AISC Night School Seismic Design in Steel
March 26, 2018 Session 6: Building Analysis and Diaphragm

Design

C ﬁ?gh’r Nelglelel

Thank you for joining our live webinar today.

We will begin shortly. Please standby. 9
Thank you. o \o

Need Help?
Call ReadyTalk Support: 800.843.9166

X

C AI\Ils‘lzg ht School

Today’s audio will be broadcast through the
internet.

Alternatively, to hear the audio through the
phone, dial 866-519-2796. Passcode: 171172
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C ﬁ?g ht School

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

C I{ﬁg ht School

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

C I‘{ﬁg ht School

Course Description

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.
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C I‘{ﬁg ht School
Learning Objectives

* |dentify various analysis types and their applicability in
seismic design.

* |dentify how to properly model moment releases and
effective stiffness.

« Describe the attributes of P-8 and P-A effects.

» Describe the components of designing members at
diaphragm openings.

Seismic Design in Steel:
Concepts and Examples

Session 6: Building Analysis and Diaphragm Design
March 26, 2018

Rafael Sabelli, SE
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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.

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

Ductile Design of
STEEI

STRUCTURES
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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

Course outline

Partl: Concepts
1. Introduction to effective seismic design
Seismic design of moment frames

Seismic design of braced frames

BN

Seismic design of buildings
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Course outline

Partll: Application
5.Planning the seismic design

6.Building analysis and diaphragm design

7.Design of the moment frames

8.Design of the braced frames

Session 6:
Building analysis and
Diaphragm design
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Seismic Design in Steel

Session topics

« Building Analysis

o Lateral analysis
methods

o Load cases
o Structural model

o Design for stability &
2"d-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
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Lateral analysis methods
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STEEL
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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: (M,;/V)ursa < (Moi/V)eLe
o Slightly cumbersome

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

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

ASCE 7 §12.7.3
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Seismic Design in Steel
Session 6: Building Analysis and Diaphragm

Lateral analysis methods

* This example

o Diaphragms are rigid per ASCE 7 §12.3.1.2
» Concrete-filled steel deck
» Span-to-depth ratio <3
* No Horizontal irregularities
o Use ELF for simplicity & clarity
» MRSA slightly more economical
o Use 2D analysis for simplicity & clarity
« 3D slightly more economical

Load cases
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Load Cases

2 principal axes

o Orthogonal combination not required
» No skewed frames in this example
* No columns shared by orthogonal frames

» Accidental torsion
o Required 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)

ASCE 7 §12.8.4.2 "

Load Cases
@ @ @ O @ @ @ @ ©
' v 55% . ' : ' v 45% ; . '
®-- ®--
=g i =
@..-I kY - T == @..-I T T —1
©- X o X

45% 55%

22
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LU G R R ¢

Load Cases
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55%

Load Cases (envelope)
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Seismic Design in Steel
Session 6: Building Analysis and Diaphragm

Base Shear
* From Session 5
o SMF
eV = 0.0818*3313K
= 271K
o BRBF
eV = 0.100*3313K

331K

25

Vertical Distribution

« T<0.5s k=1.0
o T22.5s k=2.0
» 0.5s<T7<2.5s interpolate

k=10 k=2.0

Lateral force profile

ASCE 7 §12.8.3

26
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Design
Vertical Distribution
k
w_h
CVX = n —
Zwl.hl.k
= Level |w,kips | h, (f) | wh' | <. |F. (kips)
. SMF Roof 708.4 51.5 83,115 0.373 101
4th 868.1 39 72,778 | 0.327 89
o CUTa _091 8S 3rd 868.1 26.5 45,617 | 0.205 55
o k=1.21 ™| 868.1 14 | 21,092 | 0095 | 26
Total 3312.9 222,602 | 1.000 271
ASCE 7 §12.8.3 »7

Vertical Distribution
k
c, =l
Z wl.hl.k
= Level |w, kips | &, () | wh* | C. |F. (kips)
- BRBF Roof | 708 | 515 | 59,687 | 0362 | 120
4" | 868 | 39.0 | 53499 | 0325 | 108
0CT,=0.100s| s | g5 | 265 34,639 | 0210 | 70
o k=1.125 o 868 | 14.0 | 16,898 | 0.103 | 34
Total | 3313 164,723 | 1.000 | 331
ASCE 7 §12.8.3 »8

Copyright © 2018
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Structural model

There’s always a solution in steel.

structural

STEEL

Structural Model

» Diaphragms are

C? 300" @ 300" CJ;) 300" @ 300" @

o Flexible,

s

@y
o Rigid, or o

o Semi-rigid A
o . @

* Rigid diaphragms assumed, if 3|
@..-‘

o Concrete deck
o L/d<3
* 120°/75’=1.6 OK
o No horizontal irregularities

ASCE 7 §12.31

30
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Structural Model

 Gravity framing (if included in model)

o Design 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-9 effects,
dependent on software capability)
o Or use B, factor

* Use non-composite beam stiffness

32

Copyright © 2018
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Seismic Design in Steel
Session 6: Building Analysis and Diaphragm
Design

Moment-frames

O

I
i i
Roof _ .. o
sa_) C
S 1 o \
> 3 Pin all
_¢_3rgi _______ ) 0.9E (RBS) gravity & |
typical ~collector
(NIST Guide) beams
nd o C
2-2E o \
33 Pin all
gravity
qst l 0.35 I, typical | concrete grade] beams columns
Base plate and foundation rotational restraint 33

may be quantified for additional stiffness

Moment-frames

Foundation rotational restraint

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

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

ASCE 7 §12.13.3 "

Copyright © 2018
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Braced frames

* Pin all members

» Use increased brace stiffness
o Represents non-prismatic member
o K-=1.4 per manufacturer
 Varies with connection type

» Varies with area
* Varies with length

K~EAJL, = KeEAJL,,

35

APPROXIMATE STIFFNESS MODIFICATION FACTORS, KF"=7

Sizes shown are represontative of typical BRE sizes. Information an intermediate and larger sizes Is avallable upon request.

