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

Thank you.

Need Help? 
Call ReadyTalk Support: 800.843.9166

Today’s audio will be broadcast through the 
internet.

Alternatively, to hear the audio through the 
phone, dial 866-519-2796. Passcode: 171172



2

AISC Night School
March 26, 2018

Seismic Design in Steel
Session 6: Building Analysis and Diaphragm 

Design

Copyright © 2018
American Institute of Steel Construction

Today’s live webinar will begin shortly.  
Please standby.
As a reminder, all lines have been muted.  Please type any 
questions 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
866-519-2796. Passcode: 171172

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 2018

Session 6: Building Analysis and Diaphragm Design

March 26, 2018

This session will review various analysis types and applicability to 
seismic design. The session will address effective structural modeling, 
including moment releases and effective stiffness. This session will also 
discuss second-order effects in the analysis, and calculating drift.  The 
session will also address diaphragm design including determination of 
building-analysis forces, capacity-design forces and design of members 
at diaphragm openings.

Course Description
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• Identify various analysis types and their applicability in 
seismic design.

• Identify how to properly model moment releases and 
effective stiffness.

• Describe the attributes of P-δ and P-Δ effects.

• Describe the components of designing members at 
diaphragm openings.

Learning Objectives

8

Seismic Design in Steel: 
Concepts and Examples

Rafael Sabelli, SE

Session 6: Building Analysis and Diaphragm Design

March 26, 2018



5

AISC Night School
March 26, 2018

Seismic Design in Steel
Session 6: Building Analysis and Diaphragm 

Design

Copyright © 2018
American Institute of Steel Construction

9

Course objectives

• Understand the principles of seismic design of 
steel structures.

• Understand the application of those principles to 
two common systems: 
o Special Moment Frames

o Buckling-Restrained Braced Frames.

• Understand the application of design 
requirements for those systems.

10

Resources

• AISC Seismic Design Manual

• Ductile Design of Steel Structures, 
Bruneau, Uang, and Sabelli, 
McGraw Hill.

• Earthquakes and Seismic Design, 
Facts for Steel Buildings #3. 
Ronald O. Hamburger, AISC.

• Other publications suggested in 
each session
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Other resources

• AISC Solutions Center
o 866.ASK.AISC (866-275-2472)

o Solutions@AISC.org

• AISC Night School
o Nightschool@AISC.org

12

Course outline

Part I: Concepts

1. Introduction to effective seismic design

2. Seismic design of moment frames

3. Seismic design of braced frames

4. Seismic design of buildings
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Course outline

Part II: Application

5.Planning the seismic design

6.Building analysis and diaphragm design

7.Design of the moment frames

8.Design of the braced frames

14

Session 6:
Building analysis and 
Diaphragm design
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Session topics

• Building Analysis
o Lateral analysis 

methods

o Load cases

o Structural model

o Design for stability & 
2nd-order analysis

o Strength-design forces

• Diaphragm Design
o Diaphragm forces

o Capacity-design forces

o Diaphragm analysis

o Collector design

o Collector-connection 
design

o Diaphragm openings

15

16

Building Analysis:

Lateral analysis methods
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Lateral analysis methods
• Equivalent Lateral Force (ELF)

o Standard procedure

o Slightly conservative

• Modal Response Spectrum Analysis (MRSA)
o ASCE 7-10: Scaled to 85% of ELF base shear

o ASCE 7-16: Scaled to 100% of ELF base shear

o Always: (Mot /V)MRSA < (Mot /V)ELF

o Slightly cumbersome

• Response History Analysis
o Cumbersome; only used for special conditions

17
ASCE 7 §12.9.4.1

Lateral analysis methods

• 2D Analysis
o 2D with flexible diaphragms

o 2D with rigid or semi-rigid diaphragms
• No torsional irregularity

• Parallel and orthogonal frames (no skewed frames)

• No out-of-plane offsets of the seismic system 

• 3D
o Everything else

o Technically required in some cases for flexible 
diaphragms, but results are the same as 2D

• Orthogonal combination requirements are not waived

18
ASCE 7 §12.7.3
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Lateral analysis methods

• This example
oDiaphragms are rigid per ASCE 7 §12.3.1.2

• Concrete-filled steel deck

• Span-to-depth ratio <3

• No Horizontal irregularities

oUse ELF for simplicity & clarity
• MRSA slightly more economical

oUse 2D analysis for simplicity & clarity
• 3D slightly more economical

19

20

Load cases
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Load Cases

• 2 principal axes
oOrthogonal combination not required

• No skewed frames in this example

• No columns shared by orthogonal frames

• Accidental torsion
oRequired for non-flexible diaphragms

o 5% offset of mass in either direction
• For simplicity, conservatively neglect torsional 

resistance of orthogonal frame (that is, 2D analysis)

