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Introduction to Coupled C-PSW/CFs
(SpeedCore System)

& FEMA M\ &ese P

C-PSW/CF (SpeedCore System)

Composite Plate Shear Walls - Concrete Filled (C-PSW/CF)
= Steel plates Infill concrete
= Concrete infill Shear studs
= Tie bars Tie bars
= Shear studs

= No rebars or formwork

Web plate

Shear walls and/or elevation core walls

Flange plate

s, N (Shafaei et al., 2021)
¥ FEMA M\ (@

8/4/22



A New Chapter in Composite Construction

Rainier Square, Seattle
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= Client RUNSTAD
COMPANY]

= Architect
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= GC/GM
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A New Chapter in Composite Construction

. . ﬁ SUPREME
Steel Fabricator: GROUP

Steel Erector:

THE =
ERECTION
co,inC. |

Rebar Fabricator: rZ Farwest

Concrete Supplier: %&?«'&E‘E’#‘é

165 | MAGNUSSON

v KLEMENCIC
YEARS AS IATES

& FEMA M\ s @

Courtesy of Magnusson Klemencic Associates

8/4/22



A New Chapter in Composite Construction

THE CONSTRUCTION RESOURCE

Engineering News-Record

Intrepid team for
850-fi-tall skyscraper
in quake-prone
Seattle

construction (% 18)

FOURTH
‘QUARTERLY
COST REPORT
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Cover of ENR Magazine
Constructed in 10 months

Eight months savings as compared to
conventional RC construction

1.4 million square feet
850-feet tall

58-story office + residential
7 levels below-grade parking

Coupled Composite Plate Shear Walls - Core Walls
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(a) 'l')"pic;ill low-rise office |
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(b) Typical high-rise office

i (c) Typical high-rise residential

Courtesy of Magnusson Klemencic Associates
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A New Chapter in Composite Construction

F 200 Park Avenue, San Jose, CA
: = High seismic region

937,000 square foot

19 stories

Under construction

Copyright Gensler

(M?dern Steel Construction, February 2021)
& FEMA M\ e @ ;
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Section Detailing, Limits,
Requirements
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Key Components of C-PSW/CF (SpeedCore System)

Steel plates

= Concrete infill

Tie bars

Shear studs

& FEMA M 2res P

Infill concrete

Tie bars

Web plate

Flange plate

(Shafaei et al., 2021)
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Steel Plates

= Reinforcement ratio limits:

Minimum = 1%  Maximum = 10%

= Two steel plates must be connected to each other using ties

= Ties can consist of bars, steel shapes, or built-up shapes

= Steel plates must be anchored to concrete infill using stud anchors

or ties or combination of ties and studs

& FEMA M\uoes (@ z
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Local buckling, Plate Slenderness, Axial Compression

4.0

Akiyama et al. (1991)
Usami et a. (1995)
Kanchi et al. (1996)
Han and Choi (2009)
Kang et al. (2013)
PT Specimens

CT Specimens

FEM

351

3.0

251

SOt | pODO

O]
2.0

Local buckling between rows
of shear connectors, or ties

Normalized local buckling strain

e o o o fA_a o o o

(Zhang etal. 2014v 2020) Normalized Width-to-thickness Ratio 4 = T

5
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Local buckling, Plate Slenderness, Axial Compression
Seismic Design:
4 ‘ ', & Akiyama etal. (1991) 8 Usami et a. (1995) © Kanchi et al. (1996)
'+ | O Choiand Han (2009) @ Kangetal. (2013) B TSI Specimens
b E x @ TS2 Specimens O Zhang et al. (2014)
—<1.05 |[— 3k
tP R}’Fy
S 2
1+
0
\ Puo = AsFy + 0.85f;A, \ 0
(Zhang et al. 2020)
& FEMA M\ zoee @ 1
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Local buckling, Plate Slenderness, Axial Compression

= |n accordance with AISC 341-22 Section H7.5s, steel plate slenderness ratio at

the base of C-PSW/CF (protected zones) should be limited as follows:

Es

S
— < 1.05
& y by

= Steel plate slenderness ratio at regions, which are protected zones should be

limited as follows:

