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Carnegie Steel Company is the pioneer in the United 
States in the application of steel to underground 

timbering of mines and has contributed to the success 
of such timbering by recommending suitable and practica­
ble forms of construction. 

So long ago as 1894 this Company worked out a type 
of framing suitable for use ill the bituminous coal fields of 
Western Pennsylvania, resulting during the ten following 
years in It few installations chiefly in the anthracite region, 
but the real impetus to the systematic t imbering of mines 
dates from 1907, when this Company placed on the market 
a series of steel sections designed with special reference to 
this work. T he H-beam has made steel framing as simple 
as the wooden fmllling which it displaced. 

The data and tables which follow reflect the practical 
experience gained from these years of observation in the 
design and installation of ma ny miles of steel timber in 
rooms and headings. They constitute a clear and safe 
guide to what is best from the standpoint of the manu· 
facturer and most economical to the user. 

Should need for further information arise, this Company 
will be glad to co·operate in the sol ution of mine· timbel' ing 
pl'oblems. 



CARNEGIE ST EEL COM PANY 

STEEL FO R SERVICE. Steel, us a substitut e for wood, 
is of greatest economical value in the timbering of mines 
when permanency of constructi on is desired. Generally 
the use of steel will bc prefcrred for the rcason that wood 
is not, from a standpoint of economic design, applicablc 
to all constru ct ions in conncction with min ing operations 
and t hat, in man y other cases, its use is at tended by un· 
avoidilblc losses from deterioration. 

The ultimate cost of an installation depends upon Iht' 
different condit ions for whieh it is to bc used, the relativc 
cost of material and t he life of t he installfLtion, and is deter· 
mined by the primll1")' cost or investment plus cost of 
maintenance and the compound interest on both; the 
greatest economy is attained when a material is ust'd 
which does not deteriorate and docs not require replace­
ment during the entire period of service . 

The cost of steel installat ion, \\'hilc primarily in excess 
of wood, is ultimately com pensated for to its fullest extent 
by the economics effected duc to permane ncy and service· 
ableness of steel under all conditions of mining opel'ations, 
as generally outlined in the following: 

• 



ECONOMY I N T H E USE Of' STEEL MI NE T I M R(R 

ECONOMY IN DESIGN. Steel sets can be designed to 
support any weif!:ht under any condition of loadin(!: with 
I'egnrd to nn economical selection of steel sections; at the 
~ullle time it ca n be designed to obtain the most aovun­
lageous proportions of lateral :lnd vertica l clearance, the 
lutter being of particular importance in determinin(!: the 
headroom neeessary for mining operations. 

Wooden sets :lrc uneconomical on account of loss :lnd 
wnste resulting from the use of excess matcrial due to the 
eommon and conven ient pmctice of f.-tlming three-piece 
p:ungwuy sets from timbers of the same size, us it is ton­
sidered imprattitublc to usc sizes udapted to the Slres."Cs 
they have to sustain. 

Steel sets nrc easily erected on account of the simplicity 
of the design and , as sets arc frequently furnished of !'ame 
design, so that the correspondi ng pa."ts of the Se l are 
interchangeable, 110 time or material is lost in a.<;semhlillg. 

ECONOMY IN SA.' ETY. ~teel sets may remain 1)C1'lIla­
nentiy in position and need be removed only whcll it is 
intended to abandon the work ings, T he renewnl of 
wooden sets is frequently neeessa l')' d u ring the operation 
of a mine due to decay or other deteriol'lltion an d is danger­
ous on account of the roof which must be supported during 
the removal of the old sets, or else the loose rock in roof 
must be taken down before rcmod ng the set; steel sup­
ports, therefore, add to the safety in the operuting of the 
mi ne. 

ECONOMY IN .' IItE RISK. T he use of steel pmeticlllly 
eliminates t il(' constant danger from fil'(' risks inscpnl'llble 
from the usc of woodc n COllstruct ions. T he prese n atioll 
of t he mine from fire loss warrants the most careful COIl­
siderat ion in determining the economic vslue of steel us 
compared with wood. 

, 



CARNEO I E STEEL COM P ANY 

ECONOMY IN MAINTENANCE. Steel in mine construe· 
tion requires only to be well painted to be protected 
against the influence of dampness and water; the steel is 
then practically indestructible and can at any time be 
withdrawn and re-used for similar purposes. 

\rood deteriorates, and in mally cases rapidly, 011 

account of decay under the unfavorable condit ions of 
uniform temperature and great humidity prevalent in 
most mines. 

In addition to the direct economic losses due to neces­
sary renewal of deteriorated wooden sets, further losses 
are occasioned by the failure to withdraw and re-use 
wooden timbering from completed rooms, abandoned 
headings, etc. This neglect, which is caused in part by 
the relative worthlessness of wood after service, results in 
the menace of vitiated air due to decay and in increased 
fire risk, both of which contribute to the expense of mine 
maintenance. 

T he use of steel avoids all these clements of economic 
waste; its long life under all conditions of service amply 
compensates for the increased first cost of its installation. 
Wood may appear convenient, but steel is the material 
fo]· service. Long endurance and minimum cost of main­
tenance mean uliimate economics in expenditure. 

REL~TIVE COST OF STEEL AND WOOD. Variable con· 
ditions at mines make it difficult to compare the cost 
of steel and wood mine timbers except on t he basis of 
speci fic instances. As a general rule, when c~)Jlsideration 
LS given to depreciation and ultimate expenditure. the 
operator can well afford to pay for correctly designed steel 
sets three or four times the cost of wood sets of equivalent 
strength. 

" 



REI.AT IVE COS" OF S TEEl. MINE T I MBER 

Comparisons should always be based on first cost, length 
of service, cost of renewal and maintenance and interest 
on total invcstment. Consideration should also be givcn 
to such apparently extraneous matters as ventilation, fire 
risk and interruption of operat ions when wooden timbers 
must be removed. 

Recent statistics covering bituminous coal mines sho\\' 
a consumption for underground timbcring of 1.5 to 12 
board fect of lumber pel' ton of coal produccd. A large 
number of coal mines use about 6.5 board fcet at pri ces 
ranging from 2 cents to 5 cents per foot with an equal 
cost for handling it. The substitution of steel, wherever 
possible, in underground timbering in place of lumber will 
result in a considerable reduction ill the cost per toll of 
coal mined. 

PROPER DESIGN OF STEEL MINE TIMBER. The cost 
of a durable material may be much increased by im­
proper methods in its preparation for final use. Details 
of frami ng should be simple and co nnections should be of 
minimum weight so that the cost of fabrication may be the 
least possible, consistent with good engineering practice. 
Above all, the kind of steel sections to be used should be 
chosen with a view to the character of the stresses so as to 
insure proper and most economical distribution of the 
loading. Needless expense has been incurred in many 
installations by r eason of the use of improper steel sections, 
heavy connections and base plates, and complications in 
the details of fabrication. . 

or the numerous designs and proposals considered over 
a period of several years, the fo ul' designs or styles which 
a rc shown in Figs. 1 to 4, represent those which are best 
suited for average condi tions and combine simplicity of 
fabrication and erection and lowest first cost. 

, 



CA R NEG I E ST EEL COfi1PANY 

rr \"\ 
Idesl form of simple and economical 

,nng ... a)" ~t, the equivalent ,r th, 
three-piece wooden set. 

Leg~ made of single II-beam~ resting 
Oil plain or fabricated bl'llle plates. 

Collar, a single I·beam or II-bealll. 
Load distributed to le,rs by rivets and 

direct bearing. Bent angle lugs l,revent 
undue lateral motion. 

.d -'- ..L b , 
" 

Fi~. I-Gangway Set, Style F 

I , I 
l'"f "I"'I 

Simple and economical gangway ~t 
identical with Style F except that bMl 
are used to prevent latcral motion instead 
of angles. 

Legs made of single II-beams resting 
on plain or fabricated steel bl'llle plates. 

Collar, a single I-beam or H-beam. 
wad distributed to leg~ by ri"eIB and 

direct bearing, 

~ 
• ,', '"" , , 

Fig. 2-Gll.ngway Set, Style G 

R .. ,R",aNT4Tlva OANOWAT S"TI 

, 
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STEE L ~OOP SUPPORTS 

Simple ,,' economieal th~pieee 
gangway set for very light loads. 

...... 
I-beams. 

made of !Jingle H-beams " 
Collar, a single I-beam or H·beam. 
Load distributed to legs by rivets Bnd 

direct bearing. 
Thil form of gangWay set used to 

avoid difficult f.brieaUon. instead of 
Style ~' ..... here loads rt'quire only amall ""'m, 

--' ~ ,~ 

leig. 3-Ganll:way Set, Style K 

Simple and economical three-pi«e 
png .... ay set 111 used by Lehigh Coal &: 
Navigation Company 

Lep made of single I-beaml or 
H·beams. 

Collar,a single I·beam or H-beam. 
Load distributed to legs bv riv/!tI .nd 

direct bearing. 
Style L differs fro." Style F in the 

arrangement of bQe plates. 

Fig. 4-GangwllY Set, Style L 

, b 
" 



CAR-Nea l e STEEL COMPANY 

~
STRESSES IN MINE TIMBERS. In the use of steel for 

timbering, the safe guide is cxpcrience. The exact amount 
and exact direction of the pressures exerted by roof, walls 
and floor arc in many cases indeterminate, and general 
principles only can be stated. 

Where steel is to replace wood, the problem of the 
designer is merely to select from the tables steet sections 
equivalent in strength to the wooden timbers wh ich are 
in use nnd then to work out connections and other details 
so as to insure minimum cost of fabrication. If experience 
indicates that the wood timbers are too light, and fail 
from over·strain rather t han decay, thc steel scctions should 
be madc somewhat heavier tha n required by the tables so 
as to cover that over·strain. 

The strength of an assemblement. is the strength of its 
weakest member. In a three·pieee gangway set each leg 
seldom carries morc than half the load on the collar and 
in most cases needs only to be proportioned thereto. 
Where this method of computation loads a leg to its futt 
theoretical value, it is customary to use the next heavier 
section to provide against cross bending due to the wedging, 
weight of lagging and other indeterminate factors. 

In new work it is safest to usc somewhat heavier sections 
than required by the ru les. Lightel· sections may be put 
in later if found to be sufficient. The problem is to deter­
mine the probable load on the roof su pport or collar and 
t he chamctcr and amou nt of the stresses in the legs, if a 
three-piece or four-picce set is to be used. 

The tables of safe loads, etc., which fottow are based 
on stresses customary in structural work and are believed 
to represent approved practice in mine timber construe· 
tion. So far as the use of wooden timbers is concerned, 
the data should be adjusted to the character of the ma­
terials actually furnished, particularly in view of the fac t 
that structural wooden timbers show a growing tendency 
toward inferiority in quality. 



COMPUTATION OF ST R ESSES 

t. Level Strata Timbering. Fig. 5 shows a condition of 
rock cleavage over gangway supports where t he st l"fl.tn ure 
horizontal and the rock is of uniform texture. In this case 
the cleavage is symmetrical and the load sustained by the 
collar is the cleavage prism, thc height of which will be 
the half span length by the tangent of the angle at which 
the roof would break away naturally. The total weight 
sustained by the collar will be the product of the area of 
the triangle of frncture by the distance between supports and 

. .. ''''''''':""."n."ac by the weight per cubiC umt of the rock; W_ - " 

Complete formulas for the 
for above and other conditions 
following pages. 

