00) 1000 (1—460) 900 (1—1/d0) | 800 (1—1/d60)

15| 9075 900 825 750 675 600
16| 953 880 807 733 660 587
17| 031 860 758 717 645 573
18| 910 840 770 700 630 560
19| 888 820 752 683 615 547
20| 867 800 733 667 600 533
21| 85 | 780 715 650 585 520
22| 823 760 697 633 570 507
23| 802 740 678 617 555 493
24| 780 720 660 600 540 480
25| 758 700 642 583 525 467
26 | 737 680 623 567 510 553
27| 715 660 605 550 495 440
28| 693 640 887 | 533 480 427
20| 672 620 568 517 465 | 413
30| 650 600 | 530 500 | 450 ' | 400

Examrre 1.—Required the allowable load for a column of white oak
10" x 8", 14 feet long.

The safe load given in the table for a square white oak column 8" x §”,
14 feet long, is 54,100 pounds. The load for the 10" x 8" section is
10 x 54,100 + 8 = 07,600 pounds,

ExampLe 2,—Required the allowable load for a spruce pﬂa, 9" diameter
and 18 feet long.

The unit stress given in the above table for the corresponding ratio of
l/d, 18 x 12 + 9 = 24 is 660 pounds, and the sectional area for a 9" round s
63.02 square inches. The safe load, therefore, is 63.02 x 660=42,000 pounds.
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CARNEGIE STEEL COMPANY

SQUARE WOODEN COLUMNS
Sare Loaps v Tuousaxps or Pouxps
American Railway Engineering Association Formulas
Side of Bquare, Inches
Feet
4 ] 8 10 12 14 Te N 18 20
16.0
5 (15.6
E = 6 14.6
5§ 7 | 13.5 |81 |
M<3| 8 | 125 | 343
°T 0 | 114 [ 2328 | e
gE"' 10 | 104 | 31.2 | 62.4
S| 11 20.6 | 60.3
sz 12 28.1 | 58.2 | 1%
zB§ 14 25.0 | 54.1 | 93.6 | 104 |
S ™| 28 49.9 | 88.4 [137.3 |_1911
18 45.8 | 83.2 | 131.0 | 189.3 |_298
20 41.6 | 78.0 | 124.8 | 182.0 [240.6 | %59 | 00
144
5 | 14.4
P [
E g 7 | 125
8 | 11,56 [ 817
~| 9 | 10.6 | 30.2 |_&7.8_|
Ll 10 | "9l | 2858 [B7.6
S| 1 27.4 | 55.7
§ 12 25.9 | 53.8 | %00
14 23.0 | 40.0 [ 806.4 | 1200
= 16 46,1 | 81.6 | 126.7 | 1184
18 422 | 76.8 | 121.0 | 174.7 |_2mw04
20 38.4 | 72,0 | 115.2 | 168.0 | 230.4| sm1s | sm00
182 | |
5 [18.2
B 6 | 123
AR
10. .0
“g—r 0 9.7 | 27.7 |_se3 | | i
2L 10 8.8 | 26.4 | 52.8 | |
&=l 11 25.1 | 51.0
g| 12 23.8 | 40.3 |_s38 |
o ~| 14 21.1 | 45.8 | 79.2 |_1188 |
B - e 42.2 | 74.8 [116.2 | 1007
18 38.7 | 70.4 | 110.9 [160.2|_gmi.2
20 35.2 | 66.0 | 105.6 | 154.0 [211.2 | ser.8 | 830.0
12.0
5 [12.0 |
6 | 112
5| 7 | 104 | =m0 {
g§ 8 | 0.6 264
=l 9 | 88| 252 | o
T| 10 | 8o} 240 [T380
=| 11 228 | 46.4
12 21.6'| 44.8 |_T180
=8| 1 19.2 | 41.6 |772.0 | 1080
21 ‘18 38.4 | 68.0 [105.6 | _170_|
18 35.2 | 64.0 | 100.8 | 145.6 | 1920
20 32.0 | 60.0 | 96.0| 140.0 [ 192.0| 280 | 8000
Loads in small figures above horizontal lines sre the maximum allowable safe loads.

R
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TIMBER SAFE LOADS
ROUND WOODEN COLUMNS
SAFE Loans'm Tuouvsaxps or Pouxps

American Rallway Engineering Association Formulas
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= Lk 2z 82 |2
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CARNEGIE STEEL COMPANY

SPECIFIC GRAVITIES AND WEIGHTS

Weight, l Weight,
Boecific | Pounds Specific | Pou
Substanco Gravity | per | Substance i |y
P
Cu. Ft. Cu. Ft.
Timber, U. 8. Seasoned

0.62-0.65 40
0.32-0.38 | 22 1

0.66 41

0.48 30

cast-rolled gi(l! 5

. 25

Bronze, 7.0 to 145 8o . .. { 0.72 45
Chromium % .| 042-052 | =99 |

Cobalt., | 0.74-0.84 40

0.73 48

0.68 43
0.53 33 [

0.86 o

0.95 59

0.65 41

0.74 40

0.51 a2

0.48 30

0.41 26

0.70 a4

0.61 a8
0.48 30 |

0.42 26

0.40-0.40 27

0.61 38
0.41 26 |

329 | Seasoned timber 15 to 20%
| Gireen timber up to 509. . .

Various Liquids

g
,E
i

Carbon, amorphous graphitic. 1.88-225 | 120

T G e i 0.24 15

Rk L e 1.22 76

Glass, common, iste. | 240293 | 160
common, plate.. ... .

*  crystal.. ... 200-3.00 | 184

* flint.. 3.15-3.90 320

0 1.8 114

150

67

58

1565

128

60

The specific gravities of solids and liquids refer to water at 4°C., those of gases to air at (°C.

and 700 mm pressare. The weights per cubie foot are derived from average specific gravities,
mwiwhm!%lhdthltw&hhmlwhulk.huped or loose material, ete.
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PHYSICAL PROPERTIES OF SUBSTANCES

SPECIFIC GRAVITIES AND WEIGHTS

., | Weight, .. | Weight,
Sulstance E""ﬁ" Pounds Substance Gnsm' Pounds
Y | ol ol Pl %

185
160
140
155
150
2.9 s 130
2.5-2.8 150 Dry Rubble llmnry
A-2. 159 [ Granite, syenite, gneiss.....| 1.9-23 | 130
54, 175 | Limestone, marble 125
187 | Sandstone, bl 110
ist
105 | Pressed brick 140
187  |Common brick... 120
LR BRIBE < . 70 o v omponiass 100
13’6 Concrete Masonry
165 | Cement, stone, sand......... 22-24 | 144
147 sl ete.....ooo 19-23 | 130
175 . cinder, et6....... L5117 100
160
Stone, Quarried, Piled
Basalt, granite, gneiss, . 26
Limestone, marble, quarts, ?u?
02
107
1.1-1.5 81
14-17 w
1.2-1.5 84
4 Li-14 78
0.65-0.85 4
0.28-0.44 3
0A47-0.57 33
1.0-14 75
J 1L9-23 131
.| 0.87-0.91 50
0.58 55
0.79-0.82 50
0.73-0.75 46
0.66-0.60 42
1.07-1.15 69
1.20 75
Coal and Coke, Piled
Coal, anthracite.......... 47-58
*  pituminous, lignite. . 40-64
“ peat, turf 20-26
" charcon 10-14
coke...... 23-33
tpmﬂumrltauol lnhd!ﬂhd liquids refer to water at 4°C., i.hcne dguuto air at 0°C.
and 760 mm pressure, lP, cubic foot are derived from average gravities,
w:huumwdlhntni;htlm bulk, heaped or loose material, ete.
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CARNEGIE STEEL COMPANY
CONTENTS OF STORAGE WAREHOUSES
el y Height | ™ Live Loats,
Materi (.‘ubg:Tle. drgth" Sq-nmwl’mt Pounds per
of Space, of Floor | Square Foot
a7 8 206
26 -] 208
48 8 334
38 8 304
4“4 8 352
i 40 8 320
i l:: 31 8 243 |[p 28010300
, in barrels 37 6la 240
3 BB
in
s':‘ﬂ.,.. Wi 30’ 8 312
Wheat Flour, in barrels. . .......... 40 7 250
gw.ll:m{::mtcompm,...... ;: g ;:Iag
8y, compressed . .. .......
Straw, in bales, compressed. .. ...... 19 (] 171 |
Groceries
Miscellaneous Articles, paoked L
Butter, Lard, eto., in barrels, . ., .... 32 [i} 102
Canned GDOC[I‘ Preserves, ete,,in cases 58 6 348
Mhm. S v M ............ g g g}g
oe, green, in Pea
Colfee, roasted, in bags 33 8 264
Dates and in cases, 65 5 325
Meat, Boel, Pork, ete., in 37 5 185 L 250 to 800
in barrels...... 45 ] 240
Balt, ground, in sacks 60 ] 300
Soap Powder, in cases 38 8 288
in barrels........ 25 7 175
Sugar, in barrels. . 43 5 215
Tea, in cheats.....c00eseenaeren 2% 8 200
Wines, Liquors, ete., in barrels. .. . .. 48 5 240 )
Dry Goods, Cotton, Wool, Ete, |
Cotton, in bales, compressed, a 25 9 225
it u.nblu&ni goods, in bales...... 24 ] 216
* * tickings and duck, in bales. . ... 35 8 280
= "i"u oods, 'Ll: ....... ;? g gg
*  printed goods, in cases. . .......
*  quilts and flannels, in cases. .. .. 16 9 144
it i " 25 8 200
2 8 176
24 9 234
24 0 216
20 0 261 r 200 to 250
43 ] 258
41 ] 246
35 7 245
0 5 250 4
13 ] 17
4 5 240
. Bl E
worsted
Rags, in bales, compressed.,........... 19 9 171
Exeelsior, in bales, compressed......... 10 9 7
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PHYSICAL PROPERTIES OF SUBSTANCES

CONTENTS OF STORAGE WAREHOUSES

Pounis Pounds Rﬂe‘a;nmndnd
per Loads,
Material thrl?mt drm Bquare Foot i;uei-
of Epace, of Floor Square Foot
Dru:. 0Oils, Paints, Ete.
Chemicals
A Murlmn and Nitrie, in earboys 45 1 75
oldl, Sul b 60 lﬁ 100
i 30 124 50
33 7 31
a1 g 103
45 ] 225
58 31& © o
62 "%y 170
30 5 150
45 5 25
53 5 265
40 5 200
36 8 216 200 to 250
| 38 L] 210
33 [} 108
28 (] 168
48 ] 288
348 ] 228
37 [} 222
43 8 258
70 434 315
30 5 195
132 495
86 4 400
174 3 (609
50 L] 354 1
Bl |2 wem
53 5 65 |
7 Ll
7 414 333 300 to 400
75 U]
40 8 20
B e
boxes .
?l:?n::u. door and sash cheeh. in cases| 46 ] 276
i o4 a 384
O
1
13 10 130 300 o 400
] 10 230
16 10 160
50 (] 300
35 6 210
[ ] L] 384
42 6 252




CARNEGIE STEEL COMPANY

STRENGTH OF MATERIALS

StrEssEs PER SqQuare INcH

. Stresses in Thousands of Pounds
=8 “-s 8| 5 H
Metals and Alloys £3 sé i _g‘g 5‘; éég =
L sk | & |2
12 12 11,000,000
“ 5 902 Ni, Cu, Fo, ele.. .| 40-50 | 25
Muq}nnmﬁm;?bﬁtﬁ%ﬁ%ﬂ.”ssﬁm 0 |10
T S | & |2 | 3 f100000
10 15:000.200
82 232 ] 287
76 | 42 | 223 35.8
8.6 2.0 207
174 | | 8 207
170 | 17 | 335 5.0
6 | 30 |20 36 | 9,000,000
168 14,000,000
19 | 42 | 437 m.'ggg,mu 5.5
20 | 5 | 33 33
78 | 367 0.04
14 | 32 0
56 | 147 | 121 0
10 52 10,000,000
30 | 125
80
24
40 4,500,000
'ty
% In. 68
a "p Fe 85
“ 4 wirg | 1— 26 En 100
25%% Zn, 205
20 8,000,000
1,000,000
1,000,000
720,000
6 4 4,000,000
1| 7 13,000,000
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PHYSICAL PROPERTIES OF SUBSTANCES

STRENGTH OF MATERIALS

Stresses reEr Square Incr

Minwam £
| | o5 | 42| 233
o N E(IFTIE IR
=5 55| 25 | =5 =

COIIOR 1% Vot s e mnceis sivs 15-18 ] 80 30 | 18-20 | 12,000,000 |...........
...................... o 18 (o e ORIt 7.2 - 1 IR R e = L
Mplloabls. .. ..o il 27-35 | 16-20 | 46 30 W RV

* Seo Specifications of the Boclety of Testing Materials.
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CARNEGIE STEEL COMPANY

STRENGTH OF MATERIALS
StreEsses 1IN Pounps pER Square INch

Ultimate Average Stresses | Modulus Safe Working Stresses
Building Material : of
Compress, Teasion Bending | EISsticity Compress | Bearing | Shearing
Stone ' |
Granite, gneiss, bluestone 12,000 | ‘1,200 | 1,600 | 7,000,000/ 1,200 | 1,200 200
8,000 800 1,500 | 7,000,000 800 800 150
5,000 150 | 1,200 | 3,000,000 500 500 150
10,000 | 3,000 | 5,000 {14,000,000{ 1,000 1,000 175
420 600
350 500
280 400
140 250
170 250
170 300
210 300
740
740
320
m - —
Reinforced Concrete
= b
- Slug 3,000 3,000,000 for ult. compressi 000,
s B Eesrsmmn
- \ & t to e
‘inders 800 | Elasticity 750,000 f$ ult. mmm zgdur ﬁ
[ 2,800
; hum Blag 2,500 ) Safe W, I: st -
£ 1,800 in Pmt of Ultimate Compression
MBI . . ccassnsssmnan ?m (m { m Hm' hl"tb 12 i %'
Granite, trap rock...... 2,200 pression ' { Reinforced Columee,
o e S e
“a il "
=i and soft| 1,500 Bearing Surface twice the losded area.... ... 35.0°
e SRR AT -~ Haoigontal Bagss0 webrenlorcement 0%
Granite, trap rock 1,800 |, Shear and vortioal stivrups... . 45%
w | Furn lmﬂt 1600 Diag. Tension Bmt&nnﬁvmmm ..... a‘g‘%;
; Lime and Sandstone, bard| 1,600 attached....00.. 0 Yo
— |Lime soud Sandstone, solt | 1,200 Drawn Wite............cocvuiinine 209
Cinders. .....cooouuul 500 | pond Stress { Plain reinforeing bars. .. ........... 406
Granite, trap rock... . ... l.m ormed Bars, best type.......... 5.04;
= (Furnace Slag........... 1,300
¢= { Lime and Sandstone, hard |.3m For complete data see Transactions of the American
~ |Lime and Sandstone, soft Society of Civil Vol. LXXXI- \lu.lN.Dee 1917
Cliribeem 7. M 400
Miseellaneous
Gilass, eommon 30,000 | 3,000
Pyt S SRR 700 70 | 3,000 | 8,000,000

For ultimate and working stresses of Structural Timber, see page 333,
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PHYSICAL PROPERTIES OF SUBSTANCES

EXPANSION OF BODIES BY HEAT

The linear coefficient of expansion of a body is the rate at which
the unit of length changes, under constant pressure, with an increase
of unit or one degree of temperature; the square surface coefficient
of expansion is, approximately, two times, and the cubical or
volumetrie coefficient three times the linear coefficient of expansion.
A bar, if not fixed, undergoes a change in length=Iltn, where 1
is the length of the bar in inches, t the number of degrees, n the
corresponding linear coefficient; if fixed at both ends, the internal
stress per unit of area=tnE, pounds per square inch, where E is
the modulus of elasticity, and the total temperature stress=AtnE,
pounds, where A is the cross section of the bar in square inches,

To find the increase of a bar due to an increase in temperature,
from the table, multiply the length of the bar by the increase in
degrees and by the coefficient for 100 degrees, and divide by 100.

Coerricients oF ExpansioNn ror 100 Decrees=100n

Linear Expansion
Centigrado| Fahrenheit
00063 00035
00065 | 00031
00107 00069
00143 | 00070
00120 | .00067
00084 | D047
00080 | 00044
» 00100 | .00056
00166 | 00002
00035
00110 | 00081
00068
00037 00021
00064 00036
00040 | 00027
00054 00030
0058 | .pos2
0048 | 0027
0054 0030
0034 0019
Vol Pesiad
104 068
110 061
063 035
- 018 010
050
ExrpansioNn oF Water, Maxivom Dexsity=1
C®| Volume || C°| Volume | C°| Volume | C°®| Volume | C° anumc[C‘ Volume
"0 | 1.000126 | 10 | 1.000257 [ 30 | 1.00428¢ | 50 | 1.011877 | 70 | 1.022384 | 90 | 1.085820
4 | 1.000000 | 20 | 1.001732 || 40 | 1,007627 |l 60 | 1.016054 | 80 | 1.020003 |100 | 1.043116
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CARNEGIE STEEL COMPANY

EQUIVALENTS OF MEASURE
LExGTHS

1 meter, m =10 decimeters, dm =100 centimeters, em = 1000 millimeters, mm.
1 meter, m=0.1 decameter, dkm = 0.01 hectometer, hm =0.001 kilometer, km,
1 meter, m=30.37 inches, U. S. Standard = 30.370113 inches, British Standard.

1 millimeter, mm = 1000 microns, p = 0.03087 inch = 30.37 mils.

Meters, | Toches, | Feet, | Yard, | Rods, | Cooing, [ =TS | il

m in. ft. yd. % ch. Statute | Nautical|  km.

- 39.37 |3.28083(1.09361 |0.198584 | 0.04971 0.36214 0.35396! 0.001
0.02540, 1 |0.08333]|0.02778|0.55051)0.51263(0.51578]0.51371]0.§2540

0.30480 12 1 0.33333 0.06061|0,01515|0.5 1894/ 0.81645 0.§3048
0.91440| 36 3 1 0.18182|0.04545 0.§5682 0.54034 0.80144
5.02021| 198 16.5 5.5 1 0.25 [0.33125/0.52714/0.55029
20.1168| 702 60 22 4 1 0.01250|0.01085]0.02012
1600.35| 63360 | 5280 1760 320 80 1 0.86830| 1.60935

1853.25/72002.5 | 6080.20| 2026.73 | 368.407 | 02,1243 | 1.15155| 1 1.85325
1000 | 39370 [3280.83|1093.61198.838|40.7000]0.62137 | 0.53959 1

1 yard, U.S. =1.0000020 yards British 1 yard British =0.9909971 yard U. 8.
1 chain, Gunter’s==100 links _ 1 link="7.92 inches.
1 cable 1 . U.8.=120 fathoms =960 spans =720 feet =210.457 meters,
L NS EAase1 BoraraohLoal Jilkems 5ie” A6 Cttor " Tath
ternation: b mile= at equator = m
=4.011808 U, 8. sl.gl.uw miles. s
1 lnﬂuhioual nautical mile =14,° at meridian =182 m

¥ U. 8, nautical miles,
1 U.8. nautical mile=1° of circumference of sphere whose surface equals
that of the earth = 6080.27 feet= 1.15155 statute miles =1853.27 meters.
1 British nautical mile ==6080.00 feet = 1.15152 statute miles=1853.19 meters,

SURFACES AND AREAS

1 sq. meter, m? =100 sq. decimeters, dm?2 = 10000 sq. centimeters, em?,
1 sq. meter, m? =0.01 are, a =0.0001 hectare, ha.

1 sq. millimeter, mm2 = 0,01 cm2=0.00155 sq. Inch = 1873.5 circular mils,
1 are, a= 1 sq. decameter, dkm =0.0247104 ncre.

Bq.mﬂm_lsq.mau. 8q. Foet, |Sq. Yards/Sq. Rods, | Acres, |Heotares, Sq. Miles, 5a. Kilo-
8q. in.

me 8. It 8. yd. 8q. 1. A ba. | Statute m:::;-.

1 |1550.00 | 10.7639 |1.19599|0.03054 |0.52471/ 0.0001 |0.23861] 0.51
0.56452] 1 0.56044 |0.57716/0.82551|0.51504 | 0.36452 0.52491}0. 80452
0.09200| 144 1 0.11111/0.53673 n‘ﬁzsw 0.692900.53587|0.59200
0.83613| 1206 0 1 10.03306|0.02066(0.483610.93228 0.98381
25.2030| 39204 | 272.25 | 30.25 1 |0.00625|0.52529 0.59766/0.52520
4046.87[6272640| 43560 | 4840 | 160 1 |0.404690.51563(0,54047
10000 15409969 107639 |11050.9]395.366(2.47104| 1  |0.53861] 0.01
2580909 w{]z'rsmwo 3007600 102400 640 [259. 1 |2.50000
1000000 10763807 1195985/39536.61247.104! 100 lo0.38610 1

1 sq. rod, sq. pole, or sq. perch==625 sq. links==1j4 acre.
1 sq. chain, Gunter's==16 sq. rods=14, acre. s
1 acre =4 sq. roods =100 sq. rods. Square of 1 acre = 208.7103 fect square.

Notations 3. §, §, etc., indicate that the 3, §, §, etc., are to be replaced by
2, 8, 4, etc., ciphers.
ExaurLe—1sq. rod=0.}0768 = 0.000000766 sq. miles.
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MEASURES AND WEIGHTS

EQUIVALENTS OF MEASURE
Vorume axp CaraciTy

1 cu. meter, m3 = 1000 cu. decimeter, dmtmlﬂomm cu, centimeters, ecm®,

1 l:ltar. 1==m deciliters, dl=100 centiliters, ¢l== 1000 milliliters, ml
000 cu. mnﬂmel.ars, cm®, or ec.

1 l.lwr. 1_0 1 decaliter, dkl=0.01 hectoliter, hl =1 cu. decimeter, dms,

Decimeter,| Inches, eet, ll‘h. =iy | L Bushels,
I m‘l-l-ﬂ‘ Dry, I.ﬂuﬂ.,
dmﬂ, 1 . In. ou. ft. cu. "IL ]h[ b

1 61.0234 | 0.03531 0.%1308 1.05668 [0.00808 | 0.26417 [0.22702 | 0.025838
0.01630) 1 [0.85787(0.62143|0.01732 |0.01488|0.54320|0.33720|0. 84650
28.3170( 1728 1 0.03?04 29,9221 | 25.7140| 7.48055 | 6,42851 | 0.80356
764.559 | 46650 27 807.806 694,279 201.974 | 173.570|21.6962
0.04636| 57.75 |0.03342 0, 21233 1 0.85037| 0.25 |0.21484|0.02086
1.10123 [67.2006 | 0.03889 | 0.0 1440 1.16365 - | 0.20001| 0.25 |0.03125
3.78543| 231 |0.13368|0. 2-&951 4 3.43747 1 0.85937 |0.10742
4.40492 | 268.803 | 0,15556 | 0,.556761 | 4.65460 4 1.16365 1 0.125
35.2393 12150.42| 1.244406 [ 0.04609 | 37.2368 32 0.30920 8 1
b S. Dry Measure: 1 bushel =4 pecks =38 gallo =

Ltrc{uld Measure: | gallon=4 quarts= zglp.g:!=3§zq;ﬁrsts 128 ﬂ?:l[’r].i ounces,
U S A 5%1:312?3“ 1 fl. ounce,f3 =38 fl. drams, 3 =480 minims, 7,
Brmah .Emgerlsl gnllon d and liquid measure=1.08202 U. 8, dry gal.

Brh.ish lmparial allonmg?? 410 cu. in. = 4545.9031 cm3,
Weight of water at maximum density, 4°C, 45° Lntu. and sea level.
: cu. ft. _8212331 . av.=283170 kg 1 cu. in. = 0.57504 oz. av.=10.3872 g.
1 gal., ﬂd == 8.34545 1hs. =3.78543
1 gal., Brltiah perial = 10,0221 1bs. = QMMI kg.

Masses axp WergaTS

1 gram, g= 10 doc.lsrmm. dﬁg 100 centigrams, mno milligrams, mg.
i e S g g g s F S e S g B L LT G
=1 cu, dec of water or and sen
= 15432.35630 grains, U. 8. and British Standard.
Ounces Pounds Tons
Kilo- | Grains, 5 G
omms, | Cgr. ' | Troy, | Avoir, | Troy, | Aveir, | gion | Fo | Meteie,
ot |.ozav. | Ib.t | Ibav. |ag00y0 ﬂlﬁm 1000 kg.

1 |15432.4 |32.1507 | 35.2740|2.67923|2.20462 0.5 1102{ 0.59842| 0.001
o0.864s0) 1 |o.32083|0.32286]0.31736]0.51420 0.57143 0.56378 o.Euso
0.03110| 480 1 [1.097140.08333 | 0.06857 0,3429 0.430610. 23:10
0.02835| 4375 [0.91146] 1  [0.07595|0.06250|0 gsiz.a 0.52790|0. 92835
0.37324| 5760 12 |13.657| 1 |0.82286]0.54114]0.53674]0. §3732
0.45350| 7000 |14.5833| 16 |1.21528] 1 |0.00050|0.24464]0. 84536
907.185 [14000000/20166.7| 32000 |[2430.56] 2000 1 |0.892860.00719
1016.05 15680000 32066.7| 35840 |2722.22| 2240 | 1.2 1 |1.01605

1000 [15432356/32150.7 352740 2679.23 2204 62 1 10231 omzl 1

lolmmavolr =16 drams, a 1 ounce
lmmoea S—Sdram.n,a.__l mples. B=!30 31 lms
und.m'.i t—lm long ton—4 quarters— smna_-lml

Notations 5, §, &, etc., indicate that the 3, §. & etc., are to be replaced by
2, 3, 4, ete., ciphers.
ExauMpLe—] grain==0.32083 = 0.002083 oz. t. 1 grain=0.§6480=0.00000450 kg.
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CARNEGIE STEEL COMPANY

EQUIVALENTS OF MEASURE
Forces or WereaTs PER UniTs or LeExGeTH, Linear WEeicHTS

1 dyne per centimeter = 0.00101979 ﬁf‘cm = 0,000183719 poundal/in.

1 gram centimeter = 980.5066 dynes/cm = 0.18015¢  poundal/in,

1 poundal per inch =  5443.11 dynes/cm == §.55081 g/cm = (.0310832 pound/in.
Grams Maetrie

Grains | Pouw Pounds | Pounds |Kilograms| Net Tons, Gross Tons,
Clati- | por Lnch, | pe Tnoh, | per Foot, [per Yard, per Meter] 2000 | o0 | 10001k,
meter gr.fin, Ib. fin. Ib.jit. | 1b./yd. kgim | per Mile Mile |y PET
glem e Kilomet

1 |89.1983|0.55600]0.06720|0.20159| 0.10 |0.17740|0.15839| 0.10
0.02551| 1 |0.31429|0.51714|0.55143(0.52551|0.54526/0.54041]0.52551
178.579| 7000 1 12 36 |17.8579|31.6800|28.2857|17.8579

14.8816 | 583.3330.08333| 1 3 |1.48816|2.64000|2.35714|1.48816

4.96054 | 194.444]0.02778(0.33333| 1 | 0.40605|0.88000|0.78571 |0.49605
10 |391.083[0.05600|0.67197|2.01501| 1 |1.77400|1.58393| 1

5.63608 | 220.960|0.03157 |0.37879 |1.13636|0.56370| 1  |0.89286|0.56370

6.31342 | 247.475]0.03535 |0.42424 | 1.27273| 0.63134| 1.12 1 |0.63134
10 |391.983l0.0560010.67197 |2.01501| 1 [1.77400/1.58393] 1

Forces or WEIGHTS PER UNITS OF AREA, PRESSURE

1 dynepersq. centimeter=0.00101879 g/cm=  =0.000466646 poundals/in2.
1 sramsaraq centimeter= 980.5000 dynes/cm2=0457502 poundalsin®,

1 poundal persq.inch  =2142.95 dynes/cm*=2.18536 g/cm?=0,0310832 pound/in2,
Kilograms| Columns of Mercury,| Columns of Water, |
pee | P | Poar® | 2000 a| pheron, | He-15:50608 Sp. G. | Mas. Density 4°C

Ba. -t 8q . Tnch, . Foot, Standard, | ™ il

m-. Ib.fin.2" | Th./it2 | gqf’ifm 760mm | oters | Inches | Meters | Feet
1 |14.2234|2048.17| 1.02408 | 0.06778 | 735.514|28.9572| 10 |32.8083
007031 1 144 |0.07200|0.06804 |51.7116|2.03588 | 0.70307 |2.30665
0.54882(0.56044| 1 |0.00050|0.54725(0.35011(0.01414 | 0.54882|0.01602
0.97648(13.8889| 2000 1 |0.04502|718.216|28.2762 | 9.76482 | 32.0367
1.0332014.6969|2116.35|1.05818| 1 760 |20.0212|10.3320|33.9006
0.31360(0.01934|2.78468| 1.81392|0.51316] 1  [0.08937|0.01360)0.04461
0.03453|0.49119(70.7310| 0.08537 | 0.03342| 25,4001 | 1  |0.34534|1.13299
0.10 |1.42234]204.817|0.10241 |0.09678 | 73.5514|2.80572| 1  |3.28083
0.03048 | 0.43353 | 62.4283(0.03121 | 0.02050 | 22.4185| 0.88262 | 0.30480] 1

Forces or WEIGHTS PER UNI'I'B OF VoLume, DeENsITY

1 dyne per cu. centimeter=0.00101979 =0.00118528 poundals/in®,
1 gram per cu. centimeter= 29805066 fcmt = 1.162283 poundals/in®,
1 poundal per cu. inch =843.683 dynesfcmﬂ—-ﬂ,ssoa?!igfcmﬂ_ﬂ 10832 pound/ins,

Gmm Pomda Pounds | Pounds |Kilograms! Pounds Pounds | Pounds Kilograms

per per
C;g;u- Ca-Tnch, Cu Foot, [Co Yard, Cu. Meter| Bushel, | Gllon | Gallon, lereeiier,
oeg | Tojims” | Tojtts” | Ibjyds’| kgms | US| G | D [ kel
1 0.03613 | 62.4283 | 1685.56| 1000 |77.6893(9.71116|8.34545| 100
27.6797 1 1728 | 46656 |27679.7|2150.42|268.803| 231 |2767.97
0.01602 0.3578? 1 27 16.0184 | 1.24446|0.15556 Cl 13338 1.60184
0.45933 0.62143/0.03704 1 0.59327 | 0.04609 0.2115762 o 04951 0.05933
0.001 |0.53613(0.06243 |1.68556 i 0.07769|0.59711}0.58345| 0.10
0.01287 | 0.54650| 0.80356 | 21,6962 12.8718 1 0.125 |0.10742(1.28718
0.10297 0.1’13?20 6.42851 |173.570(102.974 8 1 0.85937 |10.2974
0.11983|0.. 94329 748052 (201.974|119.826(9.30920| 1,16365 1 11.9826
0.01 |0. 03613 0'32428 16.85567 10 0 771]89 0.09711[0.08345 1
Notations §, &, §, etc., Indicate that the 3, 3, &, etc., are to be repl&oed by
2, 3,4, ete. ciphers, Examrre—1 kg/ms = 0.},3013—0 00003613 1b./ins,
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MEASURES AND WEIGHTS

EQUIVALENTS OF MEASURE
Exercy, Worg, Hear

1 dyne-centimeter=1 erg=0.00101979 gram-centimeter=0.3737812 foot-pound.
1 gram-centimeter=080.5000 ergs=0.§7233 foot-pound.
1 foot-pound = 13557300 ergs=13825.5 gram-centimeters.