21
ASCE 7 §12.8.4.2

Load Cases

22
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Base Shear

• From Session 5
o SMF

• V = 0.0818*3313K

= 271K

o BRBF
• V = 0.100*3313K

= 331K

25

Vertical Distribution

• T≤0.5s k=1.0

• T≥2.5s k=2.0

• 0.5s<T<2.5s interpolate

26
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Vertical Distribution

• SMF
oCuTa =0.918s

o k=1.21

27

Level wi, kips hi, (ft) wihi
k

Cvx Fx, (kips)

Roof 708.4 51.5 83,115 0.373 101

4
th

868.1 39 72,778 0.327 89

3
rd

868.1 26.5 45,617 0.205 55

2
nd

868.1 14 21,092 0.095 26

Total 3312.9 222,602 1.000 271
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ASCE 7 §12.8.3

Vertical Distribution

• BRBF
oCuTa =0.100s

o k=1.125

28

Level wi, kips hi, (ft) wihi
k

Cvx Fx, (kips)

Roof 708 51.5 59,687 0.362 120

4
th

868 39.0 53,499 0.325 108

3
rd

868 26.5 34,639 0.210 70

2
nd

868 14.0 16,898 0.103 34

Total 3313 164,723 1.000 331
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ASCE 7 §12.8.3
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Structural model

Structural Model

• Diaphragms are
o Flexible,

o Rigid, or

o Semi-rigid

• Rigid diaphragms assumed, if
o Concrete deck

o L/d≤3
• 120’/75’=1.6 OK

o No horizontal irregularities 

30
ASCE 7 §12.3.1
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Structural Model

• Gravity framing (if included in model)
oDesign seismic system for 100% of lateral 

forces

o Prevent shear in gravity columns in seismic 
analysis

• Pin columns top and bottom
o Except SMF

• Pin non-frame beams connecting to SMF columns

• Column size change at floor

31

Moment frames

• RBS connection
o Reduced beam stiffness 

• (90% if maximum RBS reduction)

o Prequalification limits on members

• No rigid-end offset

• Mesh columns into 4 segments (for P-δ effects, 
dependent on software capability)
o Or use B1 factor

• Use non-composite beam stiffness

• Do not assume fully rigid bases

32
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Moment-frames

33

1 52 3 4

Roof

4th
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0.9E (RBS)
typical 

(NIST Guide)

Pin all 
gravity 

columns

Pin all 
gravity & 
collector 
beams

Base plate and foundation rotational restraint 
may be quantified for additional stiffness

0.35 Ig typical   concrete grade  beams

Moment-frames

34

Foundation springs from 
geotechnical analysis 
(for short-term loading) 

Foundation rotational restraint 

Foundation rotational 
restraint may be 
quantified footing sizing. 
Grade beam may be 
reduced or eliminated.

ASCE 7 §12.13.3
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Braced frames

• Pin all members

• Use increased brace stiffness
oRepresents non-prismatic member

o KF =1.4 per manufacturer
• Varies with connection type

• Varies with area

• Varies with length

35

K~EAsc/Ly = KFEAsc/Lwp

1.2 ≤ KF ≤ 1.8

36
Brochure from Core Brace
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Braced frames

37

A B C

Roof

4th

3rd

2nd

1st

Pin all 
gravity 

columns

Pin all 
gravity & 
collector 
beams

D

Pin braces

Pin beams 
and columns

Pin column 
bases

U
pp

er
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m

n
Lo

w
er
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lu

m
n

1.4E 
typical 
BRBs

38

Design for stability &

Second-order analysis
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Design for stability
AISC 360

• Direct Analysis Method (DAM) 
o Analysis

• Decreased member stiffness 
o Different model used for drift, period 

• 2nd-order effects must be included

o Can be used for any level of second-order effect
• But B2>1.5 is unusual

o K=1 for columns

o Requires minimum lateral load

39AISC 360 §C1.1

Design for stability
AISC 360

• Effective Length Method (ELM) 
o Analysis

• 2nd-order effects must be included

• Uses same model for strength, drift, period

o Reduced column strength

o Can be used for B2≤1.5

o K=1 for 
• Braced-frame columns

• Moment-frame columns with B2≤1.1

o Requires minimum lateral load

40AISC 360 Appendix 7 §7.2
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Design for stability
AISC 360

