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Abstract

Reinforced concrete(RC) structural walls are major lateral load-resisting structural member in building structures. Generally these
RC structural walls are coupled with each other by the coupling beams and slabs, and therefore they behave as RC coupled
structural wall system. In the design of these coupled structural wall systems, member forces are calculated using elastic structural
analysis. These elastic analysis methodologies for the design of coupled structural wall system was not reasonable because it can not
consider their ultimate behavior and assure economic feasibility. Performance based design and moment redistribution method to
solve these problems is regarded as a reasonable alternative design method for RC coupled structural wall system. However, it is not
verified under various design parameters. In this study, nonlinear analysis of RC coupled structural wall system was performed
according to various design parameters such as reinforcement ratio, ultimate concrete strain and wall height. Based on analysis
results, design considerations for coupled RC structural wall system was proposed.
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Fig. 1 Strength of RC coupled structural wall system
(Paulay and Priestley,1992)
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Fig. 2 Moment redistribution of RC coupled walls
(Paulay and Priestley,1992)
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Fig. 3 Longitudinal-and-diagonal-line-element-model(LDLEM) for reinforced concrete walls(Kim et al., 2011)

FHMATEEEE =22 H30H M4=(2017.8) 353

e



= ls AZ(: l
Egx 94} AXshs A2y EAEY J|d dHow
Btk (Fig. 3(b) Fa1). ok & RdyE S Aol

A8 (Fig. 3(c) ). Fig. 3(c)ol Jepd upe} 2o
7t Egle 2ARE Q4o 74 g & wA Bl AQld
4 215 YeRlH, Oesterle 5(1984), Vecchio®} Collins
(1986), Benzs 5(2006)°] Aol 2w HA| E5o] ARG
a7t 0= 74 9 73 A2 meh dukdos 35°~
2 ZARE 940 THA 4,
519] T 27 ek TR o s 2 (3)3’%

Ay =hyb,cosb, (3)
A71M, b, BA BRe 9HE b = WA R FAE
on|gtt(E AFelME AL Helg ¢ BA EHo
FAE AL h, 02 JPFBIGh. o¢ Zo] tjF Erjx
FAYE 240 RS B3 HYAe] Yo oo AAAETS
el "ok Kim 5(2011)& 7]1& 972 53 919 22
S A S 29 ANEL S A g8t HE RC FRYA
Alzelo] v]Ag aA] Aot AE vlo[E & Hlwslglon,
ANED A4S B3 HE RC FREA9] HE3 vAyg A%
dZo] 7hsdhe Aot mEtA # dAFx = LDLEM
RS ALgalo] W RC FREAIA 2 7S ST

3.2 Alged

LDLEM AAl 84

Stress

Strain
(a) Kent-Scott-Park concrete (b) Giuffre-Menegotto-Pinto
model model

Fig. 4 Material model

354 FEMMTREESE =2F H30H H45(2017.8)

TA=H, Fig. 4(a), Fig. 4(b)9} o] HIEH AES vkt
$E-HYE AR 2 ES A2 Als BdS F ot
ZAE B A2 HAdY AsE s fal, 22 E
A8 2L Kent-Scott-Park(1971) 29l Agslgla, &
ANEEDL Giuffre-Menegotto-Pinto(1973) Zdl&
al5itH(Fig. 4(a) 2 Fig. 4(b) #a1).

d

3.3 M= ¥ A%

Fig. 5(a)& LDLEM< A&¢ HA9 sjxrde] dA&
HojFrh, A Rde Ao wel @A o JiE
Z43tth. LDLEMS] he]9 2 =]

= dAglol 1670 F32E 3 2 o] W3 Ev
820 2709 FAYE 7 U3 Efs 94R

o]Fojx Ut} /Y HAE ole dZHE dd

QAR Wra 7z 4 A7 Y 2 FEERE 1Y
4 & Fiber model(Opensees, 2006)& AM-8lC
RHE Hog 7t 28 ANt Kwon et al(2013),