DIAGONA R
137 124 131 129 1.28 1.33 1.30 127 125 1.24

I 136 133 131 129 1.27 132 1.29 127 125 1.23
4 6 147 1.42 137 1.35 1.32 1.42 137 134 131 1.29 m
141 137 134 131 129 136 133 130 128 126 | =]
l 9 151 1.45 1.40 1.37 1.34 1.45 14 137 134 131 o
o e =7 o T ol Tl el - e gy ] 1.38 135 132 1.30 b+
1.53 1.47 142 138 136 147 142 138 135 133 <
1.54 1.47 142 1.39 1.36 148 143 139 136 1.33 I
159 151 145 141 136 152 147 142 138 RECH —
1.60 1.51 146 141 138 153 147 143 139 1.36 —
1.67 1.57 1.50 1.45 141 1.59 1.53 147 1.43 139 m
1.60 152 146 142 138 153 147 143 1.40 37 |
1.69 1.59 152 1.47 1.43 1.61 1.54 149 1.44 1.41 q
1.69 1.59 152 147 1.43 1.61 1.54 149 1.45 1.41 b
1.66 1.57 150 146 142 159 1.52 147 1.44 1.40 =t
1.76 1.65 157 1.51 147 1.68 1.60 153 1.48 1.44 £
1.81 168 159 153 147 169 161 157 152 148 | e*
1.82 1.59 1.60 1.54 1.46 1.66 1.58 1.59 1.53 1.48 —_—
1.83 170 1.61 155 1.48 1.69 161 1.59 154 1.49 P
181 169 160 154 148 170 162 158 153 148 | W
20563 | #ara | 2877 [31000 [377005 | Y0563 ) 2see [ 22400 [ 2650 [m760 |
Bay Wdth Bay Width S
WBRST H WiExa7
1 & £ =1 &~ -&
L H g5 > > |z
) 5 E Ty 5 Pl E
WREST Wia=a?

Brochure from Core Brace

Copyright © 2018
American Institute of Steel Construction
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Braced frames

» ©® O ©

i i 14E | ;
i ;  typical X
Roof _._.. o—2RBs o
o C I /\1 Pin braces
(0]
40 %E > o e, Q Bin b
> 8 Pin all in beams
d | ) | gravity & )| and columns
—@'-'-'-*-- \/\I collector |
beams
298 E o S O o
% 3 Pin all
=8 ina Pin column
gravity bases
1S.t_._._.l_._ i A A columnsu

37

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-gorder effects must be included

o Can be used for any level of second-order effect
* But B,>1.5is unusual

o K=1 for columns
o Requires minimum lateral load

AISC 360 §C1.1 39

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 B,<1.5
o K=1 for
+ Braced-frame columns
* Moment-frame columns with B,<1.1

o Requires minimum lateral load

AISC 360 Appendix 7 §7.2 40

Copyright © 2018
American Institute of Steel Construction
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Design for stability
AISC 360

 First-Order Analysis Method (FOAM)

o Analysis
» 2nd-gorder effects not included
» Uses same model for strength, drift, period

o 2"d-order effects addressed by additional lateral load
e N; = 2.1%Yi ~ 0.008Y; for SMF at drift limit of 0.02h
* Increase C, 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 B,<1.5
o K=1 for columns
o PP, for columns < 0.5

AISC 360 Appendix 7 §7.3

41

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 2" order analysis
o Oruse B,

AISC 360 Appendix 7 42

Copyright © 2018
American Institute of Steel Construction
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Design for stability:

Moment Frames

» Typically governed by drift
* Use ELMif B,<1.1

.« 1fB,>1.1
o Size frame for drift

o Check strength with 1st-order analysis (Appendix 7 §7.3)

+ Supplemental lateral load ~ 0.084 P, for SMF at drift limit
o B,not required
+ Or DAM

o Don't try to calculate K factors!
 If B,>1.5 redesign!
o Will not meet ASCE 7 §12.8.7 stability check

tory

AISC 360 Appendix 7 43

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 B, Beam-columns
o B, The entire lateral-load-resisting system
« ASCE 7 §12.8.7 requires consideration of
second order effects for forces and

44
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Seismic Design in Steel

Session 6: Building Analysis and Diaphragm
Design

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 IP
—
F=
Inertial
N
force
dez - J’ ‘N’
P-A force IP —
FtFyy =
Total force
S F s P-A Force Tolal forc
: y system
E pmmmmmmm TN -
% III F,‘ ~ Inertial Total force in
,,’ force seiomic systom
" Fi (does not exceed
Displacement
46
Copyright © 2018
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Second-order effects
(approximate 2"9-order analysis)