S 1, B
5 R
& FEMA M\ ez @ s
15
Tie Bar Size, Spacing, and Stability of Empty Modules
* Empty steel module flexibility governed by effective shear stiffness (GA)g¢s
associated with Vierendeel truss / frame action
1 1
(Varma et al., 2019)
“v‘}‘i\rwi’— uilding Seismic = 5XWL4 WL2 i
Q:g) FEMA M Saf‘ectiy gosuncil P A’““l - 384XE1tanl A SXGAE dominates 16
16
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Tie Bar Size, Spacing, and Stability of Empty Modules

« Stability of empty modules during erection, construction and
concrete placement = important consideration for design

(Varma et al., 2019)

@
;{}m\‘,%& - N
B9 FEMA M\ sioress
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Tie Bar Size, Spacing, and Stability of Empty Modules

* Minimum (GA).¢ of empty module for transportation, erection, and
stability during construction, concrete casting

* Refined calculations can be made using theory
* Recommendations for tie bar size

* o is the ratio of plate flexural stiffness

S E i i

2 < wj s to tie flexural stiffness
2x +1

tp . * a governs the value of (GA).¢, and thus the tie spacing S/t,
Where, o= 1.7 (% - 2) (dt’f ) requirement
’ e « Still need to meet plate slenderness req.

¥ FEMA M\ (@ .
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Recommendations for Stiffness

In-Plane Flexural Stiffness

= Account for concrete cracking corresponding to the required strength level

= Section moment-curvature response > secant stiffness corresponding to 60% of moment capacity

= Extent of concrete cracking, if drift governs or walls are overdesigned

Ely=E,I,+035E,I,
EAy=E A, +045E, A,

GAv.eﬁ"= Gs As.wall + Gc Ac

2 FEMA M\ Siresse

©r

Effective flexural stiffnesses (AISC Design Guide 37, 2021)
Effective axial stiffnesses (AISC Design Guide 37, 2021)

Effective shear stiffnesses (AISC Design Guide 37, 2021)

19

19
Recommendations for Flexural Strength
Plastic stress distribution over composite cross-section
Nei:fas/tf:\:xis
= _': T2
. . . Cr _® joacte Ti
= Steel in compression & tension > f, c:- |—|
Cs
= CO m p ress i O n CO n C rete 9 O . 85 f’c Fig. A-2. Plastic stress distribution and component forces in planar C-PSW/CF
HH H H H 2ty Ly Fy +(tse = 21,),0.85f; . . .
= Equlllbrlum tO CaIC- plaSth neutral axls L=m Plastic neutral axis location
. G =t = 2p)t,F, Flange plate, compression force
|OCat| on y Cc C, =2t,cF, Web plate, compression force
* Plastio moment M, S
T =t —2ty)t, F,y Flange plate, tension force
Nominal flexural strength of planar C-PSW/CF:
tp c c—tp Lyan —¢ I

sl e

AL A Building Seismic

% FEMA M\ rasesr " (AISC Design Guide 37, 2021) 0

20
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Recommendations for Shear Strength

= In accordance with AISC 360-22 Section 14.4, nominal in-plane shear strength
of L.shaped C-PSW/CFs is determined considering the steel section and infill

concrete contributions as follows:

Viwatl = =3¢ A wauF, (AISC Design Guide 37, 2021)
3 Kg2+ Kgc?
where, K; = G Ag yau (AISC Design Guide 37, 2021)
where, K, = ";z‘; Aw)(f) (‘1‘5“;’)” (AISC Design Guide 37, 2021)
& FEMA Mz @ 2
21
Seismic Design of Coupled Composite Plate
Shear Walls / Concrete Filled
(Capacity Design)
& FEMA M\ s @ 2
22
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Seismic Design of Coupled C-PSW/CF

= Seismic design can be performed using ASCE/SEI 7-22, AISC 341-
22 Seismic Provisions, and AISC Design Guide 37 (2021).

= Design procedure for coupled C-PSW/CF is presented in FEMA
P-2082 NEHRP Provisions (2020) and AISC Design Guide 37
(2021).