Kilogram-| Foot. | Horsepower-hour | poneciet. | Kilowatt-| Jods, | Thermal Usita
meters, | Pounds, |" 1§ | Metric, | hours, | bours, | 107 ergs, g 7 i
kem | “filbe | ok [rakgmn00kent ke | e | e [ Shpone

1 |7.23300|0.53653]0.53704]0.52778| 0.52724| 9.80597]0.29296| 0.2 2342
013826 1 |0.85051]0.85121]0.83840(0.03766| 1.35573[0.31285| 0.53230
273745 (1980000, 1  |1.01387|0.76040(0.74565| 2684340(2544.65 | 641.240
270000 | 1952910,0.98632| 1 0.75 |0.73545| 2647610 2500.583| 632,467
360000 |2603880(1.31500(1.33333| 1  |0.08060|3530147]3346.44| 843,289
367123 |2655403]1.84111|1.35972| 1.01070| 1  |8600000{3412.66|859.075
0.10198|0.73761 | 0.53725]|0.93777| 0.528338]0.02778| 1  |0.594s0|0.}2380
107.577|778.104 | 0.§3930| 0.5 3084| 0.52088| 0.52030{ 1054.00| 1 |0.25200
426.900/3087.77 |0.51559/0.31581/0.51186) 0.5 1163] 4186.17]3.06832| 1

Power, RATE oF ENERGY AND Hear

1 erg per sec=1dyne-cm/sec.=0.00101979 gnm-cm.'wc-=n.§?3?012 foot-pounds/sec.
1 -centimeter per second=080.5966 ergs/sec. =0.87238 foot-pounds/sec.
1 foot-pound per second = 13557300 /sec=13825.6 mM-Cm/sec.,

Kilogram- | Foot- Horsepo Thermal Units
meters | pounds dyirs | Poncelet, Watts, per Seo.
per per U. B, Moetrie, 100 Kﬂ::‘“‘ 107ergs)s X
Second, | Second, | G50 75 | kg-mfs ' B.T.U. | Calotie

_kgem/s | fo.otbe.fu | ftbsls | kg-m/s btujs_| ke-calis
1 |7.23300)0.01315|0.01333| 0.01 |0.§9806/9.80597 |0.59206  0.§2342
0.3826) 1 |0.51818]0.318430.51383/0.51356(1.35573 |0.61285 |0, 83237
176.0404| 550 1 |1.013870.76040|0.74565 | 745.650 | 0.70685 | 0.17812
* 75 |542.475|0.98632] 1 0.75 |0.73545|735.448|0.69718|0.17560
100 |723.300|1.31500(1.33333| 1  |0.98060|980.597 |0.92057 |0.23425
101.979|737.612| 1.34111 |1.35972 |1.01979| 1 1000 |0.94796|0,23888
0.10198 | 0.73761 [0.51341|0.51360|0.51020( 0.001 1 |0.59480|0.02380
107.577 | 778.104| 1.41474 | 1.43436 | 1.07577 | 1.05400|1054.90| 1 |0.25200
426.90013087.77|5.01412 15.69200 | 4.26900 | 4.18617 | 4186.17 |3.96832| 1

VELOCITIES AND ACCELERATIONS

1 kine=1 centimeter per second=0.0328083 foot per second.
1 radian per second=57.2058 degrees per sec.={.150155 revolutions per sec.
1 gravity=1080.5900 centimeters per sec. per sec,=32.1717 feet per sec. per sec.

Meters | Feet Miles Koote Kilo- Meter Feet Miles |Kilometer
meters per per

Second, | Second, [Per Hour, |per Hour,| Four, | sec/sec | secjsec | Bour/seo | hourfe

m/s ft.js Mh | U.5 | kmh | mpt | ft/s2 | Mbs | km/

1 3.28083 2.23603 | 1.04254( 3.6
0.30480 1 0.081820.59200 | 1.09728
0.44704 | 1.46667 1 0.86839 | 1.60935
0.51479 | 1.68894 | 1.15155 1 1.85325
0.27778)0.91134 |0.62137 | 0.53959 1

1 3.2808312.23693| 3.6
0.30480 1 0.68182|1.00728
0.44704 | 1.46667 1 1.60035
0.27778/0.91134[0.62137 1

Notations §, 3, 8, ete., indicate that the 3,8, 4, etc., are to be replaced by
2, 3, 4, etc., ciphers.  Exasmpne—1 Calorie==0.§1103=0.001163 kilowatt-hours.
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CARNEGIE STEEL COMPANY

METRIC CONVERSION TABLES
Ixcaes To CENTIMETERS—] in.=2.540005 cm

A

DI AN -D

o|1saiaar|s’n_

2540 5.080| 7.620| 10.130| 12.700| 15.240| 17.780| 20.320| 22.860
25400 | 27.040 30.480| 33.020| 35.500| 38.100| 40.640| 43.180 45.720| 48.200
50500 33.340| 55.880| 58.420| 60.960| 63.500| 66.040| 68.580| 71.120| 73,600
70,200 | 78.740| 81.280| 83.820| 86.300| 88.000| 01.440| 03.980| 90.520| 90.000
101.600 | 104.140 | 106.680 | 109,220 | 111,760 114,300 | 116,840 | 110,380 | 121,920 | 124.460
127,000 | 120,540 | 132,080 | 134,620 | 137.160 | 130.700 | 142.240 | 144.780 | 147.520 | 149,800
152.400 | 154.040 | 157.450 | 160,020 | 162,660 | 165.100| 167.640 | 170.180 | 172.720 | 175.260
177.800 | 180,340 | 182,880 | 185,420 | 187,000 | 100,500 183.040 | 195,580 | 108.120 | 200.660
203,200 | 205.740 | 208.280 | 210.820 | 213,360 | 215.900 | 218.440 | 220,080 | 223,520 | 226,060
228.600 | 231140/ 233.680 | 236,220 | 238.700 | 241.300 | 243.840 | 246.380 | 248.920 | 251,460

Incaes? o CENTIMETERSZ—1 in.2=6.451625 cm?

] |
o

&

0 Y R TR T A T DR R

D00 = SO e DD e D #

6.452| 12.903| 10.355| 25.807| 32.258| 38.710| 45.161| 51.613| 58.065
64.516| 70.968| 77.420  83.571| 00.323| 06.774|103.226 | 100.678 | 116,120 | 122,581
120,033 | 135484 | 141.056 | 145,387 | 154.830 | 101,201 | 167,742 | 174.104 | 180,640 | 187.007
103.540 | 200.000 | 206.452 | 212.004 | 210,355 | 225.807 | 232.250 | 235.710 | 245,162 | 251.613
268,005 | 264.517 | 270.068 | 277.420 | 283,872 | 200,328 | 206.775 | 303.226 | 300,678 | 316.130
322,681 | 320033 | 335.485 | 341,030 | 348.388 | 854.830 | 861.201 | 367.743 | 374.104 | 380.046
387,008 | 303.540 | 400.001 | 400.452 | 412,004 | 419,350 | 425.807 | 432.250 | 438,711 | 445.162
451,614 | 458,065 | 464.517 | 470.000 | 477,420 | 483,872 | 400.324 | 496.775 | 503,227 | 500.078
516,130 | 522.582 529.033!635.435 541,037 | 548,088 | 554.840 | 561.201 | 567,743 | 574.1056
580,646 | 587.008 | 503.550 | 000.001 | 606.453 | 612.004 | 610.356 | 625.808 | 632.260 | 638.711

Incues® 1o CENTIMETERSS—1 in.%=16.38716 cm?

1 2 3 4 5 L] 7 8 9

(=]

16.30| 32.77| 40.10) 65.55| 81.94| 08.32) 11471 13110 14748
183.87| 180.26| 196.65| 213.03| 22042 24581 262.10| 278.58| 204.97| 31136
827.74| 344.13| 360.52| 376.90) 303.20| 400.68| 426.07| 442.45| 458.84 | 475.23
401.61| 508.00| 524.30| 540.78| 8567.16| 573.55| 580.04| 606.32) 622.71 639.10
65540 671.87| G688.20| 704.85| 721.04| 73742 753.81| 770.20| 786.58 | B02.97
810.30| 835.75| 852.13| 868.52| 884.01| 001.20( 917.68| 934,07 | 050.40| 060.84
085.23 | 000.62 | 1016.00| 1032.30 | 10M8.78 | 1065,17 | 1081.55 | 1007.04 [ 1114.33 | 1130.71 .
1147.10 | 116340 | 1170.88 | 1100.26 | 1212.05| 122004 | 1245.42 | 1261.81 | 1275.20 | 1204.50
1310,07 | 1327.36 | 1348.75 | 136013 | 1376.52 | 1302.01 | 1400.30 | 1425.68 | 1442,07 | 145846
1474.84 | 1401.23 | 1507.62 | 1624.01| 1540.80 | 1650.78 | 1573.17 | 1580.55 | 1005.94 | 162233

L= R - - 7 {
x.g'."g

IncEEs* To CENTIMETERS*—] in.+=41.62347 em*

/1

&

o

7
&
/&

/

am—;a'm-unmol

0 1 2 3 4 5 § 7 8 9

41.62| 8§3.25| 124.87| 16040 208.12) 240.74| 201.36| 33200 374.61
416.23| 457.86| 490.48| 541.11| 582.73| 624.35) 665.98| 707.60| 740.22| 700.55
83247 S$74.00| 901572 057.34| 905.90 | 1040.50 | 1082.21 | 1123.83 | 1165.46 | 1207.08
1248.70| 1200.33 | 1331.95 | 1373.57 | 1415.20 | 1450.82| 1498.44 | 154007 | 1581.60 | 1623.32
1664.94 | 1706.56 | 1748.10 | 1780.81 | 1831.43 | 1873.06| 1014.68 | 1956.30 | 1007.93 | 2039.55
2081.17 | 2122.80 | 2164.42 | 2200.04 | 2247.67 | 2280.20| 2330.01 | 2372.54 | 2414.16| 2455.78
2407.41| 2530.03 | 2580,66 | 2622.25 | 2663.90 | 2705.53 | 2747.15 | 2788.77 | 2530.40 | 2572,02
2013.64 | 2055.27 | 2006.80 | 3038.51 | 3080.14 | 3121.76| 3163.38 | 3205.01 | 3246.63 | 3288.25
3320.88 | 3371.50| 3413.12| 3454.75 | 3400.37 | 3547.00 | 3579.52 | 3621.24 | 3062.87 | 704.40
3740.1113787.74 | 3820.30 | 3870.98 | 3012.01 | 3054.23 | 3005.85 | 4037.48 | 4079.10 | 4120.72




MEASURES AND WEIGHTS

METRIC CONVERSION TABLES
CENTIMETERS TO INCHES—I| em=0.3937 in,

&[0!2'3[& 5|u‘7|ss
0

0.3037 | 0.7874| 1.1811| 1.5748| 1.9685| 2.3622| 2.7550| 3.1400 | 3.5433
1 3.0370 | 4.3307| 4.7244| 5.1181| 5.5118) 5.0055| 6.2002| 6.6020| 7.0866| 7.4803
2 7.8740| 8.2677| 8.6014| 0.0551| 9.4488) 9.8425| 10.2362| 10.0200| 11.0236 | 11.4173
3 11,8110 | 12.2047 | 12.5984 | 12.0021 | 13.3858 | 13.7705 | 14.1732 | 14.5660 | 14.9606 | 15.3543
4 15.7480 | 16.1417 | 16.5354 | 16.9201 | 17,3228 | 17.7165 | 18.1102) 18.5039 | 18.8076 | 19.2013
5 19,6850 | 20.0787 | 20.4724 | 20.8661 | 21.2508 | 21.6535 | 22,0472 | 22.4400 | 22.8346 | 23.2283
(]
v
8
9

23.6220 | 24,0157 | 24.4094 | 24.8031 | 25.1068 | 25,5905 | 25.0842 | 26,3770 | 26.7716 | 27.1653
27.5500 | 27.0527 | 28.3464 | 28.7401 | 20,1338 | 20.5275 | 20.9212 | 30.3140 | 30.7086 | 31.1023
31,4960 | 31.8897 | 82.2834 | 32.6771 | 33.0708 | 33.4645 | 33,8582 | 34.2510 | 34.6456 | 35.0303
35.4330 | 35.8267 | 36.2204 | 36,6141 | 37.0078 | 37.4015 | 37,7052 38,1880 | 38.5820 | 38.0763

CexTiMETERS? TO INCHES?—] em?=0.15490060 in.2,

?%% 0 1 2 3 4 5 ] 7 8 9

0.1550 | 0.3100| 0.4650| 0.6200| 0.7750| 0.9300| 1.0850| 1.2400| 1.3950
1.5500 | 1.7050 | 1.8600| 2.0150| 2.1700| 2.3250| 2.4800| 2.6350| 2.7900| 2.9450
3.1000 | 3.2550 | 3.4100| 3.5650| 3.7200| 3.8750( 4.0300| 4.1850| 4:3400| 4.4050
4.0500 | 4.8050| 4.9000| 5.1150| 5.2700| 5.4250| 5.5800( 5.7350| 5.8000| 6.0450
6.2000| 6.3550| 6.5100| 6.6650 6.8200| 6.9750| 7.1300| 7.2850| 7.4400( 7.5050
7.7500| 7.9030| 8.0600| 8.2150| 8.3700| 8.5250| 8.6800| B8.8350| 8.9000| 9.1450
0.3000 | 9.4550( 9.6100| 9.7650| 9.9200| 10,0750 10.2300] 10,3850 | 10.5400 | 10.6950
10,8500 | 11.0050 | 11.1600 | 11.3150 | 11.4700 | 11,6250 11.7800 | 11.9350 | 12.0000 | 12.2450
12,4000 | 12.5550 | 12.7100 | 12.8650 | 13.0200 | 13.1750 | 13.3300 | 13.4850 | 13.6400 | 13.7050
13.9500 | 14.1050 | 14.2600 | 14.4150 | 14.5700 | 14.7250 | 14.8800 | 15,0850 | 15.1900 | 15.3450

CevTiMeETeERs® TOo INcHESS—I] cm®=0.0610234 in.3,

000 =1 e LD =D

0 1 2 3 4 5 (] 7 8 9

0.06102 | 0.12205 | 0.18307 | 0.24400 | 0,30512 | 0.36614 | 0.42716 | 0.45819 | 0.54621
0.61023 | 0.67126 | 0,73228 | 0,79330 | 0.85433 | 0.91535 | 0.07637 | 1.03740 | 1.00842 | 1.15044
1.22047 | 1.28140 | 1.34251 | 1.40354 | 1.46456 | 1.525560 | 1.58661 | 1.64763 | 1.70866 | 1.76068
1.83070 | 1.80173 | 1.95275 | 2.01377 | 2,07480 | 2.13582 | 2.106584 | 2.25787 | 2.31880 | 2.37001
244004 | 2.50196 | 2.56208 | 2.62401 | 2.68503 | 2.74605 | 2.80708 | 2.86810 | 2.92012 | 2.99015
8.05117 | 3.11219 | 3.17322 | 3.23424 | 3.20526 | 3.35620 | 3.41731 | 3.47833 | 3.53036 | 3.60038
3.66140 | 3.72243 | 3.78345 | 3.84447 | 3.90550 | 3.96652 | 4.02754 | 4.08857 | 4.14959 | 4.21061
4.27164 | 4.33266 | 4.30368 | 4.45471 | 4.51573 | 4.57675 | 4.63778 | 4.60880 | 4.75083 | 4.82085
4.88187 | 4.04200 | 5.00302 | 5.06494 | 512597 | 5.18600 | 5.24801 | 5.30004 | 5.87006 | 5.43108
549211 5.55313 | 5,61415 | 5.67518 | 5.73620 | 5.70722 | 5.85825 | 5.01927 | 5.08020 | 6.04132

CeNTiMETERS* To INcHES*—I] em#=0.0240240 in.*,

DSOS O W = O

0 1 2 3 4 5 8 (4 8 9

0.02402 | 0.04805 | 0.07207 | 0.00610| 0.12012 | 0.14415 | 0.16817 | 0.19220 | 0.21622
0.24025 | 0.26427 | 0.28830 | 0.31232 | 0.33635 | 0.36037 | 0.38440 | 0.40842 | 0.43245 | 0.45647
0.48050 | 0.50452 | 0.52855 | 055257 | 0.57660 | 0.60062 | 062465 | 0.04867 | 0.67270 | 0.80672
0.72075 | 0.74477 | 0.76880 | 0.79282 | 0.81685 | 0.84087 | 0.86400 | 0.88802 | 091295 | 0.93697
0.96100 | 0.98502 | 1.00005 | 1.03307 | 1.05710 | 1.08112 | 1,10515 | 1.12017 | 1.15320 | 1.17722
1.20125 | 1.22527 | 1.24930| 1.27332 | 1.20734 | 1.32137 | 1.34539 | 1.36042 | 1.50344 | 1.41747
1.44140 | 1.46552 | 1.48054 | 1.51357 | 1.53759 | 1.56162 | 1.58564 | 1.60067 | 1.63360 | 1.65772
1.68174 | 1,70577 | 1,72079 | 1.75382 | 1.77784 | 1.80187 | 1.82580 | 1.84002 | 1.87304 | 1.80707
1.92100 | 1.04602 | 1.97004 | 1.90407 | 2.01800| 2.04212| 2.06614 | 2.00017 | 2.11419 ] 2.13822
2.16224 | 2.18627 | 2.21029 | 2.23432 | 2.25834 | 2.28237| 2.30639 | 2.33042 | 2.35444 | 2.37847
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CARNEGIE STEEL COMPANY

METRIC CONVERSION TABLES
Feer To METERS—1 ft.=0.3048006 m

1 2 3 4 b 6 7 8 9

0.3048| 0.6006| 0.9144| 1.2102| 1.5240( 1.8288| 2.1336| 2.4384| 2.7432
3.0480| 3.3528| 3.6576| 3.9624| 4.2672) 4.5720| 4.8708| 5.1816| 54564 5.7012
6.0060| 64008 6.7056| 7.0104| 7.3152| 7.6200| 7.9248| B.2206| B.5344| B.8302
9.1440| 9.4488| 9.7536 | 10.0584 | 10.3632 | 10,6680 | 10.9728 | 11.2776 | 11.5824 | 11.8572
12,1920 12.4968 | 12.8016 | 13.1064 | 13.4112 | 13.7160 | 14.0208 | 14.3256 | 14.6304 | 14.9352
15.2400 | 155448 | 15.5400 | 16.1544 | 16,4502 | 16,7040 | 17.0688 | 17.3736 | 17.6784 | 17,9832
18.2880 | 18.5028 | 18.8076 | 10.2024 | 10.5072 | 10.8120 | 20,1168 | 20,4216 | 20.7264 | 21.0312
21.3360 | 21,0408 | 21.9456 | 22,2504 | 22.5552 | 22.8000 | 23,1648 | 23.4606 | 23.7744 | 24.0792
24.3840 | 24.0888 | 24,0036 | 25.2084 | 25,6033 | 25,9081 | 26,2120 | 26.5177 | 26.8225 | 27.1273
27.4321] 27.7300 | 28,0417 | 28,3405 | 28,6513 | 28.05601 | 20,2000 | 20.5657 | 20.8706 | 30.1753

Pouxps pER Foor 10 KiLocrams PER METER—I Ib. /ft.=1.488161 kg/m

A3
s
¢
=]

DI 0 =D

ﬁ&{ﬂo iy | s | 4 W R B BT 0

1488 | 2976 4464 5.953| 7.441| 8.620| 10417 11005 13.303
14882] 16.370; 17.858| 19.346] 20.834| 22.322| 23.811) 25.200| 26.787| 28.275
20.763| 31.251) 32.740| 34.228| 35.716| 37.204| 35.602| 40.150| 41.669| 43.157
44.645| 40.133| 47.621| 40.100| 50.507| 52.080| 53.574| 55.002| 50.550| 58.038
50.526| 61,015| 62.503| 63.001) 65470] 06.967) 68.455| 60.044| 71.432| 72.020
T4.408| 75.800| 77.384| 78.873| 80.361| 81.840| 83.337| 84.825| 86.313| B7.802
89.200| 90.778| 02.266) 93.754| 05.242| 00.730( 08.210| 99.707|101.105| 102,683
104.171 | 106,650 | 107,148 108.636| 110,124 111,612 113,100 ) 114.588 | 116,077 | 117.565
110.053 | 120,541 | 122,020 | 123.517 | 125.000) 120.404 | 127,982 129,470 | 130,058 | 132.446
133.0341 185423 | 136.911 ] 138.300| 139.887 | 141.375| 142.863 | 144.352 | 145.8401 147.528

PER 8q. Inca 10 Ka. PER Sq. CM.—11b. /in.2=0.0703067 kg/cm?
1 2 3 4 5 6 7 8 [

007031 | 0.14061 | 0.21002 | 0.28123 | 0,35153 | 042184 | 0.40215 | 0.56245 | 0.63276
0.70307 | 0.77337 | 084308 | 0.91300 0,98420| 1,05400 | 1.12401 | 1.10521 | 1.265562| 1.33583
1.40613 | 1.47044 | 1.54675 | 1.61705) 1.68736 | 176707 | 1.82707 | 1.80828 | 1,00850 | 2.03880
2.10920 | 2.17051 | 2.24081 | 2.32012 | 2.30043 | 246073 | 2.53104 | 2.60135 | 2.67165 | 2.74106
2.81227 | 2.88257 | 2.05288 | 3.02319| 3.00340 | 3.16350 | 3.23411 | 3.30441| 3.37472 | 3.44503
3.51534 | 3.58504 | 3.05505 | 3.72626| 3.70050 | 3.80687 | 3.03718 [4.00748{4.07770 | 4.14810
4.21840 | 4.28571 | 4.35002 | 4.42032 1 4.40003 | 4.50004 | 4.64024 | 4.71055 | 4.78086 | 4.85116
4.02147 | 4.90178 | 5,06208 | 5.13230| 520270 5.27300 | 5.34331 | 541362 | 5.48302| 5.55423
5.62454 | 5.00454 | 5.76515 | 583546 5.00570 | 5.07607 | 6.04638 | 6.11665 | 6.18609 | 6.25730
6.32760 1 0.30791 | 6.46822 | 6.53852 | 6.60853 | 6.67014 | 6.74944 | 6.810751 6.80004 | 6.06036

00~ SO e G B e D

-Pouxps 1o Kiogram-CENTIMETERS—1 in-lb.=1.152127 kg-em

0 1 2 3 4 5 L] 7 8 9

1.162| 2.304| 3456 | 4.600| &761| 0.013) B.065| 0.217| 10.369
11.521| 12.673) 13.826] 14.978| 10.130| 17.282| 18.434| 10.586| 20.735| 21.800
23.043| 24.105| 25.347| 26400 27.651( 28.808| 20.055| 31.107| 32.260| 33.412
34.504| 35.710| 36.808| 38.020| 30.172| 40.324| 41.477| 42.620| 43.781| 44.933
46.085) 47.237| 48.350| 40.541| 50.004| 51.846| 52.008] 54.150| 55.302] 50454
57.606| B8.758| 50.911| 61.063| 62.215| 63.367| G4.519| 65.671| 060.823| 67.975
60.128| 70.280| 71.432| 72.584| 73.736| 74.888| 76.040| 77.193| 78.345| 70.407
80.640| 81.801| 82.053| B4.105]| 85.257)| 86.410| 87.562| 88.714| 80.864)| 01.018
92.170( 03.322| 4.474| 95.627| 96.770) 07.031| 99,083 | 100.235 ) 101.387 | 102.539
103.691 | 104.844 | 105.006 | 107.148] 108.300] 100.452| 110,604 | 111.756 | 112.008| 114.061

—
OO SR =S % g DD —-D
/&




MEASURES AND WEIGHTS

METRIC CONVERSION TABLES
MeTeErs To FEET—I m=3.2808333 ft.

5.0

Loy | 0 1 2 3 4 5 6 7 8 9
0 3281 6.562| 0.843| 13.123| 16.404| 10.685| 22.966| 26.247 | 20.528
1 32.808| 36.080| 30.370| 42.651| 45.932| 40.213| 52.493| 55.774| 50.065| 62.336
2 65.617| 68.808| 72.178| 75.450| 78.740| 82.021| 85.302| 88.583| 01.863 | 05.144
3 08.425 | 101.706 | 104.987 | 108.268 | 111.548 | 114.820 | 118.110| 121.301 | 124.672 | 127.953
4 [131.233|134.514 | 137.705 | 141.076( 144.357 | 147.638 | 150.918 | 154.190 | 157.480 | 160.761
5 | 164.042| 167.323| 170,603 | 173.884| 177.165 | 180.446 | 183.727 | 187.008 | 190.288 | 103.560
6 | 196.850|200.131| 203.412| 206.603 | 209.973 | 213.254 | 216.535 | 210.816 | 223.007 | 226.378
7 |220.658|232.930 | 236.220| 230.501 | 242.752 | 246.063 | 249.343 | 252.624 | 255.905 | 259.186
8 |262.467|265.748| 200.028 | 272.300| 275.590 | 278.871 | 282.152 | 285.433 | 288.713 | 201.994
9 |205.275|208.556 301,837 | 305.118 | 308.398| 311.679 | 314.960 | 318.241 | 321.522 | 324.803

Kiroarams PER METER TO Pounps PER Foor—I] kg/m=0.67197 lb. /ft.

e ‘

Lo % | 0 1 2 3 4 5 6 7 8 9

“
0 0.6720| 1.3430 | 2,0150| 2.6870| 3.3500| 4.0318| 4,7038| 5.3758| 06.0477
1 6.7107| 7.3017| 8.0636| B.7356, 0.4076|10.0706 | 10.7515 | 11.4235 | 12.0055 | 12.7674
2 13,4304 | 14.1114 | 14.7833 | 15.4553 | 16.1273 | 16.7003 | 17.4712 | 18.1432 | 18.8152 | 10.4871
3 20,1591 | 20.8311 | 21.5030 | 22.1750 | 22.8470 | 23.5190 | 24.1000 | 248620 | 25.5340 | 26.2068
4 26,8788 | 27.5508 | 28,2227 | 28.8047 | 20.5667 | 30.2387 | 30,0106 | 31.5826 | 32.2546 | 32.9265
5 83,5085 | 34.2705 | 34.0424 | 35.6144 | 36,2864 | 36.0584 | 37.6308 | 38,3022 | 38.0743 | 30.6462
8 40.3182 | 40,0902 | 41.6621 | 42.3341 | 43.0061 | 43.6781 | 44.3500 | 45.0220 | 45.6040 | 46.3659
7 47,0370 | 47.7009 | 48.3818 |49.0538 | 49.7258 | 50.3978 [ 51,0697 | 51.7417 | 52.4137 | 53.0856
8 53.7576 | 54.4206 | 55.1015 | 55.7735 | 56,4455 | 57.1175 | 657.7804 | 58.4614 | 50.1334 | 59.8053
9 60.4773 | 61.1403 | 61,8212 | 62.4932 | 63.1652 | 63.8372 | 64.5001 | 65.1811 | 65.8531 | 66.5250

Ka. pER Sq@. CM. 70 PoUnps PER Sq. Incn—I kg/em?=14.2234 1bs. /in.2

&
Mu 1 2 3 4 5 8 7 8 9
0

1422| 2845| 42.67| 56.89| 71.12| 85.34| 90.56| 113.70| 128.01
142.23 | 156.46| 170.68| 184.00| 100.13| 213.35| 227.57| 241.80| 256.02| 270.24
284.47| 208.60 | 312.01| 327.14 | 341.36| 355.50| 360.81| 384.03| 308.26| 412.48
420.70| 440.93 | 455.15| 460.37 | 483.60| 497.82) 512.04| 526.27| 540.49| 554.71
568.94 | 583.16| 507.38| 611.61| 625.83| 640.05| 654.28| 668.50| 682.72| 0606.95
711.17| 725.30| 730.62| 753.84| 768.06| 782.20| 706.51| 810.73| 524.96| 839.18
853.40| 867.63| 881.85| 896.07| 010.30| 924.52| 938.74| 052.07| 067.19| 081.41
005.64 | 1000.86 | 1024.08 | 1038,31 | 1052.53 | 1066.76 | 1080.98 | 1005.20 | 1100.43 | 1123.65
1137.87 | 1152.10 | 1166.32 | 1180.54 | 1104.77 | 1208.09 | 1223.21 | 1237.44 | 1251.66 | 1265.88
1280.11 | 1294.33 | 1308.55 | 1322,78 | 1337.00 | 1351.22 | 1365.45 ! 1379.67 | 1393.80 | 1408.12

D001 OO B e

KiLocraM-CeNTIMETERS TO INcH-PounDs—I kg/em=0.86796 in./lb.
z

/e

ﬁm-aat.n-l-mm-—-c/
=

0 1 2 3 4 5 6 () 8 9

&

0.8680 | 1.7359| 2.6030| 3.4718| 4.3308| 5.2078| 6.0757 | 0.9437| 7.8116
B.6706 | 0.5476 | 10.4155| 11.2835 [ 12.1514 | 13.0104 | 13.8874 | 14.7553 | 15.6233 | 16.4012
17.3502 | 18.2272 | 10.0051 | 19.0631 | 20,8310 | 21.6900 | 22.5670 | 23.4340 | 24.3020 | 25,1708
20,0388 | 26.0068 | 27.7747 | 28.6427 | 20.5106 | 30.3786 | 31.2466| 32.1145 | 32.0825 | 33.8504
34.7184 | 35.5864 | 36.4543 | 37.3223 | 38.1002 | 30.0582 | 30.9262 | 40,7941 | 41.6621 | 42.5300
43.3080 | 44.2660 | 45.1330 | 46.0019 | 46,8608 | 47.7378 | 48,6058 | 40,4737 | 50.9417 | 51.2096
52,0776 | 52.9456 | 53.8135 | 54.6815 | 55.5494 | 56,4174 | 57.2854 | 58.1533 | 59.0213 | 50.8802
60.7572 | 61.6252 | 62.4031 | 63.3611 | 64.2200 | 65.0970 | 65.9650 | 66.8329 | 67.7000 | 68.5688
60.4368 | 70.3048 | 71.1727 | 72.0407 | 72.0086 | 73.7706 | 74.0446 | 75.5125 | 76.3805 | 77.2484
78.1164 | 78.0844 | 70,8523 80,7203 | 81.5882 | 82.4502 | 83.3242 | 84.1021 | 85.0001 | 85.9280
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CARNEGIE STEEL COMPANY

39.37 inches, U.

METRIC CONVERSION TABLE

Incaes 10 MILLIMETERS

§. Standard=1 meter=100 centimeters=1000 millimeters.

