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AISC Live Webinars

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

Three-Part Webinar Series: Structural Stainless Steel
Part 2: Design

May 12, 2022

Q) : Smarter.
: Stronger.
: Steel.

AISC Live Webinars

Today’s live webinar will begin shortly. Please stand by.

Today’s audio will be broadcast through the internet. Please be sure to turn
up the volume on your speakers.

Please type any questions or comments in the Q&A window.
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: Stronger.
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AISC Live Webinars
AlA Credit

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 has been submitted to 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. )
: Smarter.

: Stronger.
: Steel.

AISC Live Webinars
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 2022

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.
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AISC Live Webinars
Course Description — Submitted for AlA CE Credit

Structural Stainless Steel Design
May 12, 2022

This session will lead the designer through the process of designing stainless steel tension members,
beams, and columns in accordance with the new standard, AISC 370 Specification for Structural
Stainless Steel Buildings, highlighting the differences compared to the rules for carbon steel in AISC
360 Specification for Structural Steel Buildings. Methods of analysis unique to structural stainless
steel, including the continuous strength method, will be discussed, as will structural performance at
elevated temperatures.

: Smarter.
: Stronger.
: Steel.

AISC Live Webinars
Learning Objectives — Submitted for AlA CE Credit

e Describe the stress-strain behavior of stainless steel.

¢ |dentify the parts of the design curves for flexural buckling and lateral-torsional buckling for
stainless steel members.

e |dentify the limits of applicability for use of AISC 370 for various types of load effects.

e Explain the continuous strength method and compare the results of the continuous strength
method to a conventional design approach for compression members.
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Structural Stainless Steel
Session 2: Design

Z@ma  Nancy Baddoo

| Associate Director

Steel Construction Institute
Ascot, UK

Dr Francisco Meza
Principal Engineer
The Steel Construction Institute

Ascot, UK : Smarter.
: Stronger.

: Steel.

Introducing the Steel Construction Institute (SCI)

SCl is an independent centre of excellence providing technical expertise &
disseminator of best practice to the steel construction sector

Technical publications

Standards development

Product development

SCI Activities

Independent assessment pmowwansar | | HEMTEMEI o
Research & Testing
Engineering software
Advisory Service

Problem resolution
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Objectives of this session

Specification for

1. Scope of AISC 370 Struclztgrglld§tainless
2. Differences in design provisions with ||t s
respect to AISC 360

3. Background of design provisions not
included in AISC 360

4. AISC DG27 2" Ed.

K3\ | Smarter.

q[ED\ Stronger.

: Steel.

AISC 313: Code of standard practice for
Structural Stainless Steel Buildings

ﬁ@.il{q% °
g@lﬁ)’g — next week’s webinar!

%ﬁ“.

Structural
Stainless Steel

Outline
1. Introduction
2. Design requirements
(Chapter B)
3 . Seerceab”lty Specification for
(Chapter L) Structural Stainless
4. Design of members Stee| B Nuiagss”™

(Chapters D, E, F, G, H, App. 2)
5. Structural analysis

(Chapter C and App. 1)
6. Design for fire

(Appendix 4) £ Smartar
7. Stainless steel material behaviour W) srorse
(Appendix 7)
ﬁeﬁ“'"fa%
®
h e 10

Lowoen 2
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Review of last week’s session
- what can you remember?

What makes stainless steel ‘stainless’?

1

What is stainless steel?

Corrosion resistant steel with Cr content >10.5%

o 0O °

Oxygen in Air —- O O OO Q

Protective passive film forms IF
+ Alloy composition is corrosion
resistant enough for the
environment
« Surface is clean and exposed

o
Q_Q,

Q
O
a0°

Chromium oxide layer

pd

1. Chromium oxide 2 Chromium oxide 3. Chromium oxide to oxygen (atmospheric orin

layer protecting layer damaged (by layer re-formed
stainless steel machining) automatically f|u|ds)

Stainless Stee] =——p

* More than 200 stainless steel alloys
* Only a few used in construction
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Review of last week’s session
- what can you remember?

Are the mechanical properties of stainless and
carbon steel the same?

Stress-strain characteristics: low strains

o

Modulus of elasticity very
. similar to carbon steel, but
Duplex stainless steel . .
J form of stress-strain curve is
E

80 ksi - fundamentally different.

Op,2
60 ksi Carbon steel Grade 50

Yield strength, F,, = strength at

40 ksi 0.2% offset permanent strain

) Austenitic stainless steel
F,, values from ASTMs are given

J E in Commentary to Chap A

(material in the annealed condition)

Oo.2

20 ksi

0 02 05 10 15 F, = 30 ksi austenitics
Strain & (%) F, = 65 ksi duplexes
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Structural design of stainless steel

Huge amount of research
carried out over the last 30
years studying welded
members, cold formed
members, hollow sections,
decking, welded connections,
bolted connections, fatigue, 3D
printed members, fire,
composite construction....

Economic and
comprehensive design
standards

15

Impact of the non-linear stress-strain curve on buckling

Low slenderness

» Columns attain/exceed yield load (squash load)

= Benefits of strain hardening apparent

= Stainless steel behaves at least as well as carbon steel column

Intermediate slenderness

» Average stress in column is between the limit of proportionality and the
0.2% permanent offset strain

= Stainless steel column less strong than carbon steel column

High slenderness

= |Low axial strength

= Stresses low and in relatively linear region of stress-strain curve
= Stainless steel behaves similarly to carbon steel

SEEDy

16

@
$ nuwf

Lowoen 2
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Scope of AISC 370

Materials 0 band Q
. se same ¢ an
Aust.er?|t|c. and duple.x alloys . factors as AISC 360
» Precipitation hardening alloys for tension members & fasteners
Shapes Except G and J4:
* Hot rolled, welded, extruded open structural sections er?(l,I:? | EEREs 1T
* Round and rectangular HSS

¢ Plate and bar

Exclusions
» Seismic design

Shapes: Angles in flexure, unequal angles, equal angles with slender cross-section
» Chapter I: Composite members

» Chapter K: HSS connections (limited scope)

STy

%
$ lmm‘“‘)

Ul 17

Stainless steel structures in seismic applications

Stainless steel applications subject to seismic loading
- stairs, railings, catwalks, platforms, pipe and
equipment supports, canopies

Seismic Provisions
for S+ructural
S Ruildin~

— Greater ductility of stainless steel — greater energy
dissipation

— Outside scope of AISC 370 and AISC 341

— Do not adopt carbon steel R factors (non-linear stress-
strain characteristics)

— Work underway to provide better guidance

ZATIS) | Smarter.
i) Stronger.
352/  Steel.

STy

0
S
X 'lmw!‘“‘)
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Stainless steel structures in nuclear applications

N690-18 Specification for Safety-Related
Steel Structures for Nuclear Facilities

Uses AISC 360 as baseline, modifying specific portions to Speciicglon for
make applicable to structures in nuclear industr safelgRela
pp Y- Steel Structures for

Refers to AISC 303 for tolerances, contract documents etc Nuclear Facilities

Next edition N690-24

Use AISC 360 and AISC 370 as baseline documents,
modifying specific portions to make applicable to
structures in nuclear industry

Refer to AISC 303 and AISC 313 for tolerances etc

19

Chapter B

20
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Chapter B — Design Requirements

The chapter is organized as follows:

B1. General Provisions

B2. Loads and Load Combinations

B3. Design Basis | Moment redistribution provisions for beams are not included in AISC 370
| B4. Member Properties |

B5. Fabrication and Erection

B6. Quality Control and Quality Assurance

B7. Evaluation of Existing Structures

21

Chapter B — Design Requirements

B4. Member Properties

Width-to-thickness limits for elements = |Moresimp|ifiedinAISC370|
Design thickness

Strength increase in stainless steel wm [AddedtoAlsc370 |
cold-formed HSS

22
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Chapter B — Width-to-thickness limits for elements

AISC 360 AISC 370

TABLE B4.1a v T ' TABLE B4.1a
nckv:shs R:t‘ioi: cinénresstonﬁlemen!s hoh wbh -4 h Width-to-Thickness Ratios: Compression Elements
rs Subjoct to Axlal Compression Members Subject to Axial Compression
| 6| Wals of rectanguar t
= wfE o 4§ Width-t w‘dL\m\linﬂ "
13 =3 §| oeserntonor | piees . Examples
bJ 8 ement Rt | " (nonsien- o
" b Ph_‘ ; der/slender) 5
B et st
wf T
b
A [E e —
w 16 [\ . £
or 041 fg
9| Round HSS ar ¥
q onf é‘
JLb.
wflly
2
toh th Lh
o E {d e E :
or 124,[F
i F b
y: bit |2 H,_Dﬁ‘:f Pt
H 3 | Round HSS
E
oit 010F LA 8
' 23

Chapter B — Design Thickness

AISC 360 AISC 370

For HSS produced to standards other For HSS
than A1065/A1065M or A1085/A1085M ties = 0.95wom

For built-up, hot-rolled and flat bar sections

Faes = 093[’10’” When t'mm > %6 in.

tdes = tnom

When ¢, < 316 in.

tdes = 0.95twom

(unless the section has a minimum thickness tolerance
less than 0.05 times the nominal thickness, in which
case it is permitted to use the nominal thickness.)