@ FEMA M\ &isingseime P

23
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Seismic Design of Coupled C-PSW/CF

The 2020 Edition of the NEHRP Recommended Seismic Provisions:
= Response modification factor R =8
= Over-strength factor Q,=2.5

= deflection amplification factor C;= 5.5

& FEMA M\zseses (@
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Seismic Design Philosophy for Coupled C-PSW/CF

= Coupling beams form plastic hinges and distributed plasticity along structure height
= Walls sized to develop plastic hinges along entire wall height

JFEMA M Sisvessne

Roof Displacement

(AISC Design Guide 37, 2021)

c

Base
Shear c D
B I 7
Design walls to —
t
reaca capacity ZI.ZM,, o - - -
A n=c<w, — —— ———
V. Design coupling beams ZM“*“" — -—— fere]
e to reach capacity b===] -] =)
— ——— ———
— (=] || (== ||
Qo=Y1 72 A B c

O Plastic hinge

25
25
§2000 “poinc Point D
. . . . & 1500 -
Seismic Design Philosophy oL frrame
9 Point A
2 500
2D Finite Element Model (Pushover Response) P a——
(a) Roof Displacement (in.)
S, von Mise S, von Mises
E 50 E 50
40 40
30 30
20 20
10 10
0 0 —
Fy= 50 ksi Fy= 50 ksi g
o
AN
1 o
' i ©
o
(0]
| <
I HE
10 | K
(Point A) (Point B) (Point C) (Point D)
FEMA M\ soess @ 2
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Desigh Example

¥ FEMA M\useso @

27

27
Building Description
= Coupled L:shaped Composite Plate Shear A o B C " D
Walls / Concrete Filled (C-PSW/CFs) are 1 e T I T
used to resist seismic loads. A ’/A\\‘
"8 WISxS0 § wisxs gl W18x50 s \ \N/"
5 W27x84 1z __10_ 12 W27x84
= Steel gravity frames are placed around the | wee %] T
coupled C-PSW/CFs, and elevators and R w2 _ w8
stairs are located inside the core walls 3 e Mg warsss
m é WI18x50 é W18x35 é W18x50 §
4 W21x101 W21x68 W21x101
& FEMA f\ ez -|@e 2
28
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Building Description

18-story office building
First story height = 17 ft
Typical story height = 13 ft
Total height = 238 ft.

& FEMA Mz @
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Material Properties

Steel:

= ASTM A572 Grade 50 steel (steel plates) & ASTM A992 Grade 50 steel (wide flange sections)

= F,=50ksi

= F,=65ksi

= E;=29,000 ksi

= G,=11,500 ksi

= R=11 (ANSI/AISC 341-22 Table A3.1)

Concrete:

=  Self-compacting concrete (SCC)

= f.=6ksi

= E.=4,500 ksi

= G.=1,770 ksi

= R.=15 (ANSI/AISC 341-16 H5-5)

& FEMA Mo @ s
30
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Loads & Load Combinations

Loads:

= Self-weight of structure (gravity frames and core walls) (dead load)
= Floor live load = 50 psf (Redactable)

= Partition = 15 psf

= Superimposed dead load (ceiling and floor finish) = 15 psf

= Curtain wall = 15 psf (wall surface area)

Load Combinations:

= Load combination provided in Chapter 2 of ASCE/SEI 7-16 are considered.
1.4D

1.2D + 1.6L

1.2D +0.5L +1.0E

09D + 1.0E

% FEMA Mz @ .

Building Description

= 3D computer model of the building was
developed using a commercial software
program for the design of steel gravity
frames.

= Based on the preliminary design of gravity
frames, the self-weight of structure is
calculated.

¥ FEMA Mo (@ N
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Seismic Forces

Building Seismic Weight:

First Story = 1,555 kips
Typical Story = 1,440 kips
Roof = 1,263 kips

Seismic Design Parameters:

o] \/\5%4% . . .
& FEMA M\ G-

SDS =1. 101g

SDI = 0650g

Site Class D

Risk Category II

Seismic Design Category D

©r

Period of the structure

T,=Cihy
c,=14

T=1.87

=(0.020) (238 ft)*7 = 1.21 seconds
(ASCE/SEI 7 Table 12.8-1)

T=C,T,=(1.4)(1.21)=1.70 seconds

(3D ETABS model)

The period of structure is considered to be the

upper limit, C,T,=1.7

33

33
Design Base Shear
Equivalent Lateral Forces (ELF) procedure was used to calculate the seismic loads:
= V=CW
. _ Sps __ 1101 __ _
Cs = s e 0.138 (ASCE/SEI 7 12.8-2)
. _ Sps _ 1101 _
Csmax = TR TIE 0.048 (ASCE/SEI 7 12.8-3)
= Csmin = 0.44 Sps1, = (0.44)(1.101)(1) = 0.048 (ASCE/SEI 7 12.8-5)
. _ 055 _ (05)(0.65) _ i
s = @ /D) 0.041 (ASCE/SEI 7 12.8-6)
= V=C, W =(0.048) (25844) = 1,238 Kkips
= OTM =Y}, F;h;=217217 kip-ft
& FEMA M\zsese @ *
34
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C-PSW/CFs and Coupling Beam Dimensions