Inches |

Yo % | % | % %ia

S — BQWQ@ L] ]

S2388s | o

3 Eoced BBESE &8
5 58Bs saiEs sasass

g58
gz

788.99| 700.58| 792.16| 793.75| 795.34
08| 817.56| 819.15| 820.74
38| B42.96| 844.55| 846.14
78| 868.36| 869.95| 871.54
18| 893.76| 895.35| 896.94

915.90| 917.58| 019.16| 020.75| 922.34
041.30| 942,98 044.56| 046.15| 947.74
966.79| 968.38| 969.96| 971.55| 973.14
992.19 098.54

60 19| 993.78| 005.36| 906.95
1017.569|1019.18 | 1020.76 | 1022.35 | 1023.94

1042.99 | 1044.58 | 1046.16 | 1047.75 | 1049.34

80| 1068.30 | 1069.08 | 1071.56 | 1073.15| 1074.74

1093, 1 1006.96 | 1008.55

1119.19|1120.78| 1122.36 | 1123.95 | 1125.54
1144.59 | 1146,18 | 1147.76 | 1149.35 | 1150.94
116009 1171.58|1173.16 | 1174.75|1176.34

1105.39 [ 1196.98| 1108.56 | 1200.15 | 1201.74
1220.79( 1222,38

1223.96 | 1225.55 1
1246,10 | 1247.78 | 1249.306| 1250.95 | 1252.54

1271.50| 1273.18| 1274.76 | 1276.35 | 1277.94

1154.11

1179.51
1204.91

3|1230.31
12565.71

1281.11
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MEASURES AND WEIGHTS

METRIC CONVERSION TABLE

IncaES TO MILLIMETERS

30.37 Inches, U. 8. Standard=1 meter=100 centimeters=1000 millimeters
Inches e Yie a8 e L1 1M T 1M

0 12.70 14.29 15.88 17.40 20.64| 22.23 23.81
1 38.10 39.69 41.28 42,80 44.45 46.04 47.63 49.21
2 63.50 65.00 66.68 20 71.44 73.03 74.61
3 88,90 90.49 92.08 93.60 05.25 06.84 08.43| 100.01
4 114.30]| 115.89| 117.48]| 119.06| 120.65| 122.24| 123.83| 125.41
5 139.70| 141.29| 142.88| 144.46]| 146.05| 147.64| 149.23| 150.81
6 165.10| 1066.69| 168.28 160.80| 171.45| 173.04| 174.63| 176.21
! 190.50| 192.09| 193.68| 105.26| 106.85| 108.44| 200.03| 201.61
8 215.90| 217.49| 219.08| 220.66| 222.25| 223.84| 225.43| 227.01
2 241.30| 242.80| 244.48( 240.06| 247.65| 249.24| 250.83| 252.41
10 266.70| 268.20| 269.88| 271.46| 273.05| 274.64| 276.23| 277.81
11 202.10| 293.69| 295.28| 200.86| 208.45| 300.04| 301.63| 303.21
13 317.50| 319.09| 320.68| 322.26| 323.85| 325.44| 327.03| 328.61
13 342.90 4 346,08 347.66| 349.25 0.84| 352.43| 354.01
14 368.30| 369.89| 3T1.48| 373.06| 374.65| 376.24| 377.8 379.41
15 303.70| 395.29| 306.88| 308.406| 400.056! 401.64| 403.23| 404.81
16 410.10( 420.60| 422,28} 423.80| 425.45| 427.04| 428.63| 430.21
17 444.5 446.09 68| 440,20 450.85| 452.44| 454. 455.01
18 406000 471.49| 473.08| 474.00| 476.25| 477.84| 479.43| 481.01
19 406.30| 496.89| 498.48| 5 501.65| 503.24| 504.83| 500.41
20 520.70| 522. 88| 525.40| 527.05| 528.64| 530.23| 531.81
21 .10 547.69| 549.28 .86 2.4 555.63| 557.21
22 571.50| 573.09| 574.68| 576.20| 577.85| 579.44| 581.03| 582.61
23 06.90| 598.49 601.606 606.43| 608.01
24 622.30| 623.89| 625.48| 627.06| 628.65| 630.24| 631.83| 633.41
25 647.70| 649.20| 650.88| 652.46| G54.00| 655.64| 657.23| 6568.81
20 673.10| 674.69| 676.28| 677.86| 679.45 04| 682.63| 684.21
27 6O8.50| 700.09| T01.68| 703.26 708.03| 709.61
28 723.90| 725.49| 727.08| 728. 730.25| 731.84| 733. 735.01
29 749.30| 750.89| 752.48| TH4.06| 755.65| 757.24| T58.83| 760.41
30 774.70| 776.29| 777.88| 770.46| 781.05| 782.64| 784.23| 785.81
31 10| 801.69| 803.28| S04.86| 806.45 £09.63| 811.21
a2 825.50| 827.00| =28.68| 830.26| 831.85| 833.44| 835.03| 836.01
33 850.00| 852.49| 854.08| B55.006| B57.25| 858.84| 860.43| 862.01
34 876.30| 877.80| 879.48| 881.006| 882.65| 884.24| 885, 887.41
35 901.70 29| 904.88| 906.46| 908.05 2 911.23| 912,81
36 927.10| 928.69| 930.28| 931.86| 933.45| 935.04| 936.63| 938.21
a7 052.50| 954.09| 955.68| 957.26| 958.85| 960.44| 962. 063.061
as 0977.00| 970.40| 981.08| 982.60| 984.25| 085.84| 987. 989.01
39 1003.30 | 1004.89 | 1006.48 | 1008.06 | 1009.65|1011.24|1012.83 | 1014.41
40 |1028,70/1030.29 | 1031.88 | 1033.46 | 1035.05 | 1036.64 | 1038.23 | 1039.81
41 |1054.10| 1055.69 | 1057.28 | 1058.86 | 1060.45 | 1062.04 | 1063.63 | 1065.21
42 1079.50 | 1081.09 | 1082.68 | 1054.26 | 1085 1087.44 | 1089. 1090.61
43 1104.00(1106.49 | 1108.08 | 1100.661111.25(1112.84 | 1114.43| 1116.01
44 1130.30|1131.89|1133.48 | 1135.06 | 1136.65 | 1138, 1139, 1141.41
45 1155.70(1157.29 | 1158.88 | 1160.46 | 1162.05 | 1163.64 | 1165.23 | 1166.81
40 1181.10(1182.69 | 1184.28 | 1185.86 | 1187.45| 1180.04 | 1190.63 | 1192.21
47 1206.50 | 1 09(1200.68|1211.26|1212.85| 1214.44|1216.03| 1217.61
48 [1231.90 | 1233.49|1235.08 | 1236.06 | 1238,25 | 1230.84 | 1241.43| 1243.01
49 1257.30 | 1258.89 | 1260.48 | 1262.00 | 1263.05 | 1265.24 | 1266.83 | 1268.41
50 |1282.,70/1284.29 | 1285.88 | 1287.40 | 1280.05 | 1290.64 | 1292.23 | 1203.81




CARNEGIE STEEL COMPANY

METRIC CONVERSION TABLE

Pouxps Avoirpwrois To KiLoGraMs
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MEASURES AND WEIGHTS

METRIC CONVERSION TABLE

Pouxps Avorrpurols To KiLoGrams
1 Pound=0.45350 Kilograms

}5@4’40‘1 2’3'4'5’5730
50 ﬂ.BDl 297.25227.70 228,16/ 228.61| 229.006| 229.52| 220.97| 230,42 230,88
51 |231.33|231.70(232.24! 232,60 233,15 233,60 234.05| 234.51| 234.06, 235.41
52 |235.87|236.32 236.78 237.23| 237.08| 238.14 238.59 230.04! 239.50| 230.95
53 .40/240.86/241.31|241.70| 242,221 242.07| 243.13| 243.58 244.03 244.40
54 | 244.04/245.39 245.85 246,30 246.75| 247.21| 247.66| 248.12] 248.57 249.02
55 249.43} 249.93/250.38 250.84!251.20 251.74| 252.20 252.65 253.1 |253.56
56 | 254.01/254.47|254.92 255.37|255.83/ 250.23!_ 256.73 257.19* 257.64 258.00
57 | 258.55(250.001259.45259.91|260.36 260.82 261.27 261.72 262.18 262.63
58 | 263.08 263.54 263.99 264.44 264.90 265.35 265.81| 266.26/ 266.71 267.17
59 | 267.62268.07/268.53 268,98 269.43 260.80 270.34 270.79 271.25 271.70
60 | 272.16 272.61/273.06 273.52/27. .u'rl 274.42i 274. '275.33i 275.73] 276.24
61 | 276.60 277.14 277.60 278.05 278.51/ m.ng 279.41| 279.87 280.32 280.77
62 | 281.23 281.68 2582.13| 282,59 283.04. 283.50 283.95 284.40 284.86  285.31
63 | 285,76/286.22 286.67 287.12 287.58 288.03 23332, 288.04 280.39 289,
64 | 290.30/290.75/291.21|201.66{292.11| 202.57| 293. 5293.47‘ 203.93/ 204.38
65 | 204.84205.29205.74/296.2 2%.Oj 207.1 297.50l 293.01‘ 293.4:1 298,02
66 | 200.37200.82/300.28 300.73301.19 301.64) 302.09 302.55 303.00 303.45
67 | 303.91/304.36{304.81|305.27| 305.72 306.17| 306. 30?.08| 307.54 307.99
68 | 308.44|308.90/309.35/309.80 310.26 310.71) 311.16 311.62 312.07 312.52
69 | 312.98 313.43 313.89(314.34(314.79 315.25315.70 316.15 316.61/ 317.06
70 |317.51/317.97|318.42/318.88 310.33| 310.78 320.24 320.69]- 321.14| 321.60
71 | 322.05(322.50/322.96 323.41/323.80| 324.32| 324.77 325.23 325.68 326,13
72 | 326.59/327.04|327.49327.95/328.40 328.85/ 320.31| 329.76 330.22 330.67
73 | 331.121331.58 332.0.'_}.4 332.48 332,94/ 333.39 333.84 334.30 334.75| 335.20
74 msg 336.11|336.57| 337.02 337.47 337.93, 338.38 338.83 339.29 339.74
75 | 340.19340. 341.1[1341.;334201@42& ‘w.aﬁs«;a.sria‘ls.mim.zs
76 | 344.73 345.18/345.64 346,00 346.54) 347.00 347.45 347.91 34S.36 348.81
77 | 349.27 349.72/350.17|350.63 351.08 351. :m.og 35244/ 352.89 353.35
78 | 353.80 354.26(354.71 355.16 355,02 356.07| 356.52 356.98 357.43/ 357.88
70 | 358.34/358.70 350.25/359.70 360.15 360.61 361.06 361.51|361.97 362.42
80 | 362.87 363.33363.78 364. 3a4.mi 365.14. 365.60 366.05 366.50| 366.96
81 | 367.41)367.86{368.32 368.77 360.22 360.68 370.13| 370.59 371.04| 371.49
82 | 371.95|372.40372.85373.31 373'7tﬁ 374.21| 374.67| 375.12 375.57| 376.03
83 48| 376.94{377.39 377.84| 378.30 378.75 370.20| 379.66/ 380.11| 380.56
84 | 381.02 381.47 381.92(382.33| 382.83( 383.20 383.74| 384.19] 384.65| 385.10
85 55| 386.01| 386,46/ 380.01| 387.37| 387.82| 388,28 338,73| 3:39.18l 380.64
86 | 300.00390.54 301.00 391.45/301.00 302.36, 302.81| 303.26{ 303.72 304.17
87 | 394.63 305.08/395. 395.931 396.44, 396,89, 397.35| 397. 393.35| 398.71
88 | 309.10/399.61/400.07 400.52/400.98 401.43 401.88 402.34/ 402.79 403.24
89 |403.78404.15 gg .51/ 405.97 406.42| 406.87 407.33 407.78
00 | 408.23 408.69 409.1 ¥ luo.mel 410,50 410, 411.41;411‘301. 412.32
01 |412.77/413.22/413.68 414.13/414.58 415.11!415.4 415.94/416.40 416.85
92 |417.311417.76 418.21 418.67 419.12 419.57 420,03 420.48 420,93 421.39
03 | 421.84/422, 423.20 423,606 424. ﬂl 424.56 425.02, 425.47 425.92
04 | 426.38/426. 427.74/428.19 428,64 420.1 42933 430,01/ 430.46
95 | 430.91({431.37/431.82 432,27 432.7 433.1&| 33.63| 434. 434.54i 435.00
06 | 435.45 435.90 436.36 486.81) 437.26 437.72 438.17| 438.62, 439.08 439.53
97 | 430.08 440.44440.89 441.35 441.80 442,25 442.71|{443.1 -143.61[ 444.07
98 | 444.52 444.97|445.43 445.88 446,33 440.79 447,24] 447.70 448.15 448.60
90 | 440.00/449.51|449.96/450.42 450.87| 451,32/ 451.78| 452.23| 452.69, 453.14
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CARNEGIE STEEL COMPANY

L
PROPERTIES OF THE CIRCLE

Circumference of Cirele of Dia. 1= r = 3.14159265

Circumference of Circle=2rr

Dia. of Cirele = Circumference x 0.31831

Diameter of Circle of equal periphery as square = side x 1.27324
Side of Square of equal periphery as circle = diameter x 0.78510
Diameter of Circle circumseribed about square — side x 1.41421
Side of Square insecribed in Circle y = diameter x 0.70711

N

—

-]
‘Are, a= '1"3‘3 =0.017453 r A°®

1 (-]
Angle, A= Sfra = 57.20678 -

» Radius, r = iﬁ;_;_c?_ Diameter, d = “_b:gﬁ

o
Chord, ¢= 2 2br—b9=zrsin—‘}—

Rise, b= r—}44ar—co=L tan A

4
Rise, b= rty—r@—xi y=b—r/r'—x* x> (rty—b)?

= 3.14150265, log = 0.4071499

! A
i g9
2rsin 1

0.3183009, log = 1.5028501
0.8696044, log = 0.0042007
0.1013212, log = 1.0057003

I

Il

1.7724530, log= 0.2485749

0.5641896, log = 17514251

0.0174533, log=2.2418774

B8 iy s

o = b7.2057705, log= 1.7581226
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MENSURATION TABLES

AREA OF PLANE FIGURES

Triangle: Base x 14 perpendicular height.

v s(s—a) (s—b) (s—c¢),
s=15 sum of the three sides a, b and e.

Trapezium : Sum of area of the two triangles.
Trapezoid : 14 sum of parallel sides x perpendicular height.

Parallelogram : Base x perpendicular height.
Regular Polygon: 14 sum of sides x inside radius.

Circle: 712 = 0.78540 x dia.? = 0.07958 x circumference?.
Sector of Circle:  — ;:‘}A" — 0.0087266 r2A° = arc x 14 radius.

Segment of Circle: L: (’rl:; —sin A°)

Cirele of same area as square: diameter = side x 1.12838

Square of same area as circle: side = diameter x 0.88623

Ellipse: Long diameter x short diameter x 0.78540

Parabola : Base x 24 perpendicular height.

Irregular plane surface.

13
hn
hn+|j

-}

ha
ha
hs

E
(> o

8 hl
hz

nd

Divide any plane surface A, B, C, D, along a line a-b into an even
number, n, of parallel and sufficiently small strips, d, whose ordinates
are hy, ho, hs, hy, hs...... hn—1, hn, hnt1, and considering contours
between three ordinates as parabolic curves, then for section ABCD,

Area=3 [hy+-ha s 1-H4(hoHhubho. . +-bo)+2 (hethsthr. .. +ha)]
E or, approximately, Area = Sum of ordinates x widti:, d.




CARNEGIE STEEL COMPANY

TRIGONOMETRIC FORMULAS

“ cotan A-

>

!

1 AL

ver,
“Hjein A

N

¥omenstan Acesceew

Ahiclo A
“!‘l‘.

e—eradius =1-—-~

g

wn (A+B) =sinA cos BcosA ainB

e (A+B) =cosA cmBTsinA sigB

sin A+ sin B=24n 3§ (A+ B) oo }{ (A—B)
din A —sinB =2 cos 3 (A + B) sin }§ (A—B)
08 A+ cos B =2 con }4 (A + B) oon }§ (A—B)

eos B — cos A =2 sin 4§ (A-+ B) sin }4 (A—B)

sin 2A

cos 2 A

o 3 n=q—,“-‘!—-’_x m%,\-\@

LTy lir:-!.l

sin® A

=2snA c A

=coa* A—sin® A

= em2A

sin' A —sin® B=nyin (A + B) sin (A—B)

Radius, 1=sin’ A+ cos® A
==gin A cosee A=cosA seeA==tan A eotA

Sine
Cosine  A=ERA o T i p cota=y[T—s0" A
Tongeot  A=HLA AsoA

Cotangrnt A=S2A Lo p comc A
tandA__ 1

m—
Seoant A= =tk
eob A 1

Coscant A =—fo=—rre

Adttan B
14 tan A tan

cob A BI1
cot Bt cot A

sin B
cos A oos

sin (A—B|
i A—uan B = — S —

sin (B4 A
cot A+eot B= oA
sin A
sin A #in

tan2A =%"&—

ta(A+B) =
wt(AtB) =

tan A+ tan B =

cot A—cot B=

cot? A—1

oot 2A -

=

ain A
l4cosA
I—cos2 A

P s 8

lteos2A

tan 1§ A

wl A=

tan® A ot A =

cos A 1 1—con' A
A oot A ooses A eosh fan A= oty

sin A

l=—co A

14+eom 2 A
I—eomlA

cos® A — pin® B = cos (A + B) cos (A—B)

nAeaB it o gt Rt AT D)

Quadrast 1 n L w Angh Angle & € 900

Angles | 0% to 0% [00% bo 1506 w6 300 l e 1 “ Angle | sin o0a tan eot
Fuactions Values vary from Equivalent values L * " * *
sn [0+l to+0—0t—1-110—0 3 W\T|M4VT| | bn |deina|feonn|ttana| teota
cos  [FltoH0-0 to—1—1to—040 to +1| My[T | MYT | ¥ 00" +n (+eosn | Fain & | Feota [ Frans
tan  [FOLo+o - to—0+Htoke -0 1T | L V| [180%#a] Fein n |—conn|+tana | +eotn
ool +0 toHi- O to- 20 Lot O—Oler V3| 1 [34yF| |20t —coan] tuin a | Feotn | Fiann
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MENSURATION TABLES

TRIGONOMETRIC SOLUTION OF TRIANGLES

Given |Sought | Formulae
Rigar-AxgLEp TrRIANGLES
a,c |A, B, b ainA-:-—;. conB:-—:-, b=/ ¢?—a?

Area Ama:u%\f(w

a.b |A, B c|tan A=}, mB=-E—. c=,/a® + bt

Area Am=-5§-b—

A,a |B.b,c B = 90°-A, b=a cot A, °='a‘|?:‘x‘

Avos | Arved ms A2O0A

Ab |B,a,c| B=p0%-A, a=D tan A, e
Area Mu:j}_?n_.&

A,c |B,a,b B = 00°—A, a=csln A, b=ccos A
A cﬁsmgeos.h = culiuza

OBLIQUE-ANGLED TRIANGLES

i = S m e VL a2 VDS

a, b.e A
; (5-8) (s-0) 8 (5-b) (8-a) (3¢
B |sniB= '\l—io——.mlB-: '\'——-—-,hniBm \j_{);ia_)
¢ |snjc= “"“""J,m.|c_\(._s)_.mic=\l.fiﬁl)_l'_,:hj
Area | Area =/ s (s-a) (s-b) (5—¢)
& AB| be | p 2508 c=R2slnC _ssinAtl)
Area ArumiahsinCm—"—W
s,b,A| B [|smp=DSRA
inC _ bsin O TG
¢ ¢ =Splt = 2P o)/ 08 + -2 8D cos O
Area | Area = } a bsin C
abC|l A [tnA=pS2C0- nja-B=23PcotiC
¢ ¢ =y W Tbizabocos O 2800
Area | Area ==} absin C

82 = b? + c2—2bc cos A, b?=a? + c*—2 a ¢ cos B, c2=a2 + b*—2abcosC

367
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CARNEGIE STEEL COMPANY

AREA OF CIRCULAR SECTIONS

Circular Sector, m on p

Area=14 (length of arc, mpn x radius, r)
arc_m pn, in degrees
360
=0.0087266 x square of radius,r2,x angle of arc, mpn, in degrees.

=area of circle x

Circular Segment, m pn, less than half circle.

Area—area of sector, m on p—area of triangle, mon
=(length of arc, m pn, x radius, r) — (radius, r, —rise. b) x chord, ¢
2

Circular Segment, m q n, greater than half circle.
Area—area of circle—area of segment, mnp
Circular Segment, from Table I, page 369.
Given: rise, b, and chord, c. v
Area=product of rise and chord, b x ¢, multiplied by the
coefficient given opposite the quotient of '%:
Intermediate coefficients for values of —%’- not given

in tables are obtained by interpolation,
Example —Given: rise=1.49 and chord =3.52,
D — 148 04233, Coefficient =0.7542.

Area=b x ¢ x coeff.—1.49 x 3.52 x 0.7542=3.9556.

Circular Segment, from Table II, pages 370 and 371.
Given: rise, b, and diameter, d = 2r.
Area=square of diameter, d2, multiplied by the
coefficient given opposite the quotient of %
Intermediate coefficients for values of —3— not given

in tables are obtained by interpolation.
Example — Given: rise=27%4 and diameter=>533,.

% =2y + 5% —0.478528.

Coefficient by interpolation =0.371233.
Area—d?2 x coefl. = 25.94629 x 0.371233=9.6321.

Circular Zone, tuwv
Area—area of circle— (area of segment, t pu - area of segment, vqw).

Circular Lune, mpns
Area—segment, m p n —segment, m s n.
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MENSURATION TABLES

AREAS OF CIRCULAR SEGMENTS
TasLe 1—For RaTios oF Rise axp Cuorbp

o| Coeffi-| b o| Coeti-| b o | Coefi-| b o | Coefi-| b
A® | Cient C A% | Gent T A% | Cient T A% [ Cent o}
1| 6667 | .0022 | 46 ' {0722 | 1017 | 91| .6805 | ,2097 [ 136| .7239 | .3373
2 | 6607 | L0044 | 47 | .6724 | 1040 | 92| 6901 | 2122 | 137 -3404
3 | .6667 | .00G6 | 48 | 6727 L6906 | .2148 138 | .7260 | .3436
4 | .0667 | .0087 || 49 | .6729 | .1086 | 94| .6912 | .2174 |139| .7270 | .3469
5| .6667 | .0109 | 50 95| .6918 | .2200 |140| .7281 | .3501
6| .6667 | .0131 || 51 | .B6734 | .1131 0924 | 2226 ||141 | .7202 | .3534
7| .60 {0153 || 52 | .6737 | .1154 | 97| .6930 | .2252 |142| .7303 | .3567
8 | .6668 | .0175 || 63 | .6740 | ,1177 | 98| .6936 | .2279 [|143 | .7314 | .3600
9| .6600 | .0197 | 54 | .6743 | .1200 | 99| .6042 | .2305 | 144 | .7325 | ‘3633
10 | .6670 | L0218 | 55 | .6746 | .1224 | 100 | .6948 | .2332 |145| .7336 | .3666
11 | .6670 | .0240 | 56 | 6749 | .1247 | 101 | .6054 | .2358 | 146 .7348 | .3700
12 | 6071 | .0262 || b7 1270 (102 .6961 | .2385 ({147 | .7360 | .3734
13 | .6672 | .02 58 | .67565 3 | 103 | 6067 | .2412 |148( .7372 | .3768
14 .6672 | .0306 | 59 | .6758 | .1316 | 104 | .6074 | .2430 ||149| 7384 | 3802
15  .6673 | . 60 | L6701 | .1340 | 105 | .6980 | .2466 |150| .7396 | .3837
16 | .6674 | 0350 | 61 | .6704 3 | 106 | .6087 | .2493 (151 | .7408 | .3871
17 | .6674 | .0372 | 62 | .67 1387 | 107 | .6994 | .2520 (152 .7421 | .3906
18 | .6675 | L0304 || 63 | L6771 | .1410 | 108 | .7001 | .2548 |[153| .7434 | 3942
19 | .6676 | .0416 | 64 | .6775 | .1434 | 109 | .7008 | .2575 [ 154 | .7447 | 3077
20 | .6677 | .0437 | 65 | .6779 | .1457 | 110| .7015 | .2603 |1 7460 | .4013
21 | .6678 | .0450 || 66 | .6782 | .1481 | 111 | .7022 | .2631 [156| .7473 | .4040
22 | .6679 | ,0481 || 67 | .6786 | .1 112| .7030 | .2659 (157 | .7 4085
23 | .6680 | .0504 | 68 | .6790 | .1529 |113| 7037 | 2687 |1 7500 | 4122
24 | .6681 | .0526 || 69 | .6794 | .1 114 | .7045 | .2715 |159| .7514 | .4159
25 .6682 70 | .6797 | .15677 | 115 .7052 | .2743 (160 .7528 | .4196
26 .6684 | 0570 | 71 | .6801 | .1601 |116| .7060 | .2772 | 161 .7542 | .4233
27 | .6685 | .0502 || 72 | . 1625 | 117 | .7068 | .2800 |162( .7. A270
28 | L6687 | .0614 | 73 L1649 | 118| .7076 | .2829 |1 7571 | .4308
29 | . 0636 || 74 | .6814 | .10673 | 119 .7084 | 2858 |164| 7586 | .4346
30 | .6690 | . 75 | .6818 | .1697 | 120 .7092 | .2887 |165| .7601 | .4385
31 .6691 .0681 | 76 | .6822 | ,1722 | 121 .7100 | .2916 [166| .7616 | .4424
32 | .66 0703 0826 | .1746 |122| .7109 | .2945 |167| .7632 | .4463
33 | .6694 | .0725 | 78 | .6831 | .1771 |123| .7117 | 2975 |168| 7 4502
34  .6696 | 0747 | 79 | .6835 | .1795 |124| .7126 | .3004 [169| .7664 | 4542
35 .6698 | .0770 | 80 | .6840 | .1 125 | .7134 | .3034 170 7680 | .4582
38| .6700 | .0792 | 81 | .6844 | .1845 | 126| 7143 | 3064 [171] 7606 4622
37 | .6702 | .0814 | 82 | .65840 127 | 7152 | .3004 (172] 7712
38  .6704 | .0837 1804 | 128 | 7161 | .3124 (173 4704
39 .6706 | 0859 | 84 | 6850 | .1919 [129| 7170 | .3155 || 174| .7746 | .4745
40  .6708 | ,0882 | 85 | .6864 | .1944 |130| .7180 | .3185 |175| .7763 | .4787
41 .6710 | .0904 || 86 | . 1970 (131 | .7189 | .3216 (176 .7781 | .
42  .6712 | 0927 | 87 | .6874 5 132 .71 3247 |11 7 L4871
| 6714 | . 6879 | . 133 | .72 3278 178/ 7817 | 4914
44 | 6717 0072 | 89 | . L2046 | 134 | .7210 | .3309 [|179 | .7835 | .4057
45| .6719 | 0905 || 90 | .6800 | .2071 |135 | .7229 | .3341 180 .7854 | .




CARNEGIE STEEL COMPANY

AREAS OF CIRCULAR SEGMENTS

TasrLe II, For RaTios or Rise axp DIAMETER

fe St \
[ ]

*Rise, b+

Area=d? x Coefficient

Cmﬁeimt|

R b |codfcient| Y |Cooficient|| §- | Cooficient| - [Coetficient
001 |. 2| .051 |.015119 | .101 |.041477 | .151 |.074590 | .201 |.112625
1002 [ ‘000116 | ‘052 102 | 042081 | 152 | 1075307 | 202 | ‘113427
003 | 000219 | 053 103 7 || .153 | .076026 114231
004 | 00033 054 | 016458 | .1 043296 | 154 | .076747 | .204 | .115036
005 | 000471 | 055 | 016912 | .105 | .043908 | .155 | 077470 | .205 |.115842
L0086 | .000619 | 017360 | .106 | .044 156 | 078194 | .206 | .116651
L007 | .000779 | .057 |.017831 | .107 | 045140 | 157 | .078921 | .207 | .117460
L008 | .000952 | 058 | .018297 | .108 | .045750 | .1 118271
L0090 | 001135 | .059 | .018766 || .109 | .046381 | .159 200 | .11
L010 | 001329 | .060 | .019239 || .110 | .047006 | .160 | .081112 | .210 |.119898
L011 |.001533 | .061 |.019716 || .111 | 047633 || .161 | .081847 | .211 (.120713
L012 | .001746 | ,062 |.020197 | .112 | 048262 | .162 | .082582 | .212 | .121530
013 | 001969 020681 | .113 | 048804 | .163 | .083320 | .213 | .122348
014 | 002199 | (064 | (021168 | 114 | 040520 | 164 | (084080 | 214 | ‘128167
015 | 002438 | 1065 | 1021660 | 1115 | 050165 | 165 | :084801 | :215 | 123988
016 | 002685 | 066 | .022155 | 116 166 216 |.124811
L017 | 002040 | ,067 |.022653 || 117 |.051446 || .167 | .086290 | .217 | 125634
L018 | 003202 023155 || .118 | .052090 || .168 | .087037 || .218 | .126459
019 | 003472 | ,069 | .023660 | .119 | .052737 || .169 | .087785 | .219 | .127286
L020 | 003749 | .070 | .024168 || .120 A70 220 .128114
021 | .004032 | 071 121 | 054037 | 171 | .089288 | 221 | .128043
022 | 004322 § 072 1 122 | .054690 §| 172 .222).129773
1023 | (004619 | 073 | 025714 | 1123 | 055346 | ‘173 | [090797 13
J024 | .004922 | .074 1 0566004 | 174 55 224 1.131438
025 | .005231 | .075 | .026761 | .125 | .056664 | .175 | .092314 5 |.132273
1026 | 005546 | .076 | 027290 | 126 | .057327 | .176 | .093074 133109
L027 | 005867 ﬂ 077 | .027821 | .127 | .057901 | .177 | 093837 || .227 | .133946
028 | .0DG194 | 078 128 | .O58658 | .178 | .094601 | . 134784
1029 | :006527 | -079 | -02s%4 | ‘129 | ‘050328 | 170 | 095367 | 220 | 185624
L030 | 006866 | 080 | .029435 | .130 | .059999 | .180 | .096135 | .230 | .136465
,031 | 007200 || 081 |.029979 | .131 | 000073 || .181 | .096904 | .231 |.137307
032 | 007559 030526 || .132 | .061349 || .182 | .097675 | .232 | 138151
L033 | .007013 || ,083 | 031077 | .133 | .002027 || .183 | 098447 | ,233 | .138006
034 | 008273 | .084 | .081630 | .134 | .062707 || .184 | .099221 | .234 | 130842
035 | .008638 || .085 | .032186 | .135 & 185 | .099997 | .235 | .140689
036 | .009008 | 086 | 032746 | 136 | 084074 | ‘156 | .100774 | 236 | .141538
L0387 | .000383 | (087 | .033308 | .137 | .084761 | .187 | .101553 | .237 2388
W38 | 000764 033873 | .138 | . .188 | .102334 | .238 | .143239
030 | .010148 | ,089 | .034441 | .139 | 066140 | .189 | .103116 | .239 | .144091
J040 | 010538 035012 || .140 | . .190 | .103900 | .240 | .144045
L041 | .010032 | .091 | .035586 || .141 | .067528 | .191 | .104686 | .241 | 145800
J042 | 011331 036162 | .142 |.068225 | 192 | .105472 || .242 | .146656
L043 | 011734 | .093 | .036742 | .143 | .068924 | .193 | .106261 | .243 | .147513
J044 | 012142 | 094 | .037324 | .144 |.000626 | .194 | .107051 | .244 | . 148371
J045 | .012555 | .095 | .037909 | .145 | .070329 | .105 | .107843 | .245 | .140231
L046 | 012071 | 096 |.038497 | .146 | 071034 | .196 | .108636 | .246 | .1560001
L047 | .013393 | .097 | .039087 || .147 | 071741 | .197 | .109431 | .247 | .150053
J048 | 013818 | .098 | .039681 | .148 | .072450 || 198 | .110227 | .24% | .151810
J049 | .014248 | .099 | .040277 | .149 | .073162 || .199 |.111025 | .249 | . 1562681
L0650 | 014681 | .100 | .040875 | .150 | 073875 | .200 | .111824 | .250 | .153546




MENSURATION TABLES

AREAS OF CIRCULAR SEGMENTS
Taswe 11, For RaTios o Rise axp Diamerer—Concluded
/——\--""";
( ----- Diametar,d -== ===~ \
Area=d? x coeflicient

b |couicient] B |Cooticient| b |Couticent| B [couticient| 2 [coeticent
d d | | & T d