• First-Order Analysis Method (FOAM) 
o Analysis

• 2nd-order effects not included

• Uses same model for strength, drift, period

o 2nd-order effects addressed by additional lateral load• ௜ܰ = 2.1 ∆௛ ௜ܻ ≈ 0.008 ௜ܻ for SMF at drift limit of 0.02h

• Increase Cs by 12% in this example (0.0818+0.0099=0.0917)
o Not a penalty if the frame is governed by drift

o Can be used for B2≤1.5

o K=1 for columns

o Pu/Py for columns ≤ 0.5

41AISC 360 Appendix 7 §7.3

Design for stability:
Braced Frames

• Typically governed by strength

• Use ELM (Appendix 7 §7.2)
o Simpler to use same model for drift

• Use K=1
o Always OK for braced frames

• Perform 2nd order analysis
o Or use B2

42AISC 360 Appendix 7
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Design for stability:
Moment Frames

• Typically governed by drift

• Use ELM if  B2≤1.1

• If B2>1.1
o Size frame for drift

o Check strength with 1st-order analysis (Appendix 7 §7.3)
• Supplemental lateral load ~ 0.084 Pstory for SMF at drift limit

o B2 not required

• Or DAM

o Don’t try to calculate K factors!

• If B2>1.5 redesign!
o Will not meet ASCE 7 §12.8.7 stability check

43AISC 360 Appendix 7

Second-order effects

• Second-order analysis
o Equilibrium in deformed condition

o Analysis must include all gravity load

• Approximate second-order analysis
o Appendix 8

o B1 Beam-columns

o B2 The entire lateral-load-resisting system

• ASCE 7 §12.8.7 requires consideration of 
second order effects for forces and 
displacements when θ>0.1 (θ~1−1/B2<B2−1)

44
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Second-order effects (P-Delta)

• Columns resist the 
story gravity force

• Lateral loads induce 
drift
o Columns slope

o Column axial force has 
horizontal component

o Horizontal component 
is additional thrust on 
diaphragm

45

P-Delta

46

La
te

ra
l f

or
ce

Displacement

Total force in 
seismic system 
(does not exceed 
system capacity)

Inertial 
force
Fi

P-Δ Force
Fpd

Fi=
Inertial 
force

Fi+ FpΔ =
Total force 
in seismic 
system

Fpd=
P-Δ force

P

P
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Second-order effects 
(approximate 2nd-order analysis)

47

• B2 calculation
o Pstory

• Gravity load acting on story

• Includes gravity load above

• Use consistent dead load with 
seismic mass

• Use live load from load 
combination

o Vstory

• Story shear

ଶܤ = 11 − ௌܲ௧௢௥௬∆௘௟௔௦௧௜௖ܴ௠ ௌܸ௧௢௥௬ℎ
AISC 360 Appendix 8

Largest B2 at base for seismic

Second Order Effects: SMF

• Assume drift-controlled
o ∆௘௟௔௦௧௜௖= 0.02h/Cd

= 0.0036h

• Use P-Δ gravity load
o P=1.0D+0.5L

• Assume Pmf = ½ Pstory

• B2 = 1.04 (largest) <1.1
o Use ELM

o K=1

48

ଶܤ = 11 − ௌܲ௧௢௥௬∆௘௟௔௦௧௜௖1 − 0.15 ௠ܲ௙ௌܲ௧௢௥௬ ௌܸ௧௢௥௬ℎ
ଶܤ = 11 − 0.0036 ௌܲ௧௢௥௬0.93 ௌܸ௧௢௥௬

B2 
Roof 1.02
4th 1.03
3rd 1.03
2nd 1.04

AISC 360 Appendix 8
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Second Order Effects: BRBF

• Assume drift
o ∆௘௟௔௦௧௜௖ = 0.02h/Cd

= 0.004h

• Use P-Δ gravity load
o P=1.0D+0.5L

• B2 = 1.04 (largest)

