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ABSTRACT : This study investigated the tension-field action induced strip angle changes and deformed mode shapes of SPSW

for high-rise structures subjected to lateral forces. Based on the numerical analysis 3, 9, 14 and 20 story structures, shear

and flexural modes were identified by comparing the numerical analysis results to the predicted strength by theory. Shear

deformation mode exhibited a constant angle in tension-field; whereas, flexural mode of the numerical results, differed from

the tension-field action theory.
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Fig. 1 Strip model of a steel plate shear wall (SPSW)
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Fig. 2 Mechanism of steel plate shear wall (SPSW)
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Fig. 3 Deformation mode of steel plate shear wall
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Table 1. Material properties of model

Elastic Yield Ultimate | Ultimate
Member modulus stress stress strain
(MPa) (MPa) (MPa) (%)
Panel 1&2| 208,800 341 456 20.1
Panel 3 210,900 257 344 20.0
Panel 4 203,100 262 375 17.7
W310x118 | 203,000 313 482 15.5
W310x60 | 203,900 332 478 16.8
Wh30x82 | 206,100 349 493 15.5
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Fig. 7 Model element and shape
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Table 2. The comparison with the driver experiment

Experiment Yield Yield Ultimate
and analysis strength displacement strength
model (kN) (mm) (kN)
Drivers 2433.66 9.24 3100.16
experiment
Driver's
analysis 2621.50 10.20 2991.71
model
Verification | og/ g9 10.24 9979.10
model
Error 2.1% 10.8% 3.9%

126=) 20134 10



71AEE 1 RS ALsiels B

Al W2 R o ?‘ﬂ”‘ﬂ E9)E 0.8~
2,52 AFen Yt 712 Rezai™7F FHF Aol

o] ot AAB2S} FPH7 0.8 ol3l9) BeeshE 2EY
2 44l s F40 Ak 490 2Ed9RE
A3 e ol P 2EFRE /15
Eo oJgje] WA 2 %kﬁﬂA

3 DAV e Az

11_1,]_.__(4./\‘

rUO

tﬂ
=

:?1:
=
oy

SO 24 o o

oyl
O
m mlo

rr

l

U F

°
=
on
X
i _>.\i
Eﬁﬁﬁ

o mE rok MY Lo
=l
ON
ol _L]
PN o
m-ltl
rlo

e
o
-z
ot
ol
Xi
2
r
o
o
N
N,
4
o,
N
=R A}
&
=
)
e

O
o=~
i
>,

gg
ol
o e
o M oX
el [
)
0, fo
% =
il
o,
; 2,
B = o2 =2 40 g ot

B
-

(

ol
)
o
o,
ol

=0

Ny
i
d
it
S~
Ez
e
Ak
Ho
=Oé
iy
o,
e
e
2
fru
ofr
FIF

A=) E g
m—e;:
L
K
ol
kY
o,
)
o
=
ol}lr
-
BN
i
=
>
Lo

i)

1%

(o

ox,
_OL
2
-
PN
U m{u
)
offt
HE
ol
)
5
ofl
=
e
=
e
x
é{t

ikl
£38p7] Hsle] 12} AAs A (Static Ana1y51s)
% Z=3A (Eigen—value Buckhng Analysis),

A4 woz Wssd A7 At

12 -1 o ox o

. oy
e
SRS
rg
jg
rE rE
0 ot
é
=
rot,
e
1o

DO

2

T -\}

37

B Komo wu

o?r.,

31 M= 24

S STt e FAe FATH A Agkelr] $15k]
AISC Provisionol] 789 874%5S ©E58tes Al

1, 71e3 Be SAEAAR 275

Tl AHgE el g $S8400 el =A%
-5 235MPa, B 205,000MPa, 2%°] ¥3=
AgEAe =S JAAFE A Ao widdde
1 Y AREES o]deiith(Fig. 10(a). BAE
Ze 3589 326MPa, A1 205,000MPa, 2%°] ¥
= AstEHE zke SM490 AE At At wY
Sl S AaRDS Adeisith(Fig. 10(b).