Kim 5(2017) &< Oifrhoﬂ o5k, RC :[L BH 2 A=

Ho JE e

Type 1 Type 2 Type 3
Story height(m) 4.0
Wall thickness(m)| 0.3

Flexural
reinforcement 1.0
ratio of beam(%)

h(m) 40(10 floor) | 80(20 floor) | 120(30 floor)
P(N) 0.24, fer 0.24, fer 0.24, fer
1y(m) 5.0 5.0 5.0
Iy(m) 5.0 5.0 5.0
D1(m?) 117 117 117
D2(m?) 1.17 1.17 1.17

Acy(m2) 0.09 0.09 0.09
' fa(MPa) 30
L1 4 2 Parameter for moment redistribution
|||||||- g '||| a(m?) analysis
[T | e
B) m 4 Agp(m?) 0.09 0.09 0.09
|||i I||||!|'!|!m| ililq falP) >
Lz ) Parameter for moment redistribution
il
£, (MPa) 400
Ill“.l" Asm?)| 015 ‘ 0.15 ‘ 0.15
(LTI Fiber |f.(MPa) 30
- modell owy| ooots | ooo1s | o001
fy (MPa) 400

(a) LDLEM model (b) Analysis model type with various
design parameters

Fig. 5 LDLEM modeling for nonlinear analysis
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Table 1 Strength of Type 1 model according to reinforcement ratio

Strength of Strength of . Strength . Yielding of
Model nonlinear difference ratio .
performance-based R all coupling
(l,—l,—h—d—P— 51— 52) desiegn (kN-m) (A) analysis of A,B beam
esig (kN'm) (B) (1-A/B) (%) e
W1L5-W2L5-H40-d0.5-P0.2-S10.010-S20.010(Type 1-1) 75135.93 71866.04 -4.5 O
W1L5-W2L5-H40-d0.5-P0.2-S10.009-520.011(Type 1-2) 74876.37 71846.07 -4.2 (0]
W1L5-W2L5-H40-d0.5-P0.2-S10.008-520.012(Type 1-3) 74598.97 71830.50 -3.9 (0]
W1L5-W2L5-H40-d0.5-P0.2-S10.007-S20.013(Type 1-4) 74302.81 71792.91 -3.5 (0]
W1L5-W2L5-H40-d0.5-P0.2-S10.006-S20.014(Type 1-5) 73986.84 71729.18 -3.1 (0]
W1L5-W2L5-H40-d0.5-P0.2-S10.005-S20.015(Type 1-6) 73649.87 71636.66 -2.8 (0]
W1L5-W2L5-H40-d0.5-P0.2-S10.004-S20.016(Type 1-7) 73290.58 71547.38 -2.4 (0]
W1L5-W2L5-H40-d0.5-P0.2-S10.003-S20.017(Type 1-8) 72907.49 71406.69 -2.1 O
WI1L5-W2L5-H40-d0.5-P0.2-S10.002-S20.018(Type 1-9) 72498.97 71245.16 -1.8 O
W1L5-W2L5-H40-d0.5-P0.2-S10.001-S20.019(Type 1-10) 72063.17 71047.50 -1.4 O
80,000 80,000

£ —_— G -

> 60,000 A > 60,000 i

& &

E 40,000 ; E 40,000

E [ mBeam1  sBeam2  xBeam3 E ——Typell e Type 1-2

E = Beam 4 * Beam 5 + Beam 6 f ----- Type 1-3 =" Type 14

.g 20,000 - g 20,000 == Type 1-5 —Type 1-6

L2 - Beam 7 Beam 8 + Beam 9 = | Type1-7 - Type 1-8

= Beam 10 Wall 1 Wall 2 -=-Type 1-9 == Type 1-10
0 T T T T T T T 0 T T T T T T T

0 0.5 1 1.5 2 2.5 3 3.5 4
Drift (%)

(a) Yield point of Type 1-1 model members

0 0.5 1 1.5 2 2.5 3 3.5 4
Drift (%)

(b) Actual behavior of Type 1 model

Fig. 6 Result of Type 1 model using nonlinear analysis
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Fig. 7 Actual behavior of Type 1-1 under different
strain level

