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Abstract: In order to improve the seismic performance of high-strength concrete shear walls, the high-strength
rectangular spiral reinforcements (HRSRs) are applied to the constrained edge members and wall body of high-
strength concrete shear wall. Through the seismic performance investigations of 10 high-strength concrete shear
walls confined with HRSR, and considering the strong constraint of HRSR, the bending moment curvature
calculation method of high-strength concrete shear walls confined with HRSR is proposed corresponding to the
cracking, yielding, peak and ultimate states. The study shows that the bending moment curvature formula of the
bending member can describe the load-deformation relation of the shear wall more accurately, and the calculated
values are in good agreement with the experimental values. Compared with the form of common stirrup, the
continuous closed HRSR can significantly improve the sectional bearing capacity and deformation capacity of
high-strength concrete shear walls.
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Fig. 1 Dimensions and reinforcements

arrangement of specimen

B Bt 43 1157 ] Popovics #5741 Fl Fafitis £ Shah £
U ik . BRSSO SOk [11] BRI A
[) — 4tk = SR AR T AR e AN A, L E I X U AEDIR S B
(BT ) B 2 R X N AR LT A, TR R i

AHRETY
HAMRFIEAW T
0.46
& =1+ 1.25(E) (1)
c0 c0
0.98
fﬁ-=1-+3546(15) )
L21] 0
_ a(&c/&cc)
ﬁ‘ﬁ{a—bu&mMJ @
E = a2 L Ecc 4)

&85 = &08s +3X 10%(0gv8cc)” = 52.5TpsvEec  (5)
K foo 5 e 705 N 2 TR B = (1 WA 87 g 0
ERAR ;s fioS eco 20 BN AE L) SRR B A (1 W AE N
FIUEAE RS, Hle = 0.002"; £ 5e 4 B Hks &
TR BT BRSO B AR s o Ay ] il 26 4]
BRI ETHEL R of K, R0 LT Bk
P E 2 PR R K . 355 05 73 T WL
5 AR 2 SRR R T T R B Y 85% B BT B
(A, fie S 240 ROV U 3k B W AF R 7 I o
Y48 A9 R L 20 ™ o, T ARTE 48 2
3 H4RpZk

B A [ 2K fr 8 A F T B9 3% 4 P-4
T[] i 2R I AL 2R AT L 2R il 2k, R R A
428, WMESHR. B My ggn My oy

My~ 9y My 0,58 BIZORTFELA L JER AT, EMH
PR PR BB p0 7 P 25 A g 2

4 HRSR E5&BE8 L5 OiEEEHE
TiE-HhEF1E

B DA A 3R D 1 HRSR = VR 5+ Y
JIRERAE, 2 B8 L300 5 KA A4 vy ok MR T i 7575 %o Vi
AR IER, Wil N R M IEFEER T
(P 0 32 R VTR, B2t R RRIEE 75 1Y HRSR (55 58 Vi
B 5E BB B AT - 2 T R
4.1 FHTFEMEHER

Bl 6 Jy Sl (1) HRSR i i VR 5% -+ BY ) 1l 1 3¢
AT AR oy A B o 4 BY AT A2 R X SR



126 T T

7

*1 AMERSH

Table 1 Parameters of specimens

SRS ARKEEmm ) " é‘J%iZJ_?%T@#F?))\ﬁﬁ i’\JﬁJZlé%ff@#?ﬁﬁﬁ - AT .
T ps/ (%) el psel/ (%) Ay KPS BESAH  pw/(%)
HCRCW-01 200 1.5 031 812 45 d5@55 15 0.38 d5@60 d5@60 0.65
HCRCW-02 200 15 022 812 45 d5@55 1.5 0.38 d5@70 d5@70 0.56
HCRCW-03 200 15 022 812 45 d5@s5 15 0.38 d5@80 d5@80 0.49
HCRCW-04 200 15 031 812 45 d5@45 1.8 0.47 d5@80 d5@80 0.49
HCRCW-05 200 15 022 812 45 d5@35 2.3 0.60 d5@80 d5@80 0.49
HCRCW-06 200 21 022 816 8.0 d5@55 15 0.38 d5@80 d5@80 0.49
HCRCW-07 200 21 022 4ble+adi2 6.3 d5@55 15 038 d5@80 d5@80 0.49
HCRCW-08 250 21 022 6P16+488 5.6 d5@55 1.5 0.38 d5@80 d5@80 0.49
HCRCW-09 200 21 022 812 45 d5@s5 15 0.38 d5@80 d5@80 0.49
HCRCW-10 250 2.0 017  4®12+6$8 3.0 d5@55 15 0.38 D8@100 D4@100 1.00
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Table 2 The mechanical properties of concrete r=1J :'r . c
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Fig.3 Displacement measuring point arrangement
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Fig. 6 Measured strain distribution of section at cracking state
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Fig. 9 Stress and strain distribution of
section at yielding state
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hw_x hw ’ hW ’
M, :Ccc(Tp)”"s(? —as) +T; (7 —as)+