(a) Inner plates (SS400)

(b) Boundary elements (SM490)
Fig. 10 Material models

e

EEELEE I £, £

Fig. 11 Boundary and load condition

3.2 IR B HAHEAH UH

q
QJsto] oz 1kNe| @9 stes A8e & x5t
ZeH oz FEO 13} HZFRES 2 &4 mdd 2714
o2 usiit.

aAENe] s fJel] Hats kel W 75
g EE % 1 ﬂMO% Xd ?4—*12%} S P-AEHE

rot
Hi
o
-
A
Lo
foi
rr
Ho
gl



3.3 aiiM dut

3.3.1 IA FH2H42H

DA AZANE 34 REMY A2 9 2
0% A7) Sletel SRR Fig. 1214} o] E

TEEAA 27] ¥ % 3 6}3—0]] ol&t xqw;/l—g:]‘y)r
o oJale] el A Q1%
o s A ¢%0ﬂ
g 73-‘% %ﬁli P 2

+ /\g

ol
_

MH‘rNru

N

m&r

41

x

n

Y

mﬁ B

S r‘frlrm‘"

o -y oF

m %w

_ —m{ﬂE
e o Lo

é TR
oﬂ_.ﬁ

lo, N‘—{EE

D =
ox ofl

rE ilgoﬂ_ol

itz

10 0.

A )

o= 10 % op 0 M fn A

ol
O

3l
w5
e
rlo
=
&
—
o
S
N
o
N
ox
olNr
Oii
é
X
=
N
N,
o
ot
o

ftl
[40
O
a2
o
ofl
>~
&
_\,L
8y
re
_>:L
o
o_>L
2 oBL
o O ¢
rﬁ
_ﬂ
2@
i
z M

2 3% %&%owb iA ﬂ—‘?—oﬂ 1
o Ze] AdwigoR Qe BE moi

wj7b & o] Rojxltt. ey 9% ofde

d AsS Holm AR e & A

F 715oA Ad3IA7E BT o2 <l

N
&u
o
ro, > ol
2 oF oy
S o 1o g -

=
fE ool Mo

=
ofj
)

(a) 3Story (b) 9 Story (c) 14 Story (d) 20 Story

Fig. 12 Each finite element model, deformation shape
and stress distribution

502 st=z7=xss =27 HM5E 55(5

126=) 20134 10

ARl P26 93 A5 Bk A3 A
gz B4 o) AN BB 2 SIS A
2 uglek) Reka e Zuele 23Ul wYgS
St EW, S} Bola s AA B2 PRgoz
Qstel 3ol A3 AUHo] AR 2YEP} AP

1 Sliwy

'

TRLLE ™

(a) Story drift of 3 story SPSW structure
9 Story

LoD 3030 3oL adasd aorc nazsa
EUAEFLE.

(b) Story drift of 9 story SPSW structure

T4 Saprw

& S S

(c) Story drift of 14 story SPSW structure
20 Sloey

& HA R 2N

(d) Story drift of 20 story SPSW structure
Fig. 13 Each model story drift



hy

¥ o) rE o oo 3o

3@ ox, do
O o o

w

rE S

S
)
=
e
M

o7

-

oY, %
oﬁjg
[ \V)
O.
= i
r

1..
¢

o

T-r;:

rol X
(ol
(e
1
K-y
1
st
_0|L
Eo
N,
n
ity
o2

>
i

|
>,
[
o,
10 {o of

oXx
= ol
")
= 5
=
re
oox
c ot N,
offl
>
lo
ol
[ms)
1%

ot b 9 r
Nl‘[‘oil?ﬁ

O:
3

fin O
it

=z
e
)
b
X3 T
1o
>
i
p
g
o\l
rﬁ

o

= o,
2

ro

+ Fig. 149} 2o] 7:‘74]*7\«] %l
e oz e 4 9

(Dl <8l 78 4 21?4
o 3] ABAS(k,) 2N 0] Aol
A= 71 ol Sx9 Aol At
o] EACIEIF ohd 2sh 7159 A
ZAAIZAE Aol TEAA|I7F ofd 3
o webd 2 (3)el s AR HA=AlTE Fo

r\1

0.

