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AISC Live Webinars

Thank you for joining our live webinar today.
We will begin shortly. Please standby.
Thank you.

Need Help?
Call ReadyTalk Support: 800.843.9166

There’s always a solution in steel.

structural

OlEEL

AISC Live Webinars

Today’s audio will be broadcast through the
internet.

Alternatively, to hear the audio through the phone,
dial 800-622-9931.

Conference ID: 21794928
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AISC Live Webinars

Today'’s live webinar will begin shortly.

Please standby.

As areminder, all lines have been muted. Please type any
guestions or comments through the Chat feature on the
left portion of your screen.

Today’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial
(800) 622-9931

Conference ID: 21794928

AISC Live Webinars

AISC is a Registered Provider with The American Institute of Architects
Continuing Education Systems (AIA/CES). Credit(s) earned on completion
of this program will be reported to AIA/CES for AIA members. Certificates
of Completion for both AIA members and non-AIA members are available
upon request.

This program is registered with AIA/CES for continuing professional
education. As such, it does not include content that may be deemed or
construed to be an approval or endorsement by the AIA of any material of
construction or any method or manner of handling, using, distributing, or
dealing in any material or product.

Questions related to specific materials, methods, and services will be
addressed at the conclusion of this presentation.
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Copyright Materials

This presentation is protected by US and International Copyright laws. Reproduction, distribution,
display and use of the presentation without written permission of AISC is prohibited.

© The American Institute of Steel Construction 2016

The information presented herein is based on recognized engineering principles and is for general
information only. While it is believed to be accurate, this information should not be applied to any
specific application without competent professional examination and verification by a licensed
professional engineer. Anyone making use of this information assumes all liability arising from such
use.

Course Description

The History of the AISC Specification
1923-2010
January 22, 2016

The American Institute of Steel Construction (AISC) was created in
1921, and the first edition of an iconic design standard, the Specification
for Structural Steel Buildings was issued in 1923. This first edition was a
modest 13 pages long, but it was a powerful instrument in unifying
structural steel design practice in the United States. Since then, the
document has been greatly expanded to include new research and
practice, and it has been a model for equivalent standards in many other
countries. This seminar will present not only the evolution of the
technical aspects of the Specification, but also the ideas behind the
rules, and the personalities of the engineering leaders who helped make
it into the great helper of structural engineers. The author, Ted
Galambos, has been involved with many aspects in the history of this
document since he started graduate research on the behavior of steel
structures in 1956 at Lehigh University.
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Learning Objectives

» Become familiar with the history of the AISC Specification

» Understand the evolution of column formulas in the AISC
Specification

» Understand the evolution of lateral-torsional buckling rules in
the AISC Specification

» Become familiar with motivations for Specification changes
including examples of research initiated practice and
industry initiated practice

The History of the AISC Specification
1923-2010

Presented by

Theodore Galambos, Ph.D., P.E.
University of Minnesota
Minneapolis, MN
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THE HISTORY OF THE
AISC SPECIFICATION
1923 - 2010

BY
TED GALAMBOS

THE REASON FOR THIS TALK

IN 2021 AISC WILL HAVE SERVED THE
STEEL FABRICATION INDUSTRY FOR 100
YEARS

IN 2023 THE AISC SPECIFICATION, THE
STRONG ARM OF THIS SERVICE, WILL
ALSO BECOME A CENTENARIAN

TED GALAMBOS, AMONG A FEW OTHERS
STILL LIVING, HAS BEEN INVOLVED IN THE
LIFE OF THIS DOCUMENT FOR MOST OF
THE SECOND HALF OF ITS EXISTENCE

SO, IT IS TIME TO REMEMBER BEFORE TED
FORGETS

10
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S1Pl255C

Cartoon from New Yorker magazine

1

Lynn Beedle, Ted, Fritz Lab

My first
Day
at
Fritz
Lab,
LEHIGH

SEP. 1
1956
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“For those of you who don’t know Ted Galambos
he’s our institutional memory.”

Cartoon from the New Yorker Magazine

13

Why was it important to approve a standard
for the design of steel structures in 1923?

It was such an important step that the
Secretary of the Commerce of the time, Herbert Hoover
(an engineer and later a president of the US),
sent a commendatory letter to the AISC.

At the inaugural meeting of the AISC,
one of the list of objectives to be achieved was:

“The establishment of a single code authority
that would be recognized by building code authorities
and designers to eliminate the confusion that then existed
in the construction industry, caused by the numerous and
different manuals each containing proprietary information.”