" 

computnHon of ""sses I 
of loading are given on 
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Notation used in the formulas which follow is: 

• 
a, ~ , 
" 
\\' 
, 

E 
I 

S 
n, n, 

_ Distance center to center of lIupporte, in inches. 

_ Distance center to center of gAngway 8e\8, in inches . 

....Angles of !racture in cteavage triangle. 

"""Distance to center of gravity of tri lmgie, in inches. 

- Weight, in pounds per unit of \'ohlTnc, etc. 

-=Superilnposed load supponed by beam, in ]}Qunds. 

_ Dist:ulcc to any point of moments, in inches. 

"""Bending atrese, extreme fiber, in ])()unds per square incb. 

- Modulus of clasticity, in poundsilcr square inch. 

- Moment of inertia, in inches .... 

_ St'ction modulus, in inches·. 

_l1caetiolls at points of su pport, in pounds . 

" .... Bending moment at point given, in inch pounde. 

:\1 mnx=- l\ l nximum bending moment, in inch pounds. 

D _Dcft~etion at point given , in inehce 

The ,bending moment, deflection, etc., produced ill 
the collar may be computed by the flexure formula 
for benms supporti ng 1\ load illcrea'<;ing uniformly to the 

. 8wl2 tan a 
center: ,\ - " 

, 
! 

R~nl 

R mu, .~,-R, 

;\1, dill-ance" 

1>1 mu" d istance-} 

Wml". 

o mu. 

w --.-
_ W"(H_~j 

_~ _0,1667WI 

_ 6 fS -.-­
WI­

- -.mrr 

.'01' above Q:mdltlol1 of loadlnlj: the .. fe 101d, arc /!Qual to 075 or the 
unIformly dlstrlbuted loads for OO1'T'fllllPOndJD.jj: 'pan, In safe kIad table. for 
beam.: the dcHectJon or reduced load II 0 00 o r tha.t derlnd from roctIlcle11 t 
In table.. 

Tho klad on each lUI)llOrt b \)(111al 10 one.hal f of total loa.d 

" 
j 



COM I' UTAT IO N O F STR.ESSES 

If the aIJex of the cleavage prism is over a SU PPOlt, the 
maximum bending moment is the samc as for a beam 
supporti ng a load increasing uniformly to onc end: 

" 

Dma"'. 

w 
"" 7 

.013044 WII 
BI 

For above colldlUon of loadIng the safe load8 anl equal to 0.0743 of the unl­
fonnly dIstributed loads for oorresllOndlng spans In safe load tables of beam~; 

the deflection of r«luced load Is O.{I76 of that derived from ~tlIctent (n 
tab]C8. 

The loads On SUI)llOrt.~ are one-thIrd and two-thjrd~ of lOla] load. 

If t he apex of the cleavage prism is ovcr the centcr of 
the beam, thc maximum bending momcnt is the same as 
for a beam supporting a load increasing uniformly to t.he 
ce nter. The values of 1>.I max. will, therefore, range 
within these two limits; that is, from .1287 WI to .1667 WI, 
but can be computed exactly from the fOrmula given 
below: 

R~ ~--- a --"'-- ~ - b - , ~ -s - .... 
~ --- x __ ..I ,... 
~ ------ J ____ -I 

W _ 8wl ' '2tan .. 1 

R _~ Il, =-~ 

c (center of gravlw) = I-io (I + ~~n ff> 
M. distance", 

W (3 eax _",0) 

'" r= 2 We ,'ea 
M mas .. dlstance\ ea """ 31 

Instead of the exact method of computation, the bend­
ing moment and the deflection may be comput.ed as if for 
a load increasing uniformly from end t.o center. 

The loads on the two supports are not cqual and III 

their design the reaction at each end of the beam should be 
computed in accordance with the formula.. 



CARNEO I E STEEL COM PANY 

2. Indined Strata Timbering. The loads in mine timber 
work are rarely symmetrical and in consequence com· 
putations must necessarily take into consideration actual 
conditions, the character of the strata, method in which 
fracture lakes place, danger from squeeze and other cir· 
cumstanees. The prime consideration is to prevent 
fracture beyond the lines of the necessary excavation. A 
soft roof can be safely held if timbered immediately upon 
exposure to the air. Delay means needless work. 

Fig. 6 shows the morc common condition wherc the 
strata arc inclined, the cleavage is not symmetrical and 
the arch is irregular. In this case the apex of cleavage 
is nearer one end of the collar than the other. The load 
is computed, as in the case of symmetrical cleavage, from 
the weight of the cleavage prism and the stresses in accord· 
ance with the formulas given on preceding page for the 
above condition of loading . .. 



COo\\P UT ATIO N 01' STR ESS ES 

3. Size or Legs and Collar. Bending moments should be 
computed in, or reduced to, inch pounds. When so 
computed the size of section to bc used may bc taken from 
the table of elements by dividing the bcnding momcnt by 
t he safe working st ress; thc result is the section modulus 
of the required section. 

T he size of leg sections can be taken directly from the 
tables of safe loads, noting that values used must be those 
corresponding to the length of the leg. Allowance should 
be made for the effect of bending stresses in the Icg due to 
thc inclined charactcr of the strata, when the resultant 
line of pressure at the supports is not pa raliel with legs, 
so that the total resistancc rcquired may be greater tbtln 
the end 1·C[tctions computed from formulas. 

ROOF SUPPORTS. Thesimplestuseofsteelin underground 
mine timbering is t hat in which single I-beams or rails arc 
used to span a roadway . Where the coal is good, solid and 
not liable to crush, the supports may be h id directly on 
t he coal with or without bearing plates made of steel, 
wood or stone. Places of unusual weakness may be taken 
care of by props of wood or steel, of such lengths as 
conditions may require to obtain solid bearing. 

T he following table shows the relative values of rail 
sections as compared with I-beams and indicates the 
superiority of the latter for mine timbering purposes: 

First, for equivalent strength, betlms arc much lightcr. 

Second, for equivalent strength, beams arc much deeper; 
consequently the deflection is much less and t heir use is, 
therefore, in the interest of greater stability. 

T hird, the wider flanges of tne beams offer much better 
support for lagging. 

At normal prices, therefore, t he substitution of rails for 
I-bcam scctions is uneconomical und should be considcl·ed 
only on thc basis of \·eI"Y low prices. 

" 
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RELATIVE VALUES OF STEEL RA ILS AND BEAMS 

.:XO:AA WEICHT 
RAILq BEA~IS I'.:R .'OOT or RA!I$ 

llopth. 
\\';c!ol W.;,b, lIt<llom lloplb. w';Pt Se<liolt 

I"" hrd. pot .'001. MOOul ... por .'001, ~'OOul ... ]'"""". 1", CPnI 1 ... 1> .. ruund. I'oundo , ...... , .... 1'01100. Inthtoo' 

f,', H'" 33.33 146 8 18.40 14 .2 14.9:1 ,., 
", 00 3(U)0 12,2 , 2(1.00 12.0 10.00 3:, 
M .. " 28.33 '" 

, 17.M) 11.1 10.83 " , 80 26.67 10.' , 15.30 10.4 11.37 " .,11,. " "00 .. , 6 "" 8.' 7.711 " " " 23.3.1 8.' • 1475 , .. 8.58 37 
4',. '" 21.67 , .. 6 12.M) ,., 9.11 " . " 00 20.00 .6 , 14 .• 5 '.0 5.25 ,. 
4'" " "" '-' , 12.25 '-' 6.08 ;S;l 
3', '" 16.67 , .. , 10.00 ' .8 6.67 '" 3",. " 15.00 .., , 10.00 '.8 '.00 a:1 
:l'~ '" 13.33 3.6 • 10.M) " '" " :I~. 35 11.67 3.0 • 7.70 3.0 3.97 " :P. :10 10.00 ,., ., 7.70 '0 ,.W '" 2', 25 8.33 "6 , 5.70 ", 2.63 :\2 
2', W 6.67 ". , 5.70 ", 0.97 " 
GANGWAY SETS. As already noted, many different. types 

of construction have been devised for th ree-piece gangway 
S('I~. Practical cxpericnc(' indicatcs that Style F, Fig. 1, 
cOlllbiJl('s that simplicity of arrangement, economical di~-
triblltion of material and case of fabrication and erection 
which makes it the preferable style for all ordinary lIS('. 

The reason for this is t.hat, while t.he I-beam is the most 
economical section in resistance to cross bending stresses, 
the II-beam is the most. economical in resistance to com­
pressive stresses. The lISC of the two sections, t herefor(', 
combines the resistance to bending of the one with the 
resistance to compression of the otber. In addition the 
shape of the sections makes framing details simple, and, 
therefore, in the Style F set. is contained the closest practical 
equ ivalent to the three-piece woodeD set in general use 
previous to the introduction of steel. 

" 



STE EL M I NE T IMUER D ETA I LS 

Plain PllLte 
A n)' Style leKS 

I:M~ 
I~f-o--oi; 

Fabricated Plate 
IT-Benm Legs 

Fnbricated Plate 
H-Beflln u-gs 

Where the loads ure light und the leg section~ quite smull, 
there is hardly sufficient room in the leg for web conncction 
angles. I n such cases the Style F set is modified us shown 
in Fig. 3, Style K 

The base plates may be plain 01' fabricated, and may 
have upstanding angles, as shown in Fig. 7, the general 
arrangement of which is illustrated ill Style L, Fig. 4. 
:i\Iodificntions of this character do not affect the essential 
features of the Style F set and have relatively little in­
fluence on the cost. T heil' use is detcrmined sole l ~' by 
the preference of the purchaser. 

The Style F gangway set may be further modified by 
the use of bars, to prevent lateral motion, in place of the 
angle lugs as shown in Style G, Fig. 2. 

) lany kinds of lagging haye been in usc, such as wooden 
poles, boards, old rails, t hin concrete slabs, tees supporting 
common bricks, steel plates and corrugated sheets. 

PUMP HOUSES AND STABLES. Next to the gangway 
support the first use of structural shapes in the United 
States with in the mines seems to have been made at the 
pum p house of the Hazelton Shaft Colliery, No. 40 Slope, 
Lehigh Valley Coal Company, and a number of installations 
bear witness to the satisfaction which arises from the use of 
steel in such cases. Very extensive installations of steel 
have also been made in the way of undergrou nd stables, 
mine locomot ive rooms, etc. 

-



C AIt N f. O I P. ST P.EL C OM PANY 

ERECTION METIIODS. Inasmuch as steel mine t imbers 
are fabricated complete in the shop, they are ready fore rection 
when t hey reneh t he mine, and no further cutting or 
fi tting is necessa ry. Erection, therefore, is quite simple 
nnd the only tools needed are wrcnches, drirt pins und 
hum mers. The usunl method of erection is to assemble 
t he three pieces complete on the floor, bolt the connections 
together and raise the set into position. 