n

1o

oﬁ

%

2 To,

(o]
>

e}
o
[t

N o

=

1

ol
Rt
iH Lo

»
rr
"

10 Hn
N oy S
b &
Mo 2
2 S 2
c
j&’

2 oo o
2 ol
N

K )

o
-
=

k:STEQE t
Ty = 5\
T12(1-0%) L

_ L
k“_5'34+4(h5) for(L

)2
(1)

>

S

)>1

VS viD
—

sz ‘]
(c) Boundary
elements

T

(a) SPSW (b) Plate

Fig. 14 Shear strength of steel plate shear wall (SPSW)

h.
k=44 5.34(E ) for (—2) < 1
s g )
k :8.98+5.6(£)2for(h” )>1
s h, L’
ko= 5.6+8.08( L tor (1) < 1 (3)
S hs L -
PN, el FHAZYAN dgele s 99E Aws
o|FH HthHo| Fdsh LAl 7] dggudko g

Wgo] WAlsk Skt 7.

Fig. 159 o] 7kgio] 322 o qgele] 9o f =
2 (4)~(6)o2 7T 4 itk

Opa — fpyCOSQG (4)

0,y = fpysind (5)

o =1 sing (6)
Toy = Oy = 5 JpySin2a

(040 —0,,) + 0., + 0%, +60,, =20, (7)
V;, Pin-Ended Beanms

> y o,
oy Lo,
) h‘ Xy
ﬁn I L-O'n_
/{af %
r !
Fig. 15 Stress state at plate yield
Ve
L. ’ M:x: b
h
L
Fig. 16 Shear strength (V,;) of frame
u7xss| =27 H25H 5553 1265) 20133 108 D03



=l
oN

ol - ofofl - AR - 23 - LY

o

2] (4)~(6)E Von Mises FE7]F 2¢1 2] (7)ell tY _Af,—V,/AIL (12)
oi gl RS wf Qe 2 el eI Vi h
2e g 2 Ed wed Al ARRE(V, ' 4
§n

(8)7 o] #& 4 o™, o]& Berman? Bruneau 1% :M (13)
(2008)"7h Ak A} AR, i

=
I

-

B

V,,=0,,(tL)= (%fpysinQQ)tL (8

Tzo| ADFEES AN Slsle] Fig. 167 2o 22 3) M2t vl
o a 7 wd Jmbdchy g wuddE-ug 24S

fr Lo

-5 A3t AT 7hgehd, 2 Ba) g
a/gRAe] e ARAMET}F dsteE W= (V, )
(

2] (9)el] oJall ARk = Utk -
Vip = 2(M, g + My, + My, + M, 5)/ h (9) g
E & r""‘# it T T
e AS=(v,) e e AdA=(V,,)9
welEZz AWIE(V,,)9 For 78 F glov, A /
AR 28] ATEE A (10)%) o] ek 4 9l G L T A

(a) Base shear-displacement curve of 3 story SPSW

V, = %fpythinQa—l- (10)
2(My, + My + My + M, 5)/h f
i = PR e ———
2) ZwAREY By = e e et =
e AT (V) Fig. 17914 Ol tigk = 2 — ]
WE AglzAAo g 2= glom  7}tulo] oJgke 1 Denpiam et}
;i:%;}j} %;‘;f%OT Z;aj; :;_% OPJ_JTEJ_;_E‘; _TL;'?}?] (b)ﬁf%ase shear-displacement curve of 9 story SPSW
Aated 7159 e Fuel e FaEe $H(f,)E A el N S O A ) S A
9% % 7159 Al 3428 (f,,) 02 H3) i
&
i
> My =0;Vih+ V,L—Af,,L=0 (11) i I i =5
5 a0 0

) T ) e ) - P

0 Sl e e e v T

(c) Base shear-displacement curve of 14 story SPSW

v, | | o

Bane Swarlki)

h i
x 9,777////'-’.-1— g : :.--"'-m*-.-_'-_'.ﬁ'“:-m‘.h-.d._—-_-._'-r!-
—— ' w e T °©
AL, (d) Base shear-displacement curve of 20 story SPSW
Fig. 17 Bending strength of steel plate shear wall (V) Fig. 18 Each model base shear-displacement curve