14
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THE FIRST AISC SPECIFICATION

PRICE 25 cents

STANDARD
SPECIFICATION
of the
AMERICAN INSTITUTE
of THE AUTHORS:
STEEL CONSTRUCTION
for the
DESIGN, FABRICATION, AND Two prOfessorS
ERECTION .
of George F. Swain, HARVARD U.
STRUCTURAL STEEL
for ;
BUILDINGS Milo S. Ketchum, U of ILLINOIS
FR—— Two structural engineers
COMPILED BY W. J. Thomas, NY Clty
fieorge F, Swain —If\_|. Am. Soc, C. E.—M. i\ll. Sac, M
; AL E A .
B it Wilbur J. Watson, Cleveland
Ao . Kechu—. Iltnﬁ_sm.r CE-MAREA— One architect
ani irector of the
Experiment Station of t
of Illinois, i
£ R. Groham —of Graham, Anderson, Probst & White, E. R. Graham, Chlcago

W. J. Thomas —M. Am, Soc. C, E,—Chiel Engineer,
Geo, B. kl’osl & Sons, Architects,

New Yorl

Pl et SoncC BM A RIE, i Note: All previous editions of the AISC

President, Watson Engineering Com-
pany, Cleveland, Ohio,

Wobir. Harndhbolks aré. bt : Specifications are available on the AISC
s AR ks are baing prepared based upon the N
i S AL TR Website as free downloads for members
Price 25 cents
16
1
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THE 1923 AISC SPECIFICATION IS A
TRUE PERFORMANCE-BASED
SPECIFICATION!

* “To obtain a satisfactory structure, the
following major requirements must be
fulfilled”

* (a) “The material used must be suitable, of
uniform quality, and without defects affecting
the strength or service of the structure”

* (e) "The computations and the design must
be properly made so that the unit stresses
specified shall not be exceeded, and the
structure and its details shall possess the
requisite strength and rigidity”

17

MAJOR HEADINGS IN THE 1923

AISC SPECIFICATION

* 4. Loading

* 5. Allowable stresses
e 7.Beams and girders

* 9. Eccentric Loading

e 10. Combined stresses
e 13. Rivets and bolts

» 15. Connections

e 16. Lattice

e 18. Minimum thickness
e 22. Erection

» 23. Inspection

18
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/Z/qa.:rr Sesintior

STEEL THE FIRST EDITION

CONSTRUCTION OF THE AISC MANUAL

Part IV is almost a text-book
“EXPLANATION OF
AISC SPECIFICATION FORMULAE”

First Edition Beams
Plinatap oy Web shear and stiffeners
At 1920 Laterally unsupported flanges
Columns

Rivet stresses

Lee H. Miller, Chief Engineer

AMERICANOIEJSTITUTE PRICE: $2.00
STEEL CONSTRUCTION 476 pages long
INC.

i Chrcn.

19

THE 1923 COLUMN FORMULA DILEMMA
» The AISC MANUAL bemoans 28 column

M AMERICAN INSTITUTE OF STEEL CONSTRUCTION

formulas in use i

Scatter of column curves
o

“The diagrams clearly illustrate
that the basic unit stress

is not a consistent index

of the so-called

factor of safety” (p.225)

© Copyright 2016
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THE 1923 AISC COLUMN FORMULA
(RANKINE FORMULA)

F = 18,000 > < 15,000 psi
1 L
1+~ | =
18,000\ r
LOCAL
, ” | CRIPPLING

; FLEXURE -
B CONTROLS

i :
§ . LOCAL CRIPPLING !: Up to L/t = 60

i
i

21

AMERICAN INSTITUTE OF STEEL CONSTRUCTION n FIGU RE FROM
g THE FIRST
AISC MANUAL

ILLUSTRATION OF FLEXURE AND LOCAL CRIPPLING
TYPES OF COLUMN FAILURES

22
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FIGURE FROM 34 AMERICAN INSTITUTE OF STEEL CONSTRUCTION
THE FIRST
AISC MANUAL A HERD OF
COLUMN
FORMULAS

23

THE MAJOR YEARS OF THE
“ASD"” EDITIONS

» 1923  The beginning

» 1936

* 1949

* 1961/1963 » Radical change

* 1969

» 1978

» 1989  The end of the
“stress era”

. 1986 » The beginning of the
“strength era” 24
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The growth of knowledge, | hope