.251 [.154413 | .301 |.199085 | .351 | 245935 | .401 |.294350 | .451 | .343778
-252 | .155281 | .302 | .200003 | 352 | . -402 | 295330 | .452 773
253 | 156149 | .303 | 200022 | .353 | .247845 | .403 | .296311 || .453 768
-254 | .157019 | .304 | .201841 || .354 |.2 404 | 297292 | 454 | .346764
.255 | 157891 || .305 | .202762 | .855 | .249758 | .405 | .298274 || .455 | .347760
.256 | .158763 [ .306 | 203083 | 356 | .250715 || .406 | 299256 | .456 | .348756
257 | 150636 | .307 | .204605 | .357 | .251673 | .407 | .300238 | .457 | .349752
.258 | .160511 || .308 | .205528 .252632 || 408 | .301221 || .458 | .350749
.259 | .161386 || .309 | 206452 | .359 | .253591 || 409 | .302204 || (459 | .351745
.260 | .1062263 || .810 | .207376 || .360 | .254551 | 410 | .303187 | .460 | .352742
.261 [ .163141 [ .311 . .361 | 255511 || .411 | .304171 || .461 | .353739
12062 | .164020 || 312 |.200228 | 362 | 266472 | 412 | .305156 | 462 | 354736
.263 | 164900 || .313 | .210155 || 363 | 257433 | .413 | .306140 | .463 | .355733
.204 | 165781 || .314 |.211083 || .364 | 258305 | .414 | .307125 | .464 | .356730
.205 | 166663 | .315 | .212011 || 365 | 250358 | 415 | .308110 | .465 | .357728
.266 | 167546 | 316 [.212041 | .366 | 260321 | .416 | .300096 | .466 | .35872
.207 | 168431 || 317 |.213871 || .367 | .261285 | .417 | .310082 | .467 | .359723
.268 [ .169316 | .318 | 214 308 |.262249 | .418 | .311068 | .468 | .360721
.260 [,170202 || .319 | .215734 || .369 | 263214 | 419 | .312055 | .469 | .361719
.270 | 171090 | .320 |.216666 | .370 |.264179 | .420 | .313042 | .470 | .362717
271 | 171978 || .321 |.217600 | .371 |.265145 | .421 | .314029 || .471 | .363715
.272 | .172808 | 322 | 218534 || .372 |.266111 | .422 | 315017 || .472 | .364714
.273 | .173758 | 323 |.219460 | .373 | .26707S | .423 | .316005 || .473 | .365712
274 |.174650 || .324 |.220404 | .374 | .268046 | .424 | 316003 | .474 | .36671
.275 | 175542 | .325 | .221341 || .375 | .269014 | .425 | .317981 || .475 | .367710
276 | 176436 | .326 | 222278 | .376 | .260082 | .426 | .318970 || .476 | .368708
277 |.177330 | .327 | 223216 | .377 | .270951 || .427 | 319959 | .477 | .369707
.278 | 178226 | .328 |.224154 | .378 | 271921 | .428 | ;320049 | .478 | .370706
.279 | .179122 | .329 | 225004 | .370 | 272891 | .420 | .321938 | .479 | .371705
.280 | .180020 | .330 6034 .273861 | .430 | .322028 | .480 | .372704
281 | .180018 | .331 |.226974 | .381 | 274832 | .431 |.323010 | .481 | .373704
282 | 181818 | .332 |.227916 .27 .432 | 324009 | .482 | .374703
.283 | .182718 || .333 | .228858 | .383 | .276776 | .433 |.325900 | .483 | .375702
.284 | .183619 | .334 |.220801 | .384 |.277748 | 434 | .326891 | .484 | 376702
.285 | 184522 | .335 | .230745 | .385 | .278721 | .435 |.327883 | .485 | .377701
.286 | 185425 | .336 | .231680 | .386 |.270605 | 436 |.328874 | .486 |.378701
.287 | .186320 | .337 |.232634 | .387 | 280669 | .437 | .329866 || .487 | .379701 4
.288 | 187235 | .338 | .233580 | .388 | 281643 | .438 | .330858 | .488 | .380700
.289 | .188141 | .330 | .234526 | .389 | 282618 | .439 | 331851 | .489 | .381700
.290 | 189048 | .340 |.235473 | .300 | 283593 | 440 | 332843 | -490 | .382700
-201 | .180056 | .341 [.236421 | .301 | .284560 | .441 | .333836 || .491 |.383700
.202 | 190865 | 342 | .237300 | .302 | 285545 | .442 | .334820 || (492 | .384609
.293 | 101774 || .343 |.238319 | .303 | 286521 || .443 | 335823 || .493 | .385609
.294 | 192685 | .344 |.230268 | .304 | 287409 | 444 | .336816 | .494 | .386699
.205 | .193597 || .345 | .2402190 | .305 | 288476 || .445 | .337810 || .495 | .387699
«206 | 194500 | .340 | .241170 | .396 | .280454 | .4486 |. 496 | .388609
<207 |.195423 || 347 |.242122 || 397 |.200432 || .447 |.339700 | .497 | .380600
.208 | 196337 || .348 | .243074 || .308 |.201411 || .448 | ;340703 || .498 | 300699
.290 [ ,197252 || .349 | .244027 || .399 |.292 -449 | 341788 | (490 | .391699
300 1.198168 || .350 {.244080 | .400 |.293370 | .450 | . .
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CARNEGIE STEEL COMPANY

SURFACE AND VOLUME OF SOLIDS
S=Laterar or Convex Surrace. V=VoLume
: 2 Parallelopiped

} 7 4/~ §=perimeter, P, Bm‘p. to sides x lat. length, 1: Pl
I-—_J1Jh ‘¥ V=area of base, B x perpendicular height, h: Bh
z 7 L V=area of section, A, perp. tosidesxlat. length,1: Al

- Prism, Right or Oblique, Regular or Irregular
/ B=perimeter, P,Earp. to sides x lat. length, 1: Pl
V=area of base, B x perpendicular height, h: Bh
V=area of section, A, perp, tosidesxlat. length, 1: Al

Cylinder, Right or Oblique, Circular or Elliptic, ete.
S =perimeter of base, P x perp. height, h: P
S =perimeter, Py t»})eau'p. to sides x lat. length, 1: P4l
V=area of base, B x perpendicular height, h: Bh
‘V=area of section, A, perp. to sides xlat. length,1: = Al

Frustum of any Prism or Cylinder
V=area of base, B x perp. distance, h, from base
to center of gravity of opposite face: Bh

For cylinder: B A (L +1s)

Pyramid or Cone, Right and Regular
8 =perimeter of base, P x 14 slant height, 1: 15 Pl
V=area of base, B x ¥ perp. height, h: 15 Bh

Pyramid or Cone, Right or Oblique, Regular or Irregular
V=area of base, B x 14 perp. height, h: 13 Bh
V=14 volume of prism or cylinder of same base
b and perpendicular height
V=% volume of hemisphere of same base and
perpendicular height

Frustum of Pyramid or Cone, Right and Regular,
Parallel Ends
8=(sum of perimeter of base, P, and top, p) x 1; slant
height, 1: gﬁl(l’-f-p)
V=(sum of areas of base, Beand top, b + square
root of their products) x % perp. height, h:

%h (B+b+y Bb)

Frustum of any Pyramid or Cone, Parallel Ends

V=(sum of areas of base, B, and top, b + square
root of their products) x ¥4 perp, height, h:

%h(B+b+ 1/ Bb)

Wedge, Parallelogram Face

V=Y (sum of three edges, aba x perpendicular
: height, hx perpendicular width, d):
Yad h(2a -+ b)

Prismatoid

V=1 perp. height, h (sum of areas of base, B, and top
b, + 4 x area_of section, M, parallel to bases

and midway between them):
! Hh(B+ b+ 4M)
The Prismatoid formula aﬁpiias also to any of
the foregoing solids with parallel bases, to pyramids,
cones, spherical sections, and to many solids with

irregular surfaces.
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MENSURATION TABLES

SURFACE AND VOLUME OF SOLIDS—Concluded
S=LATERAL oR CONVEX SURFACE. V=VoLume
Sphere
S=4rri= rd¢=314159265d?
V=t 7 1% = Y = d9 = 0,52350878 da

Bpherical Sector
S=lrrdb+ ¢
V=3%wr2h

Spherical Segment
B8=2rrb=1 w4 b2 +c2 i
V=l wb2(3r-b)=1%,xb(3c2+ 4b3

heri Zone
S=2xrb fo =
V=lumb(3a2+3c2+4b9
Circular Ring
S=4 x2 Rr
'=2 72 R r?
Ungula of Right, Regular Cylinder
Base=Segment, ba b Base=Half Circle
S=(2rm-oxarc, bab) rPo S=2rh
V=(3 m*-oxarea, bab) % V=2r?h
Base—Segment, ca ¢ Base=Circle
S={2rn+pxarc,cac) -F%F S=r=xh
V={24n* + px area, cac) T+ D V=Wrzxh
Elli d
V=i§wrab i
Paraboloid

V=lawrth

Ratio of corresponding volumes of a Cone, Parabo-
loid, Sphere, and Cylinder of equal height: 15: 16: 34: 1

Bodies Generated by Partial or Complete Revolution

l1=length of a curve | rotating about an axis 1-1
A=area of a plane on one side and in plane of axis
r=distance of center of gravity of line or plane from
axis 1-1 and for any angle of revolution, a®,
-]
?%.%-:Iensth of arc described by center of gravity.
S=length of curve x length of arc about axis
— | Hf&;—‘:— For complete revolution S=2r vl
V=area of plane x length of arc about axis

o
=N 2 ‘;* = For complete revolution V=2rw A
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CARNEGIE STEEL COMPANY

FuxcrioNs oF

Nusmsers, 1 To 49

. 1000 No.=Dismeter
ware | Cubic : |
thm X T

No. [Square| Cube | 5323 | Rine |Logasi o —

1 1 1 | 1.0000 | 1.0000 | 0.00000 | 1000.000 3.142 0.7854

2 4 8| 1.4142 | 1.2509 | 0.30103 | 500.000 6.283 3.1410

3 9 27 | 1.7321 | 1.4422 | 0.47712 | 333.333 9.425 7.06586

4 16 64 | 2.0000 | 1.5874 | 0.60206 | 250.000 12.566 12,5664

& 25 125 | 2.2361 | 1.7100 | 0.60807 | 200.000 15.708 19.6350

6 36 216 | 2.4495 | 1.8171 | 0.77815 | 166.667 18.850 28.2743

7 49 343 | 2.6458 | 1.9129 | 0.84510 | 142.857 21.901 38,4845

8 64 512 2.8284 | 2.0000 | 0.90309 | 125.000 25.133 50.26565

] 81 729 | 3.0000 | 2.0801 | 0.95424 | 111.111 28.274 63.6173
10 100 1000 | 3.1623 | 2.1544 | 1.00000 | 100.000 31.416 78.5398
11 121 1331 | 3.3166 | 2.2240 | 1.04139 90.9091 | 34.5568 | 05.0332
12 144 1728 | 3.4641 | 2.2804 | 1.07918 83.3333 | 37.699| 113.007
13 169 2197 | 3.6056 | 2.3513 | 1.11394 76.9231 | 40.841 | 132.732
14 196 2744 | 3.7417 | 2.4101 | 1.14613 71,4286 | 43.982 | 153.938
15 225 3375 | 3.8730 | 2.4662 | 1.17609 66.6667 | 47.124| 176.715
16 | 256 4096 | 4.0000 | 2.5198 | 1.20412 62.5000 | 50.265| 201.062
17 | 289 4013 | 4.1231 | 2.5713 | 1.23045 b58.8235 | 53.407 | 226.980
18 | 324 5832 | 4.2426 | 2.6207 | 1.255627 55.5566 | 56.549 | 254.469
19 | 361 6859 | 4.3589 | 2.6684 | 1.27875 52.6316 | 59.600| 283.520
20 | 400 8000 | 4.4721 | 2.7144 | 1.30103 50.0000 | 62.832 | 314.159
21 441 9261 | 4.5826 | 2.7580 | 1.32222 47,6190 | 65.973 | 340.361
22 | 484 | 10648 | 4.6904 | 2.8020 | 1 34242 45.4545 | 69.115| 380.133
23 | 520| 12167 | 4.7958 | 2.8439 | 1.36173 43.4783 | T2.257| 415478
24 | 576 | 13524 | 4.8000 | 2.8845 | 1.38021 41.6667 | 75.398 | 452.389
25 | 625 15625 |5.0000 | 2.9240 | 1.39704 40.0000 | 78.540 | 4980.874
26 | 676 | 17576 |5.0000 | 2.9625 | 1.41497 | 38.4615| 81.681| 530.920
27 | 720| 19683 | 5.1962 | 3.0000 | 1.43136 37.0370 | 84.823| 572.555
28 784 | 21952 | 5.2915 | 3.0366 | 1.44716 35.7143 | 87.965| 615.752
20 | 841 | 24389 | 5.3852 | 3.0723 | 1.46240 34.4828 | 91.106 | 660.520
80 | 900 | 27000 |5.4772 | 3.1072 | 1.47712 33.3333 | 94.248| 7T06.858
31 961 | 20791 | 5.5678 | 3.1414 | 1.49136 32.2581 | 97.389 | 7T54.768
82 | 1024 | 32768 | 5.6569 | 3.1748 | 1.50515 31.2500 | 100.531 | B804.248
33 | 1080 | 35937 | 5.7446 | 3.2075 | 1.51851 30,3030 | 103.673 | 855.200
34 | 1156 | 39304 | 5.8310 | 3.2396 | 1.53148 20.4118 | 106.814 | 907.920
35 | 1225 | 42875 | 5.9161 | 3.2711 | 1.54407 28,5714 | 109.956 | 962.113
36 | 12006 | 46656 | 6.0000 | 3.3019 | 1.55G30 27.7778 | 113.0974 1017.88
37 | 1360 | 50653 | 6.0828 | 3.3322 | 1.56820 27.0270 | 116.239 | 1075.21
38 | 1444 | 54872 | 6.1644 | 3.3620 | 1.57978 26.3158 | 119.381 | 1134.11
30 | 1521 | 59319 | 6.2450 | 3.3012 | 1.59106 25.6410 | 122,522 | 1194.50
40 | 1600 | 64000 | 6.3246 | 3.4200 | 1.60206 25.0000 | 125.66 | 1250.04
41 | 1681 | 68021 | 6.4031 | 3.4482 | 1.61278 24.3902 | 128.81 | 1320.25
42 | 1764 | T4088 | 6.4807 | 3.4760 | 1.62325 23.8095 | 131.95 | 1385.44
43 | 1849 | 79507 | 6.5574 | 3.5034 | 1.63347 23.2558 | 135.00 | 1452.20
44 | 1936 | 85184 | 6.6332 | 3.5303 | 1.04345 22,7273 | 138.23 | 1520.563
45 | 2025 | 91125 | 6.7082 | 3.5560 | 1.65321 22,2222 | 141.37 | 1590.43
46 | 2116 | 97336 | 6.7823 | 3.5830 | 1.66276 21.73901 | 144.51 | 1661.90
47 | 2209 | 103823 | 6.8557 | 3.6088 | 1.67210 21.2766 | 147.65 | 1734.04
48 | 2304 | 110592 | 6.9282 | 3.6342 | 1.08124 20.8333 | 150.80 | 1809.56
49 | 2401 | 117649 | 7.0000 | 3.6593 | 1.69020 20,4082 | 153.94 | 1885.74
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MATHEMATICAL TABLES

Fuxcrions or Numsers 50 To 99

; 1000 No.==Diameter
uare| Cube pate | Cibla ithm x

No. |8q oot | oot |Logar Rediroeal | G o

50 | 2500 | 125000 | 7.0711 | 3.6840 | 1.60807 | 20.0000 157.08 1963.50
51 | 2601 | 132651 | 7.1414 | 3.7084 | 1.70757 | 19.6078 160.22 2042.82
52 | 2704 | 140608 | 7.2111 | 3.7325 | 1.71600 | 190.2308 163.36 2123.72
53 | 2809 | 148877 | 7.2801 | 3.7563 | 1.72428 | 18.8679 166.50 | 2206.18
54 | 2016 | 157464 | 7.3485 | 3.7798 | 1.73239 | 18.5185 169.65 2200.22
55 | 8025 | 166375 | 7.4162 | 3.8030 | 1.74036 | 18.1818 172.79 2375.83
56 | 3136 | 175616 | 7.4833 | 3.8250 | 1.74819 | 17.8571 175.93 | 2463.01
57 | 8249 | 185193 | 7.5408 | 3.8485 | 1.756587 | 17.5439 179.07 | 2551.76
58 | 3364 | 105112 | 7.6158 | 3.8700 | 1.76343 | 17.2414 182.21 2642.08
59 | 3481 | 205379 | 7.6811 | 3.8930 | 1.77085 | 16.9492 185.35 | 2733.97
60 | 3600 | 216000 | 7.7460 | 3.09149 | 1.77815 | 16.6667 | 188.50 | 2827.43
61 | 3721 | 226981 | 7.8102 | 3.9365 | 1.78533 | 16.3934 191.64 2922.47
62 | 3844 | 238328 | 7.8740 | 3.9579 | 1.70239 | 16,1290 194.78 | 3019.07
63 | 3969 | 260047 | 7.0373 | 3.9701 | 1.79034 | 15.8730 | 197.92 | 3117.25
64 | 4006 | 262144 | 8,0000 | 4.0000 | 1.80618 | 15.6250 201.06 3216.09
65 | 4225 | 274625 | 8.0623 | 4.0207 | 1.81291 | 15.3846 | 204.20 | 3318.31
66 | 4350 | 287406 | 8.1240 [ 4.0412 | 1.819564 | 15.1515 | 207.35 | 3421.19

|
3
°
:
g
=
&
-
g

B H 1.82607 | 14.9254 | 210.49 | 3525.65
4624 | 314432 | 8.2462 | 4.0817 | 1.83251 | 14.7059 | 213.63 | 3631.68
4761 | 328500 | 8.3006 | 4.1016 | 1.83885 | 14.4928 | 216.77 | 3730.28

4000 | 343000 |8.3066 | 4.1213 | 1.84510 | 14.2857 | 219.91 | 3848.45
6041 | 357911 | 8.4261 | 4.1408 | 1.85126 | 14.0845 | 223.05 | 3959.19
5184 | 373248 | 8.4853 | 4.1602 | 1.85733 | 13.8880 | 226.19 | 4071.50
5320 | 380017 | 8.56440 | 4.1703 | 1.86332 | 13.6086 | 229.34 | 4185.39
54706 | 405224 | 8.6023 | 4.1983 | 1.86923 | 13.5135 | 232.48 | 4300.84
" A 13.3333 | 235.62 | 4417.86
5776 | 438076 | 8.7178 | 4.2358 | 1.88081 | 13.1579 | 238.76 | 4536.46
5020 | 456533 | 8.7750 | 4.2543 | 1.88649 | 12.0870 | 241.90 | 4656.63
6084 | 4745562 18 | 4.2727 | 1.89200 | 12.8205 | 245.04 | 4778.36
6241 | 403030 | 8.8882 | 4.2008 | 1.89703 | 12.6582 | 248.19 | 4001.67

28

EEREE RS
2
&
&
-
*®
=1
=]
@®
[
-]
-
-3
(]
-
@x
:

6400 | 512000 | 8.0443 | 4.3089 | 1.90300 | 12.5000 | 251.33 | 5026.55 »
6561 | 531441 | D.0000 | 4.3267 | 1.00849 | 12.3457 | 254.47 | 5153.00
6724 | 551368 | 0.0554 | 4.3445 | 1.91381 | 12,195 | 257.61 | 5281.02
G850 | 571787 | 0.1104 | 4.3621 | 1.91008 | 12.0482 | 260.75 | 5410.61
7056 | 502704 | 9.1652 | 4.3705 | 1.92428 | 11.0048 | 263.89 | 5541.77
7225.| 614125 | 9.2195 | 4.3068 | 1.02042 | 11.7647 | 267.04 | 5674.50
7306 | 636056 | 9.2736 | 4.4140 | 1.93450 | 11.6279 | 270.18 | 5808.80
7569 | 658503 | 9.3274 | 4.4310 | 1.93952 | 11.4043 | 273.32 | 5044.68
7744 | 681472 | 0.3808 | 4.44580 | 1.94445 | 11.3636 | 276.46 | 6082,12
11.2360 | 279.60 | 6221.14

81001 720000 | 0.4868 | 4.4814 | 1.05424 | 11.1111 | 282.74 | 6361.73
8281 | 753571 | 0.5304 | 4.4979 | 1.95904 | 10.9890 | 285.88 | 6503.88
5404 | 778088 | 9.5017 | 4.5144 | 1.96379 | 10.8696 | 289.03 | 6647.61
8649 | 804357 | 0.0437 | 4.5307 | 1.06848 | 10.7527 | 292.17 | 6792.91
8836 | 830584 | 0.0054 | 4.5468 | 1.97313 | 10.6383 | 295.31 | 6939.78
9025 | B57375 | 9.7408 | 4.5620 | 1,07772 | 10.5263 | 208.45 | 7088.22
0216 | 884736 | 9.7080 | 4.5780 | 1.08227 | 10.4167 | 301.59 | 7238.23
0400 | 912673 | 9.8480 | 4.5047 | 1.08677 | 10.3093 | 304.73 | 7380.81
9604 | 941192 | 9.8005 | 4.6104 | 1.90123 | 10.2041 | 307.88 | 7542.06
9801 | 970209 | 9.9409 | 4.6261 | 1.09564 | 10.1010 | 311.02 | 7697.69
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CARNEQGIE STEEL COMPANY

Fuxcrions or Numsgers, 100 to 149

Cube

i~

Cubie
Root

Logarithm

No.== Diameter
Cireum. Ares

100 | 10000
101 | 10201
102 | 10404

104 | 10816
105 | 11025
106 | 11236
107 | 11449
108 | 11664
109 | 11881

110 | 12100
111 | 12321
112 | 12544
113 | 12769
114 | 12006
115 | 13225
116 | 13456
117 | 130689
118 | 13924
119 | 14161

120 | 14400
121 | 14641
122 | 14884
123 15129
124 | 15376

126 | 15876
127 | 16129

120 | 16641

- 131 | 17161
132 | 17424
133 | 17689
134 | 17956
135 | 18225
136 | 18406
137 | 18769
138 | 10044
139 | 19321

. 140 | 19600
141 | 19881
142 | 20164
143 | 20449
144 | 20736
145 | 21025
146 | 21316

148 | 21004
‘| 149 122201

1000000
1030301
1061208
1002727
1124864
1157625
1191016
1225043
1259712
1265029

1331000
1367631
1404928
1442897
1481544
1520875
15608900
1601613
1643032
1685159

1728000
1771561
1815848
1860867
1006624
19563125
2000376
2048383
2007152
21406689

2197000

2085084
3048625
3112130
31765623
3241792
33079490

10.0000
10.0499
10.0995
10,1489
10,1980
10.2470
10.2056
10.3441
10.3923
10,4403

10.4881
10.5357
10.5830
10,6301
10.6771
10,7238
10.7703
10,8167
10,8628
10,9087

10,9545
11,0000
11.0454
11009056
11,1355
11.1803
11,2250
11.2694
11.3187
11,3578

11.4018
11.4455
11.4891
11.5326
11.5758
11.6190
11.6619
11.7047
11.7473
11.7808

11.8322
11.8743
11,0104
11.9583
12.0000
12,0416
12.0830
12,1244
12,1665
12,2006

4.6416
4.6570
4.6723
4.6875
4.7027
4.7177
4.7326
4.7475
4.7622
4.7769

4.7914
4.8059
4.8203
4.8346
4.8488
4.8629
4.8770
4.8010
4.9040
4.0187

4.0324
4.0461
4.9507
4.0732
4.9866
5.0000
5.0133
5.0265
5.0307
5.0528

5.0658
5.0788
5.0916
5.1045
5.1172
5.1299
5.1426
5.1551
5.1676
5.1801

5.1925
5.2048
5.2171
5.2203
5.2415
5.2536
5.2656
5.2776
5.2806
5.3015

2.07918
2.08279
2.08G36
2.08001
2.09342
2.00691
2,10087
2.103580
2,10721
2.11059

2.11394
2,11727
2.12057

2.14613
2.14922
2.15229
2.15534
2.15836
2.16137
2.16435
2.16732
2.17026
2.17319

6.71141

314.16 | 7853.98
317.30 | BO11.85
320.44 |, 8171.28
323.58 | 8332.29
326.73 | 8494.87
329.87 | 8659.01
333.01 | 8824.73
336.15| 8992.02
339.29| 0160.88
342,43 | 9331.32

345.58 | 0503.32
348.72| 0676.89
351.86| 0852.03
355.00 | 10028.7
358.14 | 10207.0
361.28 | 10386.9
364.42 | 10568.3
367.57 | 10751.3
370.71 | 10035.9
373.85 | 111220

376.99 | 11309.7
380.13 | 11499.0
383.27 | 11680.9
386.42 | 11882.3
380.56 | 12076.3
392.70 | 12271.8
395.84 | 12469.0
308.98 | 12667.7
402,12 | 12868.0
405.27 | 13069.8

408.41 | 13273.2
411.55 | 13478.2
414.069 | 13684.8
417.83 | 13892.9
420.97 | 14102.6
424.12 | 14313.9
427.26 | 14526.7
430.40 | 14741.1
433.54 | 14957.1
436.68 | 15174.7

439.82 | 15393.8
442.96 | 15614.5
446.11 | 15836.8
449.25 | 16060.6
452.39 | 16286.0
455.53 | 16513.0
458.67 | 1674156
461.81 | 16971.7
464.96 | 17203.4
468.10 | 17436.6
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MATHEMATICAL TABLES

Funcrions or Numsers, 150 To 199

Cube

oot

1000
x|
| Reciprocal |

No.=Diameter

Cireum.

Ares

22801
23104
23409
23716
24649

24964
25281

25921
26244
20896
27225
27556

27889
28224

20684
30276

35721

36100
364581

37240
37636

48416

38809
29204
39601

3375000
3442051
3511808
3581577
3652204
3723875
47064106
3860893
3044312
4019679

4006000
4173281
4251528

4741632
4826800

4913000
6000211

5088448
S17TTIT
5208024
5360375
5451776
5545233
56397562
5735339

5832000
5020741
6028568
6128487

6859000
6967871
7077888
7189057
7301384
7414875
75620536
70645373
77062392
7880599

12.2474
12.2882
12,3288
12.3003
12.4007
12.4409
12.4900
12,5300
12.5698
12,6095

12,6401
12.6886
12,7279
12,7671
12,5062
12,8452
12,8841
12,0228
12,9615
13.0000

13,0384
13.0767
13.1149
13.1529
13,1909
13.2288
13.26065
13.3041
18.3417
13.3791

13.4164
13.4536
13,4907
13.5277
13.5647
13.6015
13.6382
13.6748
13.7113
13.7477

13.7840
13.8203
13.8564
13.8024
13,0254

14.1067

2.17609
2.17898
2.18184
2.18469
2.18752
2.19033
2.19312
2.19590
2.19566
2.20140

2.20412
2.20683
2.20952
2.21219
2.21484
2.21748
2.22011
2.22272
2.22531
2.22789

2.23045
2.23300
2.235563
2.238056
2.240565
2.24304
2.24551
2.24797
2.25042
2.25285

2.25527
2.25768
2.26007

230182

2.26717
2.26951
2.27184
2.27416
2.27646

2.27875
2.28103
2.28330

6.66667
6.62252
6.57895
6.53595
6.49351
6.45161
6.41026
6.36043
6.32011
6.28931

6.25000
6.21118
6.172584
6.13497
6.09756
6.06061
6.02410
5.98802
5.95238
5.01716

5.88235
5.84795
5.81395
5.78035
5.74713
5.71429
5.68182
5.64972
5.61798
5.58659

5.55556
5.52486
5.49451
5.46448
543478
5.40541
5.37634
5.34759
5.31915
5.29101

5.26316
5.23560
5.20833
5.18135
5.15464
5.12821
5.10204
5.07614
5.05051
5.02513

471.24

17671.5
17907.9
18145.8
18385.4
18626.5
18860.2
19113 4
19359.3
19606.7
19855.7

20106.2
20358.3
20612.0
20867.2
21124.1
21382.5
21642.4
21004.0
22167.1
22431.8

22(98.0
22965.8
23235.2
23506.2
23778.7
24052.8
24328.5
24605.7
248846
25164.9

25446.9
25730.4
26015.5
26302.2
26590.4
26880.3
27171.6
27464.6
27759.1
28055.2

28352.9
28652.1
28052.9
20255.3
20559.2
20864.8
30171.9
30480.5
30790.7
31102.6




CARNEGIE STEEL COMPANY

Fuxcrions oF Numsers, 200 To 249

219
220

223

Cube

Square
HRoot

Cubie
Root

Logarithm

No.==Diameter

Circum. | Area

52441

56169
57121
57600
58564

50049
59536

60516
61009
61504
62001

8000000
8120601
8242408
83065427
BASMG4
8615125
8741816
B869743
8908012
0129329

9261000
9393931
9528128
0663507
9800344
0038375
10077606
10218313
10360232
105603459

10648000
10793861
10041048
11080567
11239424
11390625
11643176
11697083
11852352
12008989

12167000
12326301
12487168
12649337

133120563
13481272
13651919

13824000
13097521
14172488
14348907
14526784
14706125
14886936
15009223
15252992
15438249

14.1421
14.1774
14.2127
14.2478
14.2829
14.3178
14.3527
14,3875
14.4222
14.4568

14.4914
14.5258
14.5002
14.5045
14,6287
14.6629
146060
14,7300
14,7048
14.7086

14.8324
14.8661
14.8007
14,9332
14,9666
15.0000
15.0333
15.0665
15.0007
15.1327

15.1658
15.1987
15.2315
15.2643
15.2971
15.3207
15,3623
15.3948
15.4272
15.4506

15.4019
15.5242
15,5563
15.5885
15,6205
15,6525
15.6844
15.7162
15.7480
15,7797

2.30103
2.30320
2.30535
2.30750
2.30063
2.31175
2.31387
2.31597
2.31806
2.32015

2.32222
2.32428
2.32634
2.32838
2.33041
2.33244
2.33445
2.33646
2.33846
2.34044

2.34242
2.34439
2.34635
2.34830
2.35025
2.35218
2.35411
2.35603
2.35703
2.35084

2.36173
2.36361
2.36549
2.36736
2.36922
2.37107
2.37291
2.37475
2.37658
2.37840

2.38021
2.38202
2.38382
2.38561
2.38739
2.38017
2.39004
2.39270
2.39445
2.39620

628.32 | 31415.9
631.46 | 31730.9
634.60 | 32047.4
637.74 | 32365.5
640.88 | 32685.1
644.03 | 33000.4
647.17 | 33320.2
650.31 | 33653.5
653.45 | 33979.5
656.59 | 34307.0

659.73 | 34636.1
662.88 | 34066.7
666.02 | 35208.9
669.16 | 35632.7
672.30 | 35968.1
675.44 | 36305.0
678.58 | 36043.5
681.73 | 36083.6
0684.87 | 37325.3
688.01 | 37668.5

691.15 | 38013.3
694.29 | 38359.0
697.43 | 38707.6
700.58 | 39057.1
703.72 | 30408.1
706.86 | 39760.8
710.00 | 40115.0
713.14 | 40470.8
716.28 | 40828.1
710.42 | 41187.1

722.57 | 41547.6
725.71 | 41900.6

763.41 | 46377.0
766.55 | 46750.5
760.09 | 47143.5
772.83 | 47520.2
T75.07 | 47016.4
779.12 | 48305.1
782.26 | 48695.5




MATHEMATICAL TABLES

Foncrions or Noumsers, 250 To 299

000 | No.=Diameter
usre | Cubie ; y |

. Cube thm X

No. | Square oot | Root |Losari R il'a =5

250 | 62500 | 15625000 | 15.8114 | 6.2006 | 2.30794 | 4.00000 | 785.40 | 40087.4
251 | 63001 | 15813251 | 15.8430 | 6.3080 | 2.30067 | 3.08406 | 788.54 | 40480.9
252 | 63504 | 16003008 | 15.8745 | 6.3164 | 2.40140 | 3.96825 | 791.68 | 40875.0
253 | 64000 | 16194277 | 15.0060 | 6.3247 | 2.40312 | 3.95257 | 794.82 | 50272.6
254 | 64516 | 163870064 | 15,9374 | 6.3330 | 2.40483 | 3.93701 | 797.96 | 50670.7
255 | 65025 | 16581375 | 15.0687 | 6.3413 | 2.40654 | 3.92157 | 801.11 | 51070.5
256 | 65536 | 16777216 | 16,0000 | 6.3496 | 2.40824 | 3.90625 | 804.25 | 51471.9
257 | 60049 | 16074503 | 16.0312 | 6.3570 | 2.40903 | 3.80105 | 807.39 | 51874.8
258 | 66564 | 17173512 | 16.0024 | 6.3661 | 2.41162 | 3.87507 | 810.53 | 52270.2
250 | 6T081 | 17373979 | 16.0035 | 6.3743 | 2.41330 | 3.86100 | 813.67 | 52685.3