Lw L, Lw
C-PSW/CF: R
\ EE BRI
L,=12 .ft o
t,e =16 in. 3 < S
* t,=iIn. tsc
Coupling beams: .
O [«
= Leg= 10 ft - bes
* bcp=161n. . - I
= hcp=241n. S 1]
“ leps=2in 3 >
" lepw=78IN
" LCB /hCB =5 ] FREERERA R
12 10 12
j FEMA M\ o P -
35
2D Modeling of Coupled C-PSW/CF
Seismic Loads _
Rigid Link Rigid Link I—_—I
C-PSW/CF: N —_—
(AISC Design Guide 37, 2021) Ly  CouPlingBeam '_'|+_'___‘||-'
- E]e_/f:Es [S +0.35 Ee Ic t |:| Lumped Mass
EAyy=FE, A, + 045 E, A, —. —
" GAv,ef/': G; A.v.wall + Gc Ac I : I___I Rigid Link
s igid Lin!

. Center of Area |_£
Coupling beams: L'Shaped C-PSW;/CFs || [ | couplingBeam
(AISC Design Guide 37, 2021) / I~4|

® L, ® — .
- 064 Elyes r i_I/ C-PSW/CF
" 0.8 EAe/[cg ] |_|
L] GAv.e/fCB C-PSW/CF . |—| Fixed Boundary
Coupling Beam ,L_,J/ Condition
= Ly=3238in. R Lo
j FEMA Mz (@ ”
36
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Inter-story Drift Limit

= Deformation shape, lateral
displacement, and inter-story drift.

= Amplified displacement is
calculated by multiplying story
displacement value by the
deflection amplification factor.
Inter-story drift is calculated using
the amplified displacement.

= Maximum inter-story is 1.65%.

j FEMA M\ %oz (@

H

Roofl
Level 18
Level 17
Level 16
Level 15
Level 14
Level 13
Level 12
Level 11
Level 10
Level 9
Level 8
Level 7
Level 6
Level 5
Level 4
Level 3
Level 2
Level 1

ET T 4T % LT 14 T3 1711

0

10 20 30 40
Amplified Displacement (in.)

Roofl
Level 18
Level 17
Level 16
Level 15
Level 14
Level 13
Level 12
Level 11
Level 10
Level 9
Level 8
Level 7
Level 6
Level 5
Level 4
Level 3
Level 2

Level 1

0.00

1.00 2.00
Drift (%)

37

37
Story . | Amplified | Inter- CB Shear
Elevation Disp. (in.) | story Force (kips)
Linear Elastic Analysis ) )
Roof 238 6.95 3824  1.32 89.2
Level 18 995 6.59 3626  1.38 971
Level 17 212 6.22 3420  1.44 110.2
Level 16 199 5.83 3205 151 126.0
= V, .5 = 167 kips (average) Level 15  4gg 5.42 29.80  1.56 129.4
Level 14 173 499 2745 161 159.9
* Vmaxcp = 223.5 kips (maximum) Level 13 160 455 2501  1.64 176.0
Level 12 147 409 2250  1.65 190.6
= Mycs = Vr-cgiz 835 kip—ft Level 11 134 3.63 19.94  1.65 203.1
Leve 10 191 316 17.36  1.63 213.1
v B _ Level 9 108 269 14.79 157 220.1
" Myaxcs = 52 = 1117 kip—ft Level 8 g5 223 1225 149 122351
Level 7 go 1.78 9.81 1.38 222.4
Level 6 69 1.36 7.47 1.22 216.0
Level 5 s5g 0.97 5.33 1.02 202.8
Level 4 43 0.62 3.42 0.75 180.9
JFEMA M\ ucing seismic P Level 3 30 033 183 033 1475
Level 2 17 012 0.67 0.00 98.7
38

8/4/22
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Design Of Coupling Beams

Flexure-Critical Coupling Beams:

Viexpcp = b2l (AISC Design Guide 37, 2021)
CB

Expected Flexural Capacity (Mp, exs.ca):
Mp,exp‘CB = 1,5826 klp_ft

Minimum Area of Steel:
* Agcpmin = 0.01 heg beg = (0.01)(24)(16) = 3.8in.2 (AISC Spec. 12.2a)
AS.CB = 33.25 > As.CB.min = 3.8 il’l.z