Year of  Specification Commentary Committee
Adoption Pages Pages Members

1923 11 0 5
19 0 ?
30 0 ?
44 46 26
103 44 36
93 68 43
83 68 43
91 66 42
110 92 46
124 113 46
196 231 40
329 311 46

25

STEEL FOR AISC
SPECIFICATIONS

Last Year of Serial Designation  Tensile Strength, Yield point
Adoption Fu

1929 ASTM A9-29 55-65 ksi Ful2 <=30ksi
1936 ASTM A9-36 60-72 ksi Ful2 <=33ksi
1946 ASTM AT7-46 60-72 ksi Ful2 <=33ksi

In 1963 there were choices of available steels:
ASTM A7, A373, A36, A440, A441, A242!111

Fyﬂon133t050ksiHH

WOW! 26

© Copyright 2016
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EVOLUTION OF COLUMN FORMULAS

Fo_ 1Bk il 1923 -1936

¢ 1 (L
1+ | —
18000(r

The 1923 Column Formula

20

T

10

Fa, ksi

L/r 27

EVOLUTION OF COLUMN FORMULAS

2
Fa=17—o.485x10—3(£] for 0 <= <120 1936 -1961
r r
F, = LKS'Z[LG ~0.005 (Eﬂ for 120<-= < 200
1 L r r
14— —
18000( r)

--al

Fa, ksi
’

0
0 50 100 150 200

28
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EVOLUTION OF COLUMN FORMULAS

2
C - 2z E
Fy
3
FS=E 3| kL/r| 1ikL/r for kKL/r <1
38| c, | 8| c C
F 2
A PR LT B LT P
FS C C,

2
12 TE o c<kL/ <200

Fa__ 2
23 (kL /)

1961 - 1989

29

EVOLUTION OF COLUMN FORMULAS

COLUMN CURVE COMPARISON

0.6 < g o
:

0.4

Fa/Fy

0.2

—— 1036 - 1961, Fy=33ksi
- -~ 1961-1989, Fy=36 ksi
-.~. 2010, Fy=50ksi

I I

200

0
50 100 150

L/r

30

1923-2010
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EVOLUTION OF LATERAL-TORSIONAL BUCKLING RULES

F, = 18ksi for tis 15

f

F, = 20ksi for is 15

f

Fo— 0k rs<bcan R tors<bcao
1 (L t; " 1 (L fi
| L= |2
20001 t, 18001 t,
1923 — 1936 purely 1936 — 1949 empirical
empirical
_ L, d 1949 — 1961
F, =20ksi for =——<600 a conservative
b t; simplified theory
12000 , . d
F, =T ksi for I";> 600
i bftf
bt

31

EVOLUTION OF LATERAL-TORSIONAL BUCKLING RULES

ALLOWABLE STRESS FOR A W21X44 BEAM

0.8

Fb/Fy
’

0.6 ——
N \
~

= 1923-1936, Fy=30ksi

0.4 S

02| —— 1936-1949, Fy=33ksi
- = -- 1949-1961, Fy=33ksi
I I

0 50 100
Lb/ry

150

32
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EVOLUTION OF LATERAL-TORSIONAL BUCKLING RULES

ELASTIC CRITICAL STRESS BY “EXACT” THEORY (TIMOSHENKO):

2 2
o, t O,

#°El,G) #‘E’IC,
= + —
cr SZLZb SZLé

AFTER SOME ALGEBRA AND ONE SLIGHT APPROXIMATION:

2

2
18900 ©’E
O, = revrarel Bl
o, = 18900 <o. |F =060, ~ 12000
Ld/A, Ld / A,

33

EVOLUTION OF LTB RULES, 1961/1963

76D, 20000 A,
and
, dF

o

(L, /) | 12000
F = MAX<0.6F | 1- Lv A
bo— Y 2C’C, |'Ld/ A,

D

F,=0.66F, if L, < and section is compact

Why were we afraid

‘APPROXIMATION OF 0.66y, ’ to take the

square root of the sum

MAX (O'V Oy ) < \/0'\3 + O'VZV of two squares???