260 | 67600 | 17576000 | 16.1245 | 6.3825 | 2.41407 | 3.84615 | 816.81 | 53002.9
261 | 68121 (17779581 | 16,1555 | 6.3907 | 2.41664 | 3.83142 | 819.96 | 53502.1
262 | 68644 | 17084728 | 16,1864 | 6.3088 | 2.41830 | 3.81679 | 823.10 | 53912.9
263 | 69169 | 15101447 | 16,2173 | 6.4070 | 2.41906 | 3.80228 | 826.24 | 54325.2
264 | 60690 | 18390744 | 16,2481 | 6.4151 | 2.42160 | 3.78788 | 829.38 | 54730.1
265 | 70225 | 18609625 | 16,2788 | 6.4232 | 2.42325 | 3.77358 | 832.52 | 55154.6
266 | 70750 | 188210006 | 16.3005 | 6.4312 | 2.42488 | 3.75040 | 835.66 | 55571.6
267 | 71289 | 10034163 | 16,3401 | 6.4303 | 2.42651 | 3.74532 | 838.81 | 55000.2
208 | 71824 | 19248832 | 16.3707 | 6.4473 | 2.42813 | 3.73134 | 841.95 | 56410.4
260 | 72361 | 194656100 | 16,4012 | 6,45563 | 2.42075 | 3.71747 | 845.00 | 56832.2

270 | 72000 | 19683000 | 16,4317 | 6.4033 | 2.43136 | 3.70370 | 848.23 | 57255.5
271 | 73441 | 19902511 | 16.4621 | 6.4713 | 2.43297 | 3.60004 | 851.37 | 57680.4 .
272 | 73984 | 20123648 | 16.4024 | 6.4792 | 2.43457 | 3.67647 | 854.51 | 58106.9 g

273 | 74520 | 20346417 | 16.5227 | 6.4872 | 2.43616 | 3.66300 | 857.65 | 58534.9
274 | 75076 | 20570824 | 16.5520 | 6.4051 | 2.43775 | 3.64964 | 860.80 | 58064.6
275 | 75625 | 20706875 | 16.5831 | 6.5030 | 2.43033 | 3.63636 | 863.94 | 59395.7
276 | T6170 | 21024576 | 16.6132 | 6.5108 | 2.44001 | 3.62319 | 867.08 | 59828.5
277 | 76729 | 21253033 | 16.6433 | 6.5157 | 2.44248 | 3.61011 | 870.22 | 60262.8
278 | 77284 | 21484052 | 16.6733 | 6.5265 | 2.44404 | 3.59712 | 873.36 | 60698.7
279 | 77841 | 21717639 | 16.7033 | 6.5343 | 2.44560 | 3.58423 | 876.50 | 61136.2

280 | 78400 | 21952000 | 16.7332 | 6.5421 | 2.44716 | 3.57143 | 879.65 | 61575.2
281 | 78061 | 22188041 | 16.7631 | 6.5490 | 2.44871 | 3.55872 | 882.79 | 62015.8
282 | 79524 | 22425708 | 16.7020 | 6.5577 | 2.45025 | 3.54610 | 885.93 | 62458.0
283 | 80089 | 22065187 | 16,8226 | 6.5054 | 2.45179 | 3.53357 | 889.07 | 62901.8
284 | 80656 | 22006304 | 16.8523 | 6.5731 | 2.45332 | 3.52113 | 892.21 | 63347.1
285 | 81225 | 23140125 | 16.8519 | 6.5808 | 2.45484 | 3.50877 | §05.35 | 63794.0
286 | 81796 | 23393656 | 16.9115 | 6.5885 | 2.45637 | 3.49650 | 898.50 | 64242.4
287 | 82369 | 23639903 | 16.9411 | 6.5062 | 2.45788 | 3.48432 | 901.64 | 64602.5
288 | 82044 | 23887872 | 16.9706 | 6.6039 | 2.45939 | 3.47222 | 004.78 | 65144.1
280 | 83521 | 241375060 | 17.0000 | 6.6115 | 2.46000 | 3.46021 | 907.92 | 65597.2

200 | 84100 | 24380000 | 17,0204 | 6.6191 | 2.46240 | 3.44828 | 011.06 | 66052.0
201 | 84681 | 24642171 | 17.0687 | 0.6267 | 2.46389 | 3.43643 | 914.20 | 66508.3
292 | 85264 | 24807088 | 17.0880 | 6.6343 | 2.46538 | 3.42466 | 917.35 | 66966.2
203 | 85840 (25153757 | 17.1172 | 6.6419 | 2.46687 | 3.41297 | 920.49 | 67425.6
204 | 86436 | 25412184 | 17.1464 | 6.6404 | 2.46835 | 3.40136 | 923.63 | 67886.7
295 | 87025 | 25672375 | 17.1756 | 6.6560 | 2.46982 | 3.38083 | 026.77 | 68340.3
206 | 87616 | 25034330 | 17.2047 | 6.6644 | 2.47120 | 3.37838 | 929.91 | 68813.4
207 | 88209 | 26198073 | 17,2387 | 6.6719 | 2.47276 | 3.36700 | 933.05 | 69279.2
208 | 88804 | 20463502 | 17.2627 | 6.6794 | 2,47422 | 3.35570 | 936.19 | 69746.5
200 | 89401 | 267308090 | 17,2016 | 6.6869 | 2.47567 | 3.34448 | 939.34 | 70215.4
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MATHEMATICAL TABLES

Foxcrions or Numsers, 350 To 399

Square

Cube

“ﬁf‘.:?

Logarithm

No. =Diameter

Circum.

Arca

122500
123201
123904
124609
125316
126025
126736
127449
128164
128881

120600
130321
131044
131769
132406
133225
133056
134689
135424
136161

136900
137641
138384
139129
130876
140625
141376
142129
142884
143641

144400
145161
145924
1466589
147456
148225

42875000
432435651
43614208
43086077
44301804
44738875
45118016
45499203
45882712
462082790

46656000
47045881
47437028
47832147
48228544
48627125
40027806
40430863
40836032
50243400

50653000
51064811
51478848
518056117
52313024
H2T734375
53157376
53582033
54010152
54430939

54872000
55300341
55742008
56181887
56623104
57006625
57512456
57060603
58411072
58863869

59319000
BOTTBATL

61162954
61620875
62000136
62570773
03044702
63521199

18.7083
18,7350
18.7617
18.7883
18.81490
18.8414
18.8680
18,8044
18.9200
18,9473

18.9737
19.0000
10.0263
19.0526
19.0788
19,1060
19,1311
19.1572
19,1833
19.2004

19.2354
19.2614
19.2873
19.3132
19.3301
19.3640
10.3907
19.4165
19.4422
19.4679

19.4936
19.5192
19.5448
19.5704
19.5969
19.6214
19.6469
19.6723
10.6977
19.7231

10,7484
197737
19.7900
10.8242
19.8404
19,8746
19.8007
19.9249
19.0400
19,9760

2.54407
2.54531
2.54654
2.54777
2.54900
2.55023
2.55145
2.55267
2.55388
2.55509

2.55630
2.56751
2.55871
2.55991
2.66110
2.66229
266348

2.56585
2.66703

2.66820
2.56037
2.5670564
2.67171
2.57287
2.67403
2.57519
2.57634
2.57749
2.57864

2.57978
2.58003
2.58206
2.58320
2.58433
2.58546
2.58659
2.58771
2.58883
2.58995

2.59106
2.59218
2.59329
2.59439
2.59550
2.50660
2.60770
2.59879
2.59988

2.60007

2.56467 | :

1099.6 |
1102.7
1105.8
1109.0
1112.1
11153
11184
1121.5
1124.7
1127.8

11310
1134.1
1137.3
1140.4
1143.5
1146.7
1149.8
1153.0
1156.1
1159.2

1162.4
1165.5
1168.7
1171.8
1175.0
1178.1
1181.2
1184.4
1187.5
1190.7

1193.8
1196.9
1200.1
1203.2
1206.4
1209.5
1212.7
12158
1218.9
1222.1

12252
1228.4
1231.5
1234.6
1237.8
1240.9
1244.1
1247.2
1250.4
1253.5

96211.3
96761.8
97314.0
97867.7
98423.0
98979.8
90538.2

100098

100660

101223

101788
102354
102922
103491
104062
104635
105209
105785
106362
106941

107521
108103
108687
109272

110447
111036
111628
112221
112815

113411
114009
114608
115209
115812
116416
117021
117628
118237
118847

119459
120072
120687
121304
121922
122542
123163
123786
124410
125036




CARNEGIE STEEL COMPANY

Fuxcorions oF Numsers 400 To 449

Ithe

o

Logasithm

1000
| Reciprocal

| No==Diameter
|0’m:um." Area

| 64000000
64481201
640045808

65450827
65030204
66430125
60023416
67410143
67017312
0654179290

68021000
69426531
60034528
TO444007
70057044
TI4T73375
71991206
72511713
73034632
73560059

74088000
74618461
751561448
THORO6O6T
76225024
76765025
77308776
77854483
78402752
78053580

70507000
B006G2901
50621508
81182737
81746504
82312875
82881856
83453453
84027672
54004519

85184000
B5766121
B6350888
86038307
87528384
88121125
88716536
80314023
BO016302

00518849

20.0000
20,0250
20.0499
20.0749
20.0908
20,1246
20.1404
20.1742
20,1990
20.2237

20.2485
20,2731
20.2978
20.3224
20,3470
20.3715
20,3061
20.4206
20,4450
20,4605

20.4939
20,5183
20.5426
20.5670
20.5013
20.6155
20.6308
20.6640
20.6882
20.7123

20.7364
20.7605
20.7846
20,8087
20.8327
20.8567
20,8806
20.0045
20.92584
20.9523

20,9762
21.0000
21,0238
21.0476
21.0713
21.0050
21.1187
21.1424
21,1660

21,1800

2.602006
2.60314
2.60423
2.60531
2.00638
2.60746
2.60853
2.60959
2.61066
2.61172

2.61278
2.61384
2.61490
2.61595
2.61700

2.50000
2.49377
248756
2.48139
2.47525
2.46014
2.46305
2.45700
2.45008
2.44499

2.43902
2.43309
2.42718
2.42131
2.41546

1256.6
1259.8
1262.9
1266.1
1269.2
1272.3
1275.5
1278.6
1281.8
1284.9

1288.1

125064
126203
126923
127556
125190
128825
120462
130100
130741
131382

132025
132670
133317
133965




MATHEMATICAL TABLES

Fuxcrions or Numsens, 450 To 499

Square

Cube

b~

Cubio
Root

Logarithm

1000 |
N
Reciprocal |

No.=Diameter

Cireum,

Area

202500
203401
204304
2056209
206116
207025
207936
208840
200764
210681

211600
212521
213444
214369
215200
216225
217156
218089
219024
210061

220000
221841
222784
223729
224676
225625
226576
227529
2258484
220441

230400
231361
232324
233280
2342566
236225
236100
237109
235144
239121

240100
241081
242064
243049
244030
245025
246016
247009
248004
240001

91125000
01733851
02345408
02960677
03576664
04196375
04818816
05443903
906071912
06702579

97336000
97972181
058611128
00252847
99807344
100544625
101194696
101847563
102503232
103161709

103823000
104487111
105154048
106823817
106496424
107171875
107850176
108531333
109215352
109902239

110592000
111284641
111980168
112678587
113379904
114084125
114791256
115501303
116214272
116930169

117649000
118370771
119095488
119823157
120553784
121287375
122023936
122763473
123505992
124251499

21.2132
21.2368
21.2603
21.2838
21.3073
21.3307
21.3542
21.3776
21.4000
21.4243

21,4476
21.4709
21.4942
21.5174
21.5407
21.5639
21.5870
21.6102
21.6333
21.6564

21.6705
21.7025
21.7256
21.7456
21.77156
21.7945
21.8174
21.8403
21.8632
21.8861

21.9089
21.9317
21.9545
21.9773
22.0000
22,0227
22.0454
22,0681
22,0907
22,1133

22,1359
22.1585
22,1811
22.2036
22.2261
22.2486
22,2711
22.2935
22,3159
22,3383

7.66831
7.6688
7.6744
7.6801
7.88567
7.6914
7.6870
7.7026
7.7082
7.7138

7.7104
7.72560
7.7306
7.7362
7.7418
7.7473
7.7529
7.7584
7.7639
7.7095

7.7750
7.7805
7.7860

L7915
7.7970
7.8025

2.65321
2.65418
2.05514
2.056010
2.656706
2.65801
2.655806
2.65002
2.06087
2.66181

2.66276
2.66370
2.064064
2.066558
2.66652
2.66745
2.66839
2.66032
2.67025
2,67117

2.67210
2.67302
2.07394
2.67486
2.67578
2.67669
2.67761
2.67852
2.67943
2.068034

2.68124
2.68215
2.68305
2.68305
2,08485
2,08574
2.08064
2.68753
2.08842
2.68931

2.69020
2.00108
2.69107
2.69285
2.69373
2.60461
2.60648
2.00636
2.60723
2.00810

2.22222
2.21729
2.21239
2.20751
2,20264
2.19780
2.19298
2.18818
2.18341
2.17865

217391
2.16920
2.16450
2.15983
2.15517
2.15054
2.145902
2.14133
2.13675
2.13220

2.12766
2.12314
2.11864
2.11416
2.10970
2.10526
2.10084
2.09644
2.09205
2.08768

2.08333
2.07900
2.07469
2.07039
2.06612
2.06186
2.05761
2.05339
2.04918
2.04499

2.04082
2.03666
2.03252
2.02840
2.02429
2,02020
2.01613
2,01207
2.00803
2.00401

1413.7
1416.9
1420.0
1423.1
1426.3
1429.4
1432.6
1435.7
1438.8
1442.0

1445.1
1448.3
1451.4
1454.6
1457.7
1460.8
1464.0
1467.1
1470.3
1473.4

1476.5
1479.7
1482.8
1486.0
1489.1
1492.3
1495.4
1498.5
1501.7
1504.8

1508.0
1511.1
1514.2
15174
1520.5
1523.7
1526.8
1530.0
1533.1
1536.2

1539.4
1542.5
1545.7
1548.8
1551.9
1555.1
1558.2
1561.4
1564.5
1567.7

150043
159751
160460
161171
161883
182507
163313
164030
164748
165468

166190
166014
167639
168365
169003
1690823
170554
171287
172021
172757

173404
174234
174074
176716
176460
177206 .
177952
178701
179461
180203

180056
181711
182467
183225
183984
184745
185508
186272
187038
187805

188574
180345
190117
190890
191665
192442
193221
194000
104782
195565
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CARNEGIE STEEL COMPANY

Fuxerions orF Numsers 500 To 549

507

510
511
512
513
514
515

Cube

Cubic
Root

Logarithm

1000

Reciprocsl| Clronss,

| No.=Dismeter

Area

250000
251001
252004

253000
254016

256030
257049

250081

260100
2061121
262144
203169
264106
265225
206250
2067289
208324
2003061

270400
271441
272484
273520
274576
275625
276676
277729
278784
270841

2851061
283024
284089
2851566

536 | 287206

288369
280444
290521

2901600
292681
203764
2048490
205936
207025
208116
290200

301401

125000000
125751501
126506008
1272635627
128024064
128787625
120554216
130323843
131096512
131872229

132651000
133432831
134217728
135005607
1356706744
136500875
137388006
138188413
138001832
1307083569

140608000
1414207061
142230048
1430556007
143877824
144703125
145531570
146303183
147197052
1480358809

148877000
149721201
150568768
151410437
152273304
1531303756
153990656
154854153
155720872
156590819

157464000
158340421
150220088
160103007
160989184
161878625
162771336
1630667323
164506502
165400149

22,6716
22,6986
22.7156
22,7370
22,7506
22,7810

22.8035
22.8254
22,8473
22,8092
22,8010
22,9129
22,9347
22.9565
22,0783
23.0000

23.0217
23.0434
23.0651
23.0808
23,1084
23.1301
23.1517
23.1733
23.1948
23.2164

23.2379
23,2594
23.2809
23.3024
23.3238
23.3452
23.36006
28.3880
23,4094
23.4307

7.9370
7.9423
7.0476
7.9528
7.9581
7.0634

7.0739
7.9791
7.9843

7.0806
7.9948

8.0052
B.0104
8.0156
8.0208
B.0260
8.0311
8.0363

8.0415
8.0466
B8.0517
8.05669
8.0620
B.0671
8.0723
B.0774
8.0825
8.0876

8.0927
8.0978
8.1028
8.1079
8.1130
8.1180
8.1231
8.1281
8.1332
8.1382

8.1433
B.1483
8.1533
8.1583
8.1633

81733
B.1783
8.1833
B.1882

2.69897
2.09084
2.70070
2.70157
2.70243
2.70329
2.70415
2.70501
2.70586
2.70672

2.70757
2.70842
2.70027
2,71012
2.71096
2.71181
2.71265
2.71349
2.71433
2.71617

2.71600
2.71684
2.71767
2.71850
2.71933
2.72016
2.72000
2.72181
2.72263
2.72346

2.72428
2.72509
2.72501
2.72673
2.72754
2.72835
2.72016
2.72007
2.73078
2.73159

2.73239
2.73320
2.73400
2.73480
2.73560
2.730640
2.73719
2.73799
2.73878
2.73957

2.00000
1.99601
1.99203
1.98807
1.98413
1.98020
1.97628
1.97239
1.96850
1.96464

1.8?‘970
1.87617
1.87266
1.86916

1.82149

1570.8
1573.9
1577.1
1580.2
1583.4
1586.5
1589.6
1592.8
1595.9
1599.1

1602.2
1605.4
1608.5
1611.6
1614.8
1617.9
1621.1
1624.2
1627.3
1630.5

1633.6
1636.8
1639.9
1643.1
1646.2
1649.3
1652.5
1655.6

1661.9

1665.0
1668.2
1671.3
1674.5
1677.6
1680.8
1683.9
1687.0
1690.2
1693.3

1696.5
1699.6
1702.7
1705.9
1709.0
1712.2
17156.3
1718.5
1721.6
1724.7

196350
197136
197923
108713
199504
200206
201090
201886
202683
203482

204282
205084
2056887
206692
207499
208307
200117
200928
210741
2115566

212372
213189
214008
214829
215651
216475
217301
218128
218956
219787

220018
221452
222287
223123
223961
224801
225642

as4




MATHEMATICAL TABLES

Fuxcrions or Numsers, 550 o 599

Square

302500
303601
04704
305809

306916
308025
300136
310249
311364
312481

313600
314721
315844
316969
318006
310225
320356
3214809
322624
323701

Cube

oot

Cubio
Root

Logarithm

1000
x

No=Diameter

Cirmm.[c\ma

166375000
1672841561
165106608
160112377
170031464
170953875
171879616
172808603
173741112
174676879

175616000
176558481
177504328
178453547
170406144
180362125
181321400
182284263
183250432
184220000

185193000
186160411
157149248
188132517
180119224
190100375
101102976
192100033
193100552
104104539

105112000
106122041
107137368
198155287
190176704
200201625
201230056
202262003
203207472
204336400

205370000
206425071
207474088
208527857
200584584
210644875
211708736
212776173
213847102
214021799

23.4521
23.4734
23.4947
23.5160
23.5372
23,5584
23.5797
23.6008
23,6220
23.6432

23.6643
23.0854
23.7005
23.7276
23.7487
23.7607
23,7008
23.8118
23,8328
23.8537

23.8747
23,8066
23.01056
23.0374
23,9583
23,9792
24.0000
24.0208
24.0410
24.0624

24.0832
24.1000
24.1247
24.1454
24.1661
24,1868
24.2074
24.2281
24.2487
24.2003

24.2809
24,3105
24,3311
24.3516
24,3721
24.3926
24.4131
24,4336
24,4540
244745

B.1932
8.1082
8.2031
8.2081
8.2130
8.2180
8.22290
8.2278
5.2327
8.2377

8.2426
8.2475
8.2524
8.2573
8.2621
8.2670
B.2719
B.2708
8.2816
8.2805

8.2913
8.2002
8.3010
8.3059
8.310?
8.3155

8. 3203
8.3251
8.3300
B.3348

8.3306
8.3443
£.3401
8.3530
8.3587
8.3634
8.3082
8.3730
8.3777
8.3825

8.9872
5.3019
8.3067
5.4014
54061
8.4108
B.4155
8.4202
8.42490
5.4200

2.74036
2.74115
2.74104
2.74273
2.74351
2.74420
2.74507
2.74586
2.74663
2.74741

2.74819
2.74896
2.74974
2.75051
2.75128
2.75205
2.75282
2.75358
2.75435
2.756511

2.75587
2.75604
2.75740
2.756815
2.75801
2.75907
2.76042
2.76118
2.76103
2.76268

2.76343
2.76418
2.76402
2.76507
2.76641
2.76716
2.76790
2.70804
2.76048
277012

2.77085
2,771590
2.77232
2.77305
2.77379
2.77452
2.77525
2.797507
2.77670
277743

Reeiprocal

1.81818
1.81488
1.81159
1.80832
1.80505
1.80180
1.79856
1.79533
1.79211
1.78801

1.78571
1.78253
1.77936
1.77620
1.77305
1.76991
1.76678
1.76367
1.76056
1.75747

1.75439
1.75131
1.74825
1.74520
1.74216
1.73913
1.73611
1.73310
1.73010
1.72712

1.72414
1.72117
1.71821
1.71527
1.71233
1L.70940
1.70648
1.70358
1.70068
1.69779

1.60492
1.60205
1.68919
1.68634
1.68350
1.68067
L.67785
1.67504
1.67224
1.66945

1727.9
1731.0
1734.2
1737.3
1740.4
1743.6
1746.7
1749.9
1753.0
1756.2

W59.3
1762.4
1765.6
1768.7
1771.9
1775.0
1778.1
1781.3
1784.4
1787.6

1790.7
1793.8
1797.0
1800.1
1803.3
1806.4
1809.6
1812.7
1815.8
1819.0

18221
1825.3
1828.4
1831.6
1834.7
1837.8
1841.0
1844.1
1847.3
1850.4

1853.5
1856.7
1859.8

1866.1
1869.2
1872.4
1875.5
1878.7
1881.8

237583
238448
230314
240182
241051
241922
242795
243669
244545
245422

246301
247181
248063
2485047
240832

250719

251607
252497
253388
254281

2556176
256072
256970
257869
258770
250672
260576
261482
262389
263208

264208
265120
206033
260048
2067865
268783
269703
270624
271547
272471

273397
274325
275254
276184
277117
278051
2789086
279923
280862
281802




CARNEQGIE

STEEL

COMPANY

Fuxcrions or

Numsers 600 To 649

[
oml

619
620

333333

No. I Square

Cube t

c«ml

F Logarithm

1000

| No—=Diameter

N T, o s
iwucnll Circum. | Area

301 201
362404
| 363600
304816
3606025
367236
305440
360654
370851

372100
373321
374544
375769
3706906
378225
379456
380650
481924
383161

384400
385041
386884
388129
480376
400625

400600
410851
412104
413449
414736
416025
417310
4186090
410004
421201

272007792

216000000
217081801
218167208
2102566227
220348864
221445125
222545016
2230648543
224755712
225866529 |

24.6577
24,6779

226081000
228000131
220220028
230346307
231475544
232008375
233744800
234885113
236020032
237176659

24.0082
24.7184
24,7380
24,7588
24.7700
24.7002
24,8103
24,8305
24,8506
24.8707

24,8008
2409199
24.9399

238328000
230483061
2400641848
241804367
242070024
244140625
245314376
2406401883
2476731562
248858180

250047000
251239591
252435008
2530636137
254840104
256047875
257250456
258474853
25000072
2600171190

262144000
263374721
264600288
260847707
2067080084
2683306125
260586136
270840023

273350449

1.66667
1.66389
1.66113
1656837
1.65563
1.65289
1.65017
1.64745
1.64474
1.64204

2.77815
277887
2.770960
2.78032
2.78104
2.78176
2.78247
2.78319
2.78390
2.78462

2.78533
2.78604
2.78675
2.78746
2.98817
2.78888
2.789568
2.79029
2.79099
2.79169

2.79239
2.70300
2.79379
2.79449
2.795

2.795%
2.70657
2.79727
2.79796
2.79865

2.79934
2.80003
2.80072
2.80140
2.80209
2.80277
2.80346
2.80414
2.80482
2.805560

1.63666
1.633990
1.63132
1.62866
1.62602
1.62338
1.62075
1.61812
1.615651

1.61290
1.61031
1.60772
1.60514
1.60256
1.60000
1.59744
1.59490
1.59236
1.58983

1.58730
1.58479
1.58228
1.57978
1.57729
1.57450
1.57233
1.56986
1.56740
1.56495

2.80618 | 1.56250
2.80056 | 1.56006
2.80754 | 1.55763
2.80821 | 1.55521
2.80889 | 1.55280
2.80050 | 1.55039
2.81023 | 1.54799
2.81000 | 1.54560
2.81158 | 1.54321
2,81224 | 1.54083

1.63934 |

1885.0 282743
1888.1 | 283687
1891.2 | 284631
1894.4 | 285578
1807.5 | 286526
1900.7 | 287475
1003.8 | 288426
1906.9 | 289379
1910.1 | 200333
1913.2 | 201280

202247
203206
204166
205128
206002
2070567
2908024
208092
299962
300034

1916.4
1919.5
1922.7
1925.8
1928.9
1932.1
1935.2
1038.4
1941.5
1944.6

1047.8
1950.9
1954.1
1957.2
1960.4
1963.5
1966.6
1969.8
1972.9
1976.1

301907
302882
303858
304836
305815
306796
307779
308763
309748
310736

1979.2
1982.3
1985.5
1988.6
1991.8
1994.9
1098.1

311725
312715
313707
314700
3156006
316602
317690
318600
310602
320695

321699
322705
323713

325733
326745
327759
4287756

330810
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MATHEMATICAL TABLE

Fuoxerions oF Nuamsers, 650 To 699

Square

Cube

|
Square
Root

Cubie
Root

Logarithm

422500
423501
425104
420400
427716
420025
4303306
431649
432004
434281

435600
436921
438244
439500
440804
442225
4435560
444880
446224
447561

448000
450241
451584
452029

474721

476100
477481
4788064
480249
481630
483025
484416
485800
487204
488001

274625000
275804451
277107808
27815077
270726264
281011375
282300416
283503303
284800312
2806191179

287406000
288804781
200117528
201434247
202754944
204079625
2006408206
206740063
208077632
200418300

300763000
402111711
3034064448
ams21217
306152024
307540875
308015776
310288733
3116657562
313046839

314432000
3156821241
3172145068
318611987
320013504
3214190125
322828850
324242703
425660672
327082769

328500000
320039371
331373888
332812557
334255384
335702375
437153536
338608873
340068302
341532000

25.4051
25.5147
25,5343
25.5530

8.0624
B.6668
B8.6713
8.0757
8.6801
8.6845
8.6800
8.6934
5.6878
8.7022

8.7066
8.7110
8.7154
8.7108
8.7241
8.7285
8.7320
8.7373
8.7410
8.7400

8.7503

2.851201
2.51358
2.81425
2.81491
281558
2.81624
2.81690
2.81757
2.81823
2.51889

2.81954
2.52020
2.82086
2.82151
2.82217
2,82282
2,82347
2.82413
2.82478
2.82543

2.82607
2.82672
2.82737

1.51976
1.51745

1.51515
1.51286
1.51057
1.50830
1.50602
1.50376
1.50150
1.49925
1.49701
1.49477

1.49254
1.49031
1.48810
1.48588
1.48368
1.48148
1.47929
1.47710
1.47493
147275

1.47059
1.46843
1.46628
1.46413
1.46109
1.45985
1.45773
1.45560
1.45349
1.45138

1.449028
1.44718
1.44509
1.44300
1.44002
1.43885
1.43678
1.43472
1.43266
1.43062

No.=Diamoter

2042.0
2045.2
2048.3
2051.5
2054.6
2057.7
2060.9
2064.0
2067.2
2070.3

2073.56
2076.6
2079.7
2082.9
2086.0
2080.2
2092.3
2005.4
2008.6
2101.7

2104.9
2108.0
2111.2
2114.3
2117.4
2120.6
2123.7
2126.9
2130.0
2133.1

2136.3
2139.4
21426
2145.7
2148.8
2152.0
2155.1
2158.3
2161.4
2164.6

2167.7
2170.8
2174.0
2177.1
2180.3
2183.4
2186.5
2189.7
2102.8
2196.0

Area

331831

332853
333876
334901

335027
336055
337085
339016
340049
341084

342119
343157
344100
345237
346279
347323
3483068
340415
350464
351514

3525656
353618
354673
355730
356788
357847

376000
377187
378276
379367
380459
3815563
382649
383740

o



CARNEGIE

STEEL COMPANY

FuscTions oF

Numsers, 700 To T49

Square

Cube

oot

Cubio
Root

1000

x

Reciproeal

400000
491401
402504
494209
405616
497025
408436
490849
501264
502081

504100
50565621
506044
508369
500700
511225
512650
514089
515624
516061

518400
510841
521284
532729
524176
H25625
527076
528529
520084
531441

532000
534361

343000000
344472101
345945408
347428027
3480136064
350402625
351805816
353303243
354804012
350400829

357911000
350425431
360044128
362467007
363004344
3055256875
3070610606
B68601813
370146232
371604950

373248000
3748053061
376307048
377033067
370503424
381078125
3826067176
384240583
385828352
387420489

389017000
300617801
302223108
303832837
395440004
307065375
308688256
400315553
401947272
403583419

405224000
406869021
408518488
410172407
411830784
413403625
415160936
410832723
418508902
420189749

20.4575
20,4764
26,4953
26.5141
26,5330
26.5518
26,5707
26.5805
26,6083
26,6271

20,6458
26,0046
26,0833
26.7021
26.7208
26.7305
26.7582
20,7769
26.7055
26,8142

26,8328
26.8514
26,8701
20,8887
26,9072
20,9258
26,9444
20,9029
26,9815
27.0000

27.0185
27.0370
27.0555
27.0740

27.2047
27.3130
27.3313
27.3496
27,3679

3.8790

S B875
8.8017

8.9001
8.0043

8.0127
8.0169

8.9211

8. 0295
8.0337
8.0378
5.0420
B.pa62
8.9503
8.0545
8.0587

B.0628
B.0670
80711
8.0752
B.0704
8.0835
B.0876
B.9918
5.0069
9.0000

9.0041
0.0082
9.0123
0.0164

9 0246
9.0287

9.0369
9.0410

9.0450
9.0491
9.0532
0.0572
9.0613

0.0604
0.0735
9.0775

9.0816

2.87274
2.87332
2.87390
287448

1.42857
1.42653
1.42450
1.42248
1.42045
1.41844
1.41643
1.41443
1.41243
1.41044

1.40845
1.40647
1.40449
1.40252
1.40056
1.39860
1.39665
1.39470
1.39276
1.39082

1.38889
1.38696
1.38504
1.38313
1.38122
1.37931
1.37741
1.37552
1.37363
137174

1.36986
1.36799
1.36612

384845
385045
S8T047
388151
380256
390363
301471
302580
303692
394805

305919
397035
398153
309272
400303
401515
402039
403765
404802
406020

407150
408282
409415
410550
411687
412825
413965
415106
416248
417393

418539
419686
420835
421086
423138
424203
425447
426604
427762
428922

430084
431247
432412
433578
434746
435016
437087
438259
439433
440609

88




MATHEMATICAL TABLES

Foxcrions or Numsers, 750 to 799

No. | Bquare Cube

Cubie
Root

Logarithm

1000 |
x

Reciproeal

No.=Diameter

Circum.