24
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Chapter B — Strength increase in stainless steel cold-
formed HSS

Take advantage of strain hardening of stainless steel =y | Significantly larger than for
. carbon steel

Only applicable to cold-formed square, rectangular and

round HSS

F, ..,can be used in design according to Chapters E, F,

y.avg
and H, and Appendices 1 and 2

Largest increase in strength around
the corners

(a) For cold-formed rectangular HSS Flat portions also experience an
increase in strength

F, y,cornerAL'omer + £ y,wall (Ag - Acomer)
F: y.avg = 4
g

(b) For cold-formed round HSS

<F,

F — Even increase all around
y,avg y,rnd

25
Chapter B — Strength increase in stainless steel cold-
formed HSS
square HSS Fy,uvg / Fy
b/t Austenitic Duplex
HSS 4 x 4 x 0.120 33 1.40 1.03
HSS 4 x 4 x 0.250 14 1.60 1.10
HSS 12 x 12 x 0.250 49 1.35 1.02
HSS 12 x 12x 0.312 38 1.40 1.03
Round HSS Fyavg | Fy
Dit Austenitic Duplex
HSS 4.5 x 0.12 40 1.16 1
HSS 4.5x0.25 19 1.31 1
HSS 7.5 x 0.12 67 1.08 1
HSS 7.5 x 0.25 32 1.20 1 26

Copyright © 2022
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Table 41
i W-Shapes (Welded")

M Dimensions

Dimension and
property tables

Table 4-1 (continued)

e x ] : N-Shapes (Welded)
12 . Properties

I
L

L1O

27

Serviceability
(Chapter L

28
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Chapter L — Design for Serviceability

The chapter is organized as follows:

L1. General Provisions
|L2. Deflections
L3. Drift

L4. Vibration
L5. Wind-Induced Motion

L6. Thermal Expansion and Contraction
L7. Connection Slip

29
Chapter L — Design for Serviceability
L2. Deflections
Reduced modulus of elasticity, E, Ramberg-Osgood material
model
E :EYt +ES‘C 30
o2
where z
Es, =secant modulus corresponding to the maximum <20 Max. stress in the cross-section
compressive stress in the cross section, ksi (MPa) %
E,; = secant modulus corresponding to the maximum tensile & i
stress in the cross section, ksi (MPa)
0
Secant modulus 0 0.002 0.004 0.006 0.008 0.01
E Strain, €
1+0.002£[ S J
VAN
30
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Member design
(Chapter D)

31

Chapter D — Design of Members for Tension

The chapter is organized as follows:

D1. Slenderness Limitations
D2. Tensile Strength

D3. Effective Net Area

D4. Built-Up Members

D5. Pin-Connected Members

The design of eye bars is not covered.

Applicable to
» austenitic and duplex stainless
steel members,

 precipitation hardening stainless
steel rods.

32

Copyright © 2022
American Institute of Steel Construction

16



AISC Live Webinar Structural Stainless Steel
May 12, 2022 Session 2: Design

Chapter D — Design of Members for Tension

D2. Design tensile strength (Difference compared to AISC 360)

(a) For tensile yielding in the gross section

P, =F A,

For austenitic and duplex stainless steel tension members
¢;=0.90 (LRFD) Q;=1.67 (ASD)

For precipitation hardening stainless steel tension rods
¢;=0.80 (LRFD) Q;=1.88 (ASD)

33
Chapter D — Design of Members for Tension
D5. Pin-connected members (Difference compared to AISC 360)
Tensile strength
Given by the lowest limit state of:
= Yielding
= Tensile rupture
= Shear rupture
= Bearing
Dimensional requirements — small differences:
= Greater flexibility in the shape of the pin-connected
member beyond the pin hole
= New requirement to check bearing strength of pin (when
pin-connected members are high strength)
© TriPyramid 34

Copyright © 2022
American Institute of Steel Construction

17




AISC Live Webinar Structural Stainless Steel
May 12, 2022 Session 2: Design

Section J8 - Pins

Commentary to Section J8 - Pins

Design of pins _ , ,
Method for calculating the moment in the pin

Given by the lowest limit state of: Efecive Contact Pach
Bearing strength
Shear rupture
Flexural strength b
Combined shear and flexure

[ Connecting part A

-

~ Connecting part B

35

Chapter E

Copyright © 2022
American Institute of Steel Construction
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Chapter E — Design of Members for Compression

The chapter is organized as follows:

E1.General Provisions

E2.Effective Length

E3. Flexural Buckling of Members without Slender Elements

E4.Torsional and Flexural-Torsional Buckling of Single Equal-
Leg Angles and Members without Slender Elements

E5.Single Equal-Leg-Angle Compression Members Without | The design of unequal-leg
Slender Elements angles is not covered.

Built-up members interconnected by cover plates or

E6.Built-Up Members
E7.Members with Slender

lacing with tie plates are not covered.

lements

37
Chapter E — Column buckling curve
Comparison between AISC 360 and AISC 370
(Yield plateau) —— AISC360
AISC 360 AISC 370 10 \\‘ —— AISC 370 Rectangular Hss
One buckling curve Three buckling curves 4 N R e
AISC 370 I-shaped buckling minor axis/Other
Curve composed of Curves composed of = ) shapes -
two parts: three parts: S
Inelastic buckling Yielding o4
Elastic buckling Inelastic buckling
Elastic buckling (Inelastic buckling) (Elastic buckling)
No yield plateau Yield plateau -
Elastic buckling starts Elastic buckling starts at he=yF,[F,
at A, = 1.50 A =18
38
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Chapter E — Column buckling curve

Comparison between AISC 360 and AISC 370

n’E

F.= 1.\ (Eulerstress) A = % (column slenderness) AISC 370
(TJ ‘ When %s(&j (Yielding)
A T
AISC 360 b r
When i52.25 (Inelastic buckling) 8, F
F, When (—“] <Fys3.20 (Inelastic buckling)
5 T e
F, —1-2[61("] ]Fy
When %>2.25 (Elastic buckling)
¢ When %>3-20 (Elastic buckling)
F.=0877F, ¢
F, =B,F,
39
Chapter E — Column buckling curve
Comparison between AISC 360 and AISC 370
n’E
F= 1L\ (Euler stress) kﬁ:\/? (column slenderness) AISC 370
(TJ ‘ When %s(&j (Yielding)
o T
AISC 360 F-F
When i52.25 (Inelastic buckling) 8, F
F, When (—“] <Fys3.20 (Inelastic buckling)
5 T e
F, ={0.658Ff ]Fy -
Fcr _12[61[&] ]Fy
When %>2.25 (Elastic buckling)
¢ When %>3-20 (Elastic buckling)
F.=0877F, ¢
F, =B,F,
40
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Chapter E — Column buckling curve

Comparison between AISC 360 and AISC 370

P ©’E F
/L V (Eulerstress) A =,[-~  (column slenderness)
- F,
r
Flexural Buckling Coefficients
Member Type FAaIrIT?i)I'y Curve o Bo B1 B2
Rolled or built-up I-shaped
sections buckling about Austenitic
the minor axis, and other and A 0.56 0.759 0.409 0.690
sections not specified in duplex
this table
Rolled or built-up I-shaped .
sections buckling about AUStSTitic
; : and B 0.58 0.891 0.455 0.820
the major axis, welded box Aiplax
sections, and round HSS P!
Austenitic
Rectangular HSS and [} 0.69 1.195 0.501 0.820
duplex