* B, calculation

o story

» Gravity load acting on story

* Includes gravity load above

» Use consistent dead load with
seismic mass

* Use live load from load
combination

B, — oV,
? 1— PstoryBelastic . t(g}t/ory shear
RmVStoryh

Largest B, at base for seismic

AISC 360 Appendix 8 47

Second Order Effects: SMF
B, = . 1 " » Assume drift-controlled
1- Stormee]lcastic o Aggstic= 0.02h/Cy
[1 —0.15 P—] Vstoryh = 0.0036h
Story .
" » Use P-A gravity load
BZ = 0-0036P5tory (@] P=1OD+05L
T T093Vst0ry * Assume P, ;=72 Py,
B * B, =1.04 (largest) <1.1
412 1.03 o Use ELM
T4 o K=1
AISC 360 Appendix 8 48

Copyright © 2018
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Session 6: Building Analysis and Diaphragm

Second Order Effects: BRBF

1

B, = —— * Assume drift
1- —Sth)/ry EZZS”C o Aegstic = 0.02h/C,
Story
=0.004h
. * Use P-A gravity load
By = —5o01p o P=1.0D+0.5L
o Story _
L * B, =1.04 (largest)
B,
Roof | 1.02
4t 1.03
3 1.03
2nd 1.04

AISC 360 Appendix 8 49

Second Order Effects: Analysis

p l * Use “leaner” column
to resist all gravity-
P i column axial forces

&N,
pi V\I » Use software capable

of performing second-
order analysis

N
7J / >L7 * Results

o Amplified lateral-
system forces

o Amplified drift

P

50
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Design
Second Order Effects
» ASCE 7 stability check
Px
_ PAIL _ PcDeiastic _ /hsx Omax = —5 < 0.25
B Vxhstd B V;chsx B Kx .ﬁcd .
Where f is the ratio
o 6~ 1-1/B,=0.04 (max) oo
Ormax = 05__ 0.11
max T 0.9%5
o OK
ASCE 7 §12.8.7 51

Stability & 2"9-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., B,and 0 will be larger

52
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Stability & 2"d-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 B,
* Amplify non-sway (gravity) moments by B,

53

Analysis forces
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Moment-frames
1 Doesnot Igaseqonc, T =0.918s
1 include B, i
B.O_O.f_ Level | Story F.,| 0.55F., |Frame V.. —
(kips) | (kips) | (kips) © |
4th Roof | 101 56 56
o o 3
4" 89 49 104
rd 3" 55 31 135 ~ O )
$ ™| 26 14 149 =
2r... o 1 =)
st Grade beam ] Grade beam Grade beam
p.
N Design of SMF presented in Session 7 55
Forces derived in Session 5

Moment frames

« Moment frames likely drift-controlled
o Design for drift
o Check strength after member selection

» Design base shear strength check subject
to maximum period C,T,

« Drift not subject to maximum period
o Design in Session 7 tracks period with iteration

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

ASCE 7 §12.8.2.1 56

Copyright © 2018
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Design
p 15
g 1
Adapted from ¢ _ (R/ )g _ Sp1g 205
Naeim’s e s\ T/sec 8
0051152253
Constant Seismic Design period
GWTE | [Handbook s, ST SpigT(sec) | Ein
3.3.7 Sa = wZ  4mz A2 EE) 10.00
88 500
. P2 000
M a 0051152253
H © Period
i “onstant velocit; S T sec
E N R §Amof= 50.02h = %(2) % is an approximate
g T correction factor
gl «  Spectral
: _ z 002h4ﬂ2 _ EOOZSh (SeC) disp|acement is
3Sp1g (sec) 3 Spa(feet) not roof
displacement
, * 1smode mass
noon _ 20.025615)(sec) _ 1 4cec participation
’ ‘ 37 0.6(feet) ' <100%
Period, T
57

Moment frames

* Design base shear based on maximum
period C,T,=0.92 sec

* Drift-determined period =1.4 sec
o Corresponds to 2.1T,

« Recommendation for SMF

o For first iteration use either

* Drift-determined period
«20T,

o Use calculated period for subsequent iteration

58
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Braced frames

® © o o

O

Level | Story F,,| 0.55F,, [Frame V,,
(kips) | (kips) | (kips)

> [Roof | 120 66 66
4" 108 59 125

rd ) vd
‘¢’3 e 3 70 38 164
2™ 34 19 182

Does not include p=1.3
Does not include B,

A \.A- e

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

59

Braced-frame forces

Level | Frame| B, P Frame | Frame
F, pBZFxs sz Ve
e (kips) (kips) | (kips)
) Roof | 66.0 [ 1.02] 1.30 | 87.6 88
4" | 592 |1.03| 1.30 | 793 167
) 3 1383 [1.03] 1.30 | 513 | 218
\ 2" | 18.7 [ 1.04] 1.30 | 253 243

Design of BRBF presented in Session 8

60
Forces derived in Session 5

Copyright © 2018
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Braced-frame forces

@ Assume braces resist

I F 100% of story shear

_¢_R.0_0.f_ o
Level |Brace Force
4th X pBZPx’ (klps)
43 ) 4" 62
ond 3 118
& ’ " 154
c/ﬁc\\\) 1 183

61

Diaphragm Design
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Diaphragm design

» Typically done after design of frames

o Requires 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
o Done now to allow full sessions for each system