Ot
()
=~
rot
Hi
oy
-
2
1ok
tolr
i
Ho
ika}
=
]
rH
ol
fol
ofm
rH
3
foi
N
=
wW
o
S
i



Fig. 18 Wepligle}. frgtedaidoie Als 2do]
e B AEsRdR 7}7é?ﬂ°ﬂ w}a} T e o]
Qe skee] A44E 34 &
Zo] Hulstse] 80% olatz Zfﬂ% @9& A olag
Table 39 7 Bdl JEFEe} F3kstzo] g 2 of
E4:E vlwsisi.

Table 394 4] (10)3} 2

W22 Bolo WHREE d3Y 4 9otk dSAEE A
F Ae gol 5] Belut

2 Gk Alo] g Bolw ANkl 7%501 M K
e Te AS st 18y 95 FEE9] A% 3%
FxE HF =& S HYon AT o EgI= o)

Table 3. Each models strength and deformation mode

2 Aol ugh ol AukAQ) PAle] Aol F Zo]
o w7} Aues 9 B9 A2 3

ol & ot wd, Bdweh AWAEY W(V,/V,)7)
AL

3.34 F¥
Fig. 19% JJFHOHT OMW ZAA= L R
of FEHHUHE HoFa v F3Eo Wk Ao
FS AT T, AsHE el
gl Wsls =23} st
T Akl ofs) o] A g 4 A
o

A gholeh. Al o)
7289 7% 4go] 71F4

2005 714131 4] (15)¢l] <)
AuEE 3% AR

I

W AR S Holn ek, el Ao Fo) A
Yield |Ultimate| Shear | Bending = = 7}3 Bq 230l AL = 7w
Model | Strength | Strength | Strength | Strength | Mode = 1483 205 ARy F2Ee A5 Hdte i
(kN) (kN) (kN) (kN) A 71Eg} 2 AolE Hola 9t} o] MY Mz &
3 Story | 2494.29 | 8402.50 | 8155.50 | 6335.68 | Shear olF A 1= TFEEO AL AvwwEd oF 2712
9 Story | 3152.84 | 5181.14 | 13395.35| 3736.22 | Flexural o ZElzl ATo] AgE 75d] AHAZ HYNA 2
14 Story | 2764.95 | 4590.23 | 20612.98| 2557.58 | Flexural o] WAEIQl] w0z AlEE)
20 Story | 1544.74 | 2212.18 | 16671.65| 1518.68 | Flexural
Table 4. Each model comparison of strip angle
3 Story 9 Story
Story 1 2 3 1 2 3 4 5 6 7 8 9
Theoretical 37 | 40 | 40 38 33 39 | 303 | 39 | a4 39 | 41 43
Value( °)
Hxperimental 37 37 37 | 4 a9 | w4 | 5| 45 | 46 | 45 | 47 4
Value( °)
Brror(%) 0 8 8 7 14 11 13 13 11 13 13 7
14 Story
Story 1 ] 21 3] 41151 617118 9 l1w0] 1] i12]13] 4
Theoretical 33 | 38 | 38 | 38 | 38 | 38 | 41 | 39 | 39 | 41 | 38 | 42 | 41 | 43
Value( °)
Hxperimental o7 | 41 | 42 | 43 | 43 | 43 | 43 | 43 | 43 | 43 | 4 | 4 | 42 | 43
Value( °)
Brror(%) M 7 101212125 9] 95 145 2o
20 Story
Story 112345 6] 78 ]olw0l11]12/138[14115]16]17]18]19]20
T&;ﬁg?‘éi‘l 33 |38 | 38|38 |41 39|33 |41 39|39 41|39 |39|39]|42]|41|41]|41] 41|43
E?;{é‘g}e?)tal 31137 |34 (35|40 |37 (38|42 |46 |42 |42 |41 |42 |42 |42 |43 |42 | 43 | 42 | 42
Brror(%) 2313|129 383|510 2 1172151717105 25]2]2
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