hy hy — 21,
Tsw __lc_ 24
N o

Bz (16), K 21~ (24) AT RAF x, FI M,
44 WIREESHE

B AR R B 85% IR T I, %K
DX 24 T VR sk e I A 8 S A B AR R N AR ey o BE
ff, HRSR VBT A IR . 2B Bk
RASAN PG PR E « 32 hr A 25008 B PR Bt
PR R AT AR R AE MR, 52 X TR Bl R

ik B R R A B, R S M, = 0.85M,,
Ecou LY VR U5t L 5 B T o 28 DA A R 2 11 65% I
R NA T A S IR

Eccu =6 X 10%(0gy&cc )’ —332.51(psyEcc)+0.0208 (25)

BREIR 26 o, AT 32 5 15 AR TE B e XoF L )
i, H:
Pu = Eceu/ Xu (26)
BRI, I 4 Sk B 1 N AR A B TR
BT (NS, R SR X A G A
PR TSR sty 2R I AT BB s DX v P vy = o

5 HWEERSHWERXILESH

R ARZE 5 4 HFIH T 10 4> HRSR VR T 8Y
JIREFFRL S i AR A DA S WA R i KPR T
THEAASREE, Ak HCRCW-04 7E 8 14
XN 144, HCRCW-08 1 HCRCW-09 4 il £ BY
DI HE R X RN 4% B Ah B IR BN 5, R X = A
KT HEERS B RELH RN, RER
Ko EFHMSER ST, FIFRIE =AU 152,

x4 FHE. EREFHITEESREERNER
Table 4 Comparison between calculated values and test
values of cracking and yielding loads

TR JE ARR A
WIS R TR e WM T e
kN kKN iREE KN KN iR6E
HCRCW-01 25040 214.54  0.86 54350 51027  0.94
HCRCW-02 17470 171.84  0.98 45740 43296  0.95
HCRCW-03 20040 171.84 0.86  466.80 431.34  0.92

HCRCW-04 351.20 214.54 0.61 572.10  506.97 0.89
HCRCW-05 175.00 171.84 0.98 470.50 431.34 0.92
HCRCW-06 177.30 134.82 0.76 42831 437.58 1.02
HCRCW-07 17540 128.87 0.73 389.53  375.81 0.96
HCRCW-08 149.90 123.13 0.82 421.79 376.01 0.89
HCRCW-09 150.20 122.74 0.82 360.62  308.10 0.85

HCRCW-10 125.10 117.89 0.94 282.54  281.90 1.00

x5 BEFHITEESREENLER
Table 5 Comparison between calculated values and test
values of peaking load

 RB  EE AHE EE HE

WIS N Ao akN R f= AN AR
HCRCW-01 617.4 611.66 0.99 528.99 0.86
HCRCW-02 5448 558.84 1.03 482.59 0.89
HCRCW-03 556.2 554.11 1.00 478.05 0.86
HCRCW-04 666.8 610.36 0.92 529.72 0.79
HCRCW-05 555.3 560.15 1.01 487.76 0.88
HCRCW-06 514.8 562.77 1.09 476.20 0.93
HCRCW-07 470.9 479.28 1.02 411.57 0.87
HCRCW-08 509.3 458.27 0.90 395.63 0.78
HCRCW-09 426.4 395.80 0.93 341.46 0.80
HCRCW-10 340.5 330.59 0.97 291.41 0.86
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M 4 SR, FRRESFEZERK. FHiRk
PRI, E e PR R A B L AR A% S T ROIR
A, XMEHANE, 240 R AR LE nEd
T, M BAGMEME, H s ag e s i 29 )
TER, WREIE SR, tHE N R &K
ER, RS E0HHAE R