B
L

AISC 370

F
When -~ >3.20
F

e

F, =B,F,

(Yielding)

(Elastic buckling)

41
Chapter E — Column buckling curve
Comparison between AISC 360 and AISC 370
2
fRE . AISC 370
o (L Jz (Euler stress) 2, = - (column slenderness)
e e F g T
r When is[ﬁij (Yielding)
o T
TABLE E3.1 Fo_F
Flexural Buckling Coefficients Y
2
F, . .
Member Type Fﬁ','fi’,'y Curve | @ Po B1 B2 When (B—H“J < Fy <3.20 (Inelastic buckling)
Rolled or built-up I-shaped ¢
sections buckling about Austenitic I
the minor axis, and other and A 0.56 0.759 0.409 0.690 (lJ
sections not specified in duplex F =12 B Fe F
this table o ! y
Rolled or built-up I-shaped Austenitic
sections buckling about F
th 7 s, welded b and B 0.58 0.891 0.455 0.820 Wh vy 5320 . .
sections, and round 1SS | GuPlex en F > (Elastic buckling)
Austenitic
Rectangular HSS and [} 0.69 1.195 0.501 0.820 F :G F
duplex r y
B
/ 42

Copyright © 2022
American Institute of Steel Construction

21



AISC Live Webinar Structural Stainless Steel
May 12, 2022 Session 2: Design

Chapter E — Members with slender elements

E7.1 Slender element members excluding round HSS (Effective width method)

AISC 360 AISC 370
b = b[l ?’] % <b b, =0.772b [1 -0.10 Q] JE <b (F.(;r asltli;f);%eegfoerlemems
o - For er unstiffened) and sections
TABLE E7.1 by rermeder
Effective Width Imperfection Adjustment Factors,
¢y and ¢ For cold-formed HSS =mmp  may be used with F ..,
Case Slender Element [ e (Fy,avg > Fy !)
(a) Stiffened elements except walls of square and rectangular HSS 0.18 1.31 FOI’ Othel’ SeCtiOnS - use Wlth Fy
{b) Walls of square and rectangular HSS 020 | 138
() Al other elements 022 | 149
43

Chapter E — Members with slender elements

E7.1 Slender element members excluding round HSS (Effective width method)

F, F, For all type of elements
be =b[1 Fej T sb be :0.7721:{170.10 QJ/Q <b (ie. stiffened or
o - For er unstiffened) and sections
i.e. cold-formed or
TABLE E7.1 ﬁvelded)
Effective Width Imperfection Adjustment Factors,
¢ and ¢ Alternatively, only for cold-formed HSS:

Case Slender Element ¢ c;

(a) Stiffened elements except walls of square and rectangular HSS 0.18 1.31 be — b[l —~0.22 Felj ’Q < b # use only Wlth F
(b) Walls of square and rectangular HSS 0.20 1.38 E'Y cr Y
() Al other elements 022 | 149

44
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Chapter E — Members with slender elements

E7.2 Round HSS (Effective area)
AISC 360

N
(a) When A <A, —

Do i F
F, -

t

(a) When

E D E
(b) When 0.11 P— <— < (J.JST

¥ (4 3y

AISC 370

©y =2 = const — - —~ = const —

A.=Ag / Ae= Ay

(b) When A< 2.

0.038E 2
Ae= B 20y, 0.
Fy(DIr) 3 4. =

y Leor

E]Ag

45
Chapter E — Members with slender elements
E7.2 Round HSS (Effective area)
3
0 0.1 0.2 DE 03 0.4 05
iF
46
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Design tables:

Table 63

= Austenitic
C . Available Strength in Stainless Steel
OI | IpreSSIon Axial Compression, kips £y-30ksi
Rectangular HSS
HSS16-HSS 14
HSSTEN0:
[ 0.500 0375 ¥
Fom. i (1. 075 0356 i-13 {continued)
[0} 3 %3 ; z
o (A — le Strev.:g!h in k P
o] npression, kips T
: Equal-Leg Angles (Hot Rolled)
7 L2
: s o
n % Y » Y
Structural i sor EX] i
7 %0 ] &P, [P oF. [Pl 6

Stainless Steel 5

oo ongth, L £ wRR 1ot 0 At et o1 Gyr Mo, 7,
]

GESIRHEBUHEREEINENILEEEATERE Y §| 5

cipRsaseasaeuBINuE

EEREROBEBNRRRUNY

ans%y

o3 [ PNRERRERRN

S
w8

— e
7 163 mni 213 5
Lt o 3 83 55
rnt 184 2 7 m
e ar 40 342 4m 400
17 7 170 130 129
o =187 8, =00

Properies
A, T T 1 137 3
[ 0568 a5t 0482 0388 037
-
o =187 et 2 ey o s .7, S e v 0.

apter F

Copyright © 2022
American Institute of Steel Construction
24




AISC Live Webinar Structural Stainless Steel
May 12, 2022 Session 2: Design

Chapter F — Design of Members for Flexure

The chapter is organized as follows:

| The design of single angles in flexure is not covered.

F1.General Provisions

F2.Doubly Symmetric Compact I-Shaped Members and Channels Bent about Their Major Axis

F3.Doubly Symmetric I-Shaped Members and Channels with Compact Webs and Noncompact or
Slender Flanges Bent about Their Major Axis

F4.Doubly Symmetric I-Shaped Members with Noncompact Webs Bent about Their Major Axis

F5.Double Symmetric I-Shaped Members with Slender Webs Bent about Their Major Axis

F6.I-Shaped Members and Channels Bent about Their Minor Axis

F7.Square and Rectangular HSS and Box Sections === | Only sections with h/b < 3 are covered. No LTB.

F8.Round HSS

F9.Solid rectangular Shapes and Rounds

F10. Other Shapes ===p- | Only sections without slender elements.

F11. Proportions of Beams and Girders

Specific design provisions for singly symmetric I-shaped members, tees and
double angles are not given. However, they are cover under F10.

49

Chapter F — Design of Members for Flexure

Main differences between AISC 360 and AISC 370

Lateral-torsional buckling curve
Flange local buckling curve
Other minor differences

50
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Chapter F — Lateral-torsional buckling curve

Comparison between AISC 360 and AISC 370

AISC 360 AISC 370 £ Austenitic stainless steel (ASS)
é 1 — ——Duplex stainless steel (DSS)
B . e Myl ___INM N —-—-Carbon steel (CS)
One buckling curve Two buckling curves: 5 m, e
~
-, & :
Curve composed of three Austenitic 5 e g
. Duplex TOT= [ i
parts: p ?.3 M, L,(DSS): !
Yielding Curves composed of four w L,(DSS) I e
i i . | R R ..~ -
Inelastic buckling parts: E’OBM" Linss) i } T
Elastic buckling Yielding s L,(ASS)! I Lr(ASS)\E | _L/{DSS)
) ) 0 ] : '
Inelastic buckling (M, > M,) 0 L,(CS) L/CS)
Inelastic buckling (M, < M,) Unbraced length, L,

Elastic buckling

51
Chapter F — Lateral-torsional buckling (LTB) curve
AISC 360 - LTB for compact I-shaped members and channels
When L, <L, P
o M, =M, §
When L, <L, <L, £
M, =G, Mp—(M,,—o.7Fny)(§”:§” HSMP %
When L, > L, %
M, =F,S, <M, g
Unbraced length, L,
52
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Chapter F — Lateral-torsional buckling (LTB) curve

AISC 360 - LTB for compact I-shaped members and channels

WhenL,<L,

-
Mn:Mp ‘é’ 1
WhenL, <L, <L, =
[ 1]
L,-L by
M,=Cy|M,-(M,—-0.7F,S Pil<m 5070
L e | ET
T
When L, > L, T
M, =F,S, <M, g
2 0

| |
| |

i }
R

Unbraced length, L,

53
Chapter F — Lateral-torsional buckling (LTB) curve
AISC 360 - LTB for compact I-shaped members and channels
When L, <L, P
en -, § 1 |
When L, <L, <L, 5
M, =C, Mp—(M,,—o.7Fny)(§”:§” HSMP gw%
When L, > L, % E
M, =F,S, <M, g
s 5 B
0 L; L,
Unbraced length, L,
54
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Chapter F — Lateral-torsional buckling (LTB) curve