Inasmuch as stecl sets ure only about one-thi rd as heavy 
as wooden sets of equi valcnt strength, t heir erect ion not 
only requires less time, but a l,.o less physica l effort. T heir 
lightncss is, therefore, a distinct advantage to be considered 
in estimating the rci:ltive cost of steel and wood. 

Stiff ness is as important as strength a.nd the spacing of 
t im beri ng should be such s.s to compel the different sets 
to act together ft8 a unit undcr any sudden stress or shock. 
Light sections with close spa.cing are, therefore, preferable 
to heavy sections on widc spacing. T he roof itself tcnds 
to dist ribute t he load over two or more sets, whereas on 
wide spacing there is much more danger of the roof falling 
in between the sets. The closer spacing also permits the 
usc of much lighter lagging. 

PRESEI{VATION OF STEEL MINE TIM BERS. T he economi­
cal usc of steel with in the mines requires thc same care 
fo r its preservation us its IISC abovc ground. At t he sa me 
t ime conditions underground are not nearly so severe 118 
n.oo\"e ground; the steel is not exposed to alternations of 
high and low temperatures, strong light, dryness nnd wet­
ness, which arc especially accelcrative in t he deterioration 
of protecti,·e coatings. Early objections to the use of 
steel due to the prescnce in some mines of acid-laden 
waters havc not stood t he test of experience, which iudi· 
cates that only t he simplest means are necC'ssary for the 
guarantee of an extrcmely long life for steel timbering. 



E R ECTION AND PRESERVAT I ON OF STEEl. M I NE TI !o\SER. 
'r. 

To insure such long tfe and, therefore, the utmost 
economy in ultimate expenditure, the hase plates should 
be set in the dry. Where they come on edges of ditches, 
it may be desirable to set them on low concrete piers. 

All steel within the mines should be well painted and kept 
painted. The pigments should be good and applied with 
care. Carbon paints in whose manufacture sulphuric acid 
has been used, and oxides of iron manufactured by chemical 
processes or recovered as a by-product of metallurgical 
processes are to be avoided. A metallic paint should be 
used for the first or shop coat by rcason of its adhesive 
qualities. The second coat should be a moisture excluder. 
For the first coat, therefore, red leads, natural iron oxides 
or pigments with zinc base should be employed. Natural 
carbons, such as graphite, and hydro-carbons, such as 
asphalt, gilsonite and ozokerite, may be recommended for 
second coat work if properly ground and mixed with a 
good vehicle. 

For the best service it is recommended that the steel be 
painted at the shop with a mixture of red lead, oil and 
asbestine, in the proportions of t5 pounds of red lead and 
2 pounds of asbestine to a gallon of pure raw linseed oil, 
with sufficient japan dryer to work well; and that a first 
class graphite paint be applied thoroughly as a fie ld or 
second coat to protect the shop coat and to fill up any 
vacancies or voids therein . 

Re painting within the mines should be done on clean 
surfaces absolutely free from all rust, paint skins, dirt, etc. 
It is not sufficient to apply a new coat of paint over an old 
paint surface under which traces of corrosion already 
appear. The new paint will cover t he old surface and may 
adhere firmly thereto, but the corrosion goes on underneath 
just the same. Attention to these small details will insure 
a high degree of durability. 

" 
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WORKING STRESSES IN ST EEL 

BEAMS 

Structural parts used flS beams are so proportioned 
that the sum of the dead and live loads will not exceed 
the fo llowing unit. stresses, given in pounds pCI' square inch. 

Bending SIreN, c;'(lreme fiber of section . . 16,000 
Compressive Stress, direct, grO\lllllOOtion 16,000 
Tensile Stress, Hot section.... 16,000 
Shearing Stress (average), groM web 8eelion 10,000 
Modulus of El!l.!ltieilY . 29,000,000 

The safe loads g iven in tabl ..... are for unlfonu)y distributed Qul~nt 
loads, and include the welJliht of the beam. The loads are II.SI<UrnQd to BCt In 
a plllllO coIncident ,,-Ull tho center lino of the web and to produce a detlectloll 
In thl. plane onl)', ~'or l>cam~ whleh are not secured agaln-n lateral dclloctlon. 
the tabular So ... f" loads ghould be reduced In ac<XIrda.noo with tho ratio of the 
unbraced length of bmm and Its flango width. gl"en in tho following table: 

Up to 10 x Flan",o Width : ~';'11 Tabular Load 

Tabui ... 
S.I~ 1.(I0I(l 

UDbroocd Tabul .. 
t...oath So l. Lead 

T. bul.,. 
S&f. I.-:l 

_ l'-c;;-;;-;;;-_ 
15xFlango i 00.6 % '12sxFlange 71.9 % 3SxFlangoJ 53.1 % 
20" 81.2 % 30 x" 62.5 % 40 x 43S <:;-

To obtain the vertical deUcedon "O"~;O",O"CM'? in eent.:>r of 8lmn. for th.:> full 
tabular load of bi'am. dlvldo tho rorreslJOndlng cOdHclent of d.:>Ocetlon by 
the depth of tho I)(>am. In Inches. Loads in small Hguros below dotted lines 
produce deflections whlth exceed \Mo of the span. 

Tho small ftgure'l above upper horizontal IInO'! aro the safe loads for 
shoar based UIJOn tho gross area or tho web. at 10000 pOunds per squaro Illeh. 

For beams loaded In tho ccnter or tho span, uso oneo-half tho tabular 
safo loads an(l four-flrth~ of tho corresponding coefficientll or detlection 

COLUMNS 

Structural parts used as colum ns a rc so proportioned 
t hat the sum of t he dead and live loads will not exceed 
the following unit st resses given in pounds per square inch. 

Primary Member_Unsupported Length, I, not to exceed 120 times 

tholeut radius of gyration: 

1!XXlO--l OO 1/ . .. .msximum 13000 

Secondary Mem bers-Unsupported length, I, not to exceed 200 tim es ' 

the leRilt radius of gy ration: 
l~ l/ r . ~ lIIinimum 6000 

'I'he Bafe loads given in tablC8 are for direct load. C<J.ually dl.trlhuted 
over the CI"OS8 section of columrl or balanced On opJ)Q8lte sldlll!.. 



ELEM ENTS OF SECTIO NS 

E LE)IENTS OF STIUjCTUIUL SECTIONS I 

t 3t:' 
ST HUC'l'U R AL IJ EAMS 

Deptb IW~cb' l Are_ 
Wid,b Thick· A.iI 1·1 ,hi. ~·Z 

of 1"" of .. _. 
!«<hOll Socloon fool Soct,on flo .... " Web , I , s , , S , .... 

~ 
In. Lbo. In.' 

" ". In.-
" 

lD I " . " In._ 
-

." " 
105.1) 30.08 7.8n. 0.625 2111Ul 0.53 234 .3 78.9 1.60 20.0 

• , 70.!) 23.33 '.000 0.000 2087.2 0.46 173.0 42.0 , 1.36 12.2 

" 
, 

'" 
81.4 23.74 ,..'" 0600 1466.3 '.SO 146.6 U.8 1.30 13.1 

• , 65.4 19.08 6.250 0000 I H.19 .• ~ 7.83 1 16.0 27.9 1.21 .. , 
." " 

75.6 22.04 '.000 0.560 1141.8 ,.,. 126.9 46.3 1.4.~ 1:1.2 • • M.' 15.94 '.000 004 60 791>.11 7.07 88.4 21.2 , " ,., 
• • " 00' 17.68 '.000 0.500 ""'0 5.87 81.2 26.0 1.21 .. , 
" 

, 42.9 12,49 5000 0 .4 10 441.8 5.95 "'8.9 14 .6 1.08 5.;j 

• • " 
40.8 11,84 .~.250 0.460 268.9 477 .... 13.8 1.08 " • , 31.8 0.26 '.000 0.350 215.8 4.sa ".0 ,., 1.01 '.8 ." " 25.4 7.38 4.660 0.310 122.1 4 .07 24 .4 .. , 0.97 " ." , 21.8 6.32 4.330 0.200 84 .9 3.67 18.0 ,., ' 00 " "" 8 18.4 5.34 ' .000 0.270 '" 3 .26 14 .2 '.8 0 .84 " . " , 15.3 4 .43 , ... 0.250 36.2 'SO lOA " 0.78 " . " • 12.5 3.61 3.:130 0 .230 2 1.8 2 ..1 6 ,., 

1.

8 r·72 ... ." , 10.6 2.81 :1.000 0.210 12.1 2.05 '.8 1.2 0 .65 082 
Il 16 • 1.7 ' 2.21 , .... 0 .100 .. , 1.64 :1.0 0.71 0.59 0.58 
.H , ,., '" "" 0.170 " 1.2:1 " 0. 46 0 .53 0 40 

-

H- OEAl\I S 

--

I).plb W~hl ,., lI'idlh Thitk· Axil 1·1 1 , .. ,,' .. 1:1 " " -Soc,;.,., "'. Se<:liou ., . .... 101 lI'. b , , S , , S , .... --_. -
". I.bo. In.> 

" ". In._ 
" 

In.- In.-
" 

In.' 
. -,--- -----., - . ._-'--

37.1 11 .00 8. 125 0.000 120.8 3.31 30 .2 36.9 1.83 " '" 8 l4.l 10.00 8.000 0.n5 115.11 3.40 28.9 35.1 1.87 8.8 
32.6 '.SO 7.938 0.3 13 112.8 3.4t. 28.2 34 .2 '00 8.' ,.., 7.76 6. 1211 0.4 38 47,4 2.4 7 "8 15.1 1.42 h. 1 

U , • 14. 1 7.01 6 .000 O. l U 4 5.1 2.M 15.0 14.7 IAf> .. , 
22.8 .. " 5.938 0.250 44 .0 2.f>8 \4 .1 14.2 1046 '-' 

'" , IS," 11.47 5.000 0.3 13 23.8 2.0 8 ,., '.8 ,,. 3. 1 

'" • U .S ' .00 4 .000 0 .3 1l 10.7 1.64 " ,. 0 .95 ' 8 



CARNEOUl STeEL CO ,\\PANY 

I--:LLOWABUC 
STl-jEL BEAMS 

UNU'01Ul LoADS IN TUOUSANDS or POU.);D~ 
Maximum B,'ndlng Su.-., 16.000 Pound! per Square Inch 

, ..... 
151 .... 121 ... 101 ... ti", 

.,.8 d.' 4<'1.8 11.8 V;.4 US 
Ill. Ib th. Ib. Ill. lb . 

•• 

, ! , -
,'6j 
" -

• , I .... 
17;!.:! 

II.... ..A .... "3iJ':3 0.27 
unT!D'"ln 40.3 O..ll 

...... I ... , 
; 

• , 
_ .. _ .. "',," TI;'7';T HI.oI.4r;:;:i';7 70.7 63.9 .\3." 33.6 

'" " 12 

_. '2'2:f'4 T7i1!mJ::i 134.7 123.7 89.7 68.3 M.B 37.2 28.8 
_. '2JT1i 105.f> 15li.9 169.2 117.0 108.3 78.S 59.S 48.0 32.6 25.2 

:.!71., ~'06.1113.8 1 38.6 I f>O. I I048 96.2 61l.8 .53.1 42.628.9 22.4 
2-10,9 1 ~.t; 100." 124.713<>.3 94.3 86,6 62.S 47.838.4 26.0 20.1 

1;1 ,., 
" " " " " '" 21 .,., 
23 
21 
2~ 

:!6 

" " ,. ,. 