M 4 ATLLE H, iR HCRCW-01 FF 841 5%
R, U B 2 A 8k B A A L R 3 O T 4
FF 24 2 B 5 B0 AE L 13BN 0.873,
PRAEZE N 0.101, 225 RECH 0.115. 545 Kl
Ts, HERANUESH, BRAGHETEESK
WAL, EAYE. HA 4 HCRCW-06 il
HCRCW-07 158 K, =5 2[R 400 e 9 2%
K, FERAHGA R E MR, AR ST T
W DTER . A B AR S LA P 8
fHN 0.959, FrifEZ N 0.0385, 28573 RHCN 0.040,

o RIR f = fu B f = f, PR 70 HRSR
BY R, S5R WA 5. 18 11 24%H HRSR
e i VR P B g ik T R AR 43 AT S A AT T 4k
M, S5RUER, THE R 8 B S 5

{8 ELAE 1P 25018 v 1.024, FriEZEN 0.038, A RF
ZHCN0.037, NFE STTLUEH, 900 50 E
R sRERS, BRI f = i, BEMGHRYE R
i, EXHIRAI R RAAHFTR, P 3 0 AE i
BTN 52 J1AN i DR B T R BR TR SR . ik
TR, RERAf = fy, 20H 10% K%
i . nTLLEH, R H SRR T R e AN 5 20 R
1) v o VR sk E BY ) R R 08 7 4 A HE T B B o
B UL SR EE L B R R, I8 B AR E T
F WA S WEAE A TSR A BN & 2

F 6 4 T HRSR = 38 VR ¢ 1 85 1 55 % o B
BRI SR, g BT an, R
A SREE R ZEOR, TRHRITRRE . FEH
PRI T 224 ar B TCV2AE A 1 € FT 3280 iU /F HCRCW-
04 [RI7EBE PR XA A AN, a0 g AR i 00 98 P 4%
X2 a2 . ik HCRCW-08 K% #4485 X 4
HAERETEAN T, WREE STHREEZENR K. WK 6
ORI LAVE Y, IR B JE AR AT #RT, i Sl o
JE LG 38 0T & 3 O s A B IR AT s, AR
I 5 2l L )38 0 T A28 T Rl /)

*o BHEHRTEESRNEENER

Table 6 Comparison between calculated values and test values of curvature

TFEL /(<10 mm )

JE R #2/(< 10~ mm )

WA i %2/(x 10 mm ')

RS W ME A A ARG AE R0 TEAE TR AR AR WRIME A A AR
HCRCW-01 0.096 0.091 0.95 0.883 0.576 0.65 1.70 1.83 1.08
HCRCW-02 0.056 0.073 1.32 0.467 0.524 1.12 1.78 1.61 0.90
HCRCW-03 0.067 0.073 1.10 0.472 0.524 1.11 1.98 2.70 1.36
HCRCW-04 — 0.091 — — 0.575 — — 4.53 —
HCRCW-05 0.075 0.073 0.97 0.633 0.524 0.83 3.24 4.27 1.32
HCRCW-06 0.104 0.070 0.67 0.617 0.556 0.90 2.88 2.85 0.99
HCRCW-07 0.054 0.072 1.33 0.500 0.547 1.09 2.97 2.77 0.93
HCRCW-08 0.108 0.071 0.65 0.880 0.612 0.70 3.40 2.37 0.70
HCRCW-09 0.071 0.073 1.03 0.567 0.524 0.92 2.63 2.70 1.03
HCRCW-10 0.054 0.074 1.36 0.700 0.586 0.84 1.15 1.42 1.23

6 %Eip (2) 1] HRSR 23K 1) v s R it 8 o k%, fig

ASCiE X 10 A HRSR & oy &t £ 87 fy R
PERIALE: 7RI T S B S 0T, S HLL R 4L

(1) & F HRSR X =y dit L2 R AEH, H
AR A A A T R AR A3 A SEIAE, A DY A e A
A, %57 HRSR o bt 80 s 24 JE R
W L 7R AR I A DR A %o I 11 25 - ol 2R B v
i 5 R R, HirEE SR EY &R
U, RAAR SR LB A

8 78 43 K HE D5 1 B b 5 B DL R VR 45 - 1) BT s 5
B, kB E AR ). ARILGIER
SRR T R o AR NE A A, TE A B IR RRAS
B % o [X VR 458 1 4 35008 1) 240 SRR B - B R 5
D] v BB SR FH 24 SRR - AR G 2R

(3) IS 45 FR W, HRSR ok VR 185 )4
B PR IX A ey o R T MR 4 71 T DA 4 v L AR 2
JIFIABTERE )1, ARSCAEAF SR, K3 R 1



132

T ™

s
&

i

S HORE HCRCW-08 f1 HCRCW-09 5

BN RS, Nt E M .