63

Diaphragm Forces

>R

pr i:x—pr OZSDslwprF > 0'4SDSIpr

. px—
Z Wi
i=x

Level Stai‘iypg"" p=1.0 for diaphragm design

(ASCE 7 §12.3.4.1)

Roof | 141.7 | 0.2Sp5Iwy

mn

41 173.6 | 0.2Spslw
. ' px . d e .
3| 1736 | 0.28psiwp, B, (i.e., 2" order amplification)

2 173.6 | 0.28psIwyy applies to diaphragm design
(ASCE 7 §12.8.7)

ASCE 7 §12.10.1 64

Copyright © 2018
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Diaphragm analysis

There’s always a solution in steel.

structural

STEEL

Diaphragm analysis

Determine diaphragm shear
Determine collector forces

o Apply Q factor per ASCE 7 §12.10.2
Determine chord forces

o Diaphragm equivalent-beam moments
o Divide by depth

B, applies to entire lateral analysis
o Incorporated in member-design forces

66
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Design

Diaphragm analysis: Roof X
@ @ ® ® ©

! 71K/120' 590PLF !

®_-_' 71K
._.1
142 e || —— | —— &=/
X
@_._-: T : I —:
©--- b s e &4&

71K/110'=644PLF

Does not include B, 67

Diaphragm analysis: Roof X

® .9 .0 9.0
18K 24K 18K L, 18K=54
Assumed 18K$54K 024K F72K I

distribution of = ' =) {u—
column shears ®-- ._1/6 1/3 “T/g ‘T/G 71K
@~y
142K —) E _‘
@. «-T T I o i

=N

—
12K 24K 24K 12K

Q.= 3.0 for SMF

Does not include B,

68
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Diaphragm analysis: Roof X
v @ © @

71K
/

1180'K/120'=10K 1180°K’
. ig I 2L
T I

142K 1330°K=11K

1330K
_— 1
1! 1180'K/120"=10K E 1180°K

71K

Does not include B, 69

Diaphragm analysis: Roof Y
> © @ @ o

® - z
[T
—
5 =
o
ol 142K 5
\u—-, T T T 0
2 Y | A
. Ll
= | 1.0
— £} A0
z, | d
(:}._.\ T I i ]
‘_J ~
@—-—‘H H H H &1

71K 71K
Does not include B,

70
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Diaphragm analysis: Roof Y
v @ © @

! ! !
‘ : ’_ . - .IH H H
Q,25K=60K ’ Q1 30K=75K o2
4'K- L I T I 30K g %
V] 142K ‘ v
Bl 44K M
36K ‘ ‘27|<ED g
O ! I g3k N N
24K Q,18K=33K [=
Q,25K=60K &
®-k z

),
Q.= 2.5 for BRBF 71K 71K
AN Does not include B, 71

Diaphragm analysis: Roof Y
@ @ © © @

590 2130k K Joook

[ T m T

@
-4 : : ‘ : j

P 142K "
]’4

-t T I i

H H H
2550’K/75’=21K 2550’K/75’=21K

2130'K/75’=28K
71K 71K
Does not include B,

72
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Chord/collector forces
© @ 9 © ¢

! 54K

R [ <H) <) <H a

75K

(&
‘? oKl L L -
I

4
60 ‘
@_._ e <> <> < M:

39K

33K

Does not include B, 73

Capacity-design forces
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AISC Night School
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Seismic Design in Steel
Session 6: Building Analysis and Diaphragm

Capacity-design forces

» Per ASCE 7 §12.4.3 the overstrength
seismic load, Q  E;, need never be taken
as greater than the capacity-limited
seismic load effect, (E, 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

-

75

Brace sizes

@ 25-0” ‘ 250" @ 250’ @
gn B BRB 2.00]/\ BRB 2.00
\ ,)

12'-6

:_(_o ¢ \
_&rd al BRB 3.50];/\‘ BRB 3.50

)
A

©
o BRB 5.001 /\.L BRB 5.00

BRB 5.50!/\ BRB 5.50

L A

Design of BRBF presented in Session 8

76
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Brace capacity (4" floor)

* Tension

o OR/F, A

o 1.4(42ksi)2.00in2 = 118K
» Compression

o PoRF, A

o 1.15*1.4(42ksi)2.00in? = 135K
* Horizontal component:

o (118K+135K)*cos@ = 179K

o <B,Q V.. = 1.02*2.5*66K = 168k

» Use capacity forces for roof collectors

AISC 341 §F4.2a 77

Diaphragm design
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Deck selection

e Maximum shear
o 1.18KLF
o B,*1.18KLF = 1.20KLF

« Design composite deck
o Reinforced concrete section

o Consider 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
oV, =2d \f,
= (2)0.75(3.257)(4000)" (12°/ft)
= 3700 plf
=Af,
= 0.11in2/ft * 60 ksi
= 6600 plf
o0V, =0(v+Vv
= 0.75*(3700pIf+6600plf)
= 7725 plf > 1200 plf
ACI 318 §11.2

oYV

80
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Shear transfer

* Design for Q & B,
o SMF
» 1.02*3*0.644KLF = 1.97KLF
o BRBF
» 2.5*1.20KLF=3.00KLF

* Provide %4"x4” studs @ 24" on collectors

lirega =2 +1.5In=3.5in<4in

* 4” stud projects above flute 2”