& FEMA M\ zeezs @@ 5

39
Design Of Coupling Beams
Steel Plate Slenderness Requirement for Coupling Beams:
= 2eCB 305 < 237 / E_ = 237 / 22000 _— 54.4 (AISC 360-22 Table I11.1b)
tc.f Ry Fy (1.1)(50)
= leCB 613 > 266 2= 266 /ﬂz 61.1 (AISC 36022 Table 11.1b)
tcBw Ry Fy (1.1)(50)
Flexural Strength (M, cg):
* Mycp = My cp = 1,407 kip—ft (AISC Design Guide 37, 2021)
» M, cp =1,266kip-ft > M, 5 = 835 kip-ft
- MI‘.CB — 0-66 MU.CB.Max — 0.88
¢pMncB $dvMncB
& FEMA M\zsese @ .
40
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Design Of Coupling Beams

Nominal Shear Strength (V,,cg):
“ Vpcp = 0.6 FyA,, cp + 0.06 K./l Accp = 592 Kips (AISC Design Guide 37, 2021)
* ¢, Vg =532kips > Vycp =167 kips

V. 167 kips V 223.5 kips
—rch_ - 2P 3] —UcE - o2 = 042
dvVnce 532 kips dvVnce 532 kips

Flexure-Critical Coupling Beams (revisited):

Vn.exp.CB = 0.6 Ry FyAW.CB + 0.06 K./R, f/A.cp = 657 kips
Viexpcs = 657 kips > 2222 = 380 kips  (AISC Design Guide 37, 2021)

CB

& FEMA M\ zeezs @@ s
41

Design Of C-PSW/CFs

Minimum and Maximum Area of Steel:

" Agross.wall = (2)[(Lw tsc) + (Lw _tsc)tsc] = 8,704 in-z

= Agmin = 0.01 Agrosswan = (0.01)(8,704) = 87 in.? (ANSI/AISC 360-22 12.2a)

*  Asmax = 0.1 Agrosswan = (0.1)(8,704) = 870 in.? (ANSI/AISC 360-22 12.2a)

= Ag = (tp)[8Ly + 4tsc — 16t, | = 604 in.?

" Agmin =87in2 < A, =604in? < Agpe =870in2

& FEMA M\zseses (@ 42
42

8/4/22

21



8/4/22

Design Of C-PSW/CFs

Slenderness Requirements:

= In accordance with ANSI/AISC 341-22 Section H8.4b, steel plate slenderness ratio, b/t, at the
base of C-PSW/CF (protected zones) should be limited as follows:

Stie = 12 in. (the bottom two stories)
fde — 24 < 1.05 / 55— 105 220 -
tp Ry Fy (1.1)(50)

24.1 (ANSI/AISC 341-22 H8.4b)

= Steel plate slenderness ratio, b/t, at regions which are not protected zones:

Stie.top = 14 in.

Stetor _ 9g < 13 \/E_—S= 1.2 /M= 28.9 (ANSI/AISC 360-22)
tp Fy (50)

& FEMA Mz (@ o

&

43
Design Of C-PSW/CFs
Tie spacing requirements:
= In accordance with ANSI/AISC 360-22 Section 11.6b, the tie bar spacing to plate thickness
ratio, S/t,, should be limited as follows:
= dtie = 3/4 in.
w17 (e 2) (L) = 17 (2o —2) (28 = ign Gui
x= 1.7 (tp 2) (dm) =17 (0_5 2) (0_75) =10.07  (AISC Design Guide 37, 2021)
o Stebottom — 94 < 1 J 5 _ =10 J 2209 _— 37.0 (AISC Design Guide 37, 2021)
tp 2+ 1 2(10.07)+1
- Sdetr 35 o 1 / 5 =10 /ﬂ = 37.0 (AISC Design Guide 37, 2021)
tp 20+ 1 2(10.07)+1
& FEMA Mmoo @ .
44
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Design Of C-PSW/CFs

Required Wall Shear Strength:

= A shear amplification factor of 4 is used to amplify the base shear.

" VAmplified = 4,952 klpS

Vrwan = o= = 2,476 kips

& FEMA Mz @

(AISC Design Guide 37, 2021)

45

45

Design Of C-PSW/CFs

Required Flexural Strength of Coupled C-PSW/CFs

A shear amplification factor of 4 is used to amplify the base shear.