34

© Copyright 2016
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EVOLUTION OF LTB RULES, 1969
(A REFINEMENT OF 1963)
ZOOOOA
F,=0.66F if L, s \/7 pr= and section is compact
y
e _|2_F F(L/n) 102x10°C, 510x10°C,
71 37 1530x 10°C, E
3 3
- 170x 10 cz:b for Lo ¢ [310x10°C,
(Lb / r-l—) rT Fy
_ 12x10°C,
2T Ld/ A,
F, = MAX(F,,,F,,)<06F,
35
EVOLUTION OF LATERAL-TORSIONAL BUCKLING RULES
—— 1923
o8l e 1936 | |
---- 1949
.. 08 -
o
“ o4
0.2
0
0 50 100 150 200
L/iry
36
' © Copyright 2016
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COMBINED STRESS INTERACTION EQUATIONS

f,+ f,<MIN(F,,F,) 1923

L+i< 1 1936, 1849
F, F =

a

fa fb H fa
F_+FS1 if F30-15 1961,1963

—_—l

f . ¥
T2 4—mb <1 and a1 -b<1b if 2>0.15

F, [ _faJF 06F, F, F,
F' b
\ e J 37

BIAXIAL BENDING INTERACTION EQUATIONS
1969, 1978, 1989

fof, f o f

—a g by Doy jf —2<0.15

Fa I:bx I:by Fa

L_'_ me fbx + Cmy fby <1
AT AR AN

) F )™ F, )" - if %> 0.15
and fa fbx fbx < 1

" 06F, F, F, J

38
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WIDTH-THICKNESS LIMITS
FOR SLENDER CROSS SECTIONS

1923 | b/t=12 limit for beam flanges

1936 |b/t=12 limit for angle legs
b/t=16 limit for other unstiffened elements
h/t=40 limit for stiffened elements

1949 |Same limits as in 1936, but if limits are exceeded,
lop off the excess in calculating stress

1963 | Same criteria for limits as in 1949, but expressed
as a function of the square root of F,

1969 | Stress reduction factors Q, and effective widths b,
are introduced for unstiffened and stiffened

elements 39
TOPIC 1923 | 1936 | 1949 | 1963 | 1969 | 1978 | 1989
1/3 increase of stress for X X X X X X X
wind
Fatigue X X X X X X
Plastic Design X X X X
Moment Redistribution X X X X
Types of construction X X X X
Ponding X X X
Vibration X X X
Deflection X X X X
Web-tapered members X X
Hybrid girders X X
SUMMARY OF CHANGES, BY AISC SPECIFICATION EDITION
40

© Copyright 2016
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TOPIC 1923 | 1936 | 1949 | 1963 | 1969 | 1978 | 1989

Composite beams X X X X
Encased beams X X X X X X
Incomplete composite action X X X
Metal deck on composite X X
beam

Welding X X X X X
A325 HS bolts X X X X X
A490 HS bolts X X X
Friction connections X X X
Combined rivets (bolts) & X X X X X
welds

Web crippling, etc. X X X X X

SUMMARY OF CHANGES, BY AISC SPECIFICATION EDITION

41

TOPIC 1923 | 1936 | 1949 | 1963 | 1969 | 1978 | 1989
Plate girders, riveted X X X
Plate girders, tension field X X X X
action
Shear-flexure interaction X X X X
Table of compactness limits X
Block shear X
Flexural-torsional buckling X
F,=0.66F, for beams X X X X
Slender plates in columns, X X X
Q-factor
Effective length factor for X X X X
frame stability
C, factor for beams X X X X

SUMMARY OF CHANGES, BY AISC SPECIFICATION EDITION
42

© Copyright 2016
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RIVETED PLATE GIRDER WEB DESIGN (1923)

Y.['F, =12,000 psi|

18,000

! 1 (h
14— | —
7200( t,

STIFFENERS 18,000

ARE a<85t,
REQUIRED

1

43

PARTNERSHIP BETWEEN
AISC SPECIFICATIONS AND RESEARCH

A LIST OF AISC SPECIFICATION RESEARCH NEEDS IN 1926:

A satisfactory system of fireproofing

Establishment of equitable fire insurance rates

Quality welding of structural steel

More knowledge about wind bracing

The abatement of noise in riveting

Use of alloy steels in construction

Code body to restrict the heights of buildings

Greater speed of erection to meet demands of increased land prices

L. H. Gillette, (1980), “The First 60 Years,
American Institute of Steel
Construction, 1921-1980", AISC

44

© Copyright 2016
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MOTIVATIONS FOR CHANGE