750 | 662500 | 421875000
751 | 564001 [ 423564751
7562 | 565504 425259008
753 | 567000 | 420057777
754 | 568516 | 4286061004
7556 | 570025 | 430308875
756 | 571530 | 432081216

433708003

758 | 574504 | 43556105612
759 | ST0081 | 437245470

760 | 577600 | 438976000
761 | 579121 | 440711081
T62 | 5S0GAE | 442450728
763 | 582169 | 444104047
764 | H8IGO6 | 445043744
765 | 5856225 | 447007125
766 | 586756 | 440455000
767 | 588280 | 451217063
768 | 580824 | 452084832
760 | 5913061 | 454756600

770 | 502000 | 456533000
771 | 594441 | 458314011
772 | 505084 | 460000048
T73 | 697520 | 461880017
774 | 509076 | 463684824
775 | 600625 | 465484375
776 | 602176 | 407288576
777 | 603729 | 469007433
778 | 605284 | 470010052
770 | 606841 | 472720139

780 | 608400 | 474552000
781 | 600961 | 476370541
782 | 611524 | 478211768
783 | 613080 | 4800480687
784 | 614656 | 4851800304
785 | 616225 | 483736625
786 | 617796 | 485587650
787 | 610360 | 487443403
788 | 620044 | 480308872
789 | 622521 | 491169069

790 | 624100 | 493030000
701 | 625651 | 404013671
792 | 627264 | 406793088
793 | 628840 | 408677257
704 | 630436 | 500566154
705 | 632025 502450875
706 | 633616 | 504358330
TOT7 | 635200 | 506261573
798 | 636804 | 508160592
799 | 638401 510082309

27.5081
27.5862
27.6043
27.6225
27.6405
27.6586
27.6707
27,6048
27.7128
27.7308

7480
27.7669
27,7849
27.8029
27.8200
27 8388
27.8568
278747
27.8027
27.9100

27.9285
27.0464
27.9643
27.9821
28.0000
28,0179
28.0357
28.05635
28.0713
28.05891

28,1069
28.1247
28.1425
28,1603
28,1750
28,1057
28,2135
28.2312
28,2480
28,2606

0.0856
0.0506
9.0037
9.0077
9.1017
9.1067
9.1008
9.1138
0.1178
9.1218

0.1258
9.1298
9.1338
9.1378
9.1418
9.1458
0.1408
9.1637
0.1577
9.1617

0.1657
0.1696
9.1736
01775
0.1815
0.18565
9.1804
9.1933
9.1973
9.2012

9.2052
9.2001
0.2130
9.2170
9.2209
0.2248
9.2287
9.2326
0.2365
9.2404

9.2443
9.2482
9.2521
9.2500
9.2500
9.2638
9.2677
0.2716
9.2754
0.2703

2.87506
2.87564
2.87622
2.87680
287737
287795
2.87852
2.87910
2.87067
2.88024

2.88081
2.88138
2.88106
2.88252

2.80763
2.80818
2.80873
2.80927
2.80082
2.000387
2.90091
2.90146
2.90200
2.90255

1.33333
1.33156
1.32079
1.32802
1.32626
1.32450
1.32275
1.32100
1.31926
131752

1.31579
1.31406
1.31234
1.31062
1.30890
1.30719
1.30548
1.30378
1.30208
1.30039

1.20870
1.20702
1.20534
1.29366
1.29199
1.29032

1.26582

1.26103
1.25945
1.25786

1.25471
1.25313
1.25156

2356.2
2359.3
2362.5
2365.0
2368.8
2371.9
2375.0
2378.2
2381.3
2384.5
2387.6
2390.8
2393.94
2397.0

2403.3
2406.5
2400.6
2412.7
2415.9

2419.0
24222
2425.3
2428.5
2431.6
2434.7
2437.9
2441.0

2447.3

2450.4
2453.6
2456.7
2459.9
2463.0

2469.3
24724
2475.6
2478.7

2481.9

2488.1
2401.3
24944
2497.6
2500.7

2507.0
2510.1

Area

380



CARNEGIE

STEEL COMPANY

FuxoTIONS OF

Numsers, 800 To 849

Cube

|

Cubie
Root

| 1000 |

No.=Diameter

Area

g &8

841
842

SBEER2E

512000000
513022401
515840608
517781627
5107184064
521600125
523600610
526557943
6275614112
520475120

531441000
533411731
535387328
HATIOTTOT
5303563144
541343375

665856 | 543338400

5456338613
547343432
540353250

551308000
HOB3RTOOL
565412248
H6T441707
550476224
6561515625
503559076
565600283
HGT063652
569722789

571787000
573866191
575930368
578000537
580003704
B82182875
584277056
5863762563
588480472
500589719

502704000
504823321
596947688
500077107
601211584
603351125
605495736
607645423
609800192
611960049

28.2843
28.3019
28.3196
28.3373
28.3549
28.3725
28.3901
28,4077
28,4253
28.4429

28,4605
28,4781
28.40566
28.5132
28.5307
28,5482
28,5067
28.5832
28,6007
28.6182

28.6356
28,6531
28.6705
28,6880
28,7054
28.7228
28.7402
28,7570
28.7750
28,7924

28.8007
28.8271
258444
28.8617
28.8791
28.8064
28,9137
28,9310
28.9482
28,9655

28.9828
20.0000
29.0172
20.0345
20.0517
20,0689
20.0861
29.1033
29.1204
20,1376

9.2832
9.2870
9.2909

0.2048 | 2

9.2086
9.3025
9.3063
9.3102
0.3140
0.3179

0.3217
9.32556

9.3204 | 2

9.3332
9.3370
9.3408
9.3447
9.3485
9.3523
9.3501

9.3500
0.3637
9.3675
0.3713
9.3751
9.3789

0.3865
0.3902
9.3940

9.3978
9.4016

9 4001
9.4129
9.4166
9.4204
9.4241
0.4279
9.4316

9.4354
9.4301
9.4429
9.4466
9.4503
D.4541
0.4578
9.4615
9.4652

9.4690

2.01062
291116
2.91169
2.91222
2.01275
2.91328

2.91381
2.91434
2,01487
2.91540
2.91593
2.91645
2.91698
2.91751
2.91803
2.91855

2.01908
2.091960
2.92012
2.92065
2.092117
2.92169
2.92221
2.92273
2.92324
2.92376

2.92428
2.92480
2.92531
2.92583
2.92634
2.092686
2.92737
2.92788
2.92840
2.92801

502655
503912
505171
506432
507604
508958
510223
511490
512758
514028

515300
5165673
517848
519124
520402
521681
522062
524245
525520
526814

528102
520391
530681
531973
533207
534562
535858
637157
538456
539758

541061
542365
543671
544970
546288
547599
548012
550226

390




MATHEMATICAL TABLES

Funcrions or Numeess, 850 To 899

Square

Cube

i~

Cubic
Root

Logarithm

1000
X

Reciproeal

Circum.

No.=Diameter

722500
724201
725004
727609
720316
731025
732736
734449
736164
737881

730600
741321
743044
744769
746406
7482256
749056
751689
753424
755161

756900
7568041

700384 | 663054

762129
763876
765625
767376
760129
770884
772641

TT4400
776161
777024
770689
781456
783225
784006
786769

788544
790321

792100
793851
7056064
707449
709236
501025
B02816
804609
506404
808201

614125000
616205051
618470208
620650477
622835804
625020375
627222016
620422703
031028712
6338307790

636056000
638277381
640503928
6427350647
644972044
647214025
6404018006
651714363
653072082
G50234900

658503000
GO0776311
a 848
6656338017
067627024
660921875
672221376
674526133
6706836152
670151439

681472000
083707841
686128968
BSS465387
600807104
6031564125
605506456
607864103
700227072
7025053060

704969000
TOT347971
700732288
7121210567
714516084
716017375
710323136
T21734273
724160792
7205672009

20.1548
29.1719
20,1860
20:2062
20,2233
20.2404
20.2575
20,2740
29.2010
20.3087

20.32568
20,3428
20.3508
20,3760
20,3939
20.4109
20.4279
29,4449
29,4618
20,4788

20.4958
20,5127
20.5206
20.5466
20,5035
20.5804
20.5973
20.6142
29.6311
20.6479

20.6648
20.6816
20.6985
20.71563
20.7321
20.7489
20.7658
20.7825
20,7003
29.8161

0.4727
9.4764
9.4501
9.4838
0.4875
D.4912
9.4949
9.4986
9.5023
9.5060

9.5007
0.5134
9.5171
9.5207
0.5244
9.5281
9.6317
0.5354
9.5301
0.5427

0.54064
9.5501
0.5537
9.5574
09.5610
0.5647
0.5683
9.5719
0.5756
9.5792

9.5828

9.5901
9.5937
0.50973
9.6010
0.6046
0.6082
9.6118
8.6154

9.6190
0.62260
9.6262
0.6208

9 6370
9.6406
0.6442
9.6477
9.6513

2.92042
2.029003
2.93044
2.93005
293146
2.93197
2.93247
2.93298
2.093349
2.93309

2.93450
2.93500
2.93551
2.930601
203651
2.93702
2.93752
2.93802
2,093852
2.93902

2.93952
2,04002
2.040562
2.04101
2.04151
2.94201
2.94250
2.94300
2.04349
2.04309

2.04448
2.04498
2.94547
2.04506
2.04645
2.04604
2.04743
2.04792
2.04541
2.94800

2.94939
2.94988
2.05036
2.05085
2.05134
2.95182
2.95231
2.95279
2.95328
2.95376

1.17647
1.175009
1.17371
1.17233
1.17096
1.16959
1.16822
1.16686
1.16550
1.16414

1.16279
1.16144
1.16009
1.15875
1.15741
1.15607
1.15473
1.15340
1.15207
1.15075

1.14943
1.14811
1.14679
1.14548
1.14416
1.14286
1.14155
1.14025
1.13895
1.13766

.13636
13507
13379
13250
13122
12994
12867
12740
12613
1.12486

ot ok o okt e et

1.12360
1.12233
1.12108
1.11982
1.11857
1.11732
1.11607
1.11483
1.11359
1.11235

2670.4
2673.5
2676.6
2679.8
2682.9
2686.1
2689. 2

2695.5
26985.6

2701.8
2704.9
2708.1
2711.2
2714.3
2717.5
2720.6
2723.8
2726.9
2730.0

2733.2
2736.3
2739.5
2742.6
2745.8
2748.9
2752.0
2755.2
2758.3
2761.5

2764.6
2767.7
2770.9
2774.0
2777.2
2780.3
2783.5
2786.6

2792.9

608212
609595
610980
612366
613754
615143
616534
617027
619321
620717

| G22114

623513
(24913
626315
627718
620124
6305630
631938
633348
634760

Hith)




CARNEGIE STEEL COMPANY

Fuxcrions or Numsers, 900 to 949

Square

Cube

Square
Root

Cubie
Root

Logarithm

1000

e
Reciprocal

No=Diameter

Cireum. | Area

910

0914
915

938
940
941
0943
945
W7
949

810000
811801
813604
815409
817216
819025
820836
822649
824464
826281

828100
8209921
831744
833560
835306
837225
830056
840889
842724
844561

846400
848241
850084
851929
853776
855625
B57476
859320
861184
863041

864900
866761
868624
870489
8723506
874225
B76006
BT7969
879844
881721

883600
885481
BR73064
880249
891136
893025
894016
896809
BO8704
900601

720000000
731432701
733870808
736314327
738763264
741217625
743677416
746142643
7458613312
751089429

753571000
756058031
758550528
761048407
763551944
766060875
768575200
771095213
773620632
776151559

778688000
781229961
TE3TTT448
786330467
788839024
791453125
794022776
796597983
TOO178752
801765089

804357000
806954491
800557568
812166237
814780504
817400575
820025856
822656953
825293672
527936019

830584000
533237621
835896888
838561807
841232384
843908625
846500536
849278123
851971302
854670349

30.0000
30.0167
40.0333
30.0500
30.0666
30.0832
30,0008
30.1164
30.1330
30,1496

30.1662
30.1828
30,1903
30.2159
30,2324
30.2490
30.2655
30.2820
30.2985
30.3150

30.3315
30,3480
30.3645
30.35809
30.3974
30.4138
30.4302
30.4467
30.4631
30,4795

30.4959
30.5123
30.5287
30.5450
30.5614
30.5778
30.5941
30.6105
30.6268
30.6431

30.6594
30.6757
30.6920
30.7083
30.7246
30.7400
30.7571
30.7734
30.7896
30.8058

9.65649
9.6585
9.6620
9.6656

| 0.6692

9.0727
0.6763
0.6799
0.6834
0.6870

9.6905
9.6941
9.6976
9.7012
0.7047
9.7082
9.7118
0.7153
9.7188
9.7224

9.7259
0.7294
9.7329
9.7364
9.7400
9.7435
9.7470
9.7505
9.7540
9.7575

9.7610
9.7645
9.7680
9.7715
9.7750
9.7785
9.7819
9.7854
9.7889
9.7924

0.7959
9.7993
9.8028
9.8063
9.8007
9.8132
9.8167
0.8201
0.8236
0.8270

2.95424
2.95472
2.95521
2.95569
2.95617
2.95665
2.95713
2.95761
2.95809
2.95850

2.95904
2.95952
2.95909
2.96047
2.096095
2.06142
2.96190
2.96237
2.96284
2.96332

2.96379
2.96426
2.96473
2.96520
2.96567
2.06614
2.96661
2.96708
2.96755
2.96802

2.96848
2.06895

1.11111
1.10988
1.10865
1.10742
1.10619
1.10497
1.10375
1.10254
1.10132
1.10011

1.09890
1.09769
1.00649
1.09529
1.09409
1.09290
1.00170
1.09051
1.08932
1.08814

1.08696
1.08578
1.08460
1.08342

2.96942 | 1.

2.96988
2.97035
2.97081
2.97128
2.97174
2.97220
“2.097267

297313
2.97359
2.97405
2.97451
2.07497
2.97543
2.97589
2.97635
2.97681
2.97727

1.05597
1.05485

1.06374

2827.4 | 636173
2830.6 | 637587
2833.7 | 639003
2836.9 | 640421
2840.0 | 641840
2843.1 | 643261
2846.3 | 644683
2849.4 | 646107
2852.6 | 647533
2855.7 | 648060

2858.8 | 650388
2862.0| 651818
2865.1 | 653250
2868.3 | 654684
2871.4 | 656118
2874.6 | 657555
2877.7 | 6580993
2880.8 | 660433
2884.0 | 661874
2887.1 | 663317

2890.3 | 664761
2803.4 | 666207
2806.5 | 667654
2809.7 | 669103
2902.8 | 670554
2006.0 | 672006
2900.1 | 673460
2912.3 | 674915
2015.4 | 676372
2018.5 | 677831

2921.7 | 679291
29248 | 680752
2928.0| 682216
2031.1 | 683680
2034.2 | 685147
2937.4 | 686615
2040.5 | 688084
2043.7 | 68555
2946.8 | 691028
2950.0 | 692502

2053.1 | 693978
2956.2 | 6056455
2959.4 | 696934
2962.5 | 698415
2065.7 | 609897
2968.8 | 701380
2971.9 | 702865
2975.1 | 704352
2978.2 | 705840
2081.4 1 707330
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MATHEMATICAL TABLES

Fuxcrions or Numsers, 950 To 999

!_ 1000 No.= Diameter
]Rm;vul Circum. |  Area

I No. | Square Cube Bﬁ’:‘ % Logarithm

| 950 | 902500 | 857375000 | 30.8221 | 9.8305 | 2.97772 | 1.05263 | 2084.5 | 708822
051 | 004401 | 860085351 | 30,8383 | 0.8339 | 2.97818 | 1.05152 | 2087.7 | 710315
052 | 906304 | 862801408 | 30,8545 | 0.8374 | 2.97864 | 1.05042 | 2900.8 | 711800
953 | 008200 | 865523177 | 30.8707 | 9.8408 | 2.97909 | 1.04932 | 2903.9 | 713306
954 | 9101160 | 868250064 | 30.8800 | 9.8443 | 2.97955 | 1.04822 | 2997.1 | 714803
955 | 912025 | 870983875 | 30.0031 | 9.8477 | 2.98000 | 1.04712 | 3000.2 | 716303
©56 | 013036 | 873722816 | 30.9192 | 9.8511 | 2.98046 | 1.

057 | 015840 | 876467493 | 30,9354 | 9.8546 | 2.98001 | 1.
058 | 017764 | 870217012 | 30.9516 | 9.8580 | 2.08137 | 1.
059 | 019681 | 881974079 | 30,0077 | 9.8614 | 2.98182 | 1.

960 | 921600 | 884736000 | 30.9830 | 0.8648 | 2.98227 | 1. y

961 | 923571 | 887503651 | 31,0000 | 9.8683 | 2.98272 | 1.04058 | 3019.1 | 725332
962 | 925444 | 800277128 | 31.0161 | 0.8717 | 2.98318 | 1.03950 s

963 | 927300 | 803050347 | 31.0322 | 9.8751 | 2.98363 | 1.03842 | 3025.4 | 728354
964 | 020200 | 805841344 | 31.0483 | 0.8785 | 2.98408 | 1.03734 | 3028.5 | 720867
965 | 931225 | 808632125 | 31.0644 | 9.8810 | 2.08453 | 1.03627 | 3031.6 | 731382
906 | 033156 | 001428006 | 31,0805 | 0.8854 | 2.08498 | 1.03520 | 3034.8 | 732809
V67 | 035080 | 004231003 | 31,0006 | 9.8888 | 2.08543 | 1.03413 | 3037.9 | 734417
D68 | 037024 | 007039232 | 31,1127 | 0.8922 | 2.08588 | 1.03306 | 3041.1 | 735037
900 | 038061 | DOO853200 | 81,1288 | 0.8056 | 2.08632 | 1.03199 | 3044.2 | 737458

970 | 940000 | 912673000 | 31.1448 | 9.8090 | 2.98677 | 1.03003 | 3047.3 | 738081
971 | 042841 | 915498611 | 31.1609 | 9.0024 | 2,08722 | 1.02987 | 3050.5 | 740506
072 | 9044754 | 018330048 | 31,1760 | 9.9058 | 2.08767 | 1.02881 | 3053.6 | 742032
073 | 046720 | 021167317 | 51,1920 | 9.9002 | 2.08811 | 1.02775 | 3050.8 | 743559
974 | 048670 | 924010424 | 51.2000 | 9.9120 | 2.98856 | 1.02669 | 3059.9 | T45088
975 | 050625 | 926850375 | 81,2250 | 9.9160 | 2.098000 | 1.02564 | 3063.1 | 746619
9767 952570 | 020714176 | 31.2410 | 9.0194 | 2.08045 | 1.02459 | 3066.2 | 748151
077 | 054529 | D32574833 | 31.2570 | 9.9227 | 2.98080 | 1.02354 | 3000.3 | 749685
978 | 956484 | 035441352 | 31.2730 | 9.9261 | 2.00034 | 1.02249 | 3072.5 | 751221
079 | 958441 | 038313730 | 31.2800 | 0.9205 | 2.00078 | 1.02145 | 3075.6 | 752758

980 | 060400 | 041192000 | 31.3050 | 9.9320 | 2.00123 | 1.02041 | 3078.8 | 754206
081 | 962361 | 044076141 | 31.3200 | 9.9363 | 2.99167 | 1.01937 | 3081.9 | 755837
082 | 064324 | 946066108 | 31,3369 | 9.9396 | 2.00211 | 1.01833 | 3085.0 | 757378
983 | 066289 | 040802087 | 31.3528 | 9.9430 | 2.09255 | 1.01729 | 3088.2 | 758922
084 | 068256 | 952763004 | 51,3088 | 0.94064 | 2.99300 | 1.01626 | 3091.3 | 760466
085 | 070225 | 955671625 | 31.3847 | 9.9497 | 2.09344 | 1.01523 | 3094.5 | 762013
980 | 972106 | 958585250 | 31.4006 | 9.9531 | 2,00388 | 1.01420 | 3097.6 | 763561
987 | 974169 | 61504803 | 31.4166 | 0.9565 | 2.09432 | 1.01317 | 3100.8| 765111
088 | 976144 | 064430272 | 31.4325 | D.0598 | 2.09476 | 1.01215 | 3103.9 | 766662
080 | 078121 | 067361600 | 31.4484 | 9.9632 | 2,09520 | 1.01112 | 3107.0 | 768214

990 | 980100 | 970299000 | 31.4643 | 0.9666 | 2.09564 | 1.01010 | 3110.2 | 769769
991 | 082081 | 073242271 | 31.4802 | 0.9690 | 2.00607 | 1.00908 | 3113.3 | 771325
992 | 9840064 | OTG191488 | 31,4960 | 9.9733 | 2.99651 | 1.00806 | 3116.5 | 772882
993 | OS6040 | HTO14665T | 31.5119 | 0.9766 | 2,00695 | 1.00705 | 3119.6 | 774441
004 | 088036 | DS2107784 | 51.6278 | 0.09800 | 2.99739 | 1.00604 | 3122.7 | 776002
995 | 990025 | DS5074875 | 31.56430 | 9.9833 | 2.90782 | 1.00503 | 3125.9 | 777564
096 | 902016 | OES047930 | 31.5505 | 0.0866 | 2.00826 | 1.00402 | 3129.0 | 770128
007 | 004000 | 001026073 | 31.6753 | 9.9000 | 2.99870 | 1.00301 | 3132.2 | 780603
‘908 | 096004 | 994011002 | 31.5011 | 9.9933 | 2,99913 | 1.00200 | 3135.3 | 782260
‘999 | 998001 | DO7002000 | 31.6070 | 9.9967 | 2,09957 1.00100 | 3138.5 | 753828

~ Te e e

303 .




CARNEGIE STEEL COMPANY

Narvran TricoNomMeTRIc FuncrioNs

g I SINES 4
| Forss] 2o 20 30 w | s 60’ k]

I |
0 | 0.00000 0.00201 | 0,00582 | 0.00873 | 0.01164 | 0.01454 0.01745 | 89
1 | 0.01745 | 0.02036 | 0,02327 | 0.02615 | 0.02008 | 0.03199 | 0.03490 | S8
3 | 0.03490 | 0.03781 | 0.04071 | 0.04362 | 004653 | 0.04943 | 0.05234 | 87
3 | 0.05234 | 0.05524 | 0,05814 | 0.06105 | 0.06395 | 0.06685 | 0.06976 | S6
4 | 0.00076 | 0.07266| 0.07556 | 0.07346 | 0.08136 | 0.08426  0.08716 | 85

|

5 | 0.08716 | 0.00005 | 0.00205 0. 0.00874 | 0.10164 | 0.10453 | 84
6 |0.10453 0.10742 | 0.11031 | 0.11320 | 0.11609 | 0.11898 | 0.12187 | 83
7 |0.12187 | 0.12476 | 0.12764 | 0.13053 | 0.13341 | 0.13629 | 0.13917 | s2
& |0.13917 | 0.14205 | 0.14493 | 0.14781 | 0.1 115356 | 0.15643 | 81
9 | 0.15643 | 0,15931 | 016218 | 0.16505 | 0.16792 | 0.17078 | 0.17365 | S0
10 | 0.17365 | 0.17651 | 0.17937 | 0.18224 | 0.1 0.18795 | 0.19081 | 79
1 1| 019366 | 0.1 019937 | 0.20222 | 0.20507 | 0.20791 | 78
12 | 020791 | 0.21076 | 0.21360 | 0.21644 | 0.21928 | 0.22212 | 0,22495 | 77
13 | 0:22495 | 0.22778 | 0.23062 | 023345 | 0.23627 | 0.23910 | 0.24192 | 76
14 | 024102 | 0.24474 | 0.24756 | 0.25088 | 0.26320 | 0.25601 | 0.25882 | 75
15 2| 0.26163 | 0.26443 | 0.20724 | 0.27004 | 0.27284 | 0.27564 | 74
16 | 0.27004 | 0.27843 | 028123 | 0.28402 | 028680 | 028050 | 0.20257 | 72
17 | 0:20237 | 0:20515 | 0.29703 | 0.30071 | 0.30348 | 030625 | 0.30002 | 72
18 | 030002 | 0.31178 | 031454 0. 0.32000 | 0.32282 | 0.32557 | 71
10 | 0.32557 | 0.32832 | 0,33106 | 0.33381 | 0.33055 | 0.33920 | 0.34202 | 70

0.34202 | 0.34475 | 0.34748 | 0.35021 | 0.85293 | 0.35565 | 0.35837 | 69

0.35837 | 0.36108 | 0.36379 | 0.36650 | 0.36021 | 0.37191 | 0.37461 | 68
0.37461 | 0.37730 | 0.87099 | 0.38268 | 0.38537 | 0.38805 | 0.39073 | 67
0.39073 | 0.39341 | 0.39008 | 0.305875 | 0.40142 | 0.40408 | 0.40674 | 66
0.40074 | 0,40030 | 0.41204 | 0.41460 | 0.41734 | 0.41998 | 0.42262 | 65 .

0.42262 | 0.42525 | 0.42788 | 0.43051 | 0.43313 | 0.43575 | 0.43837 | 64
0.43837 | 0.44008 | 0,44359 | 0,44620 | 0.44880 | 0.45140 | 0.45399 | “63
0.45300 | 0.45658 | 0.45017 | 0.46175 | 0.46433 | 0.46690 | 0.46947 | 62
0.46047 | 0.47204 | 0.47400 | 0.47716 | 0.47971 | 0.48226 | 0.48481 | 61
0.48481 | 0.48735 | 0.48080 | 0.40242 | 0.494905 | 0.49748 | 0.50000 | 6O

0.50000 | 0,50252 | 0.50503 | 0.50754 | 0.51004 | 0.51254 | 0.51504 | 59
0.51504 | 0.517563 | 0.62002 | 0.52250 | 0.52498 | 0.52745 | 0.52992 | 58
| 052002 | 0,53238 | 0.53484 | 0.53730 | 0.53975 | 0.54220 | 0.54464 | 57
0.54464 | 0.54708 | 0.54951 | 0.55104 | 0.55436 | 0.55678 | 0.55919 | 56
0.55919 | 0.561060 | 0.56401 | 0.56641 | 0.56880 | 0.57119 0.57358| 55

0.57358 | 0.57506 | 0.57833 | 0.58070
0.58779 | 0.59014 | 0.50248 | 0.50452

SEREE BEYER RuEZE BESEE RERES

0.
0.597
0.60182 | 0.60414 | 0.60645 | 0.60876 | 0.61107 | 0.61337 | 0.61566
0.61566 | 0.61795 | 0.62024 | 0.62251 | 0.62479 | 0.62706 | 0.62932 | 51
0.62032 | 0.63158 | 0.63383  0.63608 | 0.63832 | 0.64056 | 064279 | 50
0.64279 | 0.64501 | 0.64723 | 0.64945 | 0.65166 | 0.65386 | 0.65606 | 49
065000 | 065825 | 0.06041 | 0.66262 | 0.66480 | 0.66697 | 0.66913 | 48
0.60913 | 0.67120 34-;,0.07 0.67773 | 0.67957 | 0.682 47
0.08200 | 0.68412 | 008824 0.68535 | 0.60048  0.69256 | 0.60106 | 4
0.69466 aommronnssa'o: 0.70298 | 0.70505 | 0,70711 | 45
60’ | 50’ ‘ 40° | 30 20" 107 o | E
é COSINES

. 304




MATHEMATICAL TABLES

A 7 | 0.99027
8002 | 0.98858 | 0.98814 | 0.98769
08629 | 0,98580 | 0.98531 | 0.98481

08430 | 0.98378 | 0.98325 | 0.98272 | 0.98218 | 0.98163
8107 | 0.08050 | 0.97992 | 0.97934 | 0.97875 | 0.97815

| .97 ! 0.97502 | 0.97437
0.97437 | 0.07371 | 0.97304 | 0.97237 | 0.97160 | 0.97100 | 0.97030
0.97030 | 0.96950 | 0.06887 | 0.96815 | 0.96742 | 0.96667 | 0.96503

0.96503 O.ggg}? 0.06440 | 0.96363 | 0.96285 | 0.96206 | 0.96126

0.95630 | 0.95545 | 0.95459 | 0.95372 | 0.95284 | 0.95195 | 0.95106
0.951006 | 0.95015 | 0.04024 | 0.94832 | 0.94740 | 0.94646 | 0.94552
0.94552 | 0.94457 | 0.943061 | 0.94264 | 0.94167 | 0.94068 | 0.93969

0.939609 | 0.93860 | 0.93760 | 0.93667 | 0.93565 | 0.93462 | 0.93358
0.093358 | 0.93263 | 0.93148 | 0.93042 | 0.92935 | 0.92827 | 0.92718
0.92718 | 0.92609 | 0.92499 | 0.92388 | 0.92276 | 0.92164 | 0.92050
0.92050 | 0.91936 | 0.01822 | 0.91706 | 0.91590 | 0.91472 | 0.91355
0.91355 | 0.912306 | 0.91116 | 0.90996 | 0.90875 | 0.90733 | 0.90631

0.090631 | 0.90507 | 0.90383 | 0,90250 | 0.90133 | 0.90007 | 0.89879
0.80879 | 0.89752 | 0.80623 | 0.89493 | 0.89363 | 0.89232 | 0.89101
0.89101 | 0.88068 | 0.88835 | 0.88701 | 0.88566 | 0.88431 | 0.88205
0.88205 | 0.88158 | 0.88020 | 0.87882 | 0.87743 | 0.87603 | 0.87462
0.87462 | 0.87321 | 0.87178 | 0.87036 | 0.86892 | 0.86748 | 0.86603

0.86003 0.86310 03&163 0.86015 | 0.85866 085717

0.85717 | 0.85567 | 0.85416 | 0.852064 | 0.85112 | 0.84959

0.84805 | 0.84650 | 0.84405 | 0.84339 | 0.84182 | 0.84025 0.83867
0.83389 | 0.83228

0.82741 | 0.82577 | 0.82413 | 0.82248 | 0.82082 031915

0.81915 | 0.81748 | 0.81580 081412 0.81242 | 0.81072 | 0.80902
0.80902 | 0.80730 | 0.80558 0.80212 | 0.80038 | 0.798064
0.70804 | 0.79688 | 0.79512 079835 0.79158 | 0.78980 | 0.78801
0.78801 | 0.78622 | 0.78442 | 0.78261 | 0.78079 | 0.77897 | 0.77715
0.77715 | 0.77531 | 0.77347 | 0.77162 | 0.76977 | 0.76791 | 0.76604

0.76604 | 0.76417 | 0.76220 | 0.76041 | 0.75851 | 0.75601 | 0.75471
0.75471 | 0.75280 | 0.75088 | 0.74806 | 0. A 3
0.74314 | 0.74120 | 0.73924 | 0.73728 | 0.73531 | 0.73333 | 0.73135
0.725387
0.71325

- NaTuraL TriconomETRIC FUNcTIONS
! —
: 5 COSINES | é
I I3 . —
o 10’ 0 | 8o 40" | 50 60’
| S . [
1. | 1.00000 | 0.99998 | 0.99996 | 0.99993 | 0.90989 | 0.90985
0.99985 | 0.09079 | 0.99973 | 0.99066 | 0.99958 | 0.99949 | 0.99939
0.99939 | 099920 | 0.99917 | 0.99905 | 0.99592 | 0.99878 | 0.99863
0.90863 | 0.90847 | 0.90831 | 0.00813 | 0.99795 | 0.99776 | 0.09756
0.99756 | 0.99736 | 0.99714 | 0.99692 | 0.99668 | 0.99644 | 0.99619
! | 0.99610 | 0.00594 | 0.00567 | 0.09540 | 0.09511 | 0.99482 | 0.99452
0. g 0. 0.99255
0.
0
0.

o ok

S RRRAE DHNBO BRE-O
c
=1

0.73135 | 0.72037 | 0.72737 0.72337 | 0.72136 | 0.71934
0.71934 | 0.71732 | 0.71529 0.71121 | 0.70916 | 0.70711