EEP S

(1]

(6]

XSHIEL, 2= Fy 5y, X, sl aE. & i PR e 0%
BT JusE TR M R I B AR B T )] TR,
2020, 37(1): 63 — 72.

Deng Mingke, Li Qiqi, Liu Haibo, Jing Wubin.
Experimental study of seismic behavior and shear
strength calculation of high ductile concrete low-rise
shear wall [J]. Engineering Mechanics, 2020, 37(1): 63 —
72. (in Chinese)

GB 50011—2010, ZHHUE BEHE [S]. Abat: HE#
Tk AL, 2010.

GB 50011—2010, Code for seismic design of buildings [S].
Beijing: China Building Industry Press, 2010. (in
Chinese)

FESFS, BEXCC, e L. 4 i A e 1 e VR TR L B )
ARSI HT[I]. V2 FRHBOR 22 3R (A AR R,
2011, 43(3): 367 — 373.

Cui Xiaoling, Liang Xingwen, Gao Duixian. Loading
capacity of high performance concrete shear wall with
end columns [J]. of Xi'an University of
Architecture and Technology (Natural Science Edition),
2011, 43(3): 367 — 373. (in Chinese)

Prasenjit S H, Lakshmi V P M. Experimental
investigation of reinforced SCC beam-column joint with
rectangular spiral reinforcement under cyclic loading [J].
Construction and Building Materials, 2019, 209: 171 —
185.

Jing D H, Yu T, Liu X D. New configuration of
transverse reinforcement for improved seismic resistance

Journal

of rectangular RC columns: and axial
compressive behavior [J]. Engineering Structures, 2016,
111: 383 —393.

R, SLRET, B e RSB BE R h 2 K
IEPERI TS, TAEJ%, 2019, 36(12): 165 — 1762.

Wang Bin, Shi Qingxuan, Cai Wenzhe. Curvature

concept

analysis ductility calculation of flanged shear walls [J].
Engineering Mechanics, 2019, 36(12): 165 — 1762. (in
Chinese)

B, WAL, XOWIRE. 25 P& 20U G A A R ) =
SR VEE HE B 05 S - o A SR il e S O ().
S 541, 2009, 30(34F 2): 62 — 67.

Liang Xingwen, Zhao Huajing, Deng Mingke. Moment-
curvature relationship analysis of high-strength concrete
shear wall with partially confined end—zones [J]. Journal
of Building Structures , 2009, 30(Suppl 2): 62 — 67. (in
Chinese)

BAAERE, B T, RYEL, SRR, R AT R A 5 20
W SRR BT SRR BEWT FU[T]. ARG R A,
2018, 39(4): 54 — o4.

Zhao Huajing, Li Qingning, Jiang Weishan, Zhang
Xinghu. Experimental study on seismic behavior of high-
strength concrete shear walls confined with high-strength
spiral reinforcements [J]. Journal of Building Structures,

[10]

[11]

[12]

[13]

[14]

[15]

[18]

2018, 39(4): 54 — 64. (in Chinese)

Huajing Zhao, Qingning Li, Can Song, Haotian Jiang, Jun
Zhao. Seismic tests of RC shear walls confined with high-
strength rectangular spiral reinforcement [J]. Steel and
Composite Structures, 2017, 24(1): 1 — 13.

DBJ 61/T 119—2016, 7 5 4 ) £ A Ak - 45 # AR
2 [S]. b5t o g A4 Tl A, 2016.

DBJ 61/T 119—2016, Technical specification for high-
strength stirrup confined concrete structures [S]. Beijing:
China Building Materials Industry Press, 2016. (in
Chinese)

Py, S PR, XA e o A 1 2 PR i 9 R o A
AR AL [T]. LR AR, 2013, 46(1): 34 — 41.
Yang Kun, Shi Qingxuan, Zhao Junhai. Study on the
constitutive model of high-strength concrete confined by
high-strength  stirrups [J]. China Civil Engineering
Journal, 2013, 46(1): 34 — 41. (in Chinese)

Popovics S. A numerical approach to the complete
stress—strain curve of concrete [J]. Cement and Concrete
Research, 1973, 3(5): 583 — 599.