INDUSTRY

Composite design
Stud shear connectors
High strength bolts
Welding

Welded connections
Bolted connections

ACADEMIA

Plastic design
Stability criteria
Computer methods
Direct design
Bracing rules

Plate girder design

Many steel grades Ponding
High-Performance Fatigue
steels Fracture
etc etc

1923-2010

TREMENDOUS CHANGES AFTER WWII s

4}0 RATHS
\
- INDUSTRY » THEORY
- RESEARCH » RESEARCH
. DESIC@;N s DESIHGN
STANDARDS STANDARDS
- PRACTICE « PRACTICE
46

| © Copyright 2016
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EXAMPLE OF INDUSTRY
INITIATED PRACTICE

« COMPOSITE BEAMS

 FIRST STRUCTURES ~1935

* RESEARCH AT ILLINOIS AND LEHIGH 1950s
« AASHO ROAD TEST BRIDGES 1959-61

« BOOK BY VIEST, FOUNTAIN, SINGLETON,
1958

* Firstin AASHO Standard 1957
» Firstin AISC Specification 1963

» Continuous research up to this date and
beyond a7

EXAMPLE OF RESEARCH
INITIATED PRACTICE

« PLASTIC DESIGN AND INELASTIC
INSTABILITY

* Realization around 100 years ago: there is
life beyond the elastic limit.

* Column experiments by Engesser (~1890s)

* First tests of plastic mechanism (1914,
Budapest)

» Tests, theory and practice (John Baker,
1930s and 1940s)

48
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FROM: L. H. Gillette, (1980), “The First 60 Years, American
Institute of Steel Construction, 1921-1980", AISC

During the Year [1949], the AISC supported work at
Lehigh University dealing with the ultimate strength
of welded rigid frames figured prominently in
technical discussions at a symposium on plasticity
sponsored by the Navy. Professor J. F. Baker, whose
work at Cambridge University in England
supplemented Lehigh’s, visited the United States. He
provided members of the Welding Research Council
(WRC) and staff members of Lehigh University the
opportunity to exchange notes. His visit led to a
correlation of the programs at Cambridge and
Lehigh”.

Major sponsors of research on plastic design: AISC, AISI, USN, WRC, NSF
49

PLASTIC DESIGN AT LEHIGH
1950s-1970s

 Plastic design leads to a better _
understanding of behavior under load, and it
gives economy

* Inelastic stability is much more difficult than
elastic stability: research had to proceed on
both fronts.

» Theory alone was not enough: testing had to
be integral part of the development

* Research was not enough: results must be
directed to usefulness in practice.

50
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PLASTIC DESIGN RESEARCH RESULTS

» Continuous beam and frame design

e Column formulas

* Interaction equations for beam-columns

* Connection design rules (welded and bolted joints)
* Multi-story design methods

» Post-buckling strength of plate girders is recognized
* Many applications in seismic design

» Applications in bridge design

 SEISMIC DESIGN

* Etc.

51

FRITZ ENGINEERING LABORATORY
RESEARCH ON MULTI-STORY
FRAMES

52

1923-2010
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STABILITY LIMITS IN AISC

« ELEMENT STABILITY:
e LOCAL BUCKLING

e Width- thickness limits
e Compact
 Non-compact

o Slender

STABILITY LIMITS IN AISC

« MEMBER STABILITY
* Flexural buckling
o Lateral-Torsional Buckling

z l
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STABILITY CONCERNS IN AISC

* FRAME STABILITY
» Effective length

STABILITY CONCERNS IN AISC

* Interaction equations
« Beam-Column Design

56

i) © Copyright 2016
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EVOLUTION OF SAFETY CONCEPTS
IN AISC SPECIFICATIONS

* 1923-1963: ALLOWABLE STRESS DESIGN,
I:allowable >= frequired J I:b:O'6Fy

e 1963-1989: LIMIT DESIGN DISGUISED
IN ASD FORMAT, F,=0.66F,

* 1986-FORSEEABLE FUTURE: LOAD
AND RESISTANCE FACTOR DESIGN,
MULTIPLE LOAD FACTORS AND
RESISTANCE FACTORS

57

THANK YOUI!

T

CHAIN BRIDGE, BUDAPEST, 1840’s 58
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CEU/PDH Certificates
Within 2 business days...

¢ You will receive an email on how to report attendance from:
registration@aisc.org.

¢ Be on the lookout: Check your spam filter! Check your junk
folder!

e Completely fill out online form. Don’t forget to check the boxes
next to each attendee’s name!

59

CEU/PDH Certificates

Within 2 business days...

¢ You will receive a link to the reporting site (URL will be provided

in the forthcoming email).

¢ Username: Same as AISC website username.
e Password: Same as AISC website password.

60
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Thank You

Please give us your feedback!
Survey at conclusion of webinar.
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