AISC 341 §B5.1 o1

Shear transfer

 Stud strength:

o R,= 1.0 for one row with 0,=054./" E
deck perpendicular (worst & < R.R,A.F,
case T3V s
) | A = 4(Am) = 0.44in
o Rp = 0.6 for one row with

) £, =4000psi
deck perpendicular (worst s
EL‘=WL" f'C
case) v
. E =(15pcf) ' \aksi
o F,=65 ksi - =(U15pef) "
E, = 2466ksi

AISC 360 §l8.2a 82
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Design

Shear transfer

 Stud strength:

0, =0.5x0.44 in’\/4 ksix 2466 ksi =21.85k
0, <1.0x0.6x0.44in>x65ksi =17.2 k Typically governs
0 =172k
$0, =0.65x17.2k =11.2k
« Spaced @ 24"
05.6 KLF>3.0KLF

AISC 360 §18.2a

83

Collector design
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Collector design

e« Combined flexure and axial

o Compression governs over tension for
collector member
* Include P-3 (in the form of B,)
» Perform Chapter H interaction
« Tension may govern for collector
connection

o Compression path through deck typically
neglected

85

Collector design

* Flexure « Compression
o Composite strength o Flexural buckling
o Continuously braced * Major axis
for LTB « Minor axis braced by

composite deck
o Torsional or flexural-
torsional buckling

» Twisting about
restrained top flange

86
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Design

Collector design
@ @ @ @ ©

' 54K !
@—-—-: <> > " T
| P, =81K
60K 75K
- - 1
J E— 'y
@—'—'\_ I I I
60 ‘@13%
@—-— Hb <4H P <) <4

Capacity design: P, = 75K*BRB_Capacity/Q, Vjme =75K*179K/(2.5*66K)= 81K

87

Collector forces

@ ‘ Peci = @ QE= @ Design both

_$_Roof ,\ 81K —,th— 75K ’) connections

""" T for 81K
4ih BRB 2.00 | BRB2.00
0

JZaN

Design of BRBF presented in Session 8 88
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Collector Loads

* M,=1.4D + 0.5L+ E, combo CLLC-1
oM, = 1.4(98.7K) + 0.5(0'K)+ 0’k = 138'K

- P,=14D + 0.5+ E, combo CLLC-1
oP, =1.4(0K)+ 0.5(0K) + 81K = 81K

« V,=14D + 0.5+ E, combo CLLC-1
oV,  =1.4(9.4K) + 0.5(0K) + 0K = 13.1K
o Beam shear design not presented

» Use W18x50 (per Seismic Design Manual)

89

1 DIMENSIONS AN PROFERTIES DIMENSIONS AND PROPERTIES 121

—
Table 1-1 (continued) Table 1-1 (continued)
W-Shapes W-Shapes
Dimensions Properties —_—
W2H-Wi
Torsional
&rea, | Deptn, Work- e s Y 1| n | PrOpaTEs
Smape | A d able W J [
| CGage ] r z | |
n* In. In. Ly m' il m' | m nt Int
W21x83 | 273 |F1.6 (21% BY: k=] 20 154 M7 | 228 207 03 £
*B3° | 244 |71.4 213 &8 195 |183| 305 | 271 208 434 BEN
*T3° | 218 |21.2 [21%| B T3 170|181 266 | 210 205 am T4
#68° | 2000 | 210 [21%| BET BV w8 167 |150( 244 | 217 204 245
=62° | 183 |71.0 (21 29 BV &2 WD 137|217 | 2151204 1.83 5260
#6655 | 182 |20.8 (20% 8228V 3 18 173 184 | 211203 124 4z80
8% | 141 (20.6 |20%{ 0.350 ¥ | ¥ | &14) 8 & 852(186| 149 | 206202 0.6@3 360
W21=67° | 187|210 (21 |0.405 Yo | Yo | 658 BV 18% I 5 036(135| 145 | 168 206 17 380
#60° | 147 |20 [20%) 0.380 e | ¥ | 653 BV + * =0 TE4{130| 122 | 164 203 114 =0
A4t | 130 |20.7 (20%{0.350) e | ¥ | BSD EV2 “ 637|128| 102 | 180 203 o 2m
W1Gx311® | 816 |22.3 (22% 162 1%z | ¥« 120 |12 (274 |2% 324 |¥he (1% [16%:] B¥: m 132 (236 (207 | 353196 | 176 TR
*283* 1.40 |13 | "Ve 119 | 113 L 253 1B (280 (188 47194 | 134 65200
#2658 128 1 | % 118 [11% 253 107 (228 (186 | 342192 (103 ETE00
«238* ¥ ) 855 (256 (148 | 337190 ( 7&7 G000
=211 ne m 863 |282(132 | 132188 | 586 A0
182 1k 1% TRE |273(118 | 320 18T | 447 38000
76 ¥ 167 178 BEE | 276|106 aM 184 et) 3300
#1658 1588 B14 |274( 948 | 220183 | 282 29000
143 143 665 |272( &84 | 217182 [ 182 25T
*130 130 499 |270| TT | 313181 5 2z
119 18 440 | 250( 620 | 213178 ( 108 2m00
108 106 384 |256( 605 | 310178 748 17400
£ @ 361 |285| 553 | 108177 .68 15200
«BB " NE | 253 484 | 206176 410 130
*T6° | 223 18%) 0.425 w U5 |28 | 422 | AR 175 283 1nm
W1ET1 203 (185 |18%| 0,495 15| 3% ol 168 170 247 | 206177 a8 4700
66 131 0.450 L) 144 158 225 | 208177 273 290
«B0° | 176 015 L) 113 |168| 208 | 202176 n S0
#E66° | 182 0.390 55| B 19 157 185 | 200 175 188 ]
605 | 147 0,365 50| GB57|452 | B00 | B8 | 738 1M 401 10T [155| 166 | 1856174 124 3040
WiEc8E® | 135 15'% 45| BOI44E | TI2 | TEB 726 007 | 225 | 743(139| 117 | 158175 12 1
=A0° | 118 + 40| 673508 | @12 | 634 (71| 784 | 181 | B3G(1E7| 100 | 156174 080 1440
*36° | 103 35| TU6B{536 | K10 76 | 704 BES | 153 | K12|122| &06 181173 0.5 190
T Le———
Srape s cmpast il o e s F, - 5012,
*he s e, et s et
tr areare compalte
e A - 90
Aommicas bystirure or Snm. Coxstrucmon Anzrica byswrrume or St Consmrucnon
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Collector design