2272168.7 142.2 113.4 123.0 
~'(J~.3 11'>411IaO.3104.0112.8 
HI:l.2 1-1:l.7120.3000 IW.1 
178.r'I:125111.7 8U.1 00.1 
166.6 123.7104:1 83.2 00 2 
166.21 16.0 \l7.S 78.0 84.6 
141.0100. 1 92.073.4 70.11 
1:18.1"103. 1 S6.0 6{),3 18.2 
1:1I .r. 07.6 82.:1 65.7 7 1.2 
125.0 112.8 78.2 62 .• 67.7 

1111.0 88.a 74.5 511.4 64.4 
11:1.6 8 •. a 71.1 r.6.7 6 1.5 
IOS .7 SO.7 6S.0 54.2 .5S.S 
104.1 77.a 66.2 1\2.0 56.4 
100.0 74.2 62.6 .O.D 114.1 

00. 1 71.4 60.2 4S.0 (,2.0 
112.6 68.7 67.9 46.2 ro.1 
S9.2 663 66.9 44.6 48.3 
86.2 64.0 ~1.11 43.0 4G.7 
83.3 61.S (,2.1 41.6 4.5.1 

"., 78.6 
72 . .5 
67.3 
62.D 

68.D 
66.5 
52 .• 
411.6 
47.1 

44.11 
42.11 
41.0 
3D.3 
37.7 , ... 
34.D 
3..1.7 
32.(, 
31.4 

7S.7 

'" M.' 
6 1.1) 
57.7 

114.1 w., 
4S.1 
45.6 
43.3 

41.2 
39.4 
37.7 
36.1 
34.6 

33.3 
32.1 
30.11 
".0 
28.D 

1">7,1 43.1"> 34.D 23.7 18.3 
1">2.4 311.832.021.7 16.8 
48.a 36.8 20.1"> 20.0 I!I.!> 
.11.1) 34.2 27.4 18.6 I·I A 
41.11 3 1.D 2.5.6 17.4 13.4 

3D.3 29.11 24.0 16.3 12.0 
37.0 28.1 22.6 Hi.a ILl< 
3-1.11 26.621.3 14.!> 11.2 
33.1 26.2 20.2 1a.7 ,0.. 
31.4 239 19.2 13.0 , •. , 

20.9 22.8 18.3 ,'-' 
28.621..17.4 " .. 
27.3 20.8 16 .• 
26.2 10.9 16.0 
25. 1 ''-' , ... 

24.2 II.' "" 
2:1.3 
22.4 
2 1.7 
W.O 

31 SO.6 59.8 Ml.1"> 40.2 43.7 :10.4.,... • .. 
a2 78.1 58.0 48.9 39.0 42.3 2O.t>"" I.' 
33 7/1.7 56.2 47.4 37.S ·61.0 28.0 
34 73.t> 114.6 46.0 36.7 39.8 27.7 
3!> 71.4 /13.044.7 35.0 387 260 

36 69.4 til.l"> 43.4 34.7 376 2ft.2 
31 67/1 /10.1 42.3 33.7 •.• .. . 
38 M.8 <18.8 412 32.ft ...... . 
:l!l 64.1 47.6 40.1 32.0 
40 62./1 4G.4 30. 1 31.2 

41 GI.O .4.5.3'" •• 
42 69.6 44.2 1"-' •. ' 
4:1 58.1 43.1 
44 M.8 422 
45 65.6 4 1.2 

46 "'4.3 40.3 
47 M.2 311 .... 
48 "'2. 1 38.7 
411 ..... .. .• 

"'cc!·'"·c.-'·~·''----,-c-c--CC--CCCCc=-,---I D the .. biN of ........ .,.1 ...... 111. aad the followi", p&p, Dl)U !.bat: 
l.-dt.oo... upptf *_ .. 11;" ptOd_ 1I1Ia.J.i"""" ... in ""be. 
LQ.do hoIow 10_ *oonllJ H_ prod""" dtfIeeliom u..-li"l ~ 01 lpo.D. 

" 

0.00 
0.81 
0.00 
0." 

' '''' '.00 
2.:U' 
2.&0 
3.24 
3.72 

4.24 
4.78 
5.30 
5.1)" 
6.62 

7,an 
8.01 
S.70 
D.li;1 

10.35 

lUll 
12.0. 
12.98 
13.112 
14 .00 

IlI.Dl 
16.95 
18.03 
111.13 
20.28 

21.45 
22.66 
".00 
25. 1& 
2648 

27.82 
"'.w "'.60 
32.0.& 
33.52 

31">.02 
:16.lI6 
38. 14 
39.74 
41.38 

, 
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STEEL BEA M S, SAFE L OA OS 

---------, 

;;1"'" 
" F"", 

, 
• , 
0 , 
8 , 
'" 
" " " ,.. 
" 
'" " " 

STE:}<~ L BE,,:\IS 

ALLOWABI.E UNIYORM Lo.\DS II' TIIOUSANDS OF P OUNDS 

" I axlmum U(!nd lng 8tN)8S, 16.000 Pounds per Square Inch 

, ....... I/.a..m. 
8,n, 7 in. ~ in. ~i~. I :n. Sin. Gin. , ift. 4 in. 

18.4 IU . ,. '"' 1.7 31.7 "" 3Z.G ~.7 21.1 n .• 18.9 Il.8 

'" " '". '" '". '" '". '". '" '". " '". " 
n. '" 'M ., 

".1 ..... 2?}] T'7J! m n.' ., ... nr:o 
:J7]j m 19.4 12.0 8.0 ., lIT n.' 25-:-4 14.3 
aO.a 22.1 15.5 10.3 6.4 6U "'- 33.7 a!:T ..!!:!..20.311.4 

,25.318.412.9 SO 5.31;3.75 I A oM 28.] 26.7 2(1.116.9 0.' 
21.715.811.1 '-' 4.5 46,0 4 4 .0.r.:r:o 2.1.l 22.9 22.SI4.!> S.' 
19.0 13,g ., SA 4.040.338.537.621.120.1 19.612.7 ,., 
16.912.3 M 5.7 •• 35.834.233,4 \ 8.717.817.4 11.3 u 
11>.211.0 ,., ,., u 32.2 30.S 30.1 16.816.0 lei.61O.! .., 
13.810.0 '.0 ., W.3 28.0 27.3 11),3 14.6 14.2 •• 
12.6 ,., 0.5 .. 26.S 25.7 25.1 14.013.4 13.0 •• 
1\.7 S., ., 24,S 23.7 23. ' ". ". '" 10.8 ,., •• 23.0 22.0 2\..~ ". ". II.' 
10. 1 •.. 21.1> 20.1> 20.1 

" •• W., 1!l.3 18.8 .. >I.' ,.., " .. 
u )J., ,.., , ... 

Sile a nd Vml .. 1 I~ect i o n of ltet>m. Lf,teraUy B . ...... 

• ! 

hI 
~ -

0.15 
0.27 
0.41 

O.W 
0.81 
1,06 
I.:H 

'''' '-',,, 
2.38 
2.80 
3.21 
3.72 

1.2·1 
4.78 
5.36 

1. Load 33000 IlOunds, uni fo r mly distrIbuted O,'l!r a span ot 19 feet. 
Xeareat safe load I, that of a I .'. Inch, -\2.9 Ib, OC'llm, viz,: 33 100 pOund,. 
I)eOectlon for thl. load and span from OOl'fftdent: 5.98+15=0.40 InCh. 

2 . Load 12500 pOu nds, oonrentrated In renter of span or I .'. feet. 
E quivalent uniformly dlnrlbuted load is 2 x 12500"'" 2.'.OOO jlOUI,d$. 
~earcstsat6load 18 that of a 12 Inch. 3 1.8 lb. beam. "Iz.: 2.'.600 pOunds. 
D cOectlon_% ot defloctlon tor2.'.OOO pOunds~ x 3.72+12=0.25 Inch. 

Sa.(e Load ud Vert!ul Deftodlon of ltet> .... not lAtera lly nraced 

3. 181nch. 54.7 lb. beam, uniform load. SIIIl" 15 toot=62900 IlOunds. 
n atlo: length or Sj)Illl + ftangewldth=15 x 12+6.0=30. 
H~>dured u nI fo rm load=621100 x 62.5%=39300 pOund8. 
DeOeetlon for reduced load =3.72 + 18 x 6 2.1>% =0.13 Inch. 

Sa.fe IAad and Vertl .. 1 Debelion of Un_ for other FIt... St_ 

4. 8 Lnch . 32.6 lb. U-Beam. span 13 (oot . fiber .tress 18000 IlOunds. 
HaUo Or llber st ress 18000+10000=':,. 
T abu lar Load=23100; load tor I n~l ltreso; 23 100 x "~26000 jlOund!. 
DeOection tor Increased load=2.80+8 x %=0.30 Inch, 
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CARNEO I E STEEL COMPANY 

STEEL BEAl\1 COLUMNS 

SAFE LoA!) IN THOIJSANDS OF POUSDS 

Allowable Fiber StI'8!JS por square Inch. 13.000 IX'undo 
ror lengths or 60 radII Or under, reduced ror lellgtho O\'er 00 
radlJ; _In accordance with formul&ll: 

19,000-100 I/r , UP to I/f _ 120, 13,OOO-Wl/r, UI) tol/,-,.,2(lO 

Welghta do not Include delalli<. 

,.""", 

Elleetive 2~ in. 

' .. - lZ in. 

i"h., 

, 
• , 
, , 
8 
8 

<0 

" " " " " 
" " " " ,. 
" " " " " 
" " " '" ,. 

79.9 81.4 M.4 l'H M.? 110.8 42.9 40.8 



STEEL BEAM C OLUM NS-SA FE LOADS 

STEE L BEAM COLUMNS 

SAFE LoADS IN THOUSANDS OF P OUNDS 

Allow$.ble F iber Stl"OSll per 1IqWU"6 Inch. 13.000 pounda 
ror lengths of 00 radii or under, roduced for length" OVCI" 60 
radii: _ In a.CQ)rd$.nce wit h rormula.s: 

lfl.OOO-IOOUr. up tollr _ 120. 13.000-00 Itt. upto l/T _ 200 

Weights do not Include det.a.lb . 