49

ଶܤ = 11 − ௌܲ௧௢௥௬∆௘௟௔௦௧௜௖ௌܸ௧௢௥௬ℎ
ଶܤ = 11 − 0.004 ௌܲ௧௢௥௬ௌܸ௧௢௥௬

B2 
Roof 1.02
4th 1.03
3rd 1.03
2nd 1.04

AISC 360 Appendix 8

Second Order Effects: Analysis 

50

• Use “leaner” column 
to resist all gravity-
column axial forces

• Use software capable 
of performing second-
order analysis

• Results
o Amplified lateral-

system forces

o Amplified drift

P

P

P

P
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Second Order Effects

• ASCE 7 stability check

o θ ~ 1−1/B2 = 0.04 (max)

oOK

51

ߠ = ௫ܲ∆ܫ௘௫ܸℎ௦௫ܥௗ = ௫ܲ∆௘௟௔௦௧௜௖௫ܸℎ௦௫ = ௫ܲ ℎ௦௫ൗܭ௫ ௠௔௫ߠ = ௗܥߚ0.5 ≤ 0.25
Where β is the ratio 
of shear demand to 
shear capacity

ASCE 7 §12.8.7

௠௔௫ߠ = 0.50.9 ∗ 5 = 0.11

Stability & 2nd-order analysis

• Due to high seismic demands at this 
location, system is required to be stiff 
enough so that second-order effects are 
minor
o First-order effects are large

• Second-order effects are relatively small

o At sites with low seismic demands second-
order effects are more important

• i.e., B2 and θ will be larger

52
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Stability & 2nd-order analysis

• Use ELM for SMF & BRBF
o Same model for strength and drift

• No DAM stiffness reduction

• No FOAMy supplemental lateral force

• For clarity in this example, second-order 
analysis software not used
o Approximate second-order analysis (Appendix 8)

• Amplify lateral forces and displacements by B2

• Amplify non-sway (gravity) moments by B1

53

54

Analysis forces
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Moment-frames

55

1 52 3 4

Grade beam Grade beam Grade beam

Roof

4th

3rd

2nd

1st

Level Story Fx, 
(kips)

0.55Fx, 
(kips)

Frame Vx, 
(kips)

Roof 101 56 56

4
th

89 49 104

3
rd

55 31 135

2
nd

26 14 149

Design of SMF presented in Session 7
Forces derived in Session 5

Does not 
include B2

Based on CuTa =0.918s 

Moment frames

• Moment frames likely drift-controlled
oDesign for drift

oCheck strength after member selection

• Design base shear strength check subject 
to maximum period CuTa

• Drift not subject to maximum period
oDesign in Session 7 tracks period with iteration

oRequired stiffness (and thus period) can be 
approximated using spectrum & drift limit 

56ASCE 7 §12.8.2.1
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Drift-determined period

57

T0 TS

Se
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ic
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e C
oe

ff
ici

en
t, 
C
s

Period, T

Constant 
acceleration
[Eq. 12.8-2]

Constant velocity
[Eq. 12.8-3]

Transition to peak 
ground acceleration
[not used for ELF]

ܵ௔ = ௦ܥ ܴ ௘ൗܫ ݃ = ܵ஽ଵ݃ܶ ൗܿ݁ݏ
ܵௗ = ܵ௔߱ଶ = ܵ௔ܶଶ4ߨଶ = ܵ஽ଵ݃ܶ(ܿ݁ݏ)ߨ4ଶ

ܶ = (ݐ݂݁݁)0.6(ܿ݁ݏ)(51.5′)230.025 = ܿ݁ݏ1.4

Adapted from 
Naeim’s
Seismic Design 
Handbook, 
3.3.7

⅔ is an approximate 
correction factor
• Spectral 

displacement is 
not roof 
displacement

• 1st-mode mass 
participation 
<100% 

ܵௗ ≈ 23∆௥௢௢௙= 23 0.02ℎ = ܵ஽ଵ݃ܶ(ܿ݁ݏ)ߨ4ଶ
ܶ = 23 0.02ℎ4ߨଶܵ஽ଵ݃	(ܿ݁ݏ) = 23 0.025ℎ	(ܿ݁ݏ)ܵ஽ଵ(݂݁݁ݐ)
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Moment frames

• Design base shear based on maximum 
period CuTa =0.92 sec

• Drift-determined period =1.4 sec
oCorresponds to 2.1Ta

• Recommendation for SMF
o For first iteration use either

• Drift-determined period

• 2.0 Ta

oUse calculated period for subsequent iteration

58



30

AISC Night School
March 26, 2018

Seismic Design in Steel
Session 6: Building Analysis and Diaphragm 

Design

Copyright © 2018
American Institute of Steel Construction

Braced frames

59

Roof

4th

3rd

2nd

1st

A B C D

Level Story Fx, 
(kips)

0.55Fx, 
(kips)

Frame Vx, 
(kips)

Roof 120 66 66

4
th

108 59 125

3
rd

70 38 164

2
nd

34 19 182

Does not include ρ=1.3
Does not include B2

Design of BRBF presented in Session 8
Forces and redundancy from Session 5

Braced-frame forces

60

Roof

4th

3rd

2nd

1st

B C

Level Frame
Fx, 

(kips)