» Use W18x50 (from Seismic Design
Manual Example 8.4.1)

o Member properties (units per Manual)

W18x50

A d t, b, i k, b/2t, W,
147 180 0355 750 0570 13/16 657 452

I Z S r

. 4 \ g 1.49 /E =359
800 101 889  7.38 hit,, > /ry

1 Z, s, r, Web is not J C,
401 166 107  1.65 | compact 124 3040

91

Collector design

« Compressive Strength

oMajoraxis [
* (KL), = 25-0 =
o Minor axis ==
« (KL), = 0-0"
o Constrained-axis flexural-torsional buckling
* (KL)capr = 12°-6
—

92
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Design

Collector design

« Compressive Strength

o Major axis buckling
* KL/r, = 3007/7.38”" = 40.7

» From Table 4-22: KL/r=41: oF,, = 39.8ksi
o OF, A= 39.8ksi (14.7in%)= 585K

93

Collector design

« Compressive Strength
o CAFT buckling

n2E[C+1y(Y5)°] 1
(KzL)? L+, +(/,)* Ag
« AISC EJ (2013 Q4)

o differs by factor of 0.9 from 2nd Edition Seismic Design
Manual

e F, = 0.9(46.2ksi) =41.6ksi
* QF,/ F, = 1(50ksi)/41.6ksi = 1.20<2.25

«F, =09

Torsional and Constrained-Axis Flexural-Torsional Buckling o4
Tables for Steel W-Shapes in Compression

Copyright © 2018
American Institute of Steel Construction

47



AISC Night School Seismic Design in Steel
March 26, 2018 Session 6: Building Analysis and Diaphragm
Design

Collector design

Table 1. {continued) |
Fy, = 50 ksi Torsional Buckling Design Strength in Axial Compression
P, kip AL
TB CAFTB
Shape ’ 1 P Wisx W16x
b/t Isp 46 40 35 100 89 7

10 | s00l| 465 [ 435 | 366 | 361 [ 306 | 301 [ 252 | 1190] 1140 | 1050] 1010 | 898 | sea
11| a0zp| 439 [418 | 336 | 245 | 280 | 286 | 229 |1170| 1110 [1030| o981 | se0 | 838
_12‘ 475. 413 401 308 329 255 271 ns 1150 1 10RO J 1010 ) 853 RAZ 812
133 459"} 386 o] 386 | 281 ' 786

14 | 443l] 360 |a71 | 257 Pu/¢Pn=ﬂK/386K=021 760 |

E
= 15 428]| 335 | 3567 235 | . T
¥ [16| a1g)[ a1 Nasa | 216 278 | 110 [ 207 ] 31 [10s0) oeo | oss] ssa {708 | 700
E“ 17| 399" | 289 |332 199 264 156 205 120 1070 943 834 818 | 781 684
S [18] sesl] 260 jaze [ 185 [ 254 | 145 [ 195 | 110 |1060| o918 | o20] 793 | 767 | 660
E 19| a73)| 249 [ 313 174 244 | 135 185 102 | 1050 895 908 770 | 754 638
_E 20 361y 232 304 164 235 126 175 95.1 | 1040 873 896 748 | 742 616
:ic 22 340: 204 289 148 220 113 160 84.0| 1020 832 876 708 | 719 575
-
Torsional and Constrained-Axis Flexural-Torsional Buckling 95
Tables for Steel W-Shapes in Compression
» Required flexural strength
o P-6 amplification
— 2 EI —
L4 PE =T /(KLx)Z = 254‘0K
Cm 1
e B, = = = 1.03
1 P 81K .
1-"%/p, 1= /2540K
* M, =138'K*1.03=142'K
AISC 360 Appendix 8 §8.2.1 %
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Collector Design

* Flexural strength

o AISC Manual Table 3-19
* Y2=3.5in

wise
» Use 2Q,=184K
o 184K/11.2K/,,, =16.4 studs Under Foot
(each side of midpoint) BY SUSAN BURMEISTER, PE., AND WILLIAM P. JACOBS, PE.
o 32.8 studs Horizontal floor diaphragm load effects on
* Collector studs composite beam design.