"', "'i,,'" 8 in. ; in. 6 ill. Sill .• in. · ... ' 1 '~ In he" 18.f """i"U"" 12.5 10.0 ;.; 
II>. II>. lb. lb. , II>. I 

3 
• , 
, , , , 
" 
" 12 

'" .. 
" 
" " " " '" 
" " 2:1 ,. 
2,; 

'" " " '" :10 

26.S lfl.7 
3l.3 23.4 16.7 

27." 19.9
1
Ia.6 

23.7 16.!> 10.6 
19.9 13.1 
16.1 

-A_.in." 53-1 U3 3.61 --= 1, ••• i ... . 

f 
M.& 36.2 ". " .,. in. 3.. 2.1;6 2.46 

" 

13.6 8." 
1l.0 6.3 

83 

,., 
'" 12.1 ., 

'.M 'M 
U 0.77 

H ""_ 

8in. Gin. 

il~ 37.7 ., 32.G ~, 24.1 n. 18.9 U.s 

'" ,.. '" '" ~I ll>. II>. II>. 
, 

143.0 130.0123.6 100.0 1.1 .2 1.1.51.9 
143.0 130.0 123.6 100.9 I.! .2 71.1 fil.O 
143.0 130.0123.6100.0 1.1 .2 l.i ~ 

.. ,,:. ,w:. ,;,:. "':, iO:, :,,:, ~ 
m:uTTti1i"I' ' 182

.
07

" .1 71.7 0.\ • 
129.7 119.6 114.5 n,04 I6fl.:l 66.2 a.7 4 .0 
122.5 113.2 1(18.& 68.963 . .5 00.8 .2 21.5 
lI5.3 100.8 102.5 62.4 ',,7.6 Mt.4 ".i) 1\).0 

143.0 130.0 123.(; 1009 , 11 6.271.lh5.5 
143.0 130.0 123.6 tOO ff fll I 116.2 1iJ!M) 10.4 
1430 13001"36 \I" ~GO.I 3&3 

LO~1.1 10004 00.5 r,.~.1'1 ·Sl.il 4!Ul 2.7 16.4 
100.9 \)3.9 00 .. 0. 

1 
.0 13 .9 

1),1.7 87.5 .... 48.5 ·1.(\ 2.7 27.3 
8604 8 1.1 78.4 45.2 1.7 40.0 24.!> 
79.2 74.7

r1
ii" 42.0 8.837.3 2 1.8 

....,.-:nr (j\J.l! tiI.1> 38.7 fi.934.6 19 .1 
70.9 66.0 63.5 3504 3 .0 . 1.9 16.3 

67.3 62.8 00.' 32.2 30. ' r.!1 63.7 59.6 57.5 28.9 '" 26.5 
00.' M .. 54.4 2.~.6 U 3.' 

"" "., 5104 22.3 21.4 o.. 
52.9 00.' 48.4 

49.3 46.8 45.4 
'15 .7 43.6 42.4 
42.1 40.4 39.4 
:\8.5 :l7.2 36.4 
3·1.1) 3:1.H :la.4 

11.00 10.00 .'" 1.76 7.01 1M3 M1 f; 
,~. IIU m.s -17.4 45.1 44.0 U. 10.7 

'" "', 3.45 2.47 "" , .. ,.~ '.M ••• M. ' .. , 15.7 14.1 lU " , .. 
I,.. •. in" f 3.8 2.7 .H. in. 0.84 0.78 0.72 '.M ". I ". '" ,.~ 1.42 !.-I5 , ... ,.~ .oo -----
W""I1. !.tIlL por IS.4 15.3 12.5 111.0 ,., 3i.7 .. , 3H K' U., 22.8 IU 'U 

.'001 --
Safel,*, vol_ . bon ulh' ~ Ii ... are for rali<Jo rJ 1/. DOt over $), u.o.e bet" .... the IIi&&lf 

li_ ... for ratioo up 10 120 tIt_ belowlo"er ~ liDo are for ratioo 1>01. 0_ 200 llr. 



CAR-NEOIE sn !!!.!.. COM PANY 

WORKING STIlESSES IX 11"000 
The strength of structural wooden t imbers depends 

upon a number of faclors; the kind of wood, the age of 
the tree, the t ime of year in which it was felled, the method 
of sawing, the character of seasoning, its moisture content, 
its proportion of heartwood to sapwood and of knots to 
clear wood, etc. 

The most recent studies in this direction have been 
made by the Ameri can RailwllY Engineering Association 
and the tables wh ich follow arc based on the working unit 
stresses adopted by that Association for railway bridges. 
The values arc bnsed on carefully scleeted timbers pur~ 
chased under the standard specifications of the Association 
and subject to ('areful inspection. 

These unit stresses are intended, as noted, for railway 
bridges and trestles. For highway bridges and trestles 
unci fOI" buildings and similar structures, the un it stresses 
may be increased in accordance with the more quiescent 
character of the loading and freedom from deleterious 
weather conditions. 

The commercial t imbers, which are in common usc in 
building construct ion, will not meet A. R. E. A.specifications, 
nnd, therefore, the unit stresses ltpproved in the building 
laws of various cities nre lower. T he tables, as they stand, 
arc in accord with the average practice as represcnted by 
these building laws, and may, therefore, be uscd for 
ordinary building work exeeuted with the cOllllllercial 
grades of timber, such as can be purchased in the open 
market. 

rn inside mi lle work where the t imbers are often gree n 
and, in the case of round timbers, unpceled, and all fi'uhjcct 
to stress under rather humid conditions, t he tabu lar 
"slues are generally applicable, but no greater val ues 
should be used where steel is to be substituted for wooden 
timbers already in place. 



T I MIl E R SAF E LOA DS 

r 
WOODEN BEA1> IS 

The 81lfe load tables of wooden beams which folio\\' , give the 
uniformly d istributed slife loads for rectangular flCction8 one inch 
thick; the safe load for flo beam of any thickness is found by multi-
plying the tabular value by the thickness of the beam in inches. 
T he safe loads include the weight of the beo.rru; !lnd apply only when 
t he beams lire braced against lateral deflection. 'Tables also give 
minimum and ffillximum spalls and coefficients of deflection. 

The maximum safe loads as li mited by the allowable shearing 
stresses along horizontnlllxcs of beams, indicated by horizontnllinC8 
in t he tllbl('s, should not be exceeded to avoid failure of the beam 
in hor izontal direction of the grain of the wood. 

The t heoretical dctlection in the center of t he span for uniformly 
distributed and permanently applied loads is obtained from the 
coeffi cients of deflection by d ividing thc dcpth of the beam, in 
inehes, into the corresponding coefficient; the rcsult obtained only 
appro)(imates the actual deflection, as t be modulus of elasticity 
varies with the moisture content of the wood. 

The deflection of beams intendcd to carry pla.stered ceilings should 
not e)(cced ~uo of the span; the table gives the ma)(imum spans for 
this limit, for uniformly distributed and permanently applied 109.ds. 

For loads eoncentrated in center of span, usc onc-half the values 
of tabular loads and four-fifths of coefficicnts of deflection. 

Tables of safe loads are also given for common sizes of square and 
round beams frequently used in t he timbering of mines, convenient 
for ready reference. 

EXAM P LE I.- Required the thickness alld tho approximate deflection of a 
beam or whlto oak, 14 InehCil doop. suppOrting a unlCormly d lstrlbuwu and 
pennanent dead and Uve load ot 10.000 pOunds over a span or 19 root. 

T ho tabular "alue ror a ooam one Inch thIck alld ror a span ot 19 feet is 
1.2(1 1 pOunds; tho requlred thICkness Is therefore 10.000 + 1.261=8 Inches. aDd 
the detloctlon Is 20.72 + 14= 1.48 inchC8. 

EXAMPLE 2.- ltequlred the safe load of a ooam of " ' hlte plno. 8 inches 
decl) and (I InchCII thiCk. without exceeding the longltudlnalshca.rl ng stress. 

The tablo gIVe!! tor a CQfT(!O!pOndillg ooam I ll1ch thick a a.a.fo load or 747 
pOunds; t he total safe load Is t hereIore (I x 747=-1.482 pounds. or the safe load 
whIch can be safely IlUpJ}ortod o\"cr a span of 8.6 foot. 

E XA"PLE 3.- Required the safllioad of a beam or longlear pIne. 18 lnches 
decp and 12 lnchee thick. concentratcd In the center ot a span 26 feet long 
am! the dcOection of beam under thIs concentrated load. 

T ho ta!.>!c gh"cs for a corresponding beam I InCh thick a uniformly dlstl"i­
!.>uted safe load of 1.800 pOunds. Or ror a load in center or span l.SOO+ 2".,g()() 
IlOu nds; for a beam 12 IndlCII wide t he sate load Is t hereCore 900 x 12= 10.800 
IlOu nds; the deft<.-<:Uon is apnroslmatcl)' ¥.i X 32.7~ + 18= 1.46 Inches. 
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T I MBE R SA FE LOADS 

RECTANGULAR WOODEN BEAMS-ONE I NCH T HICK 

l\IAXUIUM SAYE LOADi'I AND LUUTIS(J SPANS 

, , , 
• , 
• , 
8 , 

W 

" 12 

" .. 
I;' 

'" " " " " 
-

$:peoi .. of Tiro"", 

Whl \.<) Oak 
l...ongloaf Pine 
ShorUea.1 l>ine, H emlock 
White Pine. 0011&1 ... FIr 
Spruce 

, • 
e, ,., 
e. '.8 e. 3.0 
e. 2.8 
e • 2.' 

,---.,.--

Ile!>4b III flam ia I ... h .. 

• • '" " " 18 1 18 '" 22 I 2~ 
3.;' ... 

, .• '.0 8·N,' , w:l: CO "·r" ... ., 6.98.a D.{\II. 1 2.41~.~ 1 .5.1 1 0.5 .., 
" 7.5 D.O 10'iI2. 13.1!j15. 10.417.1) 

'.2 ... 7.08.4 9. 11.212.~14. 15.4 16.7 ... '.8 7.3 8.7 10. 11.0.13. 14. 10. 17.5 



CA R NIlO I Il STEE L CO MPANY 

RECTANOULAR WOODEN DEAMS-QNE INCH T IJI CK 

LOSGLEA t' l ' ISf: 

ALLOWABLE US I YOK~ LOAD IS POUNDS 

M ..... lmum Bend1na: S'n.!, 1300 Pounds per SqUartl Inch 

".. I)opIlI '" s.... in I ....... 