Mp.exp.CB = 1,583 kip—ft

2.4 MP.exp.CB

Vn.Mp.exp.CB = T = 380 kips
_ Yn 1.2 Mpexp.cB _(18)(1.2)(1583) __ 297
N TS e aeess)

Peg =2 Yn Vn.Mp.exp.CB = 13,673 kips
M, yau =v1 OTM — Pep Leff = 125,077 kip_ft

pP=-2 Zn Vn.Mp.exp.CB - (12 Zn l:Tri.DL) - (05 Zn FTri.LL) = —20,644 kips
T=2 Zn Vn.Mp.exp.CB - (09 Zn FTri.DL) =9,219 kips

& FEMA M\zsese @

(Expected flexural capacity of CB)
(Expected shear strength of CB)
(Overstrength amplification factor)
(Axial force due to coupling action)

(Required amplified OTM)

(axial tension force )

46

(axial compression force)

46

8/4/22
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Design Of C-PSW/CFs

Wall Tensile Strength:

Por = Ag F, = (604)(50) = 30,200 kips

¢ Py = 27,180 kips > T = 9,219 kips
T

" = 0.35
L
Wall Compression Strength: | o pmmmm o b
b= Ste
™ \ D " Tie bar
Tension Compression te : !

C-PSW/CFs C-PSW/CFs
n 2" Steel Web

I
A simplified unite width method is considered Coupling Beam : —t—
to calculate nominal compression strength. - a4 i il Concrete
:
1
I
I
1
I
1

& FEMA M\zoese @ v
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Design Of C-PSW/CFs

Wall compression Strength:

Stie = 12in=1ft (Length of selected unit width)
Lyaiitotal = 48 ft (Total length of two C-PSW/CFs)
Pro = 2ty Sgie Fy + 0.85 f! (tsc—2t,) Sie = 1,518 kips (ANSI/AISC 360-22)

_ n? Eleffmin _

), = ——5— = 1797 kips
Ler

fro— 084 < 225 (ANSI/AISC 360-22)
) Pno

P, = Py, (0.685P¢) = 1,066 kips

Poctotar = Pnc Munit—wiaen = (1,066 kips)(48) = 51,168 kips

dc Pocrorar = (0.9)(51,168 kips) = 46,051 kips > P = 20,644 Kips

= 0.45

¢c Pnctotal

& FEMA Mz @ .

48
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Design Of C-PSW/CFs (Flexural Strength Tension Walls
~2.0E+6
Neutral Axis Neutral Axis E MP.T.wall
: : LSBT e
] | 2 0.6 Mp 1y,
: : E10B6 4/ - iy U R
ITension ! E ‘
1 1 S 5.0E+5
o Iy il = / El=5.55 x 101 (kip.in2)
z /I/ : . , 0.0E+0 ~ } }
ension ompression
C-PSW/CFS® 1 ® C-PgW/CFs 0 0.0001 0.0002
L ! / I Curvature (¢)
[ : Compression : .
. Force . Compression Walls
I 1
: ] l : 22'0E+6 _L {vI_P.C.wall —
. 1 S . ps 1
Plastic Stress Distribution: 5 1.5E+6
‘-/1 0E+6 0.6 MP.C.wall
PP I Ghqiguiy coa.... SR
Mp 1 wan = Mprawau = 1,598,236 kip—in. g
S 5.0E+5
Mp cwait = Mnrwan = 1,761,166 Kip—in. = Ely=7.21 x 10" (kip.in?)
0.0E+0 - -

0 0.0001 0.0002

N2 FEMA Mg;f‘g;ngosﬁscwc p Curvature (¢) .
49
Design Of C-PSW/CFs (Flexural Strength)
The effective flexural stiffnesses of tension and compression (Elr ,q;; and El¢,q11) L-shaped C-
PSW/CFs are used to calculated required flexural strengths of tension and compression walls.
- M = [ el | M, ,q = 652833 kipin.= 54403 kip-ft
U.T.wall (Elcwau+ ElTwail) r.wall p . p
- M = [ el | M, 0 = 848094 kip-in.= 70675 kip-ft
U.C.wall (Elcwau+ ElTwail) r.wall p . p
Ratio of demand to capacity:
My.Twall
= = =04
¢t MnTwall 045
. Mucwant _
¢t Mn.cwall 0.54
¥ FEMA M\ (@ 0
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P-M Interaction of C-PSW/CFs