o 81K/11.2K/, ,=7.2 studs ~ DECEMZER 2003 MODERN STEEL CONSTRUCTION

o Not additive to flexure studs

o oM, = 516 Kip-ft

97
Y2
- (T Table 3-19 (continued)
Composite W-Shapes F 50 Ksi
1 Available Strength in Flexure, r
w18 Kip-ft
M/ oMy \ ¥2b, in.
Shape kip-ft | PNAS Al R 2 25 3 35
ASD | LRFD in. | kip | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD

Wisx50 | 252 | 379 | TFL |0 735 | 403 | 606 | 422 | 634 | 440 | 662 | 458 | 689
2 |0.143| 628 | 392 | 590 | 408 | 613 | 424 | 637 | 439 | 660
3 |0.285| 521 | 381 | 572 | 394 | 592 | 407 | 611 | 420 | 631
4 |0428| 414 | 368 | 553 | 378 | 569 | 389 | 584 | 398 | 600
BFL |0.570| 308 | 355 | 533 | 362 | 545 | 370 | 556 | 378 | 568
6 208 248 18 1350|527, | 352 | 532 | 363, | 546
Il 7 |382 | 184 516 I

ASD LRFD | 2 ¥1 = distance from top of the steel beam to plastic neutral axis
b ¥2 = distance from top of the steel beam to concrete flange force
Q=167 | 6,=0.90 | © See Figure 3-3c for PNA locations. 98
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Collector design

Try non-composite flexural strength
o Manual Table 3-2
o oM, = 379 kip-ft

P,/¢P,= 81K/386K=_0.21>0.2

P,/ oP, +8/M,/ oM, (H1-1b)

= (0.21)+ 8/,(142'K)/(379'K) = 0.55 OK
o Provide studs @ 24" (12 studs)

99

Collector connections

©
2
7]
=
c
S
3
o
@
@
g
g
=
@
o
g
@
=
'—

structural

STEEL

\\ Copyright © 2018
7/ American Institute of Steel Construction

Design

50



AISC Night School Seismic Design in Steel
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Design
Collector connection
brorcomn
+ Single-plate v, )
connection N el
o (4)%" @ A325N bolts Aty
- 3” spacing ———#= g I\‘;; :\+'
» 1.5” edge distance top o B Mt "
& bottom N
» 2.5” side edge EE.,::
distance e
o %" A36 plate Fig. 86, Collector comection imessgated in Example 5.4
+ V4" double-sided fillets
101

Required strength

\'/

V, = 13K
N, = 81K

Ry = ViZ + N
o=+/(13K)% + (81K)2 = 82K
1138 _ go

81k

u

6 = tan

102
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Design

Collector connection

« Alternative
approaches 1

o Evaluate as a load at
90
* This approach shown in
SDM

o Evaluate shear and
tension separately

« Shear strength

. SRSS interaction o From Table 10-10a
+ This approach taken * 0V,=78.3K
here

103

Table 10-10a (continued)

Plate Single-Plate Connections 7/8-"1--
Fy = 36 ksi Bolt, Weld and Single-Plate dif)“";ter
Available Strengths, kips olts
Plate Thickness, in.

Bolt | Thread | Hole
Group | Cond. | Type

1y she f 3 | The ‘ 1fa ’ 8
3

STD =0.176

oV, ~ 783K

(L=12) um

W\ L (LY o, T |y (M)
(m_V> +<ﬁ) =t g, =""\av) %% .

81K —

104
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Design

Collector connection

* Tension strength
o Bolt (AISC 360 §J3)

* Shear
* Bearing
» Tearout
o Plate (AISC 360 §J4) o Beam block shear,
. Yield bearing, tearout
* Rupture * t,(65ksi/58ksi)=

o 0.355"(65/58)=0.39">%"
* t,(50ksi/36ksi)=

o 0.355"(50/36)=0.49" ">%"
» Plate governs

« Block shear

o Weld (AISC 360 §J2)

» Exceeds plate strength

105

Collector connection

* Plate limit states o Block shear ¢R,<
o Yield: ¢FyA * ¢(0'6FuAsn\’/’ + UstuA:t)* )
+ =08 12) ° 0 TELEI0G a2
| 10K © 0(06F Ay, + UgsF Ay
o Rupture: ¢F A, = F A, o 0.75(%")(0.6*50ksi*2*2.5”
* =0.75(58ksi)(%")(12"-4") +1.0758ksi*6")= 140K
« = 130K

AISC 360 §J4 106
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Design

Collector connection

« Bolt limit states » Governing strength:
o Shear: Table 7-1 o 0R,=97.2K
* 4*24.3K = 97.2K o R,IOR,
o Bearing (spacing) =81K/97K=0.84
« Table 7-4

* 4(3%")91.4K/in = 137K
o Bearing (edge distance)
» Table 7-5
* 4(3%”) 79.9/in = 120K
(;—;)2 + (@TT")2= (0.18)% + (0.84)2 = 0.85 OK

AISC 360 §J3 107

Diaphragm openings
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Design

Diaphragm openings

* Local shears
Local collector forces
Local chord forces

109

Diaphragm analysis: Roof X
@ @ ® ® ©

' 71|</120' 590PLF '
( : )l 4 <H

71K

R 1 195PLF

142K E—) &‘ 'Y
X' ‘ 354PLF o[
© - 1195pLAA ] ! ! N2
——— A
386PLF 0
71k Ol
@-.-‘H: T - o il

71K/110'=644PLF

Does not include B,

110
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AISC Night School Seismic Design in Steel
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Design

Diaphragm analysis: Roof Y
v @ © @

@—-—'H H H H L
8!
4 =
= acii=
N .
a 142K = 2 %
J'—-,’ T T —= i ®
Ny ] i
~ i 3 | P
= |l v G
~ o | S RIS
N\ 8 —i| X
s =T I I i —
o el ™
E’, M
—=||
= AT
™~ |
®-L : -

71K 71K
Does not include B, 11

Local collector forces: Y

Collector:
Design for B,Q E, @ @
i i

=1.02*2.5*%11.8K

=30.2K g
..... F T
. . 789PLF { | 986LF
Collector connection: x25'=19.7K j x10'=9.9K
Design for B,Q E, |

= 1.02*2.5%(19.7K-9.9K)

=25.0K @

789PLF
x15'=11.8K

PPy e

Does not include B,

12
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1. 18klf +1.