Table 2 Strength of Type 1-1 under different strain level

Strength of |Strength of (i?ll":fegrfi
Model performance- | nonlinear .
. . ratio of C,D
(Stran) based design analysis (1-C/D)
(kN'm)(C) | (kN'm)(C) (%)
Type 1-1-A(0.003) 75135.92 71866.04 -4.5
Type 1-1-B(0.004) 75135.92 73316.04 -2.5
Type 1-1-C(0.005) 75135.92 74542 .82 -0.8
Type 1-1-D(0.006) 75135.92 75450.36 0.4
Type 1-1-E(0.007) 75135.92 76180.79 1.4
Type 1-1-F(0.008) 75135.92 76834.56 2.2
Type 1-1-G(0.009) 75135.92 77406.40 2.9
Type 1-1-H(0.010) 75135.92 77890.41 3.5
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Fig. 8 Comparison of compressive/tensile stress between Type 1-1-A and Type 1-1-H

Table 3 Strength of Type 2 model according to reinforcement ratio

Strength of Strength of . Strength | vielding of all
Model performance-based| nonlinear difference ratio .
(l,—ly,—h—d—P— 51— 52) design analysis of A,B coupling
(KN'm) () (N'm)(B) | (1-A/B)(%) beam
W1L5-W2L5-H80-d0.5-P0.2-S10.010-520.010(Type 2-1) 95302.93 90007.39 -5.9 0
W1L5-W2L5-H80-d0.5-P0.2-310.009-S20.011(Type 2-2) 94790.33 89945.38 -5.4 0
W1L5-W2L5-H80-d0.5-P0.2-S10.008-S20.012(Type 2-3) 94255.12 89694.88 -5.1 )
W1L5-W2L5-H80-d0.5-P0.2-510.007-S20.013(Type 2-4) 93695.61 89405.43 -4.8 )
W1L5-W2L5-H80-d0.5-P0.2-S10.006-520.014(Type 2-5) 93109.98 89249.85 -4.3 0
W1L5-W2L5-H80-d0.5-P0.2-310.005-S20.015(Type 2-6) 92496.24 88896.82 -4.0 0
W1L5-W2L5-H80-d0.5-P0.2-S10.004-S20.016(Type 2-7) 91852.27 88747.95 -3.5 )
W1L5-W2L5-H80-d0.5-P0.2-510.003-S20.017(Type 2-8) 91175.75 88150.25 -3.4 @)
W1L5-W2L5-H80-d0.5-P0.2-S10.002-520.018(Type 2-9) 90464.19 87962.88 -2.8 0
W1L5-W2L5-H80-d0.5-P0.2-310.001-S20.019(Type 2-10) 89714.89 87785.80 -2.2 0
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Fig. 9 Result of Type 2 model using nonlinear analysis
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Table 4 Strength of Type 3 model according to reinforcement ratio

Strength of Strength of . Strength | Yielding of
Model performance-based nonlinear difference ratio .
(l,—=ly—h—d—P—51—52) design analysis of A,B all coupling
(KN“m) (A) RNm)B) | (1-AB)%) | Peam

WI1L5-W2L5-H120-d0.5-P0.2-S10.010-S20.010(Type 3-1) 111934.88 103491.89 -8.2 X

WI1L5-W2L5-H120-d0.5-P0.2-S10.009-S20.011(Type 3-2) 111167.89 103105.01 -7.8 X

WI1L5-W2L5-H120-d0.5-P0.2-S10.008-320.012(Type 3-3) 110370.86 102443.59 -7.7 X

W1L5-W2L5-H120-d0.5-P0.2-S10.007-S20.013(Type 3-4) 109541.33 101782.18 -7.6 X

WI1L5-W2L5-H120-d0.5-P0.2-S10.006-320.014(Type 3-5) 108676.70 100875.24 =7.7 X

WI1L5-W2L5-H120-d0.5-P0.2-S10.005-320.015(Type 3-6) 107774.18 100358.16 -7.4 X

WI1L5-W2L5-H120-d0.5-P0.2-S10.004-320.016(Type 3-7) 106830.85 98385.82 -8.6 X

W1L5-W2L5-H120-d0.5-P0.2-510.003-320.017(Type 3-8) 105843.58 96420.17 -9.8 X

WI1L5-W2L5-H120-d0.5-P0.2-S10.002-520.018(Type 3-9) 104809.04 93453.10 -12.2 X

WI1L5-W2L5-H120-d0.5-P0.2-S10.001-820.019(Type 3-10) 103723.71 90817.85 -14.2 X
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Fig. 10 Result of Type 3 model using nonlinear analysis
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