" ,.~ , • • '" " " " " ~ ~ " 
-"'-, '" , '" -"'-• '" '" • '" .. '~ ~ , 00 

38.., S01 ~ , " 330 7043 , " 21:1D 6.'00 II r.6 , 257 1\7S 10'17 ~ 
" 231 1\ZQ D21 1444 ... 
" 

,,, ,173 .. , 13 13 I lInl 

" 103 43.1 n, "'" 1733 r~ 

" "" '" 111 1 ' 600 2171:1 .. :171 000 loa2 14116 2022 -" 347 '" "" 1387 ".S; "'" 
" '" '" oro '300 .,,' 23B -" M·' "" 1224 ."" 2175 2753 .. , .. "" 1156 1573 ,.,. ''''' -" '" '00 1011,. .. '" IW6 24(;3 JO.II -" 

.., 722 ... , 1416 1849 2340 288D 0<", 

" '" .... 1348 1'61 1nzu l 2751 "'" -""-
" '" '" "" 1681 2127 262G 3\78 37102 

" 62!! .,. .". 1008 Z035 2512 300\0 3617 

" ." '" .. '" .... 19.;0 2407 2fi13 :N67 
'..IS '" 1132 , .479 1872 ! 2311 2700 3328 

" SOO 1089 1422 1800 2222 2689 ! 3ZOO 

" no ... , 1310 1733 2140 2589 3Ol.'<2 

" , .. 1011 1321 16,1 ,... 24D1 2911 

" 9,6 1275 1614 .'" 2411 "" " ... .", . .... "" 2330 2773 

" '" 1UI3 1510 , ... 2255 "" " ... .. ,. .. '" <8'" "" '600 

'" 1121 m~ I :~ 2119 21\21 

" .... ,.,. 2 .. 147 

" "." 1331 "" 
,,,, 2377 

36 1027 1300 loo.~ 19422311 
37 1265 1:;.62 11100 2249 

~
3S 12:12 1521 lSoIO 21110 
3D 1200 14'12 1703 21:13 
40 1110 1444 1748 12080 

1l0N0ll1aI h_iad ... te th$l"."i f~ __ c.r..e I(>obt&r ,n the l>otuotItal d ...... uoa of Ib, II"'B 
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TIMIIEI( SAFE LOADS 

HECTANCUI..AU WOODEN BEAMS-ONE I NCH TIIICK 

OOUCI.AB PIR 

'''' " ,-
, , 
• , 
• , 
8 , 
'" 
" 12 

" " 1;; .. 
U 

" " '" 
" " " " 2'-, 

" " " '" " 
" :I~ 
33 

" " 
" " '" " '" 

ALLOWAOL& US l I'OR.\I 1..0AO I X I'OUSDS 

:"Ilnlmum Bendln" 811"fU. 1200 Pounds per SqU&n'! lneb 

, • 
-"'-267 

U8 --"'--
'" 11:1:1 

'"' ." 

" "" '" "'" " '" :l:J7 ,,, 
,., 
US 

• " " 

'''' '" .... 
, 

.. " " " ft .. 



CA~NeO l e STeel. COMPANY 

----
RECTA NG ULAR WOODEN BEA~IS-ONE I NCH THICK 

SIIORTLEAF PINE. WESTERN IIEMLOCK AND WHITE OAK 

AI.{.ow,l.lIl.1: UNIYOR:U LO,l.1) IN POVND8 
Mulmun. !leDding St.",., 1100 J>(IundlJ per Square Inch 

.... 
" ,- , 

"' 2 2-111 .. 
3 163 ~ 
<I 122 1" 489" 
II 98 30 1 

6 82 326 
7 70 270 
8 61 UII 
{I 2 17 

10 100 

II 178 
12 163 

" " " 
" " " " ,. 
" " " ,. 
" " " " " '" " " " ,. 
" " " 38 

" 

• 

1159 
1118 

826 1079 
700 1043 

773 1009 

" 

246<> 

''''' 1880 2271'; 2708 
.<167 1811 2191 2608 
1414 1746 2113 2514 
1366 1686 2040 2428 

74 0) 978 

t~ I !~ 1 
1630 1973 2348 

1901'l 2271 
1849 2200 
1793 2133 
1740 207 1 
1600 2011 



TIMBER SAFE LOA OS 

RECTANGULAR WOODEN I3EA~IS-ONE INCH THICK 

SI'RUCE 

ALLOWABLE UN I FOHloil LOAD IN POUNDS 

Mulmum DeodIDa Stre.. 1000 PouDdt per S<l.u~ Inch ----- ----
, . 1 • • 

2 I'll' 
3 Ji'ij'""" 
4 III 1':1 

1> 89 MIl 

• ,. "'" , ., 254 ~ 

• ,. 
222 1 &00 • lOS 444.....!!L 

'" 178 400 7 11 

" '" "" ,<6 

" , .. "" '" " "" '" .. >S. "" " '" '" 
" "" 4-'" . 

" ... 
" "" " ". ,. "'" 
" " " ,. 
" 
" " " " '" 
" " " ,. 
" 
" " " " .. 

00pU0 of s..... iII l .t.c. 

" " " 

-." 'M ",. , . 
'" "'" .,. 

'000 ,~ 

'" 941 ' 12!l1 

'" 889 1210 

"" 842 1146 

'" 800 1080 

'" 762 11037 

"" '" 000 

"" .00 ." . ., '" ,." ... ." 
'" ... 
503 "" '" '" '" '" 

"" os, 

" 

-1422 

" 

,,.. -
1!!93 IC036 

" 

1237 1565 1V1 
118.5 1500 11IS2 
1138 1440 11778 1 

I()O.& 138.5 · 1709 n.! 

"''''11333 1646 IUln 1016 1286 151:17 ID'~I n«I 

DBI 1241 1533 18l>4 2207 
Jl.I8 1200 1481 17113 2 133 

QI8 IIIn 1434 1735 12005 
880 11 25 1380 161'11 2000 
862 1001 1347 1630 11130 
837 1(lS0 1307 151>2 1!IiI2 
813 1029 1270 1537 1 '''' 
700 looo I 1231> 1 140~ 1778 

073 1201 145:.1

1

1730 
947 1169 1415 I6IW 
923 1140 1379 1641 
000 1111 IM4 1600 

. --



CARNEO IE S TEEL COMPA N Y 

RECTANOULA!t WOO DEN Il E"~IS-ONE INCU THI CK 
WIIITE PINE 

A LI,()W"O LE UNI FOR),! LO"D IN P OUNDS 

:\ l l.1lmum lJcnrllng 8tr"OSll. 900 PoUDdI- per Squaro I nch 

.... Do.ptIo 01 &.un Do 1 .. 1oeo 

•• r_ , • ~ . .. " .. .. .. ., n " I--, 1': , ""'1:i3 • .00 --"'--, S<> a20 

• " 261 Il1O , " 22{1 rm-
8 '" ZOO 4M!...l!L , '" '00 '" " '''' '00 

,., 
-"'-

" 14" 321 ." """ " '" "" 633 sa3 l!:!O 

" '" <0, 7llfi "'i"iOS .. 2,,1 ." , .. 1021) .~ 

" ,<0 ." "" 000 "'" 
" '25 . 00 fl25 000 lZZ5 

" 371 "'" ." 11a3 :ill! 
" 3::;fl '" ... 1009 1422 

" 3:n 526 "" 1002 1347 ~ 

" '20 "" '" 980 1280 1620 

" '" 68<) '" 1219 "., -=-22 ." OM '" " .. 1473 ISUI 

" '" .W ", 1113 .. " 1730 -,. '" '" 817 1007 ''''' 1667 -milT 
25 ". , .. ''''-' "" '''' "" 
" ". 'M "" 

,,., 
"" "" 

--""-:nl5 

" "" '" "'" "00 1481 179:1 2 133 
28 , .. '00 ". 1157 1421) "" '63' 
" ." '" 111 7 1379 "" ,-30 '" '" 

,,.. 133J 1613 "" 
" "" "" 1().13 "go "" '''''' " ." ... 1013 1250 1513 "00 

'" 776 ,,, 12 12 1467 1746 

" "" 
.., 1 176 1424 '''" " '" 00' 1143 1:183 , .. , 

36 711 900 llli 13H 1600 
37 876 108 1 laos IU>7 I !! I I tt: 18fo m~ m~ 40 8 10 1000 12 10 1440 

lIoriooDu.ll~ i"di .. 111 \be hmit f« "'1aI>ce to ...... iD lb. borioonu.1 direttioa 01 tbe &rai •. 



T I MBER SAFE LOADS 

SQUARE WOODEN BEAMS 

ALLOWABLE USIFORM LoAI)8 IS TII0(l8ASI)8 0 .. POUSI)8 

Amer1can Railway Engineering .u.odatlon """ S~ .... Sido of Sq_ . 1 ... 1otoo 

" I r"n • , .. " " " " ~ -- - ------,---.. , ... , 
8:2 • , 3.~ 

hIT--z · " 3.' , .. . .. t > 
" u .. , 13. 1 --trr- I •• " ,. .., 12.0 ZO.8 11.' 

~B " 
,.. .. , 11.1 19.2 zH . - .. ,., .., 10.3 17 .8 u • 

~~ " U .. , ••• 1G.G "' .. --..:r 
" ,., ••• ••• I ~.G " .• 31.0, u . 

S" " •• " 1" .1 za.3 3".8 --.nr 
OS ••• • •• 13.9 22.0 32.9 "6.8 •• .. , .. M 13. 1 ., .. 31.1 .... . 3 -.or 
'" 3.' ,., , 12.6 19.8 " .. "2.1 61 .8 -- ]-'-• •• .. 

~~ . • U : .~ hr!-• , .. . II .! -S' " 3.6 .., :U fD:2 ' .. " 'A ., . , 0: , 
" " .. , 10.2 17 .0 < h 
" , .• ••• 'A 16.:1 2.~ : 8 

e3~:2 .. .., ••• .. , 15 .1 24 .U I~ Of.1 

tog " ... .., ., 
1" .1 22.4 33.4 -.n-0.- " .. , ,., ,.. 13 .2 2 1.0 31.3 401.6 M.' =",- " " 

,., 12.4 111 .7 "A 41.9 --.:or .- OS , .. ••• 11.7 18.6 21.8 39.6 114 .3 • • .. 3.3 'A 11.1 17 .1 20.4 31.~ ~1.5 

"' , .. ••• 10.6 16 .8 ~~~ 

" • .".-• 2.1 -rr-.; •• 2.4 . 

g~ 
.. 2.2 lo.2 liT I " 2.0 4 .1 

•• " 1.8 4.4 •• . - .. .. , ••• 7.9 -rrr . ~ .. .., , .. 7.4 .. 
OS ... , .. 6.9 12.0 -rrr " 3.3 6.lo 11.3 ,. 
OS 3.2 6.2 10 .1 16.9 

" , .• •• 10. 1 16.0 ... 
---"' , .• ,. , ,. Ilo .2 -..:r ., ---.!!..L -- , 

r----P.-- I • . T: • 2.4 .1 

" 2 .2 lo.1 

HT "lol "; 

" 2 .0 4 .1 z-
" 1.8 4.3 ... t i " .. , '.9 ,., ;I.;:S 

11: -" .. .. , '-' , .. 12.3 .., 
t :2 " ... 3.' .. , Il.lo .-. 
~~ " ... '-' .., 10.8 17 .2 

" a .• ••• 10.2 16.1 •• 
OS , .. , .S 9.' U .2 ----".-

" 
,., 

" , .. 14 .4 21.6 . , 
'" 3.6 .~.O ••• 1:1 .1 20.!; ----",r n.' 

loodtia ..... 16~ .... tbe li",il lor "';"\AD<e 10 bom ont.] ",",. 
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CARNeO Ul STEEL COMPANY 
---

HOUN D \\'OODEl\' UEMIS 
ALLQWABLF. l 'N"U"OIIM LOADS IN TIIOt"8.\N"DS OF POIlNDS 

Amer\ea.n 11.&.I1 .... y Englnecrlng A.-oc:latlon ~'Ibcr Stre.el -- ---"P'" ~, I ....... 