AISC 360 - LTB for compact I-shaped members and channels

WhenL,<L,

M,=M,

gth, M,/M,

WhenL, <L, <L,

L-L, )]
M, =C, Mp—(Mp—0.7Fny)[L” L”J <M
r—=p

=]
9

When L, > L,

M,=F,S. <M,

Normalised Flexural Stren:

o
@.-
=)

Unbraced length, L,

55
Chapter F — Lateral-torsional buckling (LTB) curve
AISC 370 - LTB for compact I-shaped members and channels
WhenL, <L,
M,=M, 2
=
WhenL, <L, <L, £
M, =C, {Mp ~(M, —Fysx)[ﬁ” _i” HSMP %
y —tp 5
Whenl <L,<L, E
Mn—C;,[My—(My—O.30Fny)[ib:§y]a”1SMp f‘é u
orr =0'60_0'40[?:Lyj @LV Unbraced length, L,
M, =BrrFe.Sc <M,
56
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Chapter F — Lateral-torsional buckling (LTB) curve

AISC 370 - LTB for compact I-shaped members and channels

WhenL, <L,
M, = Mp §ﬁ
=
Whenl, <L, <L, %
L - L 2
M,=Cy|M,~(M,-F,S,)| 2—2||<M, &
L,-L, B
When L, <L, <L, i
L L oLr ?u';
M, =Cy| My —(M, —030F,S, )| 22— | |<M, -
. L.—L, %

L —L LOL
aLT=0.60—0.40[ b yj w

r — Ly

Unbraced length, L,

WhenL, > L,
T3 M, =BrrFeSy <M,

57

Chapter F — Lateral-torsional buckling (LTB) curve

AISC 370 - LTB for compact I-shaped members and channels

WhenL, <L,
M, :Mp

WhenL, <L, <L,

~

M, =C, {Mp —(M,-F,S, [

™~

) JSM
y —tp
W enLyS bSLr

L
oLr
L-L
M, =Cp| My —(M, ~0.30F,S, )| 22—
! L-1L,

L —L
aLT=0.60—0.40[ b yj

p
<M,

Normalised Flexural Strength, M,/M,

Unbraced length, L,

r — Ly
Mn :BLTE'er SMp

58
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Chapter F — Lateral-torsional buckling (LTB) curve
AISC 370 - LTB for compact I-shaped members and channels
WhenL, <L,

M, =M, § 5
When L <L <L, £ %
M :C{M ~(M,-F,S )[Lb_LPHSM 5
n )4 P yPx L,-L, P E—é
When L, <L, <L, i
oL ?J; &
M, —C;,[My—(My—0.30Fny)(ib:EYJ FM,, r_éoamp
Ly—L, 0
orr =0.60-0.40 L Unbraced length, L,
WhenL,> L, ' Table F2.1
TG M, =BrFuSc <M, LTB Coefficient
Alloy Family Ber
Dt Ces 59

Chapter F — Lateral-torsional buckling (LTB) curve

LTB for I-shaped members and channels with noncompact web

AISC 360 AISC 370

When /,/I,> 0.23

e When /,41,>0.23
When . <Apw
w
o, Ry =| Mo (Mo Y 2mrp )] Mo
P My M, M, Mo —=hpw )| My
When he > A pw
by When /,/1,<0.23
Ry = My | My (|| 2w | My
My(j My(,‘ }‘«rw - kpw Myc Rp = 1 .0

When /,/1, < 0.23

Rpe=1.0

60
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Chapter F — Lateral-torsional buckling (LTB) curve

LTB for I-shaped members and channels with noncompact web

AISC 360 AISC 370

When ly(le> 0.23
When f—‘ <Apw

" M, M, (M, A @ M,
Rpe = R, = - -1 <= <
M, My \ M, )(hn) DIRE

When 1,/1,> 0.23

When he > A pw
ty When /,/1,<0.23
M, (M, 1) Y] My
Ry = - il v atiE R,=10
Myc Myc @ @ Myc /2
When lyC/lyﬁ 0.23
Ry =1.0

61

Chapter F — Lateral-torsional buckling (LTB) curve

AISC 360 - LTB for I-shaped members with noncompact web

WhenL,<L,

M, = RpcMyc

WhenL, <L, <L,

Lb -L p
M, =Cy| RpeMye = (RpeM e —0.7F},ch)[L L1 H SRpeM e
r —&p

When L, > L,

M, = FySye < RpeM

62
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Chapter F — Lateral-torsional buckling (LTB) curve

AISC 360 - LTB for I-shaped members with noncompact web

WhenL,<L, MR
n = Lpel ye

WhenL, <L, <L,

M, =C, {J _yc —0.75‘,Sm){i”:if’ﬂ syc

r ~Lp

When L, > L,

M, = FoSye < RpeM .

63
Chapter F — Lateral-torsional buckling (LTB) curve
AISC 360 - LTB for I-shaped members with noncompact web
WhenL,<L,
M, = RpcMyc
WhenL, <L, <L,
Ly
M, =Cp {RPCMJ,C —(RpcM . —0.7Fysxc){b H < RpeM e
When L, > L,
M, = FoSee S RpeM
Limiting unbraced length L,
Compact web Noncompact web
L, :1.76ry\/E L, =1.1r,\/F
2 R, A
y 64
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Chapter F — Lateral-torsional buckling (LTB) curve

AISC 360 - LTB for I-shaped members with noncompact web

WhenL,<L, =
M, = RpcMyc = ]J’
WhenL, <L, <L, %R"‘m P Compact web
o b
L @ . | Noncomg
M, =C, RpcMyc - (RpcMyc - 0-7Fnyc ){ < RpcMyc o 07ij 77777 L i i ;
b g 7 B |
i o i
When L, > L, z . }
o 7 :
M, = E‘)’SX(‘ < Rp(‘My(‘ g 3 i i
N 1
Limiting unbraced length L, 0 Lo compacy L,

’—c (noncompact)

Compact web Noncompact web Unbraced length, L,

E E
L, =1.76r, [— L, =115, |—
2N F, Fy

65
Chapter F — Lateral-torsional buckling (LTB) curve
AISC 370 - LTB for I-shaped members and channels with noncompact web
When L, <L, :
o= M, =R,M, i
WhenL, <L, <L, £
D e
Whenl <L,<L, %5
M, =Cy [My —(My—o.aoFny)[ib :iy ]aLT]SRpMy é
When L, > L,
Unbraced length, L,
M, :BLTE‘I‘SX ngMy
66
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Chapter F — Lateral-torsional buckling (LTB) curve

AISC 370 - LTB for I-shaped members and channels with noncompact web

AISC 370
WhenL, <L,
M, =R,M,

WhenL, <L, <L,

Ly—L
M, :Cb{Mp_(Mp_FySX)[Lb_LP ﬂ
y —Lp

When L <L, <L,

r— Ly

-1, )"
M, =Cp M},—(My—0.30Fny)(Lb y] <R,M,

When L, > L,
M, = ﬁLTFchx < RpMy

AISC 360

WhenL, <L,
M, = Rp(‘Myc

Whenl, <L, <L,

L

[&-

P

When L, > L,
Mn = E‘)‘Sx(‘ < RpL'Myc

67

Chapter F — Lateral-torsional buckling (LTB) curve

AISC 360

Rpg=1-— 2 fe _s71E <10
1,200 +300a,, | £,y F,

LTB for I-shaped members with slender web

AISC 370

Rg=1-—2 [ * 10]<10
6.75+ 212 oy

(the same for austenitic and duplex stainless steel)

68
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Chapter F — Lateral-torsional buckling (LTB) curve

LTB for I-shaped members with slender web

AISC 360 AISC 370
Rpg=1— [:L—5-7J§]§1-0 Ry =1 @@, [7—1.0}1.0

(the same for austenitic and duplex stainless steel)

69
Chapter F — Lateral-torsional buckling (LTB) curve
LTB for I-shaped members with slender web
AISC 360 AISC 370
WhenL, <L, WhenL,<L,
My =RpgM ye
When L, <L, <L, M, :y
M, = C{M_},(. ~(0.3F, S, )[H’H <Ry M, When L, <L,<L,
When L, > L, M, =CfR,) M, —(M, —0.3Fny)[Lb_Ly] ! 13 RpeM,
My ="'S"" SRpeM Lr =Ly
When L, > L,
M, = BL,,.SX < RpeM,
70
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Chapter F — Flange local buckling curve

Noncompact flanges:
AISC 370 follows the same principle as AISC 360

Stainless steel (SS)
— — = Carbon steel (CS)