REBZE BRNEE RERRE ¥RNER 2B8EE oSEhnz
(=]
§

gERER a8%Re

55558

g 60" 50’ 40’ 30 20 10" o

Degrees

395
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CARNEGIE STEEL COMPANY

Naruran TriconomeTRIC FUNCTIONS

396

-

E TANGENTS
o w 0 30" 407 50’ 60°
VT | e

0 I)DDODO‘DDDZD! 0.005582 | 0.00873 | 0.01164 | 0.01455 | 0.01746 | 89
1 | 0.01746 | 0.02036 | 0.02328 | 0.02619 | 0.02910 | 0.03201 | 0.03492 | 88
2 03492 | 0.03783 0.040‘"5 0.04360 | 0.04658 | 0.04949 | 0.05241 | 87
3 | 0.05241 | 0. 0.05824 | 0.06116 | 0.06408 | 0.06700 | 0. 86
4 06 0,07285 | 0.07578 | 0.07870 | 0,08163 | 0.08456 | 0.08749 | 85
5 | 0.08749 | 0.09042 | 0.09335 | 0.09629 | 0.09923 | 0.10216 | 0.10510| 84
6 | 0.10510 | 0.10805 | 0.11000 | 0.11394 | 0.11688 | 0.11983 | 0.122758 | 83
7 | 0.12278 | 0.12574 | 0.12869 | 0.13165 | 0.13461 | 0.13758 | 0.14054 | 82
8 | 0.14054 | 0.14351 | 0.14648 | 0.14945 | 0.15243 | 0.15540 | 0.15838 | S1
0 | 0.156838 | 016137 | 0.16435 | 0.16734 | 0.17033 | 0.17333 | 0.17633 | 80
10 | 0.17633 | 0.17933 | 0.18233 | 0.18534 018335 0.19136 | 0.19438 | 79
11 | 0.19438 | 0.19740 | 0.20042 | 0.20345 | 0.20648 | 0.20952 | 0.21256 | 78
12 | 0.21256 | 0.21500 | 0.21864 | 0.22160 | 0.22475 | 0,22781 | 0.23087 | 77
13 | 0.23087 | 0.23303 0337(“] 0.24008 | 0.24316 | 0.24624 | 0.24933 | 70
14 | 0.24033 | 0,25242 | 0.256562 | 0.25862 | 0.26172 | 0.26483 | 0.26795| 75
15 | 0.20705 | 0.27107 | 0.27419 | 0.27732 | 0. 0.28360 | 0.28675 | 74
16 | 0.28075 | 0,28000 | 0.29305 | 0.20621 | 0.29938 | 0.30255 | 0.30573 | 73
17 | 0.30573 | 0.30801 | 0.31210 | 0.31530 | 0.31850 | 0.32171 | 0.32402 | 72
18 | 0.32402 | 0.32814 | 0.33130 | 0.33460 | 0.33753 | 0.34108 | 0. 3| 71
19 | 0.34433 | 0.34758 | 0.35085 | 0.35412 | 0.35740 | 0.36068 | 0.36307 | 70
20 |0.36397 | 0.36727 037057 0.37388 | 0.37720 | 0.38053 | 0.38386 | 69
21 | 0.38386 | 0.38721 | 0.30065 | 0.30301 | 0.30727 | 0.40065 | 0.40403 | 08
22 | 0.40403 | 0.40741 | 0.41081 | 0.41421 | 0.41763 | 0.42105 | 0.42447 | 67
23 | 0.42447 | 0.42701 | 0.43130 | 0.43481 | 0.43828 | 0.44175 | 0.44523 | 6O
24 | 0.44523 | 044872 | 0.45222 | 0.455673 | 0.45924 | 0.46277 | 0.46631 | 65
25 | 0.46631 0.47341 | 047698 | 0.48055 | 0.48414 | 0.48773 | 64
20 | 0.48773 | 0.49134 | 0.49495 | 0.449858 | 0.50222 | 0.50587 | 0. 63
27 | 0.50953 | 0.51320 | 0.51658 | 0:520567 | 0.52427 | 0.52798 | 0.53171 | 62
28 | 0.563171 | 0.53545 | 0.53020 | 0.542006 | 0.54674 | 0.55051 | O 1| 61
29 | 0.55431 | 0.56812 | 0.56194 | 0.50577 | 0. 0.57348 | 0.57735| 60
30 | 0.57735 | 0.58124 | 0.58513 | 0.58005 | 0.50297 | 0.59691 | 0.6008G| 50
31 | 0.60086 | 0.60453 | 0.00881 | 0.61250 | 0.61651 | 0.62083 | 0.G2487 | 58
32 | 0.62487 | 0.62892 | 0.63200 | 0.63707 | 0.64117 | 0.64528 | 0.64941 | 57
33 | 0.64941 | 0.65355 | 0.65771 | 0.66159 | 0.606608 | 0.67028 | 0.67451 | 56
34 | 0.67451 | 0.67875 | 0. 0.68728 | 0.60157 0.70021| 55
35 |0.70021 | 0.70455 | 0.70801 | 0.71320 | 0.71769 | 0.72211 | 0.72654 | 54
36 | 0.72054 | 0.73100 | 0.73547 | 0.73006 | 0.74447 | 0.74900 | 0.75355 | 53
87 |0.75355 | 0.75812 | 0.76272 | 0.76733 | 0.77196 | 0.77661 | 0.78120 | 52
38 |0.78129| 0.7 0.79070 | 0.79544 | 0.80020 | 0.80408 | 0.80978 | 5
39 | 0.80978 | 0.81401 | 0.81046 | 0.82434 | 082923 | 0.83415 | 0.83910| 50
40 | 0.83010 | 0.844 B4 0. 0.85912 | 0.86419 | 0.86929 | 40
41 | 0.850929 | 0.57441 | 0.57055 | 0.88473 | 0.88902 | 0.89515 | 0.90040 | 48
42 | 0.90040 | O 0.91009 | 0.91633 | 0.92170 | 0.92709 | 0.93252 | 47
43 | 0.93252 | 0.93797 | 0.94345 | 0.94800 | 0.95451 | 0.96008 | 0.96569 | 40
44 | 0.96569 | 0.97133 | 0.97700 | 0.98270 | 0.08843 | 0.90420 | 1.00000 | 45
z 6o’ 507 40 30" 20" 10 0" 5
§ COTANGENTS
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MATHEMATICAL TABLES

NaTURAL TrRiGONOMETRIC FUNCTIONS

E COTANGENTS E
o ‘ 10" 20" 30 40" 50" I 60" [5
| | I
0 ) 3.77371171.88540 11&.5386585.98979_’68.75@91.5?. 5 89
1 7.28! 49.1 . 42,00408 38.1884634.3677731.24155828.63 85
2 636 20,431 2454170 2290377 21.4704020.20555190.08114] 87
3 (19.08114 15.074 17.10934. 16.3495615.60478 14.92442 1430067, 86
4 [14.30007 13.72674 13.10688 12,7062112.25051/11.8261711.43005( 85
5 11.05043 10.71191 10.07 84 °
6 9.25530  9.00083 8.555 83
7 7.05302| 797035 7.42871 82
8 6.96823| 6.82604 6.56055 81
9 6. 19703| 6.05444 5.87 80
10 B5.567! A8451 o 5.3092 70
11 5.06584 08040, 4. 4.843 78
12 4.63 4.57363] 4. 4.44942 0.
13 4.27471] 4.21033] 4. 4. 11256 76
14 3.96165 3.913064 3. 3.82033I 75
15 3.68000 3.64705) 3. 3.50557; 74
16 3.44051) 3.4123 3. 3.34023 73
17 3.23714 3.20400] 3. 3.13972 72
18 204749, 3.01783] 2. 206004 71
19 287700 2.85023 2. 2,798 70
20 272981 2.8 2, 2,651 69
21 2.58201 2.5004 2. 2.517 68
22 245451 2434220 2. 2.3 67
23 2.33003 231820 2. 22 66
24 2.22857| 2.211 2 21 65
25 2.1283 2.11233' 2, 2, 2. 64
26 2.0352 2.0203¢ 2, 1. 3 i 63
7 1. 1.9347 1. 1. 1. i 62
28 1.867 1.8546: 1. 1. 1.8 [
20 1.79174J| 1, 1 1 E 60
30 1.72047 1.70901 1. 1.68643 1. 1.66428 59
a1 1.656337 1.04 1. 1.62125 1.61074! 1. il 58
32 1.50002 1.57081 1. 1= 1.54972 1.5398 57
33 153010 1.52043 1. 1.501 1‘491001 ; 56
34 1.47380| 1.406411 1. 1.445 1.43?0:ﬁ 1. 55
35 1.41034 141061 1. 1.30336, 1.38484! 1.37638 54
36 1.36800 1'15963 X, 1.34323i 1.33511 1.32704 53
a7 1.31004 13111 ; i 1.20541 1.28764! 1.27094¢ 52
38 127230 1.20471] 1. 1.2496! 1.24227i 1.23490 51
39 1.22758 1.22031] 1.2 1.20503I 1.1988: 1.1‘91?5] 50
|
40 1.18474 117777, 1.17 1.16398 1.1571 1.15037 49
41 1.14363 1.13694! 1.1302 1.12369i 1.11713 1.11061 48
42 1.10414 1.0077 1.09131] 1.084 1.0?864, l.ﬂ?%’!i" 47
43 1.06613| 1.05094 1.05378 1.047 1.041: 1.035353 46
44 1.0295 1.02355, l.l:ll'ﬂ:lll 1.01170 1.00583 1.00000; 45
8 #
g 60’ } 50 a0’ 30’ 20 | 100 | o
é TANGENTS E




CARNEGIE STEEL COMPANY

Narvran TriconomeTrIc FUNCTIONS

5 s 2

o’ 10 | 20 30’ 40’ 50’ 60" j
0 |1.00000| 1.00000 | 1.00002 | 1.00004 | 1.00007 | 1.00011 | 1.00015 | 89
1 | 1.00015 | 1.00021 | 1:00027 | 1.00034 | 1.00042 | 1.00051 | 1.00061 | 88
2 | 1.00061 | 1.00072 | 1.00083 | 1.00095 | 1.00108 | 1.00122 | 1.00137 | 87
3 | 1.00137 | 1.00153 | 1.00169 | 1.00187 | 1.00205 | 1.00224 | 1.00244 | 86
4 | 100244 | 1.00265 | 1.00257 | 1.00309 | 1.00333 | 1.00357 | 1.00382 | 85
5 | 1.00382 | 1.00408 | 1.00435 | 1.00463 | 1.00491 | 1.00521 | 1.00551 | 84
6 | 1.00551 | 100582 | 1.00614 | 1.00647 | 1.00681 | 1.00715 | 1.00751 | 83
7 | 1.00751 | 1.00787 | 1.00825 | 1.00863 | 1.00902 | 1.00042 | 1.00083 | 82
8 | 1.00983 | 1.01024 | 1.01067 | 1.01111 | 1.01155 | 1.01200 | 1.01247 | 81
9 | 1.01247 | 1.01204 | 1.01342 | 1.01391 | 1.01440 | 1.01491 | 1.01543 | 80
10 | 1.01543 | 1.01505 | 1.01649 | 1.01703 | 1,01758 | 1.01815 | 1.01872| 79
11 | 1.01872| 1.01930 | 1.01989 | 1.02049 | 1.02110 | 1.02171 | 1.02234 | 78
12 | 1.02234 | 1.02208 | 1:02362 | 1.02428 | 1:02494 | 1.02562 | 1.02630 | 77
13 | 1.02630 | 1.02700 | 1.02770 | 1.02842 | 1.02014 | 1.02987 | 1.03061 | 76
14 |1 1.03137 | 1.08213 | 1,03290 | 1.03368 | 1.03447 | 1.03528 | 75
15 | 1.03528 | 1.03600 | 1.03691 | 1.03774 | 1.03858 | 1.03944 | 1.04030 | 74
16 | 1.04030 | 1.04117 | 1.04206 | 1.04205 | 1.04385 | 1.04477 | 1.04560 | 73
17 | 1.04569 | 1.04663 | 1.04757 | 1.04853 | 1.04050 | 1.05047 | 1.05146 | 72
18 | 105146 | 1.05246 | 1.06347 | 1.05440 | 1.05552 | 1.05657 | 1.05762 | 71
19 | 1.05762 | 1.05869 | 1.056976 | 1.06085 | 1.06195 | 1.06306 | 1.06418 | 70
20 |1.06418 | 1.06531 | 1.06645 | 1.006761 | 1.06878 | 1. 1.07115| 69
21 | 1.07115| 1.07235 | 1.07356 | 1.07479 | 1.07602 | 1.07727 | 1.07853 | 68
22 | 1.07853 | 1.07081 | 1.08109 | 1.08239 | 1.08370 | 1.08503 | 1.08636 | 67
23 1 108771 | 1,0S907 | 1.00044 | 1.09183 | 1.09323 | 1.09464 | 66
2¢ |1 1.09606 | 1.09750 | 1.00895 | 1.10041 | 1:10159 | 1.10338 | 65
25 |1.10338 | 1.10488 | 1.10640 | 1,10793 | 1.10947 | 1.11103 | 1.11260 | 64
26 |1.11260| 1.11410 | 1.11579 | 1.11740 | 1.11903 | 1.12067 | 1.12233| 63
27 | 1.12233 | 1.12400 | 1.12568 | 112738 | 1.12010 | 1.13083| 1.13257 | 62
28 | 1.13267 | 1.13433 | 1.13610 | 1.13789 | 113970 | 1.14152 | 1.14335| 61
29 | 1.14335| 1.14521 | 1.14707 | 1.14596 | 1.15085 | 1.15277 | 1:15470 | 60
‘30 | 1.15470 | 1.15665 | 1.15861 | 1.16059 | 1.16259 | 1.1 59
31 |1.16663 | 1.16868 | 117075 | 1.17283 | 117493 | 1.17704 | 1.17018 | 58
32 |1.17018| 1:18133 | 1.1 1.18569 | 1118700 | 1.19012 | 1.1 57
33 |1.19236| 1.19463 | 1.19601 | 1.10920 | 1.:20152 | 1.20386 | 1.20622 | 56
34 | 1.20622| 1.20850 | 1.21000 | 1:21341 | 1.21584 | 1.21830 | 1:22077 | 55
35 |(1.22077 | 1.22327 | 1.22579 | 1. 1.23089 | 1.23347 | 1 54
36 | 1.23607 | 1.23860 | 1.24134 | 1.24400 | 1.:24669 | 1.24040 | 1.25214| 53
37 | 1.25214 | 1.25480 | 1125767 | 1.26047 | 1.26330 | 1.26615 | 1.26902| 52
38 |1.26002 | 1.27191 | 1.27483 | 1:27778 | 1.28075 | 1.28374 | 1.28676 | 51
39 | 1.28676 | 1.2 1.20507 | 1.20909 | 1.30223 | 1.30541 | 50
40 | 1.30541 | 1.30861 | 1.31183 | 1.31509 | 1.31837 | 1.32168 | 1.32501 | 49
41 |1.32501 | 1.3 1.33177 | 1.33519 | 1.33864 | 1.34212 | 1.34563 | 48
42 | 1.34563 | 1.34917 | 1.35274 | 1.35634 | 1.35007 | 1.36363 | 1.36733 | 47
43 | 1.36733 | 1.37105 | 1.37481 | 1.37860 | 1.38242 | 1.38628 | 1.39018| 46
44 | 139016 | 1. 1.30804 | 1.40203 | 1.40606 | 1.41012 | 1.41421 | 45
5 60’ 50" 40’ 30 20’ 107 o’ 5
i COSECANTS
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MATHEMATICAL TABLES

B
NaATuRAL TricoNoMETRIC FUNCcTIONS

E ‘ i

0 10" | 200 | 30 40 | 50" | @0 g

| i l
0 ®  343.77516171.88831/114.5030185.04561 ,63.75736!5?.2986 80
1 [57.20869 49.11406 42.97571 38.2015534.3823281.25758 28.65371
2 [28.65371 26.45051 24. 22.9255921.40368 20.23028 19.10732| 87
3 [19.10732 18.10262 17. 0.38041/15.63679 14.95788 14. 86
4 [14.33559 13.76312 13. 2‘74550_12‘29125;11.3as37iu.4737| 85
| |
5 [11.47871 11.10455 10. 10.4334310.12752 9.83012 0.56677 84
6 | 9.56677 0.30917 9. 8.83367| 8.61379 8. 6 8.20551] 83
7 | 8:20551 s.mms! f 7.66130 7.49571| 7. 7.18530 82
8 | 7.18530 7.03962 ©. 6.76547| 6.63633 6. 6.39245 S1
9 | 6.39245 6.27719 6. 6. 95536/ 5. 5.75877| 80
10 | 5.75877 5.66633 5. 548740 5.40263, 5. 5.24084| 79
11 | 5.24084 5.16359 5. 5.01585( 4.04517] 4. 4.80073 78
12 | 480973 4.74482| 4. 4.62023| 4.56041/ 4. 4.44541| 77
13 | 4.44541 4.39012| 4.33622| 4,28366) 4.23239 4. 4.13357| 76
14 | 4.13357 4.08501 4.03038 3.99308| 3.94052| 3. 3.86370, 75
15 | 3.86370| 3.82223 3.74198 3.70315) 3.66515| 3.62706| 74
16 | 3.62798/ 3.50154| 3.55587| 3.52094| 3.48671| 3.45317| 3.42030 73
17 | 3.420380 3 3.35040 3.32551| 3.20512| 3.206531| 3.23607| 72
18 | 3.23607| 3.20737| 3.1 3.15155) 3.12440 3. 4 3.07155 71
19 | 3.07155| 3.04584] 38.02057 2.99574| 2.97135 2.94737| 2.92380\ 70
20 | 2.923 2.00063 2.877. 2.8554. 83342 2.81175| 2.79043| 69
21 | 2.70043 2.76045) 2.74881] 2.72850 2.70851| 2.08884| 2.66047| 68
22 | 2.66947 2.66040 2 2.61313 2.59401| 2.57608( 2.55030( 67
23 | 2.55 2.541 2.52474) . 2.50784] 2.49119 2.47477| 2.4 66
24 | 2.458590| 2.442 2.41142| 2.39614] 2.38107| 2.3 65
25 | 2.36020 2.35154] 2.337 2.32282 2.30875 2 2.28117| 64
26 | 2.28117 2.267 225432 2.24118 2.22817| 2 220269 63
27 | 2.20260 2.19019 2.177 2,16508 2.15366, 2 8 2.13 62
28 | 2.13005 2.11847| 210704 2.00574) 2.08458 2 6 2.06 61
20 | 2.06267 2.05191[ 2,041 2.03077‘]' 2.02033 2 g 2. 60
30 | 2. 1.98998 1. 1.07029 1.96062 1 1.94 50
31 | 104160 193220 1. 1.01388 1.90485 1 1.88 58
32 | 1.88708 1.87834/ 1. 1.86116 1.85271| 1 1.83 57
33 | 1.83608 1.82790 1. 1.81180 1. 1 4 1.78820 56
34 | 178820 1.78062 1. 1.7655 1.% 1 3| 1.74345 55
35 | 1.74345 1.73624 1. 1.7 1.71506, 1 1.70130, 54
36 | 1.70130 1.69452 1. 188117 1.67460 1 | 1.661 53
37 | 166164 1.65526 1. 1.64208 1.63648 1 1.62427 52
38 | 1.62427 1.6 1.61 1.6063 1.&00541 1 1.584 51
39 | 1.58002 1. 1.57771] 1.57213 1.56661] 1 3 1.55572 50
40 | 1.55572 1. 1.54504] 1.53977 1.534551_ 1 S| 1.52425 49
41 | 1.52425 1. 1.51415 1.50016 1.50422 1 1.40448 48
42 | 1.4 1.48067 1.48401) 1.48019 1.47551 1 1.46628] 47
43 | 1.46628 1.46173 1.45721| 1.45274 1.44831 1 1.43 46
44 | 1.43956 1.43524 1.4 1.42672 1.42251) 1 1.41 45
i
2| 60 ‘ 50 | 40 300 | 20 | w | o | E
; SECANTS ‘
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CARNEGIE STEEL COMPANY

BIRMINGHAM WIRE GAGE
EquivarLENTs IN INCHES
Commamwm\c Wl:lea'rs OF Frar RoLLED STEEL

G"{;, Thickness, Pﬂ;zdl Bl Tln'rknels. Inches I’u;:dn
Inches | Souaro oot | Fractional Decimal | Square Foot
14 5 | 20.4
0000 454 % 185232 wee | 46875 | 10.125
000 425 | 1734 | Vhe | 4375 17.85
RRTTa . 37 sy 184e 40625 16.575
00 | 380 | 15504 | B4 | 375 | 153
0 340 13.872 114y 34375 | 14.025
T esw fo =4 | (TSI IR Ty E i | 12.75
1 800 | 1224 | %, | 206875 | 121125
2 284 115872 | 95 28125 | 11.475
3 .250 105672 | 1 | .265625 | 10.8375
! pasvesn | Y% |* 25 | 10.2
4 238 9.7104 | ‘13, | .234375 | 9.5625
5 220 ‘ 8076 Ii The .21875 | 8.925
6 203 8.2824 i 1, .203125 8.2875
7 180 | 7.344 | %o 1875 7.65
8 l 165 ‘ 6738 1. TG .171875 ‘ 7.0125
9 A48 | 6.0384 Bha 15625 6.375
10 134 5.4672 ‘: LT 140625 ‘ 5.7375
}; :g ' :'2232 fri 8 08 21&25
=3 | 4 | T 109375 | 446
13 | 005 | 3876 | % .09375 | 382
14 | 083 | 33864 | Bisa 078125 | 38.1875
15 | 072 | 20876 . T =
16 085 |y 2.652 We 0625 2,55
17 | 058 ] 2.3664 ! I
18 | 049 | 10992 ou 046875 1.9125
19 042 1.7136 . i Y s o 5.0 W8
20 035 | 1428 b | s ts (AL
21" | 032 1.3056 %e | .03125 | | 1275
22 028 T T (o R (T Rl et e A N
23 025 102 | . g
24 | .02 0.8976 | [ PR AT AR A & |\l S LS
25 | 020 0.816 | W R T
26 | .08 07344 | =L e
27 | 018 0.6628 T 015625 | 0.6375
28 014 0.5712 ) v o el
20 | .18 0.5304 | aE
30 012 0.4896 | i
a1 010 0408 | .. | leeceees |
32 | 000 | 03672 | L
33 | 008 03264 | Yiay 0078125 0.31875
34 | 007 (o e | RS (T e 8 ey, o
3 | 005 e e Ll el AT N e
36 004 01632 | e | 00300625 | 0.150375_
" Unless otherwise specified, nll arders for flat rolled steel in wlil be exccuted by Carnegie

Steel Company to Bumlruhm ire Gage.
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MEASURES AND WEIGHTS

UNITED STATES STANDARD GAGE
Fon
SHEET AND PraTE IRON AND STEEL .
Approximate Thickness | Woight per' | Weight -
o o ————— — _._':Sql‘:’rfi‘m.quﬂgl‘ﬁ.l R v
o \Fractional|  Decimal Millimet Ounces, | Pounds, s‘l(" ol
Inches | Inches | A pols | P >
0000000 | ’ 5 12.7 320 20.00 97.65
000000 | 1% | 46875 11.00625 300 |18.75 91.55
00000 e 4375 11.1125 280 17.50 85.44
0000 189 40625 10.31875 260 16.25 79.33
000 86 3756 9.525 240 15.00 73.24
00 e 34375 8.73125 220 13.75 67.13
0 o 3125 7.9875 200 12.50 61.03
1 281256 7.14375 1 11.25 54.93
2 17, L265625 6.746875 170 10.625 51.88
3 25 6.5 160 10.00 48.82
4 14 234375 5.953125 150 9.375 45.77 I
5 Tha 218756 5.56625 140 8.75 42.72
i3 1y 203125 5,159375 130 8.125 30.67
i B0 4. 120 7.50 36.62
8 iy 171875 4.365625 110 6.875 33.567
0 gz: . + 75 100 6.25 30.52 '
10 1406256 3.571875 00 5.625 27.46
11 14 126 3.17 80 5.00 24.41
12 ;2: 100375 2.778125 70 4.375 21.36
13 L0037 2.38125 60 3.75 18.31
14 Bl 0781256 1.084375 50 % 125 15.26
15 Y1a8 07031256 1.7859375 45 8125 13.73
16 o L0625 1.587 40 2.50 12.21
17 Hao 06625 142875 36 2.25 10.99
18 1ag .05 1.27 32 2.00 9.765
19 Ko 4375 1.11125 28 1.75 8.544
20 0375 .05 1.50 7.324
21 1 034375 873125 22 1.375 6.713
22 lhe 031 793750 20 1.25 6.103
23 Whag 028125 14375 18 1.125 5.403
24 Lio 635 16 1.00 4.882
25 xg.w 021875 5556 14 875 4.272
26 a0 0187, 47025 12 J5 3.662
27 i 0171875 A365625 X 6875 3.357
28 L 5 306875 10 625 3.052
29 B0 0140625 35671875 9 5625 2.746
30 150 0 3175 8 .50 2.441
31 ﬁw 0109375 2778125 T 4375 2.136
32 | Masn 01015625 25706875 616 L .40625 1.983
33 g0 5 L2381 6 375 1.831
34 | Wege | 00850375 21828125 514 34375 1.678
35 T 0078125 % | 37 5 3125 1.526
38 | %Beso | .00703125 ATR50375 414 28125 1.373
ar "g“o 06640625 168671875 41 - 2 1.207
38 0 i 00625 16875 4 25 1.221
The United States Standard Gage is a weight gage based upon the weights per square foot in
ounces avoirdupois and approximate thickness based upon 480 pounds per cubic foot.
In the practical use and application of the United States Standard Gage, a weight variation of
214 per cent either way may be allowed, :
Unless otherwise spocified, all orders for flat rolled steel in gages will be executed by Carnegie
Steel Company to Birmingham Wire Gage,
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CARNEGIE STEEL COMPANY

STANDARD GAGES
CosmparaTIVE TABLE"

| -1 ‘i |
TR |
dlaplia] 1
- > 11 R
2 | G| B4 | 5| & | B3| s
E| Eee | igs E | 588 | =ig
{52 § m--% 7 EEE '5;
E o
i 2 E : = | E
=
0000000 T (R 5h 4900 500 |
000000 iiv | ’ssoo00 | 4615 464
00000 516500 | 4305 1450 432
0000 A54 | 480000 | 3038 1400 400
000 425 | ‘400042 | 3625 1360 372
00 380 | [3p4700 | 3310 1330 348
0 340 | 324861 | 3065 1306 324
1 1300 | 280207 | 2830 1285 300
2 284 | 257027 | 2625 265 276
3 200 | 22043 | 2487 245 252
i 238 | ‘2043 29 1395 232
5 220 | 181040 | 2070 205 212
6 203 | 162023 | (1920 190 1192
7 80 | 144285 | (1770 175 176
8 1166 | 12849 1620 1160 1160
. 9 48 | 114423 | (1488 ‘145 144
10 134 | 101807 | 1850 130 1128
11 120 | ovo742 | (1206 1175 116
B oF. e | . 1055 ‘105 104
13 005 | 071062 | 0015 0025 092
14 083 | .084084 | | 10806 2080
15 072 | 057068 | 0720 070 072
16 085 | .050821 | .0625 1061 - 064
17 058 | 045257 | .054 0525 (056
18 040 | 0475 045 048
19 042 | .035890 | 0410 1040 ‘040
20 035 | 031961 | 0348 .035 1036
31 032 | 028462 | 03175 | .031 032
22 028 | 025346 | o2s6 | o028 “028
23 025 | .022572 | 0258 | 025 024
24 022 | l020101 | .0230 i 022
25 020 | .017900 | .0204 020 020
26 018 | 015041 | 0181 018 018
27 016 | 014105 | 0173 | 017 0164
28 014 | 012641 | 0162 016 0148
20 013 | 011257 | 0150 015 0136
30 012 | 010025 | 0140 014 0124
31 010 | loosv2s | 013z 013 0116
32 009 | .007950 | 0128 012 0108
33 008 | 007080 | 0118 011 ‘0100
34 007 | : 0104 010 10092
35 005 | 005615 | 0095 | .0095 0084
38 004 | i 0000 | 009 0076 |
87 go4dz3 | 008> 10085 0068 |
38 003965 | .00 008 ~0060
30 i 1 | 0075 10075 s008%: Lt imi.
10 003144 | 0070 007 B | P

Unlmothwwiugpuuiﬁd. all orders for flat rolled steel in gages will be executed by Carnegie
Steel Company to Birmingham Wire Gage.