Local chord forces: Y

=11.3K

=1.02"11.3K
=11.5K

Chord and connection:
Design for B,E,

08KIf @ @

1180PLF

1080PLF

@- ......

Does not include B,

113
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Design
Summary
» Simple design » Diaphragm forces
methods presented generated
» Methods of » Roof diaphragm
accounting for analyzed
second-order effects . Deck designed
presented » Example collector
» Forces generated for designed
geRSI_I%an of SMF & « Example collector
connection designed
115

End of session 6

Next:
Design of the
Moment frames
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Additional resources

Iy
oo ae . .

NIST GCR 11:917-10

Guide to the ﬂesrynr of Diapf:rag.:ns,
Chords and Collectors p—

NEHRP Seismic Design Technical Brief No. 5

Seismic Design of Composite
Steel Deck and Concrete-filled
Diaphragms

A Guide for Practicing Engineers

 Basedt oo the 2005 IBC avd ASCEISE] 765

Engineering Torsional and Constrained-Axis Flexural-Torsional
Journal @ Buckling Tables for Steel W-Shapes in Compression

MEMBER  NON-MEMBER
FREE $10.00

1]+ D TO CART

Liu, D Davis, B.; Arber, L; Sabell, R. (2013). "Torsional and Constrained-Axis Flexural-Torsional Buckling
FORMAT: PDF Tables for Steel W-Shapes in Compression," Engineering Journal, American Institute of Steel Construction,
Vol. 50, pp. 205-247.

Torsional buckiing (TB). an applicable limit state for W-shape members subject to axial compression, often
controls when the torsional effective unbraced length exceeds the minor-axis flexural buckling effective
unbraced length. Constrained-axis flexural-torsional buckling (CAFTB) is a potential limit state for W-shape
members that are constrained to buckle with the center of twist at a location other than the centroidal
axis, as is the case for a typical beam with one flange braced by a diaphragm and the other unbraced.
Manual calculation of the T8 or CAFTB available compressive strength is a somewhat lengthy process,
especially when the section is slender for axial compression, and no design aid currently exists in the AISC
Manual. This paper provides tables that faciltate the determination of T8 and CAFTB available

everal exam are also provided.

Published: 2013, Quarter 4 17
AUTHOR(S)
Di Liu, Brad Davis, Leigh Arber, and Rafael Sabelli

Question time

ion in steel.
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Individual Webinar Registrants
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!

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

Individual Webinar Registrants

CEU/PDH Certificates
Within 2 business days...

* New reporting site (URL will be provided in the forthcoming
email).

¢ Username: Same as AISC website username.

¢ Password: Same as AISC website password.
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8-Session Registrants
CEU/PDH Certificates

One certificate will be issued at the conclusion of
all 8 sessions.

8-Session Registrants

Access to the quiz: Information for accessing the quiz will be emailed to you by
Wednesday. It will contain a link to access the quiz. EMAIL COMES FROM
NIGHTSCHOOL@AISC.ORG

Quiz and Attendance records: Posted Tuesday mornings.
www.aisc.org/nightschool - click on Current Course Details.

Reasons for quiz:

*EEU — must take all quizzes and final to receive EEU

*CEUs/PDHS — If you watch a recorded session you must take quiz for CEUs/PDHs.
*REINFORCEMENT — Reinforce what you learned tonight. Get more out of the
course.

NOTE: If you attend the live presentation, you do not have to take the quizzes to
receive CEUs/PDHs.
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8-Session Registrants

Access to the recording: Information for accessing the recording will
be emailed to you by this Wednesday. The recording will be available for

three weeks. For 8-session registrants only. EMAIL COMES FROM
NIGHTSCHOOL®@AISC.ORG.

CEUs/PDHS — If you watch a recorded session you must take AND
PASS the quiz for CEUs/PDHs.

Night School Resources for 8-session
package Registrants

Find all your handouts, quizzes and quiz scores,

recording access, and attendance information all in
one place!
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Night School Resources for 8-session
package Registrants

Go to www.aisc.org and sign in.

IN THIS SECTION MyAlSC

Edit Profile
MY PROFILE
Update your contact and addre:
oo

MY PURCHASED DOWNLOADS

or tory
T Access articles and documents that you have purchased
VIEW DOWNLOADS

MY COURSE RESOURCES

urces for Night School ajd Live Webinar package registrations.

View online resources for N
VIEW RESOURCES

Thank You

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

o
@
8
w
=
c
e
=
2
o}
w
«
2
L
=
@
w0
g
@
-
-

structural

STEEL

Copyright © 2018
American Institute of Steel Construction

63