,,,,,,,,,,,,,,,,,,,,,

Slender flanges:

AISC 370 ===p Effective width method (accounts
for post buckling strength)

AISC 360 === F|astic local buckling (no post
buckling strength)

Compact Nclnct;nrlpact Slender |
flange (SS) flange (SS) flange (SS) i
1

Compact 3 E E Noncompact | Slender
[ T 0
flange (CS) } flange (CS) iflange (CS)

Normalized Flexural Strength, M,/M,
=

Normalized Slenderness, A=w

N

71

Chapter F — Flange local buckling curve

Noncompact flanges:
AISC 370 follows the same principle as AISC 360

Stainless steel (SS)
— — = Carbon steel (CS)

Slender flanges:

AISC 370 ===p Effective width method (accounts
for post buckling strength)

AISC 360 ===» E|astic local buckling (no post
buckling strength)

Normalized Flexural Strength, M,/M,

0 Ap(SS) Ap(CS)
bs/ 2tf

N

Normalized Slenderness, A=

72
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Chapter F — Flange local buckling curve

Noncompact flanges:

3 Stainless steel (SS)

AISC 370 follows the same principle as AISC 360 3 1 — — — Carbon steel (CS)

g Myl ,_\\\\
Slender flanges: E T

AISC 370 === Effective width method (accounts & ¥ - ------------------- I,
for post buckling strength) o )

AISC 360 === F|astic local buckling (no post TE '
buckling strength) 2 0 ; e o

bs/2t
A= 22

N

Normalized Slenderness,

73

Chapter F — Flange local buckling curve

Noncompact flanges:
AISC 370 follows the same principle as AISC 360

Stainless steel (SS)

<
= 1 — — = Carbon steel (CS)
§ Ml
Slender flanges: g |
N Do e A s e i i e
AISC 370 === Effective width method (accounts g”M» .
for post buckling strength) f )
AISC 360 ===» E|astic local buckling (no post ?E
buckling strength) 2 o0 : e S
Normalized Slenderness, A=w
\'E/Fy
74
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A
Chapter F - Flange local buckling curve
Effective width method be be bel2 bei2
22y 28 my [ [
— — — ] _ S —
Fu | |Fa
b, =0.772b| 1-0.10, [== |, | == <b
EY cr
Ye ye ye
M, =F,S.
where:
S, =effective section modulus, in.? (mm3)
 —
= I B IR
Ve 2b b b
75
e Table 7-2 (continued)
1 . Stainless le 7-2 {continue:
DeSIgn tables: Stecl W-Shapes (Welded) y4
Fy= B8 ksi Selection by Z, ‘X
Flexural members T [
Shape [ ips | s [uip " [p | baph | kpt i Vs | bps
i’ | UASD | LD [ASDY| LD | ASO RSO Lo | | m | ® (RSO kD }
Wi -2 75 | a2 e nE 804 |13 204] 287120 | 68102 Table 7-19 Austenitic
wa.aem | a0 [7sa o it ey @8 | 2+ |2 seef0 @8 w1 | Available Flexural Stainless Steel
wio.ze | 2us | 7as 720 8 qap | e |20 4z ez el s >
Strength, kip-ft Fy=30 ksi
wizas |z | a2 2 T a5 | 201 2m|na | sas Round HSS
we.2em [ 22 |Nerl am 1o 710 | 07 |3 saefmo | Eke
wio. | 20 ez o) 8 2o | 20| s|ie |a = e
WE 21 05 s 48| | 18 o4 | wo |284] 433|200 [N :vwa Shape :;” -
% 2 1 £2 0 | " 5 0% 53 128 0250 ) AT
e | s [ o - A - BB I -
wio .17 s [Fn| 7| s s ¢ 0| 283115 [Nena w0 £ galg 1.2 \‘A
Structural wizaies | wa | @s s 150 aga | w5 [ 108] 2:9] 001 | e oo [Wgi0 o
Stainless Steel weem | o (NG a5 ol 72 [N 2 |270) 4|0 |60 2 oo (R 7
QS (W10 15 154 | K24 =7 28 | ME3 | oo | vee) 270(110 EID s d = :
@‘ Stron we.ao? | 150 [NA8R | oso [Fam| x| Eel o 458 | cac 23| sarfa a4 w2 e an 4%
. W 1 13 [ ame| ses | am| sl w02 15e |Paa2| sso [207| 302fiae [NesR S:f: g i
i o :: 24 ;z_ " ;:; a1 | a0 s | sl iag ﬂ =6 ,‘ EE‘, E ;
—— W - 137 nz| a4l o am| ;‘ aef 1 @i co2 |20 207125 SR w27 ' e b
| s [ e | am| oo [ aen| oo |az| os)ms | e e ou | oms | oo
: P T e £33 0| «o 2 | =os B _ .
Jl . i I L HSS2 575 0180 1.‘! 2
‘ ) ) L “ _,
el B ":2 sie| zam | ne |20 B = o o :: .
prel oos3 o | 1=
wexos | gos| 180 : el 74 R 2 (207 s00jexs Y 411 = wesz7sn|  02%0 225 1%
Wit ozl | s olNadE| s [R2es w0 (227 bl B : a1 ) 220
0148 144 2]
—— 1% 0120 11 8
27 0100 1w 184
ooe: a8 12
ooss0 Qe 101
HS52 500 0280 RE- a7
0120 1% 20
0148 e il
o s (R v
Rl b precll ||
0D<0 420 (L]
oo [
00830 105
e o8
- - e @
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Chapter G

Chapter G — Design of Members for Shear and Torsion

The chapter is organized as follows:

G1. General Provisions

G2. I-Shaped Members and Channels Subject to Major-Axis Shear

G3. Rectangular HSS and Box Sections Subject to Shear

G4. Round HSS Subject to Shear

G5. Doubly Symmetric I-Shaped Members and Channels Subject to Minor-Axis Shear
G6. Other Singly or Doubly Symmetric Shapes Subject to Shear

G7. Beams and Girders with Web Openings Subject to Shear

G8. Round and Rectangular HSS, and Box Sections Subject to Torsion

G9. Doubly Symmetric I-Shaped Members and Channels Subject to Torsion

| The design of single angles in shear is not covered.

| Angles, tees, and singly symmetric I-shaped members subject to torsion are also not included.

78
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Chapter G — Design of Members for Shear and Torsion

Main differences between AISC 360 and AISC 370

Shear buckling coefficients C , and C,

Shear strength of Round HSS
Torsional strength of Round HSS
Torsional strength of Rectangular HSS
Other minor differences

79

Chapter G — Shear buckling coefficients

G2. I-Shaped Members and Channels Subject TFA =» C,,
to Major-Axis Shear No TFA: =» C,,

G3. Rectangular HSS and Box Sections Subject
to Shear

G5. Doubly Symmetric I-Shaped Members and

Channels Subject to Minor-Axis Shear - NoTFA, butC,,

G6. Other Singly or Doubly Symmetric Shapes
Subject to Shear

80
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Chapter G — Shear buckling coefficients

G2. I-Shaped Members and Channels Subject to Major-Axis Shear
1. Shear Strength of Webs without Tension Field Action
V, =0.6F,4,Cy

AISC 360 AISC 370
When h/t, <1.10,\k,E/F, When 1<0.59,/k,E/F,
G =10 Cy=12
When #/t,, > 110k, E/F, When A >0.59,/k,E/F,

110k E/F, 1.55JkE | F,
CGi=——— Ch=—/————
hit, 0.7JkE | F, +1

81

Chapter G — Shear buckling coefficients

G2. I-Shaped Members and Channels Subject to Major-Axis Shear
1. Shear Strength of Webs without Tension Field Action
V, =0.6F,4,Cy

AISC 360 AISC 370
When(7/1,)< 110,/ E]F, When (D)< 0.59/k.E/F,
Ci=10 Ch=12
When 110\l EJF, When (0> 0.59, [k, E/F,
CLI0JKE/F, L55JkE | F,

G T Wy N OIRETE

82
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AISC 360
When h/t,, <1.10/k,E/F,
Ch1=1.0
When A/t,, >1.10, /kVE/Fy
¢ HETE