B2 ρ Frame
ρB2Fx, 
(kips)

Frame
ρB2Vx, 
(kips)

Roof 66.0 1.02 1.30 87.6 88
4

th
59.2 1.03 1.30 79.3 167

3
rd

38.3 1.03 1.30 51.3 218

2
nd

18.7 1.04 1.30 25.3 243

Design of BRBF presented in Session 8
Forces derived in Session 5
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Braced-frame forces

61

Level Brace Force
ρB2Px, (kips)

4
th 62

3
rd 118

2
nd 154

1
st 183

Roof

4th

3rd

2nd

1st

B C
Assume braces resist 
100% of story shear

F

θ

௨ܲ = 2ܨ cos ߠ

62

Diaphragm Design
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Diaphragm design

• Typically done after design of frames
oRequires consideration of transfer forces 

between frames
• 3D building analysis

• Indeterminate analysis using designed member 
stiffness

o Forces may be limited by yielding elements

• This example
oDone now to allow full sessions for each system

63

Diaphragm Forces

64

Level Story Fpx, 
(kips)

Roof 141.7
4

th
173.6

3
rd

173.6
2

nd
173.6

0.2ܵ஽ௌݓܫ௣௫0.2ܵ஽ௌݓܫ௣௫0.2ܵ஽ௌݓܫ௣௫

pxn

xi
i

n

xi
i

px w
w

F
F





=

== 0.2ܵ஽ௌݓܫ௣௫	≥ Fpx≥	0.4ܵ஽ௌݓܫ௣௫
ρ=1.0 for diaphragm design
(ASCE 7 §12.3.4.1)

B2 (i.e., 2nd order amplification) 
applies to diaphragm design
(ASCE 7 §12.8.7)

0.2ܵ஽ௌݓܫ௣௫

ASCE 7 §12.10.1
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65

Diaphragm analysis

Diaphragm analysis

• Determine diaphragm shear

• Determine collector forces
o Apply Ωo factor per ASCE 7 §12.10.2 

• Determine chord forces
oDiaphragm equivalent-beam moments

oDivide by depth

• B2 applies to entire lateral analysis
o Incorporated in member-design forces 

66



34

AISC Night School
March 26, 2018

Seismic Design in Steel
Session 6: Building Analysis and Diaphragm 

Design

Copyright © 2018
American Institute of Steel Construction

1 52 3 4

A

D

C

B

Diaphragm analysis: Roof X

67

A

D

C

B

1 52 3 4

142K

71K

71K

71K/120’=590PLF

Does not include B2

71K/110’=644PLF

1 52 3 4

A

D

C

B

Diaphragm analysis: Roof X

68

A

D

C

B

1 52 3 4

142K

71K

71K

24K18K 18K

1/61/6 1/3 1/3

12K12K 24K 24K

Ωo24K=72KΩo18K=54K
Ωo18K=54K

Does not include B2

Assumed 
distribution of 
column shears

Ωo= 3.0 for SMF
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1 52 3 4

A

D

C

B

Diaphragm analysis: Roof X

69

A

D

C

B

1 52 3 4

142K

71K

71K

1330’K

1180’K

1180’K

1330’K=11K

1180’K/120’=10K

1180’K/120’=10K

Does not include B2

1 52 3 4

A

D

C

B

Diaphragm analysis: Roof Y

70

A

D

C

B

1 52 3 4

142K

71K71K

71
K/

75
’=

95
0P

LF

71
K/

60
’=

11
80

PL
F

Does not include B2
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1 52 3 4

A

D

C

B

Diaphragm analysis: Roof Y

71

1 52 3 4

142K

71K71K

44K 27K

Ωo25K=60K

Ωo25K=60K

36K

30K 37
.5

’
62

%
22

.5
’

38
%

24K

24K
13K

Ωo30K=75K

Ωo13K=33K

Does not include B2

Ωo= 2.5 for BRBF

1 52 3 4

A

D

C

B

Diaphragm analysis: Roof Y

72

A

D

C

B

1 52 3 4

142K

71K71K

2130’K 1590’K1590’K

2130’K/75’=28K
2550’K/75’=21K2550’K/75’=21K

Does not include B2



37

AISC Night School
March 26, 2018

Seismic Design in Steel
Session 6: Building Analysis and Diaphragm 

Design

Copyright © 2018
American Institute of Steel Construction

Chord/collector forces

73

1 52 3 4

A

D

C

B

60K

60K 75K

33K

39K

54K

Does not include B2

74

Capacity-design forces
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Capacity-design forces