" feet 6 to It It 

.. , .' '" ." 8 ----O-~__rulJ"'"""___rs:r__ 
{I 2.0 •. 8 11 .6 IG.3 

10 1.8 .. ~ 8.6 1 ... 1' 
11 1.7 ".0 77 13,. 
I~ 1.05 3(1 7. 1 12.3 
13 I.. 3." 66 11.3 
U 1.3 3, 1 61 10.5 
IS 1,2 20 6.7 0.8 
16 II 27 6.3 0.2 
17 2.6 60 8.1 
IS 2 . 1 4.7 8.2 

" " .. 21.2 

" 
... 

31.. --:rn:r-
29.0 41. .. 
26.8 3S.2 
24.9 31U 
23.2 33. 1 
21.8 31.0 
20.5 29.2 
IDA 27.6 

.. 

I 
Ul 23 4.~ 7,7 

. W 2~ 4~ 7.4 

19.5 
18.0 
16.7 
156 , .. 
13.7 
13.0 
12.3 
II .7 

18.3 26.1 
~....!!.&.... 

orr-
4S.6 
0/05." 
"2'.5 
40,0 
31'.8 
35.S 
31.0 

• . ~ z- I -.. 
~~i < . 
1Il:.:~ 
"<-tog 
gj:;= 
"= • 
• 

., ,. '0,' , ~-:nr-v.u-
" L' .. , '.0 

" LO 3.7 ,., 
" L. 3A 00 

" 13 :1.1 0.0 
1:1 1.2 2.8 ., ,. ... 2.6 .., 
" LO 2,1\ ••• " LO 2.3 .., 
" .. , 
" '.0 

" :1.8 

'" 3.6 ... ... . .. 
8 l':r"-r;r---g:r-
o 1.6 3.7 7,3 

10 1.4 3.. 6.6 
II 1.3 3.0 6.0 
12 1.2 2.8 6.1\ 
13 1.1 26 6.0 
14 1.0 2.4 ".7 
11\ 0.0 2.2 4 .4 
16 0.0 2.1 41 
17 2.0 3.9 
18 1.9 3.G 
19 1.11 3.4 

'" ... .... 
13.S 22.0 :' .1> 
12.-1 10.8 2'9.5 
11.3 18.0 26.S 
10.4 16.5 24.6 
0.' 15.2 22.7 
8.0 14.1 21.1 
8.:1 13.2 10.7 ,.. 12.4 18.4 ,., 11.6 17.4 ••• 11.0 16.4 
'.0 10." 15.5 .., 

--,c=-+-~'~°'-1....!.!:..L 1 

'" --.r::r 
10.3 
9.4 "',' 

... 
~ .,. 

35.0 ~ 
32.3 '11.:1 
30.0 ·1l . 1 
28.0 3~.4 
26.2 36.0 
24.7 33.11 
23.3 32.0 
22.1 30.:1 
21.0 2~ 

::; l~:: 19:1 
7 .5 12.0 17.9 --BT-w,' 
7.1 11.2 16.8 23.9 ;I :' . 
6.7 10.6 U.S 22.1'> 30.8 
6.3 10.0 14.8 21.2 2'9, 1 
6.0 9.5 H.I ZO.I 27.6 

20 1.7 3 .3 ~~~~, ...2!I.L 
• .• • .• U 

1I '""""TiI""""":-n--~ '" 
9 II 3.3 66 ~ '" 

10 1.3 3 .0 6.9 10.2 
II 1.2 2.7 05. " 0.3 .' -..:r 
12 1.1 2.6 4. 8.5 
13 1.0 2.3 4 .6 7.S 18.6 

~~ 14 0.9 2.2 4 .2 7.3 11 .5 17.2 =- U 08 2 .0 39 6.8 10.8 161 
24.5 
22.9 
21.1'> 
ZO.2 
19.1 
18. 1 
17.2 

.. 
" 2'9.5 

b
i1 16 08 19 37 64 101 151 

1I:!j 17 1 8 as 60 95 14 .2 
18 1.7 33 67 9 .0 13.4 
19 1 Ii 31 1\.. II [, 12.7 
20 I h 2 II t; I 111 12.1 

r-Io,m .... U lieu ...... 1lI. I,mit lot n!eIII ...... \0 bon_tal ..... 

"" 

27.7 
26.2 
201.S 
23.6 



TIMBE R SAFe L OA OS 

WOODEN COLUMNS 

The lIafe load tsblell of wooden column! which follow, bued 
upon the working unit BtrC88ell adOI)too by the Ameri(llln Railway 
Engine<'ring Association, give the allowable direct comprCMivo 
londs for square and round eolumns. 

The safe loads of rcetnngulllr column8 may be found from the 
81lfe load8 of squnrc columnll by direct proportion of arellS, U8ing 
11' 0 safe load unit slrC$8 of thc equare column whose side ill equal 
to the leut lIide of the rectangular IICClion. 

The following table givee the safe load in pounde per square inch 
of sectiollal area for rati08 of 

I effective len til of column in inchee 
"J- cast gil e or iameter, III inche;, 

ranging between limitli of 15 and 30. 

UNIT WOR"ISO STRI>SiH:S IS i'OUSI)$ PI>R SQUARI> 

l"'!'flea' "",,",'''. \ """"" P"'e, IIl"te Pi .... R<d Ceil ... 
l'I .. lI .. tern .!JCuee, ,-, Reilwood , 

\\'IUI. ball 1I ........ k , ,,-d 

1300(1-1 dl\CL 1:!OO(I-I dliO) IIOOU-tldliO) 1000(1- 1 dllO) lIOO (1-1 d60) 

" ". 000 '" '''' 675 

" 0".3 8S() SO, "3 000 

" "" "" '''' 717 "., 
" .,. ... n • "'" 030 

" 888 ,W .62 "" 615 ,. .. , 800 "3 '" 000 

" ... '''' 715 "" 
.., 

" 823 ". "" "" ." 
" "" "" "" "" 3M 

" '''' "" 000 000 "" " '" ". ." 68:1 '" " '" "" 623 '" 
,,. 

" '" "" 
.,. "'" ." 

" ,OJ 0<, 5,.'1,7 "" .. ," 
" on 620 "" '" '" 3. "" 000 "" "'" 

.,,, 

'''Oil 

N.,......, 
l'iDi 

800Cf-l dllO) 

600 

'" '" 300 

'" 333 ,w 
.'" 
"" .'" 
'" 033 
410 
." 

'" '00 

}: ' ..... ru I. Requirfld the • .no .... ble 1011.1 ror a COlumn or white oak: 
10'" J: 8", 14 teM long. 

The Afelo.<l gh·en In the table ror a ,.quare whIte 00Lk column 8" J: 8". 
14 relll' lone. I, 601.100 J)Ounds. ThO load foe tbe 10" I 8" *x:Uoo u 
10 ill: M.lOO +- 8 _ 67.600 pound .. 

E u .. ru 2.-Requ1md. the al low.ble 10.<1 for a IPMJOfI pile. 9'" dl.meter 
.nd 18 root long. 

The unit IU'a'J gh-en In the .beve tlble tor thO COfTeIIJ)Onding ... ,10 or 
l id. 18 ill: 12 +- 9 _ 24 b 660 pOUnd!!. and the IIOOUonal area ror a 9" rouDd II 
63.62 .tQ.u.re IDehe&. The Afe load. therefore, II 63.62 ill: 66(b42.000 pound .. 



CAR;N£OIB STEEl. COMPANY 

SQUAHE WOODEN COLUMNS 

SAPE LoAI>8 1:<;' TIIOUIIANDII OF POUNDS 

A~n lIall ... y Enalneerlng AMOClation Fonnulu 

,-"" 
r •• 

-~ , 
• , 
8 , .. 

• • • .u 
'I'5.il 

14.6 
1 3~ 
1 2.~ 
11 .4 
10.4 

---1!:L ,-34."a-
32.8 L.....!H... 
31.2 ~ 
211.6 60.3 
2M.I 68.2 
21\.0 64. 1 

" 12 I If .. 

c..!!'-
I 00,6 ,«I'" 

88.4 ""i37.3 L!!!.L 

" " " " " .. "lUI 
"11.8 
41. 6 

83.2 13\.0 1""TIi9.3 ~ 
78.0 124.8 182.0 249.6 

w.u... 
.5 I 14." 
6 13."~ 7 12.6 
II I !.to 31.7-.'lt.-
D 10.6 aO.2 1 

10 0.0 28.8 61.0 
II 21.4 M.1 
12 2.5.{I 1\3.8 ~ 
'4 23.0 40.9 86.4 '.A 
16 40.1 81.6 ""i26.7

1 
nu 

.. 

II'" 

'" 

18 42.2 76.8 12\.0 17"'.1 ~ 

2. ~ '~'"S""'1_'"'C"~C'C.=,".2iC'~"~"1C~"'""1-!""',"-''''''_ I---.l!.L -, 
i'> II3T 
6 12.3 
7 11.4 ~ 
II 10.0 211.0 I-,'l'.;-
II D.7 21.1 

10 8.8 26.'" 62.tI 
II 26. 1 111.0 
12 23.8 49.3 ~ 
14 21.1 4.5.8 79.2..!.!!:L 
16 42.2 74.8 116.2 L...!!ll-
" j'7 70.4 110.9 1 160.2 ..!!J.,L 20 3$.2 M.O IOS.O IM.O 211.2 

1\ h"t.ir I 
6 11.2 _. I 
7 10.4 I S'lA 
II 0.0 ~ 
II 11.8 2.5.2 til"" 

10 8.0 2-t.O 48.0 
II 22.11 46.4 
12 21.6 H.g...1!:!... 
14 11).2 41.6 72.0'..J!!&... 
16 as,,," 68.0 - leM.O L...ll!.:!!.... 
18 36.2 (1.4.0 100.8 1 145.6 ..1!!!!.... 
20 32.0 60.0 00.0 ."0.0 192.0 

_ ~ iD ...wI ~.:; abo", barilOlltall._ ... the ""';mum allo ... bln.t.1oad&. 

" 



T I MB eR SA Fe L OA D S 

RO UN D WOODE N COLUMNS 

SA J'£ L OAOS IN TIIO l18A~ DS O J' P OUN DS 

A merican n.II .... " t:nglnoerlll5 "-oclallon Formulas 

, 
6 , 
8 
6 

" " 12 .. 
" " " 

• 
--""-12.3 

11.4 
10.6 
68 
66 
8' 

I II .. 
5~ 

10.6 
6.8 
6.' 
83 ,., 

6 , 
8 
6 

" " " .. 
" " " 

. l' 
, 2~~0 

2';.1 .. .0 
2~ .~ 4t10 
23.3 47.4 
211.1 45.1 
10.6 42.5 

"' 2i:i) 
23.1 
22,6 
21.5 
w .• 
18.1 

30.2 
35.0 
32.7 

., 
~ 

4:1.7 
42.2 
30.2 
36.2 
33.2 
36.' 