402




MEASURES AND WEIGHTS

DECIMAL OF AN INCH AND OF A FOOT

Inch Equiva-
lenta to Foot
Fractions

| T
‘ b- | Fractions g‘g Fractions
| a T IBs of
Iuhw!‘m lnnhnti'mt Imhar?wt E:E Inch or Foot
za ; i
EE

0052 | Wa | |a-,-f.. 1 5052 | 6%e | ‘ .7552
0104 | iy 2008 |30 B STt 7604

You | 015625 | 1176| .265625 | 3% 4 6 515625 | 630 1% 765625
0208 | 4| 2708 |30 5208 | e | 7708
0260 | Mo | L2760 3Ma 5260 | 6% | 7760
03125 28125 |38 174 .53125 | ien6. 78125
el i6s | ?«i'. I“" 2808 |3the | 3365 |Ote | Y| 7865
0417 2017 |3 5417 |64 7917

046875 '15(,. 206875 | 3% 56| 546875 | 696 [P16s .796875
e 0521 ;1 3021 |34 | |.5521 a?a', 8021
0573 ho |B073 |3the |13573 |6t 8073
.0625 15¢0].3125 (39 |%0|.5625 |6% (184 .8125
o) 0677 é"' *| 3177 e *\'5677 |Gi%e| | .8177
0729 | |Ba20 |3 5729 | 6% | 8220

078125 | 154, 210, 328125 | 3154 96| 578125 | 61846586, .828125
ot -l P e %"’&‘5333 ol
0885 |1l 3385 ‘5885 7:/..| ‘8385
00375 |16 1%l .34375 4 g (196, 50875 |74 l2vhel 84375
Y| 0080 15. 3490 43.4.‘ * 3000 o *| 8400

042 |1 ; 6042 |7 g

Tou | 100375 | 1540 |2864] 359375 451 (s944] .600375 | T9%0 (556 859375
o] e 15' 3646 |4 | | |.6146 |78 ‘8646
A198 (Mg | 3608 4% | 6198 |77 | 8698
%1200 |16 | % |.8750 |4 | % |.6250 76 | % | 8750
11302 1§. 3802 | 4 6302 | Ty | 8802
1354 |1 3854 | 4%k 6354 |73 8854

o | 140625 | 11344 250| 300625 | 41344 9164] 640625 | 71140570, 800625
W -1458 li' 3958 ‘ Ji' 0488 | 7ap 8958
11510 4010 |41k 6510 | Tikig 9010
15626 |17 [1%6s 40825 |47 e 65625 | 776 =94 .00625
e T T }i‘u] 4115 | 4% " 6615 |7ise | 9115
11667 e 16| |ese7 |8 | | o167

114, - 171875 | 2444 (T4, 421875 l484,| 671875 594, 921875
b B ﬁ. 4271 W"q 6771 %2' | 9271
.1823 ' 4323 o 6823 s I .9323
%e|-1878 |24 (%o 4375 B4 1144.6875 8y 1344 .9375
‘19027 A 4427 | 5Ma | |.6927 |BHe | 9427
1979 4470 6979 |83 0470

186, 208125 | 2740 6, 453125 | 5%4a 703125 | 814e 044 .953125
2083 4583 |5 7083 |8 ‘9583
2135 of |4635 |5he| 7135 | 8% 9635

Tha| 21875 15| .46875 '-54.71375 [s14s .06875
2240 ﬁu 4740 gﬁl" 7240 gz%.. ‘9740
2202 7202 | 9792

154 234375 | 21840 16| 484375 | 5180 T4y 734375 | 8134603, .084375
3306 :r}z' “ason %&" 7308 | 8% | ‘9806
2448 | 21844 | 5ilql | 72a8 | B8iR, 0948
vil2s00 |3 lwlso00 6 |wl7s00 o ‘1 1 | 1.0000

O1%a
10
1044

i
104
1
1
104"
10%4e
1006
105
10
10"
10034y
1076
10'%4e
11
1114,
11
11%a
114
11%4
11
117
14
11%e
i
T
111844
11184
12
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CARNEGIE STEEL COMPANY

SUBJECT INDEX
Pace
American Bridge Co. .. specifications for steel structures. ...........+ 136-142
A BT M e s standard specifications.,........ e et 8 44 AT “4—43
billet steel reinforcement bars. ... ..covovvwenss 24-27
nickel stoel, structural, . ..ccicievvaiannnenne 11-17
BRAD PIVOkBEORY. 570 % Siis s pwistan sy 5 el B aoaly 33-37
structural steel for bridges . . . ... ............ 4-10
e oM L PR e 4 S 15-23
¥ e 1 R T (o a s sl ey e e 3543
= el Ty S SN R T T 28-32
Anchors......... .. Bumdurd wall and pler anchors. ......ooovuns 226
Angles. . iiivinienis elements of seCtions. . , ... vevnvanennases 140, 162-167
profiles, dimensions and welghts. ............ 75-82
safe loads, explanatory notes........cocouuss 189
safelond tables. . ...c..isinensianannssian 213-217
standard CONDOCLIONS. . .. v v vsorersmasnessns 223,224
structural details for punching and riveting.229-231
benslon TRHMAE. . . . s oai il s 287-239
Angles, Back to Back . . radii of gyration........... ... .00 151, 173-175
Arches, Floor Arches. . . explanatory notes. cv. . .308-308
terrn cotta, sefe Ioad tsblus smd welghts ....... 309-312
Areas..........c00n circles, diameters 10999, .. ... ... 0 ... 474-393
CIECRIAE DORTNOIIE . . - » o vv.armm sn 5 woe m s wiaew oo was 365-371
method of increasing scctional areas. ......... 45
netareas Of ANEIES . . . v vvvvroveosvcnasmais o 237-239
TUANG BEONEE oo ards s s s s si s & e wateas e & 365
rectangular Bections. . ..o viivee s cnii i eaainn 100-103
reduction of area forrivet holes. ....... ..... 231
squareand round Bars. ......:..coiiiiinunas 106, 107
structural shapes, rails, ete........... AN 152-172
s R s R e i R 372, 373
Band Edge Flats . . . . .. Yook o A=, it Ll e i e s e 98
Barho s . o2k - .ocold twisted squarebars slmsand weights, . ., . 108
concrete reinforcement bars, sizes and welghts108-111
eye bars, sizes and dimensions............... 128
o T B, S SRERTINE S ) 98
lattice bars, dimensions for columns.......... 140
merchant bars, list of sizes. .. ..........00u. 29
rounds and squares, welghts and areas........ 106, 107
splice bars, profiles, dimensions and weights. . 116, 117
standard tost bars, see A, 8.'T. M. Specifications  4-43
tension values, rounds and squares........... 240
upset screw ends, sizes and dimensions........ 126,127
Beams, H-Beams Sl T e e L n < ol 57, 164, 207, 276
Beams, I-Beams . . .. .. bending moments, tables..........c.cc00neunn 196, 197
common dimensions..........occs0aussas0us 46
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Paicr
Beams, I-Beams. . . .. .. details, connection angles................... 223,224
: L T e e 227
" RODAERIDEE . 3'6 « s/ o u'arle sa 'k £ ais a o aIRe o 225
*  standard gages for punching........ 220, 221
elements of séctions. .. ................. 148, 152, 153
grillage, notes and calculations. .............. 244-248
profiles, weights and dimensions. ............ 47-506
A safe loads, explanation of tables.............. 180-105
safeload tables. . ......... 0o vvemmnrrannnns 1990206
web resistance, tables............co0oiiaunan 194, 197
Beam Columns . ...... safoload tabIOE . ....ccvovastinenannnsnnins 276
Beam Girders. .. ...... explanatory notes. .. ....... ... Siatie a}dre )4 e aTavee 249
gafoload table@. ... .. i ivvevssnnssnsnsnsnns 250, 251
Beam Stresses. ... .... explanatory notes. ... ..o iieianenen 180-182, 189-195
bending stresss . . .. v ..o vssaarsnscarasannss 180, 181
Ducking Stresees. . ... . iiv it aeise i 193, 194
deflection; Iaberal. . oi o s i va s s 138, 181, 191
14 L o SRR, L AP SR N L 1 185~100
flexure formulas for various loading conditions. . 1583-188
T T R R R L S RN 191, 192
shearing stresses, longitudinal and vertical. . . .. 192, 193
tensile and compressive stresses. . L 151
Bearing Plates.. .. .... explanstory - MOEE. L T IV ERY e e e 227
safe resistance......... A e T B e e 228
standard fOr DBAMS. c. .o ues sanssinanansissns 227
Bearing Values. ...... pins and rivets, explanatory notes............ 232
T R I e e 235
Fivebs; tablen i oo AN S T s AR 233, 234
Bending Moments . . ... explanatory NOUeS. . . . ... .iviiinunaiannnanns 180
beamns, tables. ..., .. .ccundiracisnnsnnsss .o« 196, 197
R e 198
PR BN PO Py AUNDRTL S L. e 236
various loading conditions, formulas. ......... 185-188
L T N e standard dimenslons . ...................... 122, 123
screw threads, standard dimensions. . ........ 122, 123
weights, bolts with hexagon heads and nuts 125
weights, bolts with square heads and nuts. . ... 124
Bolt Heads and Nuts.. . standard dimensions. ....................... 122, 123
Wl RS o o5 e R e S e e e S R 124, 125
Buckle Plates.. ....... expIanBtory NOLOS. oy v it e 320
sl Joad BRSNS R 320
gizes and dimensions. . .......... . . v 321
Buckling of Webs. . . .. XpIanatory DOtES. .. . i1 et ncrsnsnanns 193-195
web resistance of beams and channels, tables . 196-198
Building Laws........ extract, from building laws of various cities. . . 304
Bulb Angles. . ........ o L T e o s [ SR 58-65, 158—-161
bulb angles, elements. . . ... .ciiivaiaianinans 158-161
*  proflles, weights and dimensions 58-65
Cast Iron Columns . ... allowable Unit SIFESSE8 . .. .cvvivirevsnensnns 300
hal.luw rouud and square, elements...........178, 179
Uit s pntmdonds . cor s in o 301, 302
208 .
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N deflection of plastered ceilings.,........ v+ 4. .189, 190
Welght Of CBIUNES i 4 aiva's'vesssiissiesns s s 312
Center of Gravity. ....See Neutral Axis. ................. 143-149, 152-177
Channels, Ship and Car. clements of sections. . .. ...... ... .......... 156, 157
profiles, weights and dimensions . ............ 70-74
Channels, Structural. . . bending moments, table. . .................. 198
common dimensions. ... .........cc000vunnnn 46
details, standard gages for punching......... 222
elementsof sections. . . . . ... .o, 148, 155-157
profiles, weights and dimensions ., ......,..... 6674
safe loads, explanation of tables.............. 180~1056
safeloadtables ..........c.iviiuuiinnnuniin 208-212
web resistance, table. ...................... 198
Checkered Plates. .. ... elements and safe loads. .. .........o0viniuan 322
profiles, weights and dimensions. ............ 04
511 (P SR | areas and circumferences, dia. 1 to 9990. .. ... 374-393
properties of thecircle.............convienn. 364
Circular Plates . ...... extreme sizes, carbonsteel. . ................ a5, 96
Circular Segments . . . . . areas, tables of coefficients.................. 368-371
Clevises . ......... v DS BN WOIEHEE o i v vt eietarvialanin o n s o x afars wns sis 130
Coefficients .......... CIrcUlRe SOEMBNGE . . v vocvsisiincvs iunssrrivs 360-371
deflection under uniform load.......... ...... 190
expansionduetoheat...................... 351
Cold Twisted Squares... slzes and welghts............coiiiiiininnes 108
Columns, Cast Iron. ... allowable unit stresses. . . . .................. 300
hollow round and square, elements. . .....,... 178,179
ae o = " 'safeloads.......... 301, 302
Columns, Steel ....... EXPIATBLOTY DOVOB. o v:c siaia o ulsials o ssanennnssos 271-273
calculation of elements. . ................... 150, 151
e L L e 273
compression formulas. . .........uiiiinnr.- 274, 275
elements, angle and plate columns . . ......... 289-2006

> channel and plate columns. ........ 277-2
- miscellaneous beam columns., . ...... 276
safe loads, angle and plate columns........... 280-206
= * channel and plate columns. . ,, ... .277-288
v ' miscellaneous beam columns. ., . ... 276
typical detalls for mill and office buildings . . .. . 297-299
Columns, Wood . ...... allowable unit stresses. . . . .........c00vennn 341
square and round, safeloads................ 342, 343
Compound Sections. . . . calculation of elements .................... 150, 151
Conerete, Masonry . . . . . strength, unit fiber stresses. ... .............. 350
specific gravity and welght.................. 345
Concrete, Reinforced OXPIBNBLOTY NOLBB. .o v s aacs iississsvossnnssssse 313-317
beams and slabs, formules . . ................ 313-316
bending moments of slabs. .................. 318
COIMNS, JOCTODIAE: . oo siain v nir srmmieire b o 316
reinforcements, deformed bars, ete. .......... 108-111
. round and square bars........ 106, 107
4 triangloemesh.......connunnins 319
Connection Angles.. . .. standard for beams. ...............c00vue . .223,224
Construction Specif'ns. . American Bridge Company ................ 136142
Conversion Tables. . ... measures, metric and U. S. Standard......... 352-363
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Corrugated Sheets . . . . . explanatory NOeS. .. ..o oo iivininnrrnnnes J 430
T B T O, 331

Cotter Pins .. ... ..... gizes and dimensions . . . .................... 132
Cross T'e Sections . . . .. 1 RO TR ORI & 5o s omisin4 050 (-0 a0 ava 6 wrer s 171
proflles, welghts and dimensions . ... ......... 112. 113

safeload tables. . ........covviivinninnnnnns 207

Cubes and Cube Roots. . numbers 1 to 999, . .....c00ivuiiinniannnnnns 374-303
Decimal Table. . ...... equivalents of an inch and of a foot. . ........ 403
Deflection, Lateral.. ... gxplanatory notes and formula. .. . ...... 138, 181, 191
Deflection, Vertieal. . . . explanatory noteS. .. .....ovvveieraaans 181, 180, 100
coefficients, calculation and table, . .......... 190

coefficients for beams and channels . . 199-203, 207-210

limit for plastered ceilings................... 189

formulas for loading under various conditions . 185-188

Deformed Bars, . ... ... alzes and welghts. . .. ..ovvvviviaiinnnsisaas 108-111
Elasticity. . .. ........ elastic limit of substances. . .................348,349
modulus of elasticity of substances. . 183, 333, 345350

Elements of Sections.. . explanatory notes. .. . ... . covevueinivninaan 143
formulas for calculation of elements. . ... ..... 144-151

structural shapes, rails, ete..................152-172

Equivalent Measures.. . metric and U, 8. standard,...........0000000 352-363
Expansion, Heat. .. ... table of coeficlents. .. cvv sy s caiaaaaianamanon 351
Eye Bars. ... o000 sizes, dimensions and welghts................ 128
Fiber Stresses . . concrete, reinforced concrete ., . ........ ... 350
TERSGREY: BEORIS . i« 2P irelely o v+ aaise s 4 o v a1l 350

metals, BllOTE. . i ol s s 348, 349

miscellaneous substances. ... .........u 0. 330

gtructural'steel, .. . i s s i i 136, 137, 349

structural timber. . .. .........ciciiiiiinans 333

Fireproof Floers. .. ... see Floor Construction. .. ..., 303-319
Flat Rolled Steel LTS T it e T O L 0508
tables Of WeIBhES. ... .covviionrionicnnsanas +103-105

Flexure of Beams. . ... explanatory notes and formulas. ... .......... 180-188
Floor Construction. ... explanatory NOES. .. ..o vvinvrerarvnsnans 303-308
fireproof flOOr BYStOMS. . . . oo v i i 305, 306

live loads, various bullding laws. . ... ........ au4

reinforeed concrete beams and slabs. . ... ... ..313-319

terra cotta arches, safe loads and weights. . . . .300-312

SOt DI ERON08 50 =i R liaTvss, o ol e s aah = B 306-308

Floor Plates.. .. ...... buckle plates. . .......ccnvvenvnnrenesianns 320,321
checkered plates. ... % ... ..oiiinniinnnan 322
Formulas............ bending moments and deflection, ........... 183-188
elementsof sections. . ... .....ovvennnnnnnes 144-151

geometric and trigonometric. .. .... 364-368, 372, 373

roof trusses, stresses and length of members. . 326-320

stresses in beams, bending. . .. ........... ... 180182

i, Y buckliDg. . ..o.ciaiaiiiiis 193, 194

g ! FIDDOGT i el s e i ke ls 191,182

g L 2 T R e e G ol 192, 193
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Formulas. , . .....0... stresses In columns, cast iron, ... .... ae T Sy 300
LA iy structural steel........... 274,275
S ' gtructural timber......... 333
stresses in bearing plates and steel slabs, . 227, 244, 245
Functions ........... s P e o 374-393
RS0 . < . o025 5 R s v v s wateseia e lethoa o d 394-399
R = i il e i gpocific gravity and welght. ................. 344
Gages.......oo0000it AREIeE, TOr PUnChINg . . . L e s e nenire i bes 223
béams, ToOr pChIng: . ... .« covviincianans 220, 221
Birmingham wire gage. ...... . ccovvvvvansass 400
channels, for punching. . ................. 22
comparative table of various gages........... 402
. United States standard gage. . .............. 401
Gage Variation.. . ... .. steel plates, see A. 8. T. M. Spcctﬁcntim:s 4-43
GIrders .. .vivvivinisn explanatory notes. . 4 - i 249
angle and plate girdars aara quds ............ 252-270
beam and plate girders, safe loads . . ......... 250, 251
elements of compound sections . . .. .........- 150, 151
grillage foundations. . . ......co.ovinenniiins 244-248
Grillage Foundations .. explanatory notes and caleulation. .. ......... 244-248
Grips of Rivets . ...... Jength of Beld rivets. ... ..0v0eneiescancsanss 134
H-Beams . . ... -’ L beamsafeload tables...........co00uven.nis 207
column safe load tables. . .......ocovuvenun.. 276
elementsof sections. . . .. ....cnsncrroinannas 154
profiles, dimensions and weights . ............ 57
Half Rounds . . ....... R e e T ol 99
Hexagous . . ..... o LS VIR ot & (o e o Bl Ve e R A e R 29
Hollow Sections . ..... rounds and squares, elements. . . ... ... 178, 179
castfron columns. . . . ...covvvvnnnnnnaissaes 300-302
Impact Stresses. . .. ... effoct OD DOAIS. . ... ... c.covissuannssannsana 191, 192
Inerease of Sections G e e 45
Lateral Deflection. . . .. explanatory notes and formulp........ .138, 181, 191
LatticeBars. . . ....... dimensions forcolumns. . ... .............. z 140
Liguids ............. coefficients of expansion . . ..........c.o000en 351
specificgravityand welght. ... .. ............ 344
Live Loads, Floors . . . . building laws of various cities. . ............. 304
Logarithms .. ........ numbers 10999, .........cciiinnnnnaraanas 374-393
Longitudinal Shear. . . . explanatign and formula.. ...............00 192, 193
LoopRods........... sizesand dimensions . ... .......co00nnininen 129
Masonry and Stone. . . . coefficients of expansion. ..........ooonnnn i 351
specific gravity and welght. .. ............... 345
strength, unit fiber stresses. . ............0.0. 350
Maberiale. . .coonvenas coeflicients of expansion . . ,......cvvveunens . 351
specific gravity and weight.................. B44-347
strength, unit fiber stresses.................. 348-350
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Measures and Weights. . equivalents of U. 8. and metric............ ..352-363
Mensuration. . .. ...... mathematical formulas. ............ccc0nnn. 364-373
Metals and Alloys. . ... coeficients of expansion. . ...... ... c.coieuunn 351
specific gravity and weight.................. 344
strength, unit fiber stresses.................. 348, 349

Metric Tables........ . weightsand measures. ..........ccoc0un v ...352-363 B
DSBS < oo in e specific gravity and weight ... ............. 345
Modulus of Elasticity.. various substances................. 183, 333 346—350
Moments of Inertia. ... definition and formulas., ................... 143-151
structural sections, tables. .................. 152-177
Neutral Axis......... definition and formalas ... o0l . ove v i e 143-149
. structural shapes, tables............ .cec0sn 152-177

Nuts. ............... dimensions and weights................ vee..122-125 "
recessed pin nuts, sizes and dimensions. ....... 132
sleeve nuts, sizes and dimensions........ %58 131
Nut Steel Flats......... (e 8 e PO I CF T S R 98
Ordering Materials . . . . general instructions. .................... P 44
Piling, Steel Sheet.. ... explanatory notes ...........covcvveuineess 241-243
T T A i e i g gl L o LR e 154, 243
e B o LR S R o SRDAY. &5 SN 93
PARBE S 086 i ol dibae OXpIANALOryF ROtoE. . .. T L Tl s s 232
bearing values, tables..... e o e e 235
bending moments, tables............... aaates 236
cotter pins, sizes and dimensions............ ¢ 132
PRy 50 it 6wl RS RO AR AT RIIMOIL L T o o v iy sl Seiald o aie o oo 120, 121
Plate Girders......... 800 GHrders.. .. <o - b a0 0 01 150,151, 248206
Plates, Flat Rolled Steel. extreme sizes . e o e s ISR
ca.rbon steel, shean,d rectangular and circular . 95,96
“, universal rectangular.......... 95
& nlckel steel, sheared, rectangular........... 97
** , universal, rectangular......... 97
Plates, Floor Plates. . . . buckle plates, explanatory notes and sizes. ... 320, 321
checkered plates, elements and safe loads. .... . 322
b profiles, weights, dimensions 94
Plates, Wall Plates. ... see Bearing Plates....................... ..227, 228
Profiles of Sections. . . . dimensions and weights.............. 47—94, 108-119
Panehing: <o .......u details for punching and riveting............. 229-231
construction specifications................... 141
PRRTIRE s < e ssas explanatory notes.......... R g by 325
Radius of Gyration . ... definition . ....evue eivneennen.. ek s T A
angles back to back, tables. ......... 4rils ISR 173-175
formulas for elements of sections...... 3 diaia 144-151
structural shapes, tables.................... 152-172
R . elements of A. R. A. and A. 8. C. E. sections 172
profiles, weights and dimensions. ........ PRy B2 g L1
Rails and Accessories . . weights and dimensions..................... 118
Rail Clips . ...7. .00 profiles, dimensions and weight,s ....... 119
Ratio of Slenderness. s MdeflBBlon ) LV Vv e vn s v sialie 271
unit stresses for compression formulas........ 274
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Recessed Pin Nuts...... sizes and dimensions. ............ ot T 132
Reciprocals . ......... NUMBErs IS 098, e A G A Vs ek 5w et s 374-393
Rectangular Plates . . . . extreme sizes, carbon-and nickel steel ........ 95-97
Rettangrilar Sections. . . QIORBIRERRN.d/vs o 1 ool s s v s hemoses s ihinuin 100-102
momentsolimertia . . L JU i s e 176, 177

Reinforced Concrete . . . see Concrete, Reinforced........... 106-111, 313-319
Riveting. .. ....... .. construction specifications....... ........... 139, 140
details for punching and riveting............. 229-231

T AR aregsol rivot - holes; .\ . oo UV o o d s A o d 231
CORYARUIONE SIS, L0 I £ s v v fueles 229

T L R A U o5 133

lengths for variousgrips.................... 134

stresses, shearing and bearing values......... 232-234

. structural details for riveting................ 229-231
R R B e s B e S e . i s s i vearas 135

BRODER I oo ehhas 35 V% 7 208 CXRIanatory-notesc. s ashi s I su brvis sa e s b - 323-325
live loads, building laws of various cities . . ... 304

auaw and- WIAIoRAR. . . o ki Haleiite s o b sl o4 as 323

trusses, stresses and length of members. ... ... 326-329

weights, roof covering and roof trusses.........324, 325

Screw Threads. . ... ... Franklin Institute, U.S. and A.B.Co.standards 122
Section Modulus . . . ... definition ‘and formulas. ......wee cvsasases oo 143-151

U e AT e T i g e AR R 152-172
Segments, Circular . . . . coefficientsof areas......................... 369-371
Separators .. ......... standard for beams........... B e T bt 225
Shearing Stresses. .. .. longitudinal and vertical............... 180, 192, 193
Sheared Plates. . . .. ... extreme sizes, carbon-and nickel steel........ 95-97
BRansing Valmon, Rivets = GRRIRER 20 . oot oo ey &% ol e vecie o) o (01751 4y ariglel 233, 234
Ship and Car Channels. see Channels, Ship and Car.......... 70-74, 156, 157
(7 T A R CRR L L R e e S S P 98
Sleeve Nuts . . ........ slzo8 ond GUNERMIONS . . ... L. i ositheadss 131
Snow Loads . . ........ SOUTE DR IR0, 1o v tattadon » v ot ae e v s n 323
Specifications ........ American Bridge Company.................. 136-142

American Society for Testing Materials. ...... 4-43
Specific Gravity . ... ... VAEIOUS BUDSUBIICOR s '+ - 5je1s5 w55 pisis 1o w5600 wis 1978 344, 345
Splice Bars .. ........ elements of A. R. A. and A. 8. C. E. sections 172

profiles, dimensions and weights. ............ 116,117
Square and Round Bars areaand weight. . ............... ......... 106, 107
Square Edge Flats. . . . . HBY OlIRZ08" et L 6 (oo S omel i e s s 5 65 8 oy ¥ uRe 98
Squares, Square Roots . numbers L t0999.........ccvviiveneneennn. 374-393
Strength of Materials. . unit fiber stresses...............co0uvuu.... 348-350
Stresses . ............ s00. Beamm BHPeBE0R: . & <l s oisisle oo o ssivis e 138, 180—195
RO 01a 8 5 60 v o 3w elements of sections .......c.cco0vi0u.n 149, 168, 169

profiles, weights and dimensions. ....... e s s B30

anfe Joad TRBIOR: - ) Hivntaehanaine - ¢ s 375 s 4.0 9558 218
Terra Cotta: - o e e os arches, ceilings, furring, partition, roofing. . ... 306-312
St Bars. .. v e standard, see A. S. T. M. Specifications...... 4-43
ARreads . o . s i length of bolt threads................. Yol 123

standard dimensions of screw thread......... 122
Thrust in Arches...... effect in floor construction. . ................ 306-308
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Tie ROHREE < & « <+ vos leng thana. WelBRE G oS o sk vk 5 o's 5o s sl aany 226
el ey R TR R L T R R 308

Timber, Structural . ... A. R. E. A. unit stresses and explanatory notes. 332, 333
beams, deflections, limiting loads and spans,. . 335

s CXDIANALOTY - BOLOS < ov v s s wia s s en s slas s 334

" gafe load bables . ... . . & i vl ban e s 336-340

coefficients of expansion. . ...........c.c0uuus 351

columns, explanatory notes. . . .............. 341

Ly BAIO IQNEIEIRDION . . oi<iv0 ¢t jincshbtie at¥ag orshe 342, 343

specific gravity and weight................ 2 344

Triangle Mesh........ concrete reinforcement.............cci0 00000 319
Trigonometric Formulas functions of angles and triangles ............ 366, 367
TrigonometricFunctions natural. . . .. ... .. pvecssrsrvsosesssissscas 394-399
TXUBBOR A s+ < o5+ oiss explanatorynofes.'ci. ot VISR LG LTS 325
stresses and length of members.............. 326-329

Turnbuckles. . .. ...... size 'and AHNERNBIONE. ¢ .. .y vs o s s s misisian s e 131
Unit Stresses. ........ see Fiber Stresses.. .. .:....... 136, 137, 333, 348-350
Universal Mill Plates. . . extreme sizes, carbon- and nickel steel ........ 95, 97
Upset Screw Ends. . ... sgtiare and POUNA DALS . . « . omevesosenses ..126, 127
Vertical Shear........ OXPIANALION . ', 5 i 550 e 4 5 0 s mv e s i@ 5aa E 192
formulas for various conditions of loading .. ... 184-188

Voliime anil BOrfies . -« SOHAR", ... o000 2k dieriis Baks s P e ol ..+372, 373
‘Web Resistances ... ... beams and channels.,................0c00 ...196-198
3 e flat rolled steel, tables. ...........c..cocaa. ..103-105
roERds AN BERIOTOH: . v ! 6 o dd o s i sidnd = AL 106, 107

1 S (e S s S ves. -47-94, 108119

various substances. .. .. : /s Vi dit it din e 344-347

Weights and Measures. . metric and U. 8. Standard . ................. 352-363
Wind Loads, Pressure.. building specifications of various cities....... 304
TOOTE ANGUTIIREOR . 5. o ih i e e e 323

Wire and Sheet Metal. . standard gages. . ...............cconvvnuannns 400-402
Wooden Beams, Columns see Timber, Structural ................ vee..334-341
TRt BRYE.: s 5 vni 5w v CRORNOTTR OF BOBEIING. .. < 2o 0.5 0.5 /65 iminib oudelBit ool 148, 170
profiles, weights and dimensions. .... . e ve:o 5% ROEIIOS

safo load tables. .. csvvovefevicson Av-din jaiaers i 219
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PRODUCTS
Pic Iron AnD FurnNacE Propucts
FERRO-MANGANESE AND SPIEGELEISEN
OPEN-HEARTH AND BESSEMER STEEL, ALLOY STEELS
IncoTs, BrLueTs, Brnooms, SLaBs, SHEET BArs
ARMOR AND VAULT PLATE
PraTES For Bripges, SHips, TANKS, BoiLErs, AND CARrs
ROLLED STRUCTURAL SHAPES
Beams, CeANNELS, ANGLES, TEES, ZEES
STEEL Mine TIMBERS AND STEEL SHEET PILING
- Bar MiLn PropucTs
CONCRETE REINFORCEMENT BARS, AGRICULTURAL SHAPES
MISCELLANEOUS AND SPECIAL SHAPES
Erectric ToorL STEELS
MERCHANT BARS
SqQuarges, Rounps, HaLr Rounps, HExacons, OvaLs, HALF OvaLs
Frars, Skevp, Banps, Hoors, CorToN TiEs
Hoors rorR SLAck BARREL COOPERAGE
TIRE AND VEHICLE SPRING STEEL
TRACK MATERIAL
RarLs anp Sprice Bars, DuquesNe Rain JoinTs,
TrAack Accessories, STEEL Cross Ties
Forainas
STANDARD FORGED AND HEAT-TREATED AXLES
ConNECTING RODs, CRANK SHAFTS AND ARCH BARrs
WHEELS AND GEAR. BLANKS,
AuTromoBILE FLywrEELS, PipE Frances, SEaArT CouPLINGS
" Locomorive PisTons

DEeRrRrICKS AND DriLLiNG Rias
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WORKS
COKE WORKS
Clairton By-Product Coke Works.............0.n Clairton, Pa.
Farrell By-Product Coke Works.. ............... Farrell, Pa.
BLAST FURNACES
CArTiBEINACOR. ... ... « i did ki B obssbigi ol & o 0 brete Rankin, Pa.
G i0s i A e e SR o AL A S LR Pittsburgh, N. 8., Pa.
IRADEREE I UPTIACOR, o « o s v o3 s 0o s aipins v s 35 o5 Hapais Etna, Pa.
JEETU T i e S U A B S L Pittsburgh, Pa.
DTOVERE MRS, . . she b ah# o oot oI bt me il +6 G sl Neville Island, Pa.
A8 . s AT v s o AT P s e e o et Niles, O.
Stoubville Furnace. ... . ..ol & LAl g Vi LIRS Steubenville, O.
ZAnESVIlle TTEDRCO. o« o o hots Tre o s L T0 Shan dhotthe o 8705 00 Zanesville, O.

STEEL WORKS, FURNACES AND ROLLING MILLS

Bellaire Steel Works and Furnaces............... Bellaire, O.
Clairton Steel Works and Furnaces, ,............ Clairton, Pa.
Columbus Steel Works and Furnaces.............Columbus, O.
Duquesne Steel Works and Furnaces............. South Duquesne, Pa.
Edgar Thomson Steel Works and Furnaces. . .. .. .Bessemer, Pa.
Farrell Steel Works and Furnaces................Farrell, Pa.
Homestead Steel WOrks .. ... cuiicuaswiles s biaaias Munhall, Pa.
Mingo Steel Works and FUrnaces. .. cooeeevunnees Mingo Junection, O.
New Castle Steel Works and Furnaces............New Castle, Pa.
Ohio Steel Works and Furnaces. . ............... Youngstown, O.
Sharon Steel Works and Furnace................ Sharon, Pa.

ROLLING MILLS

(o N S R RS S SR T G R L ) Pittsburgh, Pa.

ORI I, s oo o he v s e oen i T Greenville, Pa.

NSO WOOTE WIS . o5 2 S i s ol s nlaal s Pittsburgh, N. 8., Pa.

MeDghald Bar NIlls. . .. . ... J.ecuid 5 d ) KA McDonald, O.

% ey e L R I S O o Monessen, Pa.

iy S ESSPER S A (MRt o B Pittsburgh, N. 8., Pa.

Upper Utidors MBS, /04,  Learie i Labnahilde i Pittsburgh, Pa.

e Uridon WO o i b e s L o e Pittsburgh, Pa.

URDEEURION DM, . ¢ . iorabiiansils 5 dps mjsrspdrbarant ooy ov o Youngstown, O.

Lo Xion AR, . . oo 300 40 5 0 at eomo o g ee o 4 Youngstown, O.
FORGE AND WHEEL WORKS

BROWATCL IAXAS VW OFKE .\ s < 's ole raials e s e e o g4/ n A sin Homestead, Pa.

Schoen Steel Wheel Works, . ./ fo: ol v daldmatiiman McKees Rocks, Pa.
WAREHOUSES

Baltimore Warehoude. . . .00, e, LDl 0 YA Baltimore, Md.

Oleveland Warehouse . . .. . ... svesonsasssosss Cleveland, O.

New England Warehouse...............cv0vuuse Allston, Mass.

PIGIRDOrEh WArthoUse. « .1« . « vu s vt casie s s s ale s Pittsburgh, Pa.

AT ORLY WarBhIOIBOR ...« « . 3 Lo e e yavaaiieo ol wie Newark, N. J.




CARNEGIE STEEL COMPANY

OFFICES

GENERAL OFFICES:
Pittsburgh, Carnegie Building.

DISTRICT OFFICES:
Birmingham, Brown-Marx Building,
Boston, 120 Franklin Street,
Buffalo, The Marine Trust Company Building,
Chieago, 208 South La Salle Street,
Cincinnati, Union Trust Building,
Cleveland, Kirby Building,
Denver, First National Bank Building,
Detroit, Ford Building,
New Orleans, Maison Blanche,
New York, Hudson Terminal, 30 Church Street,
Philadelphia, Widener Building,
Pittsburgh, Carnegie Building,
St. Louis, 506 Olive Street,
St. Paul, Pioneer Building.

EXPORT REPRESENTATIVES:

UNITED STATES STEEL PRODUCTS CO.,
New York, Hudson Terminal, 30 Church Street.

PACIFIC COAST REPRESENTATIVES:

UNITED STATES STEEL PRODUCTS 00., PACIFIC COAST DEPT.
Los Angeles, Jackson Street and Central Avenue,
Portland, Selling Building,

San Francisco, Rialto Building,
Seattle, Fourth Avenue South and Connecticut Street
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