• Per ASCE 7 §12.4.3 the overstrength 
seismic load, Ωo Eh, need never be taken 
as greater than the capacity-limited 
seismic load effect, (Ecl in ASCE 7 2016)

• Capacity design can only happen after 
frames designed

• In this example we will show capacity-
design forces prior to showing frame 
design

75

Brace sizes

76Design of BRBF presented in Session 8

Roof

4th

3rd

2nd

1st

A B C D

BRB 2.00

BRB 3.50

BRB 5.00

BRB 5.50

BRB 2.00

BRB 3.50

BRB 5.00

BRB 5.50

25’-0” 25’-0” 25’-0”

12
’-6

”
12

’-6
”

12
’-6

”
14

’-0
”
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Brace capacity (4th floor)
• Tension

o ωRyFyscA

o 1.4(42ksi)2.00in2 = 118K

• Compression
o βωRyFyscA

o 1.15*1.4(42ksi)2.00in2 = 135K

• Horizontal component:
o (118K+135K)*cosθ = 179K 

o <B2ΩoVframe = 1.02*2.5*66K = 168k

• Use capacity forces for roof collectors
77

AISC 341 §F4.2a

78

Diaphragm design
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Deck selection

• Maximum shear
o 1.18KLF

o B2*1.18KLF  = 1.20KLF 

• Design composite deck
oReinforced concrete section 

oConsider only topping above steel deck
• 3.25” light weight concrete topping

• #3 A614 Gr. 60 bars @12” each way

79

Deck selection

• Design composite deck
o vc = 2λd √f’c

= (2)0.75(3.25”)(4000)½ (12”/ft) 

= 3700 plf

o vs = As fy
= 0.11in2/ft * 60 ksi 

=  6600 plf

o φ Vn = φ (vc + vs)

= 0.75*(3700plf+6600plf)

= 7725 plf > 1200 plf

80
ACI 318 §11.2
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Shear transfer

• Design for Ωo & B2

o SMF
• 1.02*3*0.644KLF = 1.97KLF

o BRBF
• 2.5*1.20KLF=3.00KLF

• Provide  ¾”x4” studs @ 24” on collectors

• 4” stud projects above flute 2”

81

in 4in 3.5in 1.5in 2', <=+=dreqsl

AISC 341 §B5.1

Shear transfer

• Stud strength:
oRg = 1.0 for one row with 

deck perpendicular (worst 
case)

oRp = 0.6 for one row with 
deck perpendicular (worst 
case)

o Fu = 65 ksi

82

( )2
2

1.5

1.5

0.5 '

3 0.4444
' 4000

'

(115 ) 4

2466

n sc c c

n g p sc u

sc

c

c c c

c

c

Q A f E

Q R R A F

A in in

f psi

E w f

E pcf ksi

E ksi

π

=
≤

= =

=

=

=
=

AISC 360 §I8.2a
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Shear transfer

• Stud strength:

• Spaced @ 24”
o 5.6 KLF>3.0KLF

83

2

2

0.5 0.44 in 4 ksi 2466 ksi 21.85 k

1.0 0.6 0.44 in 65 ksi 17.2 k

17.2 k

n

n

n

Q

Q

Q

= × × =

≤ × × × =
=

0.65 17.2 k = 11.2knQφ = ×

AISC 360 §I8.2a

Typically governs

84

Collector design
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Collector design

• Combined flexure and axial
oCompression governs over tension for 

collector member
• Include P-δ (in the form of B1)

• Perform Chapter H interaction

• Tension may govern for collector 
connection
oCompression path through deck typically 

neglected

85

Collector design

• Flexure
o Composite strength

o Continuously braced 
for LTB

• Compression
o Flexural buckling

• Major axis

• Minor axis braced by 
composite deck

o Torsional or flexural-
torsional buckling

• Twisting about 
restrained top flange

86
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Collector design

87

1 52 3 4

A

D

C

B

60K

60K 75K

33K

39K

54K

Capacity design: Pecl = 75K*BRB_Capacity/ΩoVframe =75K*179K/(2.5*66K)= 81K

Pecl = 81K

Collector forces

88Design of BRBF presented in Session 8

Roof

4th

3rd

2nd

1st

A B C D

BRB 2.00 BRB 2.00

Pecl =
81K

ΩoE =
75K

Design both 
connections 

for 81K
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Collector Loads

• Mu = 1.4D + 0.5L+ Ecl combo CLLC-1 
oMu = 1.4(98.7’K) + 0.5(0’K)+ 0’k = 138’K

• Pu = 1.4D + 0.5L+ Ecl combo CLLC-1
o Pu = 1.4(0K) + 0.5(0K) + 81K = 81K

• Vu = 1.4D + 0.5L+ Ecl combo CLLC-1
o Vu = 1.4(9.4K) + 0.5(0K) + 0K = 13.1K

o Beam shear design not presented

• Use W18x50 (per Seismic Design Manual)