Compression Walls Tension Walls
80,000 x 80,000 x -o-Nominal Capacity
~ Design Canuei

60,000 + 60,000 + o Dogy -apacity
= =
= 40,000 =2
(o] [0}
5] o
5 20,000 + 5
= =
= . A . H = H H

: 1 -e-Nominal Capacity } 1

20,000 ~+Design Capacity 20,000

40,000 ¥ ® Demand 40,000 ¥

0 50000 100000 150000 200000 0 50000 100000 150000 200000
Moment (kip-ft.) Moment (kip-ft)

Building Seismic
Safety Council P 51

51
Design Of C-PSW/CFs (Shear Strength)
Wall Shear Strength:
= Agwan =4 (Lw tp) + 2(tsc tp) = (4)(144)(0.5) + (2)(16)(0.5) = 304 in.2
= K, = Gg Agou = (11200)(304) = 3.39 x10° kips
™ — 0.7 (Ec Ac) (Es As.wall) — 6 1,:
KSC N (4Es As.waun) (Ec Ac) N 314 X10 klpS
Ks+ K.
= = =4 E, =14 ki
Vn.wall \/m s.wallly 906 1ps
= OVuwaen = 13416 kips > Vyywau = 2476 kips
. Yuwau _
¢vvn.wall 019
& FEMA M\ o @@ -
52
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Coupling Beam-to-Wall Connection

- - .
P >
e C-PSW/CF AN
4 Flange N
/ CJP Weld
/
/
/
/
i
|
| Fillet Weld
\
\
\
\
\
\
\

AN
N

/

Slots in|
C-PSW/(
Web

A
P

=

:{N’m\mg - .
B9 FEMA M\ sioress =
53
Coupling Beam-to-Wall Connection 1
C-PSW/CF
1” wider Web 1/2 *
* Coupling Beam-to-Wall Connection Details \ CBFlange 1/2° ——
(scaled specimen) et o g
C-PSW/CF
Web 1/2 *
CBWeb
3/8"
o /E CJP Weld
e
‘ CBFlange 1/2° ——
CJP Weld
C-PSW/CF
I Web 1/2 *
@ FEMA /M Building Seismic P "
éw Safety Council
54
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Coupling Beam-to-Wall Connection

Coupling Beam-to-Wall Connection Details
(scaled specimen)

CFEMA M\ s @ w

55

Coupling Beam-to-Wall Connection

Flange Plate Connection Demand:

*  Triange = min (1.2 RyF)Acp f, ReFyAcg ) = 594 kips

- L0t — 297 kips

Required Length of CJP Welding :

" % < ¢q06 FthB.fLreq. ¢a = 1.0

¢n =09
- Tflange _ 594 _ .
Lyeq. 2 2(¢a 0.6 Fytey) — 2(1.0)(0.6)(50)(0.5) 198 in.

= Lweld.f = 20in.

& FEMA Mz @ s
56

8/4/22

28



Check Shear Strength of Coupling Beam Flange Plate

Shear yielding of coupling beam flange plate:

= Af.SY = tCB.f Lweld.f = (05)(20) =10 in.2

“ ¢4 0.6 F Apsy =300 kips > L2 = 297 kips

C-PSW/CF
Web 1/2 “ \

1" wider

N

CJP Weld
Backing Bar
— 4

|

CB Flange 1/2 *

Filet K

Shear rupture of coupling beam flange plate: Backing Bar
Weld
= Af.SR = tCB.f Lweld.f = (05)(20) =10 in.2 \ CJP Weld
ange . CB Web i
“ ¢ 06 F, Apsg = 351 kips > ~L2° = 297 kips b e
& FEMA Mz @
57
Check Shear Strength of Wall Web Plates
Shear yielding of wall web plates:
_ _ PP C-PSW/CF
= Awsy = 2ty Lyeias = 2(0.5)(20) = 20 in? i 1//2 i
. T flange i CJP Weld
. 0.6 E, A, sy = 600 kips > L2429 = 297 kips
Pa y SwSY p 2 p 1" wider 7? Backing Bar
CB Flange 1/2 “
Shear rupture of wall web plates: \;“el; Backing Bar
e
= Awsrk =2ty Lyeiay = 2(0.5)(20) = 20 in.? \\ SR
ange ] CB Web C-PSW/CF
*  ¢n 0.6 E A, sg = 702kips > TﬂTg = 297 kips 3/8? Web 1//2 .
¥ FEMA M\zoes (@
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Check Ductile Behavior of Flange Plates

= ACB.f.n = bCB tCB.f = (16)(05) =8 in.2
~ R,F,Acsrg = (11)(50)(9) = = 495 kips
“  R.F,Acpn = (1.1)(65)(8) = 572 kips

j FEMA M\ %oz (@

= ACB.f.g = (bCB+21n) tCB.f = (16 + 2)(05) =9 in.z

In coupling beam flange plate to C-PSW/CF connection design, the available tensile rupture
strength should be higher than the available tensile yield strength.