~. 
5 10 .4 
6 9.1 
1 9.0 1~ 
8 8.3 -~ 
o 1.6 21.8 

10 6.0 20.1 
II 19.7 
12 18.1 
14 16.6 

" " '" I-+t.-6 0.4 
6 8.8 

......!!.:L 
4 1.6 
40. 1 
38.' 
35.9 
33.' 
30.4 
27.6 

1 8.2 
8 1.!' 
9 6.9 

10 6.3 

hl\';-"'., 
10.8 1* 

" 

" " " 1& L IS 

-...1!:!.-
73.5 .. .. 
65.3 
61.3 

~ 
61.0 "' .. 00.3 
56.5 

., 

'm> 
00.5 _IJI!Y.. 
9 5.0 T37.2~ 
90.5 132.0 181.0 

622 ... 
~.7 01.2---mf!u 
M.3 81 1 1258 ~ 

. 61.:!. . 82.0 12 1 0 ~ 

I 

" .. 
11UI :11.1 
11.9 36.4 
11.0 3!..2 
15.1 32.1 ~ 56.5 IM~ 

" " '" 
30 .2 
21.6 
2!.. 1 

f>3.4 IiT.if ~ 
56.3 10.2 1 14 .4 n(l.l 

4 7. 1 16.4 110.0 l5i'i:8 

" 

1110.' ... 



C ... ~NEOIE STEEl.. COMPANY 

I DEC!:-'IAL OF AN INCH AND OF A FOOT 

j~I UI !8 !~J ....... ..... ... ........ i~i ......... 
• • ~S· • • la 0' Foot laO' Foot 1'· 

l a 00 .'001. . , I ..... o. Foot 1j- _1 !j'"' fl ... 
. .,." 

~ 
.2»2 ,. ."." 

!~ 
.7552 :~ .010·1 ,... 3~, .1>104 .76(J.1 

;. .01(>625 t II 2OM25 gt 1/ .515625 Ii: " .765621> gt .02O!l .2708 .''''' .1708 
.0200 • .2700 '. .6200 O • .7700 O. 

• .03 121> 

~ 
;. .2812:' ,~ II .63125 '" II .78125 ." roM "'" '~ "" I~ .''''' :~ .0417 .21)17 , . .6417 .7917 

;. . ().16871> 

& 
II .29<1876 

Hi " .646875 11\ " .796875 

1& .0521 .,." .5521 .. '" 
.0573 ,3073 .5573 O • .8073 

• .0025 « • .3126 

~« 
t, . 6626 

~« 
« .8126 !« .0677 .3 177 .5677 .8177 

,0 721) .32211 , .57211 .8229 

;. .078 126 II " .328 12:' au II .5781211 'I' " .8281211 O • 
J)833 , .33a3 • . ssaa , .8333 .0 
"" '. .a:l81> '. .f>885 '. .8385 " . • . 00375 ' J< .. .3 1a75 "J< " .MI375 'J< .. .84376 "J< 
.OOOQ 

: ~ 
.!HOO ~~ "''''' ii: .8400 "il . 10-12 .3(>12 .00.\2 ."" " " .100376 :1\ " .3.">037:' :1\ " .009375 il\ " 

.8MI37!> "Il .1146 .:m4U .61 46 .8046 .0 
.IW8 '. .36118 •• .6108 '. ... " .o. 

J< . 1200 '" " 
.3700 '" .. .6250- 'Ji " . .87M) "J< 

,130'1 :1\ .3lIO'l :1\ 
. .,., 

il\ ..• " .01\ .1354 ,3&5-1 .635-1 .- " I, .140026 '!' " 390025 :~ " .64002."> 

Hi II I .890025 .0& .141>8 : I 3958 .6458 .S%S .0 
.1510 .4010 'II .65 10 .0010 .0 

;. .10025 '" II .40025 1/1 " .656211 '" II .90625 "II .1611> '" 111 (, 6'" 71. .D115 " . 1007 , ,4167 , 006' • .9167 " II .171876 '. 11 421876 
,. II .67 1875 :~ " .921876 "il .1771 '" .427 1 '" _677 1 .9271 " .1823 '. 132:1 '. ... " •• .932:1 " . 

I. . 1876 '" • .437(, ·~!i " .6875 "" II .9376 "" .1927 :1\ 1127 '~ 
.6927 III .~27 "ll ,1U79 .1 179 , . .6979 .~79 " 

" .203125 l~ 11 .4 .... 1125 gil " .703 126 III " .9S3125 "r-."'" .46t!3 _70S3 .%83 " .21311 '. .46311 " .71 35 .. .0035 " . 
I. . 218111 

~« 
.. .41)8111 ly " .7 1875 

Iii " .008711 "~ . 22-10 ,4740 .7240 .9740 "\I .221l2 .• 171)2 , . .721l2 • • .9792 " 
~'''n ~~ " .48-1:17(, i» II .734376 i» " .984375 "» .2:100 .4800 .""" .9800 " .2448 '"~ .4948 .7448 .9'J t8 " J-( .2.'JOO , ~ .6000 6 ~ "00 0 '0000 " 

" 



R, EP R,ESEN T A TI VE I NS T AL L ATIONS 

~la.jestic Coal & Coke Co. i\ line, Duquoin, l1Iinois. 

Heavy Wooden Timbering, Anthracite Mine 



CARNEG I E STEEL COMPANY 

Steel Beums laid on Coal and Short Posts 

Heavy Steel Timbering, Anthracite Mine 



l 

R€I'RESeNTA TI vE I NSTA U . ATIQNS 

Yougbiogheny &: Ohio Coal Co., Florence ~Iinl), Martins Ferry, O. 

W. J. Rainoy Royal Works l\linc, Uniontown, Pa. 

" 



CA~NEOII! STEEL COMPANY 

Maxwell Colliery 20, Lehigh &; Wilkel!-BIlTT6 Colli Co., Ashton, PlI. 

Hon~ybrook Colliery 5, Lehigh &; Wilkes-Barre Coal Co., Audenried, Pa. 



RE P RESEN T A TI VE I NSTALLAT I ONS 

Moshannon Coal Mining Co., Osceola l\Iills, Pa. 

Pump Room, Plymouth Coal Co., Dodson Colliery 

" 



CARN EO I E S TEEL COMPA NY 

PRODUCTS 
m .. t F"rna«ll Produ tU 

Pig' l ron, Ferro-Mangancsc and Spicgeleiscn. 

O .... · II«IIrt .. and _ mer l' rocIutU 

Ingots, Blooms, Billets, SIKbs, Sheet Bars. 

St ... <i"nl Mil l P roci utU 

Beaml, " ·Beaml, Channels, AngleR, Tees, ZeeR, 
Ship and Car Building Sectiona, Bulb AnglCR, 

Steel Sheet Piling and Cross Tie SectionR. 

Ba. Mill 1'.000uer. 

Beams, ChalUlcla, U-Oars, AnglcR, Tees, Zees, 
Mcrchant BIIT'S, Squares, Rouud~, IIcxagolls, 
Welding and Threading Stcel, Spring Steel, 
Flat 8teel, &luare, Band and Hound Edge, 

lloop and Band Steel, Cotton Ties, 
Tire Steel, Shovel and !:iaw Blade Steel, 

COIl(,rete Bars, Rounds Knd Squares, 
Cold Twisted Squares, Defonned Bars, 

Agricultural Seetiolls, Automobile Sections, 
Window Sections, Miscellaneous Bar Sections. 

AlIo,. StH' fo. Va ri ou ..... _ 

Plate Mill ProdP N 

Sheared Plates and Universal Mill Plates, 
Checkered Floor Platclllnd Skclp. 

R.&11 Mill Produc1. 

Standard, r. l iscellaueous and Lip:ht Rails, 
Angle Splice Bars and Fish Plates, 

Sleel CrOlll Tics and Trllck Acce8llories. 

Forpd a lld Wrou.ht I· ...... aer. 

Axles for Steam, Electric and Industrial Service. 
Wheels for Sleam. Electric and Industrial Service. 

Wheel and Gear Blanks. ~liscetlaneous Circular Forp;inl(8. 

~·ab.; .. 1ed Produc1a 

Steel Drilling Rigs~ Derricks, Accessories, 
Steel r.l inc T imoer, Gangway Sets, 

Steel Sheet Pil ing. 

Coke u ,..Prod"tU 

Ammouia Liquor. Ammonium Sulphate, 
Naphtha, Napthalene, !knlol, Toluol. 

D .... t Fu ...... St .. 

Crushed, Granular, Sand and Concrete Slag. 

" 



___ .fJeam 

I 
I I r-- -------,- ­
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 
I I 
I I 

t:lsplh_ . __ ~ ~ 

weigh! per rf ~ ____ _ 

:",S,-,te",e"-' ...,G",a<!.n.,y.wo:y 5up-,I2.orf - 5fde F 
I 

I I _____ ___ ~ _ _ _ ___ L __ _ 
I I 

__ -..I : 

_~~~~~~===~:~ ___ J 
_ ~ l-•• • _' ,... :J r." , ..... T ... 1 ~ 1 . T ..... , -

", 
Carnegi. 5t.I>/ Ca, Pitt~b"rg, A:7. 

Thia form may be used on inQuiriefl (or Steel Mine Timben, Style Jo'. Additional copiel may be secured on 
application to a"y dlatrlct office of the Carnegie Steel Company. 



____ Beam 

, , 

depfh. ___ _ 
IWIlghf,Per fL __ 

, , 
I , f flee/6a"{'wtl,9:: 5up-P-Qr -51y/e K 
, , 

----,- - - - - - -1---I , 

--..i : 
~a~:J:L.::- - - ------- _:I:. 

~ 
Thl. (orm may be used on inqu.iriee: for Steel Mine Timbers, Style K. Additional copi" .,.y be secured OD 

application to any diltrict office of the Carnegie Steel Company. 



CARNEGIE STEEL COMPANY 

OFFICES 

GENERAL OFFICES: 

Pithburgh, Carnegie Building, 434 Fifth Avenue. 

DISTRICT OFFICES: 

Birmingham, Brown-Marx Building, 2000 First Avenue, North, 
Boston, 120 Franklin Street, 
Buffalo, The Marine Trust Co. Building, 233-239 Main Street, 
Chicago, 208 South La SRne Street, 
Cintinnati, UnioD Trust Building, Fourth and Walnut Street!!, 
Cleveland, Rockefeller Building, 704 Superior Avenue, N. \V., 
Denver, First National Bank Building, 17th and Stout Streets, 
Detroit, 2130 BuhL Building, 535 Griawold Street, 
New Orleans, Maison B1ancbe, 921 elllllL! Street, 
New York, Empire Euiiding, 71 Broadway, 
Philadelphia, Widener Building, Juniper and Chestnut Streets, 
Pittsburgh, Carnegie Building, 434 Fifth Avenue, 
St. Louis, 506 Olive Street, 
St. Paul, 1308 Merchants National Bank Building, 4th & Robcrl Sts. 

EXPORT REPRESENTATIVES: 

UNITED STATES STEEL PRODUCTS CO., 

New York, Hudson Terminal, 30 Church Street. 

PACIFIC COAST REPRESENTATIVES: 

UNITED STA'fES STEEL PRODUCTS CO~ PACIFIC COAST DEPT. 

Los Angeles, 2087 Er:st Slauson Avenue, 
Portland, Sull:ng Build:!!g, Sixth and Alder Streets, 
San Francisco, Rialto Building, 116 New Montgomery Street, 
Seattle, Fourth Avenuo South and Connecticut Street. 
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