" hit,

AISC 370
When 1 <0.59,/k,E/F,

Cyh=12
When A >0.59\/k,E/F,

L.55\k,E | F,
Ci= 2
07JIGE | Fy +1

Web Shear Buckling Coefficient, C,

o

Chapter G — Shear buckling coefficients

G2. I-Shaped Members and Channels Subject to Major-Axis Shear
1. Shear Strength of Webs without Tension Field Action
V, =0.6F,4,Cy

T 9 —— C,, (AISC 360)
IS —.— C,, (AISC 370)
! i-
I 1
i ]
I 1
I 1
I |
| |
I 1
I ]
I 1
i ]
I 1
0 0.59 1.10 3
JKEJF,

83

AISC 360
When h/t, <1.10JkE[F,

Cpr=1.0

When 110k E[F, < hft, <137JlE[F,
110K E/F,
2T

When h/t,, >137\[kE/F,
1.51kE

Co= 2
(h/t,)°F,

&

Definition of C, in AISC 360 and AISC 370

AISC 370
When A <0.33.JkE/F,
Cnr=12
When 033 ,E[F, <).<097[kEJF,
Cn :1.2—0.62[ * —0.33]
kE/F,
When  0.97,(kE/F, <\ <2.68,/kEJF,

502 E/F, -2

Cp=— NV 77 "
T 62k ET F, +3.55
When  1>2.68,/kE/F,

_1L5lkE
v2 }\,ZFV

Chapter G — Shear buckling coefficients

i, —— ¢, (AISC 360)
P < —.— G, (AISC 370)
| 1
L Sl %
! : g,
1 ] I 1 ~1
| | [ |
1 1 | 1 1
1 I 1 1
1 1 | 1 1
1 1 I ] ]
| | b | i
1 1 | 1 1 ]
1 1 | 1 1 |
A :
| | o | i
S N . :
0 033 065 110137 2.68
JKEJF,
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AISC 360

When #/t,, <1.10,/k,E/F,

When  1.10JkE/F, <h/t,, <1.37[kE[F,

1.10yk,E/ F,
Cp=—1 """ "7
hlt,
When h/tw>1.37.lk.,E/Fy
1.51kE
Cp= ‘2
(W)

;i
=
X .'u“‘\(ﬁ

Definition of C, in AISC 360 and AISC 370

AISC 370
When A <0.33,Jk,E/F,
When  0.33E[F, <).<097[kEJF,
Cn :1.2—0.62[ * —0.33]
kE/F,
When 097,k E[F, <1<2.68/kEJF,

502 E/F, -2

Cp=— NV 7P R
T 62k ET F, +3.55
When  1>2.68,/kE/F,

_1L5IkE
v2 }\,ZFV

Chapter G — Shear buckling coefficients

—— G, (AISC 360)
—.— G, (AISC 370)

85

AISC 360
When h/t, <1.10JkE[F,

Cpr=1.0

When 1.10JkE/F, <h/t,, <1.37[kE[F,
1L10JkE/F,
T hity

When h/tw >1.37, Uc.E/FJ
151k E
(W) F

v2

C2 =

0 &

Definition of C, in AISC 360 and AISC 370

AISC 370
When  A<0.33,/k,E/F,
Cnr=12
When 033 ,E[F, <).<097[kEJF,
Cn :1.2—0.62[ * —0.33]
kE/F,
When 097,k E[F, <1<2.68/kE[F,

502 E/F, -2

Cp=— NV 77 "
T 62k ET F, +3.55
When  1>2.68,/kE/F,

1L5lkE
v2 }\,ZFV

Chapter G — Shear buckling coefficients

—— C,, (AISC 360)
—.— C,, (AISC 370)

86
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Chapter G — Shear strength of Round HSS

AISC 360 - Round HSS Subject to Shear
Vo=F, A ]2

where F_, shall be the larger of:

5 __ 160E
< \/E pY%  (Forround HSS with intermediate length)
5(7)
o _OT8E .
er (Dj% (For round HSS with long length)
t

but F., <0.6F,

87

Chapter G — Shear strength of Round HSS

AISC 360 - Round HSS Subject to Shear

| V, =0.6C,F, A, |2 |

where C, shall be the larger of:

2.67E

C, =——="=
v ’LV/DXLZSFJ)

_1.30E
}LI.S Fy

(For round HSS with intermediate length)

Cy (For round HSS with long length)

but C, <1.0

88
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AISC 370 - Round HSS Subject

V, =0.6C,F, 4, /2

Intermediate length C,,,

Chapter G — Shear strength of Round HSS

to Shear

Long length C,,

0.80
where When xso.sz[jli%] When X£0.24(E/Fy)0.67
L . ’
When BV <421/% (Intermediate length) Cor =10 C =10

0.80 0.80
C,=Cowy E/F, E/IF, .
vL‘ v When 0.32[mj <7LS4'65[7L\,/2})] When 0.24(E/Fy)0'67 <7»S2.23(E/Fy)0'(7
When B’>4.21\/I (Long length)
[ 125 150
C,y =1-0.61{047 LV/L}M -0.23 C,, =1-0.61{0.68 » -0.23
C,=Cy E/F, E/F,
5 %
When k>4.65[m] When }»>2.23(E/Fy)0'67
Coy = 267E c. - 130
M (_LV/D kl‘ZSFy vl = kl'SOFy
89
Chapter G — Shear strength of Round HSS
Comparison between AISC 360 and AISC 370
2= 0.6F, £ 1 Stainless steel (SS)
o F, g T =777 — — = Carbon steel (CS)
=
where 3
[&]
1.60F £
== 5
L (DY s
Dl AR B .
5 ! :
or o Shear yielding (CS) Elastic buckling (CS)
0.78E | Inelastic buckling (SS) iElastic buckling (SS)
For =— y Shear - 0.5 1.{)' 1.6 I
(2] 2 yieding (55) Shear Buckling Buckling Slenderness, A
t
90
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Chapter G — Torsional strength of Round HSS

AISC 370 - Round HSS Subiject to Torsion

Va =0.6CC,F), Intermediate length C,,, Long length C,;
0.80
E/F}.]

JL/D

where

When A< 0.26[

When 1%<020(E/F,)""

When %S 421 (Intermediate length)

Cy =10 C,y =10
G =G When 026[‘5/5']080 A<3 77[E/F'"]0.80 067 067
: A= When 020(E/F,)" <A<187(E/F,)
When %>4.21\/X (Long length) VHD Vb
CvM—10.61[0,54 \/L/_Dxl.zs 0.23} CV,L—1—0.61[0.77 A —0.23]
Cv = CVL v E/Fv
/ . 0.80
When 7»>3.77[\E/L/7FD] When k>1.87(E/EV)O'67
2.05E E
91
Chapter G — Torsional strength of Rectangular HSS and
Box sections
AISC 370 — Rectangular HSS and Box Sections Subject to Torsion
T, = 0.6CC,F,
When 1 <0.74,/E/F, )
Cp=12
When 0.74,[E/F, <1 <2.17.JE/F,
Cyo —1.2—0.28[ —0.74]
VEIE Same as for shear
When 2.17,/E/F, <1 <5.99,[E[F, > (With kv - 50)
_ N23JE/F, -)
2 36 JEIF, +3551
When % >5.99,[E/F,
2=7.56E
WE / 92
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Chapter H

Chapter H — Design of Members for Combined Forces andtersion

The chapter is organized as follows:

H1. Doubly Symmetric I-Shaped Members, Channels, HSS, and Box Sections Subject to

Flexure and Axial Force

H2. Doubly Symmetric I-Shaped Members, Channels, HSS, and Box Sections Subject to
Combined Torsion, Flexure, Shear, and/or Axial Force

H3. Rupture of Flanges with Holes Subjected to Tension

The design of tees, single equal-leg angles, and double angles used in compression
when other forces are present is outside the scope of this chapter.

94
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Chapter |

(Design of Composite members)

Appendix 2
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Appendix 2 — The Continuous Strength Method

= The CSM is a new design method.

= Only applicable to members not susceptible to
global buckling.

= Particularly beneficial for compact or
nonslender sections.

Structural

= Account for the beneficial effect of strain Stainless Steel

hardening. Higher strengths can be achieved

= Can also be used with slender sections.