(Gross area)
(Net area)
(Available tension yielding capacity)

(Available tension rupture capacity)

* RF,Acgsn= 572kips > Ry F,Acps,= 495Kkips

59

59
Calculate Forces in Web Plates
Ty.exp = 773 kips (Expected tension force of CB web)
Coexp = 217 kips (Expected compression force of CB web)
CcB.exp = 5-26in. (Plastic neutral axis of CB considering Mcg.p.exp.)
Twep = 1.2 (TZ.exp - CZ.exp) = 667 kips (CB web plates tension force)
_ CCB.exp hcp CCB.exp _ :
Myep = 1.2 (Tz.expT + Coexp T) = 407 kip—ft (CB web plates moment)
_ 12 Mp.exp.CB _ :
Vivep = 2 (L—) = 380 kips (CB web plates shear force)
CB
& FEMA M\sensoe @ .
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Calculate Force Demand on C-Shaped Weld

Tweb

TC.weld = = 333 klpS

M
Meoyora = “2”‘”’ = 203 kip—ft

web

VC.weld = > =190 klpS

Dpin = 3/16in.
Dpax = 5/16 in.

D =5/16in.

Dpin < D < Dpax

j FEMA M\ %oz (@

307
—
M
N Coupling (\
ﬁ Beam Web I T
Vv

A

S S

Fillet Weld Depth Reduction &
Weld Access Hole

61

61
Calculate Capacity of C-Shaped Weld
E L) —_ MC.web — .
ccentricity = —=== = 12.85in.
VC.web
LH.WEld.WZ 302 30"
c.g.= =
2LH.weld.w + LV.weld.w 2(36) + (22) g
ex = Eccentricity + (Ly.welaw — ¢-g.) = 31.88 in. (eccentric sh/e\ar force)
AY
X Coupling I T
L 30 —_—T
o= Hweldw _ 2 _ 136 N Beam Web T i
Ly wetaw 22 (AISC Steel Manual 15t WV
a= e _11_ 1.45 Edition Table 8-8) NS R
Ly weta.w 22 /
—
Pyweta = ®n Cgg C1-g3 (16D)Ly weiaw . Eccentricity
. . Fillet Weld
Pyweia = 334 kips > Veyerg = 190 kips
V
C.weld =062
PV.weld
FEMA M\ zensse (@ e
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Calculate Capacity of C-Shaped Weld

Prwetd = $n 0.6 Fyx 2 Ly wetaw0.7071D = (0.9)(0.6)(70)[2(30)](0.7071)(5/16)

PT.weld =501 klpS > TC.weld =333 klpS 30"
TCAweld — 067 -/‘
Prweta (tension force)
: Coupling ,” e
N Beam Web ‘o ;I'// l
- '
/' —
. Eccentricity
Fillet Weld
2 (Tewea)’
Capacity = ( ) ( e ) =(0.64)2(0.67)2 = 091 < 1
PT.weld
& FEMA M\zseso @ e
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Questions
¥ FEMA Mo (@ "
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DISCLAIMER

= NOTICE: Any opinions, findings, conclusions, or recommendations expressed in this publication do not necessarily
reflect the views of the Federal Emergency Management Agency. Additionally, neither FEMA, nor any of its employees
make any warranty, expressed or implied, nor assume any legal liability or responsibility for the accuracy, completeness,

or usefulness of any information, product or process included in this publication.

= The opinions expressed herein regarding the requirements of the NEHRP Recommended Seismic Provisions, the
referenced standards, and the building codes are not to be used for design purposes. Rather the user should consult

the jurisdiction’s building official who has the authority to render interpretation of the code.

= This set of training materials is intended to remain complete in its entirety even if used by other presenters. If the
training materials are excerpted in part for use in other presentations, we ask users to provide a reference/citation to
this document and related chapter authors and acknowledge the possibility of incomplete interpretation if only part of

the material is used.

j FEMA M\ ez
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