89

90
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Collector design

• Use W18x50 (from Seismic Design 
Manual Example 8.4.1)
oMember properties (units per Manual)

91

W18x50

A d tw bf tf k1 bf/2tf h/tw

14.7 18.0 0.355 7.50 0.570 13/16 6.57 45.2

Ix Zx Sx rx

800 101 88.9 7.38

Iy Zy Sy ry J Cw

40.1 16.6 10.7 1.65 1.24 3040

h/tw >1.49 ா ி೤ൗ = 35.9
Web is not 
compact

Collector design

• Compressive Strength
oMajor axis

• (KL)x = 25’-0”

oMinor axis
• (KL)y = 0’-0”

oConstrained-axis flexural-torsional buckling
• (KL)CAFT = 12’-6”

92
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Collector design

• Compressive Strength
oMajor axis buckling

• KL/rx = 300”/7.38” = 40.7

• From Table 4-22: KL/r=41: φFcr = 39.8ksi
o φFcr A= 39.8ksi (14.7in2)= 585K

93

Collector design

• Compressive Strength
oCAFT buckling• ௘ܨ = 0.9 గమா ஼ೢାூ೤ ೏ మൗ మ௄೥௅ మ + ܬܩ ଵூೣାூ೤ା ೏ మൗ మ஺೒

• AISC EJ (2013 Q4) 
o differs by factor of 0.9 from 2nd Edition Seismic Design 

Manual• ௘ܨ = 0.9 ݅ݏ46.2݇ =41.6ksi

• QFy/ Fe = 1(50ksi)/41.6ksi = 1.20<2.25

94
Torsional and Constrained-Axis Flexural-Torsional Buckling 
Tables for Steel W-Shapes in Compression
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Collector design

95
Torsional and Constrained-Axis Flexural-Torsional Buckling 
Tables for Steel W-Shapes in Compression

Pu / φPn = 81K/386K=0.21

Collector Design

• Required flexural strength 
o P-δ amplification• ாܲ = ଶߨ ாூ ௄௅ೣ మൗ = 2540K• ଵܤ = ஼೘ଵିುೠ ುಶൗ = ଵଵିఴభ಼ మఱరబ಼ൗ = 1.03

• Mu = 138’K*1.03=142’K

96
AISC 360 Appendix 8 §8.2.1
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Collector Design

• Flexural strength
o AISC Manual Table 3-19

• Y2=3.5in

• Use ΣQn=184K
o 184K/11.2K/stud =16.4 studs 

(each side of midpoint)

o 32.8 studs

• Collector studs
o 81K/11.2K/stud =7.2 studs 

o Not additive to flexure studs

o φMn = 516 kip-ft

97

98

Y2
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Collector design

• Try non-composite flexural strength
oManual Table 3-2

o φMn = 379 kip-ft

• Pu / φPn = 81K/386K= 0.21>0.2

• Pu / φPn + 8/9Mu / φMn (H1-1b)

• = (0.21)+ 8/9(142’K)/(379’K) = 0.55 OK
o Provide studs @ 24” (12 studs)

99

100

Collector connections
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Collector connection

• Single-plate 
connection
o (4)⅞” Ø A325N bolts

• 3” spacing

• 1.5” edge distance top 
& bottom

• 2.5” side edge 
distance

o ⅜” A36 plate
• ¼” double-sided fillets

101

Vu

Nu

BRBF Column

Required strength

• Vu = 13K

• Nu = 81K• ܴ௨ = ௨ܸଶ + ௨ܰଶ
o= ܭ13 ଶ + ܭ81 ଶ = •ܭ82 ߠ = tanିଵ ଵଷ௄଼ଵ௞ = 9௢

102

Vu
Nu
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Collector connection

• Alternative 
approaches
o Evaluate as a load at 9௢

• This approach shown in 
SDM

o Evaluate shear and 
tension separately 

• SRSS interaction

• This approach taken 
here  

• Shear strength
o From Table 10-10a

• φVn = 78.3K

103

104

௨ܸ∅ ௡ܸ
ଶ + ௨ܶ∅ ௡ܶ

ଶ ≤ 1

௨ܸ∅ ௡ܸ = ܭ78.3ܭ13 = 0.176

௨ܶ∅ ௡ܶ ≤ 1 − ௨ܸ∅ ௡ܸ
ଶ = 0.98

∅ ௡ܶ ≥ ௨ܶ 0.98ൗ ∅ ௡ܶ ≥ ܭ81 0.98ൗ = ܭ82
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Collector connection