Appendix 2 — The Continuous Strength Method

The appendix is organized as follows:

2.1. Limitations

2.2. Material Modeling

2.3. Deformation Capacity

2.4. Tensile Strength

2.5. Compressive Strength

2.6. Flexural Strength

2.7. Combined Flexure and Compression

98
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Appendix 2 — The Continuous Strength Method

The appendix is organized as follows:

[2.1. Limitations | The CSM is applicable to:
2.2. Material Modeling Doubly-symmetric I-shaped members
2.3. Deformation Capacity HSS and box sections
2.4. Tensile Strength Channels, angles and tees
2.5. Compressive Strength
2.6. Flexural Strength Range of applicability of the CSM
. . c i b Flexural | Combined loadi
2.7. Combined Flexure and Compression ompression members pearel - |Compinedloading

= F .
I-shaped, channels, angles, 550.63 E or T <004 L,<0.50L Requlrem?nts for both
tees, square and F, F and P |compression and

rectangular HSS, and box flexural members shall

sections }L‘agnis l<16 be satisfied
5< . E o i< . Requirem?ntsfor both
A e Sl I S
)ba:g . be satisfied
99
Appendix 2 — The Continuous Strength Method
The appendix is organized as follows:
2.1. Limitations
[2.2. Material Modeling] | == JEsn
2.3. Deformation Capacity Fy
2.4. Tensile Strength
2.5. Compressive Strength = !
2.6. Flexural Strength }E
2.7. Combined Flexure and Compression -
Sly )
Fig. A-2.2.1. CSM material model.
100
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Appendix 2 — The Continuous Strength Method

The appendix is organized as follows:

2.1. Limitations

2.2. Material Modeling

[2.3. Deformation Capacity|

2.4. Tensile Strength

2.5. Compressive Strength

2.6. Flexural Strength

2.7. Combined Flexure and Compression

101

Appendix 2 — The Continuous Strength Method
The CSM base curves
For I-Shaped, channels, For rounds
angles, tees, square and -
rectangular HSS, and box
sections
(@) When 2;<0.68 () When ;<030 *m Plated sections

2 x1073 g —Ly[Fu o
8(‘ﬂ=%£minimum 15, 70'10(176/1:”) M=74‘444‘150 < minimum| 15, 7010(1 B/F)
s, APS e Y &
(b) When A; >0.68 (b) When %;>0.30 1 .
0.68
Eesm _ 1_()4222 1 Ecsm _ 1_0.224 1 Cross sectional slenderness, A,
€ - w105 [, 105 g, 20342 )3, 0342
102
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Appendix 2 — The Continuous Strength Method

Tensile strength

(a) For tensile yielding in the gross section (b) For tensile rupture in the net section
B :fcsm,lAg B, =F,4.
where

F,, may be replaced with f.... as given in Chapter D
fcsm,t :Fy + Esp (Scsm,t _8y) ! y P mex 9 P

Eeym =minimum| 15€,,0.10(1- F, /F, )|

_ Fu—Fy
C0.16(1-F,/F,)-¢,

Eg,

¢,=0.90 (LRFD)  Q,= 1.67 (ASD)

103
Appendix 2 — The Continuous Strength Method
Compressive strength
When &q, /€, <1.0
_ Eosm Local buckling takes place before F, is reached.
F=—"F, R —— y
g % No benefit from strain hardening.
When e, /€y 21.0
Py = foum A Compressive strength > P, due to strain
' ¢ hardening.
where
fmm :Fy + Egpy ey [M_lj
ey
¢, =0.90 (LRFD) Q.=1.67 (ASD)
104
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Appendix 2 — The Continuous Strength Method

Flexural strength

When &q, /€, <1.0

M, ZECWMV
’ No benefit from strain hardening.

Local buckling takes place before M, is reached.

€y

When e /€, 21.0

EA‘h i Ecsm
E Z\ g €

M,,:MP[H—
y

¢, =0.90 (LRFD)  Q, = 1.67 (ASD)

1]—[1 —Sj/(g””’] ] <G | Flexural strength > My due to strain hardening.

105
Appendix 2 — The Continuous Strength Method
Combined flexure and compression
For I-Shaped, channels, angles,
tees, square and rectangular For rounds
HSS, and box sections
When X, <0.60 When ;<027
w M, A . M
B 8 Mn Myl or L [ M My (From Chapter H)
Pc 9 Mcx Mcy 2PL Mw( Mcy
When 2 >0.60 | When 2,027
E+ %+% <1.0
E Mo Mgy
106
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Appendix 2 — The Continuous Strength Method
Comparison of CSM and Chapter E design provisions
P,(CSM — Fy 45) | P,(ChapE —F,) | P,(CSM — F,))/ P,,(Chap E - Fy,)
Square hollow sections | Austenitic Duplex Austenitic Duplex
HSS 4 x4 x 0.180 1.62 1.10 1.17 1.04
HSS 4 x4 x 0.250 1.98 1.31 1.24 1.23
HSS 12 x 12 x 0.250 1.31 1.13 1.07 1.12
HSS 12 x 12 x 0.500 1.60 1.09 1.12 1.02
Round hollow sections Austenitic Duplex Austenitic Duplex
HSS4.500 x 0.109 1.22 1.01 1.10 1.01
HSS4.500 x 0.250 1.62 1.16 1.24 1.15
HSS7.500 x 0.120 1.10 1.21 1.03 1.21 .
HSS7.500 x 0.250 1.37 1.03 1.22 1.03 107

Structural analysis
(Chapter C)
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Chapter C — Design for Stability

The chapter is organized as follows:

C1. General Stability Requirements
C2. Calculation of Required Strengths
C3. Calculation of Available Strengths

Based on the direct analysis method, similar to AISC 360

109

Chapter C — Design for Stability

General Stability Requirements in AISC 370 and AISC 360

Type of deformations to be accounted (i.e. flexural, shearand
axial member deformations, etc.) Same as the

Requirements for accounting for second order effects requirements in
Type of loading to consider } AISC 360
LRFD and ASD load combination allowed

Modeling of system imperfections (i.e. direct modeling or using
notional loads) J

Adjustment of stiffnress == Similar to AISC 360. Only differ in the
expressions for 1, and T,

110
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Chapter C — Design for Stability

AISC 360 AISC 370

T4 =0.80 14=0.70
When oP, /P, <05 " 12

o =19 k . ("e/f *1) é
When aP, /P, >05 1.o+o.002n4f£(°‘3j 7

W =4(B/Bs)[1-(a B/ Bs) ] e

where

a = 1.0 (LRFD); a =1.6 (ASD)

N
non

. = required axial compressive strength using LRFD or ASD load
combinations, kips

P,.= cross-section compressive strength, kips
ngs= auxiliary coefficient (depends on the alloy family)

Adjustment of stiffness in AISC 360 and AISC 370

Ramber-Osgood material model

o| E / 7

0 0.002 0.004 0.006 0.008 0.01
Strain, €

N
non

. = required axial compressive strength using LRFD or ASD load
combinations, kips

P,.= cross-section compressive strength, kips
ngs= auxiliary coefficient (depends on the alloy family)

111
Chapter C — Design for Stability
Adjustment of stiffness in AISC 360 and AISC 370
AISC 360 AISC 370 104
14 =0.80 1, =0.70 0.8
When oP./P, <0.5 o P
Th =1.0 Th = : (’W?l) 0.4
When oP./P, >0.5 1.o+o.002ng_[f£(°‘P_’j 0.2
t =4(aP/Pu)[1-(a P/ )] o o -
where 0 02 04 06 08 10 1.2
a = 1.0 (LRFD); a =1.6 (ASD) PIP,

-—-- Austenitic stainless steel
— — Duplex stainless steel
—— Carbon steel

112
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Appendix 1

Appendix 1 — Design by Advanced Analysis

The appendix is organized as follows:

1.1 General Requirements
|1 .2 Design by Elastic Analysisl
1.3 Design by Inelastic Analysis

The strength of the member can be determined using the CSM design rules
given in Appendix 2.
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The appendix is organized as follows:

1.1 General Requirements
[1.2 Design by Elastic Analysis |
1.3 Design by Inelastic Analysis

Only applicable to doubly symmetric me
box sections, unless evidence is provide
member types.