Fatifis A. Lateral reinforcement for high-strength concrete
columns [J]. ACI Publication, 1985, 87: 213 — 232.
Mander J B, Priestley M J N, Park R. Theoretical stress-
strain model for confined concrete [J]. Journal of
Structural Engineering, 1988, 14(8): 1804 — 1826.
U, B ZR. A L R BT A AT (M. db s T
R AL, 2012,

Guo Zhenhai, Shi Xudong. Reinforced concrete theory
and analyse [M]. Beijing: Tsinghua University Press,
2012. (in Chinese)

Hebiai, BL5, RAE R el LA R e BT RE BT
Rk BE RIS AT [J]. R LA 72 4R, 2008, 29(2): 43 —
50.

Qian Jiaru, Wei Yong, Zhao Zuozhou. Experimental
study on seismic behavior of SRC shear walls with high
axial force ratio [J]. Journal of Building Structures, 2008,
29(2): 43 — 50. (in Chinese)

e, WS K, JE RS, TRk, B AR R s 8T )
s 75 7R ) B T AR T e Tt D7 R R[], AR
J1%, 2017, 34(11): 175 — 183.

Bai Liang, Xie Pengfei, Zhou Tianhua, Zhang Yi. Study
on design method of axial force-moment capacity and
sectional deformation capacity of steel tube confined
high-strength concrete shear walls [J]. Engineering
Mechanics, 2017, 34(11): 175 — 183. (in Chinese)

S, RN, MO RFEE. Ry F R 1 £ 4 1 iR R ot - B
7185 R Re A AL [J]. LR J1 %, 2015, 32(2): 120 —
130.

Dang Zheng, Liang Xingwen, Deng Mingke. The
compression-bending behavior of shear wall with fiber-
reinforced concrete in bottom region [J]. Engineering
Mechanics, 2015, 32(2): 120 — 130. (in Chinese)

L, PR R B AR vt IR (M. bt
FEF T H R, 2011

Liang Xingwen, Shi Qingxuan. Concrete structure design
principle [M]. Beijing: China Building Industry Press,
2011. (in Chinese)


https://doi.org/10.1016/j.engstruct.2015.12.014
https://doi.org/10.12989/scs.2017.24.1.001
https://doi.org/10.12989/scs.2017.24.1.001
https://doi.org/10.1016/0008-8846(73)90096-3
https://doi.org/10.1016/0008-8846(73)90096-3
https://doi.org/10.3321/j.issn:1000-6869.2008.02.008
https://doi.org/10.3321/j.issn:1000-6869.2008.02.008
https://doi.org/10.1016/j.engstruct.2015.12.014
https://doi.org/10.12989/scs.2017.24.1.001
https://doi.org/10.12989/scs.2017.24.1.001
https://doi.org/10.1016/0008-8846(73)90096-3
https://doi.org/10.1016/0008-8846(73)90096-3
https://doi.org/10.3321/j.issn:1000-6869.2008.02.008
https://doi.org/10.3321/j.issn:1000-6869.2008.02.008
https://doi.org/10.1016/j.engstruct.2015.12.014
https://doi.org/10.12989/scs.2017.24.1.001
https://doi.org/10.12989/scs.2017.24.1.001
https://doi.org/10.1016/0008-8846(73)90096-3
https://doi.org/10.1016/0008-8846(73)90096-3
https://doi.org/10.3321/j.issn:1000-6869.2008.02.008
https://doi.org/10.3321/j.issn:1000-6869.2008.02.008
https://doi.org/10.1016/j.engstruct.2015.12.014
https://doi.org/10.1016/j.engstruct.2015.12.014
https://doi.org/10.12989/scs.2017.24.1.001
https://doi.org/10.12989/scs.2017.24.1.001
https://doi.org/10.1016/0008-8846(73)90096-3
https://doi.org/10.1016/0008-8846(73)90096-3
https://doi.org/10.3321/j.issn:1000-6869.2008.02.008
https://doi.org/10.3321/j.issn:1000-6869.2008.02.008
https://doi.org/10.12989/scs.2017.24.1.001
https://doi.org/10.12989/scs.2017.24.1.001
https://doi.org/10.1016/0008-8846(73)90096-3
https://doi.org/10.1016/0008-8846(73)90096-3
https://doi.org/10.3321/j.issn:1000-6869.2008.02.008
https://doi.org/10.3321/j.issn:1000-6869.2008.02.008