• Tension strength
o Bolt (AISC 360 §J3)

• Shear

• Bearing

• Tearout

o Plate (AISC 360 §J4)
• Yield

• Rupture

• Block shear

o Weld (AISC 360 §J2)
• Exceeds plate strength

105

o Beam block shear, 
bearing, tearout

• tw(65ksi/58ksi)=
o 0.355”(65/58)=0.39”>⅜”

• tw(50ksi/36ksi)=
o 0.355”(50/36)=0.49” ”>⅜”

• Plate governs

Collector connection

o Block shear φRn≤
• φ(0.6FuAnv + UBSFuAnt)

o 0.75(⅜”)(0.6*58ksi*2*2”+
1.0*58ksi*6”)= 137K

• φ(0.6FyAgv + UBSFuAnt)
o 0.75(⅜”)(0.6*50ksi*2*2.5”

+1.0*58ksi*6”)= 140K

106

• Plate limit states
o Yield: φFyA

• = 0.9(36ksi)(⅜”)(12”)

• = 146K

o Rupture: φFuAe = FuAn

• = 0.75(58ksi)(⅜”)(12”-4”)

• = 130K

AISC 360 §J4



54

AISC Night School
March 26, 2018

Seismic Design in Steel
Session 6: Building Analysis and Diaphragm 

Design

Copyright © 2018
American Institute of Steel Construction

Collector connection

• Bolt limit states
o Shear: Table 7-1

• 4*24.3K = 97.2K

o Bearing (spacing)
• Table 7-4

• 4(⅜”)91.4K/in = 137K

o Bearing (edge distance)
• Table 7-5

• 4(⅜”) 79.9/in = 120K

107

• Governing strength:
o φRn =97.2K

o Ru /φRn

=81K/97K=0.84

௏ೠ∅௏೙ ଶ + ೠ்∅ ೙் ଶ
= 0.18 ଶ + 0.84 ଶ = ܭܱ					0.85

AISC 360 §J3

108

Diaphragm openings
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Diaphragm openings

• Local shears

• Local collector forces

• Local chord forces

109

1 52 3 4

A

D

C

B

Diaphragm analysis: Roof X

110

A

D

C

B

1 52 3 4

142K

71K

71K

71K/120’=590PLF

Does not include B2

195PLF

195PLF

71K/110’=644PLF

354PLF

386PLF

37
.5

’22
.5

’
60

%
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1 52 3 4

A

D

C

B

Diaphragm analysis: Roof Y

111

A

D

C

B

1 52 3 4

142K

71K71K

71
K/

75
’=

95
PL

F

71
K/

60
’=

11
80

PL
F

Does not include B2

71
K(

50
’/6

0’
)/

75
’=

78
9P

LF

78
9P

LF
(7

5’
/6

0’
)=

98
6P

LF

Local collector forces: Y

112

4 5

D

C

Does not include B2

789PLF
x25’=19.7K

986LF
x10’=9.9K

789PLF
x15’=11.8K

Collector: 
Design for B2ΩoEh
= 1.02*2.5*11.8K
=30.2K

Collector connection: 
Design for B2ΩoEh
= 1.02*2.5*(19.7K−9.9K)
=25.0K
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Local chord forces: Y

113

4 5

D

C

Chord and connection: 
Design for B2Eh

= 1.02*11.3K
= 11.5K

1080PLF

1180PLF

1.18݈݂݇ + 1.08݈݂݇2 10ᇱ
=11.3K

Does not include B2

114

Summary
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Summary

• Simple design 
methods presented

• Methods of 
accounting for 
second-order effects 
presented

• Forces generated for 
design of SMF & 
BRBF

• Diaphragm forces 
generated

• Roof diaphragm 
analyzed

• Deck designed

• Example collector 
designed

• Example collector 
connection designed

115

116

End of session 6

Next:

Design of the
Moment frames
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Additional resources

117

118

Question time
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Go to www.aisc.org and sign in.

Night School Resources for 8-session 
package Registrants