Structural
Stainless Steel

Appendix 1 — Design by Advanced Analysis

S, and
b to other

The appendix is organized as follows:

1.1 General Requirements
1.2 Design by Elastic Analysis
[1.3 Design by Inelastic Analysis |

Appendix 1 — Design by Advanced Analysis

Only applicable to doubly symmetric I-shaped members,
square and rectangular HSS, and box sections.
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Appendix 1 — Design by Advanced Analysis

Design by Inelastic Analysis

Il
7/9/ e

Stainless steel frame

Appendix 1 — Design by Advanced Analysis

Design by Inelastic Analysis

® Plastic hinge
Carbon steel frame

- - - Stainless steel frame

b,
P2 l P2 l
PHO _

———— = P

If , .~

i | = o

Il ‘;” ?3 P

Il Il s

i | ,”

/ ,/r ’

i i

) |

Stainless steel frame

Horizontal displacement, A
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CSM strain limits

Design by Inelastic Analysis

SEEDy

8_7‘ S 8CSW!

gy gy

When 2,< 0.68
€em 025 0.002
=+
g )\1136 &y

<A

When 0.68 < A, < 1.00

0.002(f/F,)"

8ﬂ=[1 0222) 1

T3 105 |5 1.0
Sy 7\,1 J)\,[

€y

0
&
$ nuwf

Appendix 1 — Design by Advanced Analysis

where

F, = specified minimum yield stress, ksi (MPa)
f = stress at outer compressive fiber, ksi (MPa)

= CSM strain limit

8CSITT

g, =FJE

A, = local cross-section slenderness
£
Fy

F

el

= elastic local buckling stress of full cross section, ksi (MPa)

A = upper bound strain limit with a recommended value of 15

CSM strain limits

Design by Inelastic Analysis

SEEDy

8_7‘ S 8CSW!
&y &y
When 2,< 0.68
Eegm _ 0.25 N 0.002 <A

T 36
Y gy

When 0.68 < A, < 1.00

0.002(f/F,)"

sﬂz[l_o.zzz\ 1

€y

0
&
$ nuwf

+
1.05 1.05
A0S o,

€y

Appendix 1 — Design by Advanced Analysis

Structural
Stainless Steel

bs section, ksi (MPa)
ended value of 15
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Appendix 4

SEEDy

@
$ nuwf

121

Lowoen 2

Appendix 4 — Structural Design for Fire Conditions

The appendix is organized as follows:

4.1. General Provisions
|4.2.Structura| Design for Fire Conditions by Analysis |
4.3. Design by Qualification Testing

The scope of the appendix has been reduced because
composite members are not covered in AISC 370

Stainless steel offshore escape tunnel

Ty © Booth Industries

122

0
&
$ nuwf
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Appendix 4 — Structural Design for Fire Conditions

4.2.Structural Design for Fire Conditions by Analysis

Coefficient of Thermal Elongation

For carbon steel: 7.8x1070 /°F
For austenitic stainless steel: 11x107°/°F (41% larger than for carbon steel)
For duplex stainless steel: 9.0x1076 /°F (15% larger than for carbon steel)

123
Appendix 4 — Structural Design for Fire Conditions
4.2.Structural Design for Fire Conditions by Analysis
Deterioration of strength and stiffness at elevated temperatures
Austenitic GToUP - S30400/S30403 Stiffness reduction coefficient, k- Strength reduction coefficient, k,

Group Il:  $31600/S31603
and S32100

= Carbon steel (AISC 360)
---- Stainless steel Group |, II, lll and IV

Group lll: 832202 and S32304

Group IV:  §32003, S32101, w®
$§32205 and S82441 @0

Duplex

0o
Temperature (°F)

124
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Appendix 7

125

Appendix 7 — Modeling of Material Behavior

The appendix is organized as follows:

7.1. Material Behavior at Ambient Temperature
7.2. Material Behavior at Elevated Temperatures

126
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Appendix 7 — Modeling of Material Behavior

7.1. Material Behavior at Ambient Temperature Ramberg-Osgood
Material Model

Stress-Strain Behavior j

A
Jo
/|

For f<F, A
s=f+o.ooz(fJ &
E F,
AN
For F, < f<F, 0.002
Strain, £
E -F F, F,-F -F, )
e=0002+ 2 L= L Fe 000 Er - v [ S =Fy
E ty E Ety Fu —Fy
127
Summary

» Structural performance is similar to carbon steel but some
modifications needed due to the non-linear stress-strain
curve.

» Scope and contents in AISC 370 is aligned to those in AISC
360.

» AISC 360 should not be used for the design of stainless steel
members that are outside the scope of AISC 370.

19 May: Jason Provines and Benjamin Baer
* Connections
* Fabrication
* Code of Standard Practice
128
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AISC | Questions?

CEU / PDH Certificates

For those participating at their own connection...

* Reporting attendance is not necessary.
* Certificates will be issued based on AISC’s attendance record.

* You will be receiving certificates via email from registration@aisc.org.

: Stronger.
: Steel.
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CEU / PDH Certificates

For those participating at one connection with a group...

* Main registrant will report attendance via an online form. (The link will be
provided in an email from registration@aisc.org.)

* Username: Same as AISC website username.
* Password: Same as AISC website password.

* Once attendance has been reported, each group member will be receiving
certificates via email from registration@aisc.org.

Q) : Smarter.
: Stronger.
: Steel.

3-Session Registrants
CEU / PDH Certificates

One certificate will be issued at the conclusion of the course.

Q) : Smarter.
: Stronger.
: Steel.
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3-Session Registrants
Attendance and PDH Certificates

* You have two options to receive credit for each session.
* Option 1: Watch the live session.
* Option 2: Watch the recording and pass the associated quiz.

Videos and Quizzes

* For each session, find access within two business days after the live air date. (An
email will be sent from webinars@aisc.org.)

* Quiz scores are displayed in the Course Resources table.

Distribution of Certificates

* All certificates will be issued after the course is completed. : Smarter.
* Only the registrant will receive a certificate for the course. : Stror;ger.
: Steel.

3-Session Registrants

Course Resources

Access to video recordings and quizzes can be found on your AISC account.

Stronger.
: Steel.
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3-Session Registrants

Course Resources

Go to www.aisc.org and sign in.

EDUCATION PUBLICATIONS STEEL SOLUTIONS CENTER

—_———

USERNAME

Enter your username

PASSWORD

Enter your password

& Remember Me

LOGIN Forgot Username? Forgot Password?

AWARDS AND COMPETITIONS

DON'T HAVE AN ACCOUNT?

My AISC allows you to access
Engineering Journal articles and
Design Guides you have
downloaded from the bookstore.

REGISTER NOW

TECHNICAL RESOURCES

3-Session Registrants
Course Resources

Go to www.aisc.org and sign in.
IN THIS SECTION MyAlSC

Edit Profile

MY PROFILE

My Downloads £
My Download Update your contact and address information

My Pending Quizzes

My Events
Order History MY PURCHASED DOWNLOADS
Course History Access articles and documents that you have purchased.

VIEW DOWNLOADS

MY COURSE RESOURCES

View online resources for Night School ald Live Webinar package registrations,

VIEW RESOURCES
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3-Session Registrants

Course Resources

COUNT > COURSE RESOURCES

Course Resources

EDUCATION PUBLICATIONS AWARDS AND COMPETITIONS TECHNICAL RESOURCES

ST

OLUTIONS CENTER

Event

Start Date

Seismic Design in Steel

A-Session Packa esign of Facade Attachments

NS 15 8-Session Package-Night 1 15 - Fi Is of Connection Design

NS 16 8-Session Package-Night School 16 - Seismic Design in Steel

NS 17 4-Session Package-Night School 17: Design of Fagade 11}

NS 18 8-Session Package-Night School 1

8: Steel Construction: Mill To Topping Qut

NS 18 8-Session Package-Night School 19: Connection Design

NS 20 8-Session Package-Night School 20: Classical Methods of Structural Analysis

8-Session Package-Seismic Design in Steel - epts & Examples

3-Session Registrants

Course Resources

EDUCATION PUBLICATIONS

Design of Facade Attachments

4-SESSION PACKAGE RESOURCES

Final Exam

Available 5/27/2019 5:00 PM EDT

‘ Bvent Date Handouts Video Quiz Attendance
1 S Pass
R1: Facade Fundamentsls N/A Handouts Score: 100 h/A
L1: Fagade Attachments Part 1 Handouts 5:00PM EDT Available 05/11/2019 5:00 PM EDT Pending
Part2 Handouts 19 5:00PM EDT Available 03/18/2019 5:00 PM EDT Pending
e Attachments - Building Lateral Drifts Handouts  Available 05/25/2019 5:00PM EOT Available 05/25/2019 5:00 PM EDT Pending
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: Smarter.
: Stronger.
: Steel.
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