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Restoring force model for bolted-connection assembled shear wall
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Abstract: In order to further improve the construction efficiency and structural integrity of precast reinforced
concrete (RC) shear walls, a bolted-connection assembled shear wall ( BASW) with integrated steel connection
joints was proposed, including fully assembled shear wall and semi-assembled shear wall with cast-in-place edge
members at both ends. One piece of the cast-in-place ordinary concrete shear wall, three pieces of the fully
assembled shear wall, and three pieces of the semi-assembled shear wall were designed. The comparison parameters
were assembly methods and shear-span ratio, and quasi-static tests were carried out. Test results show that the
shear-span ratio and assembly methods had significant impact on the seismic performance of the shear wall. Due to
the connecting steel frame, the failure surface of the fully assembled shear wall was lifted, and the peak bearing
capacity was higher than that of cast-in-place and semi-assembled shear walls with the same shear-span ratio.
Combined with numerical analysis, the influences of the parameters such as assembly rate, shear-span ratio, axial
and edge component size on the skeleton lines and hysteretic

the three-fold skeleton line model and

compression ratio, edge component hoop ratio,
performance of the specimens were studied. According to the results,
restoring force model of the new type BASW were established. It was found that the proposed restoring force model
was in good agreement with the test curves, which can reflect the hysteretic performance of the wall. This indicates
that the models can be used for the elastoplastic analysis of these types of BASWs.
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Fig.1 Schematic of the connection frame of the proposed
bolted-connection assembled shear wall
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Tab.1 Parameters of specimens

XS R REIrRX EERST/mm DY BE
XJ 0.2 BB 1800x1000x100 1.8

QzP-1.8 0.2 435 1800 x1000x100 1.8

QZP-1.4 0.2 SERT 1400 x1000x100 1.4

QZP -1.0 0.2 AHERE 1000 x 1 000 x 100 1.0
BZP-1.8 0.2 AR 1 800 x 1 000 x 100 1.8
BZP -1.4 0.2 AL 1400 x 1 000 x 100 1.4

BZP -1.0 0.2 A2EH 1000 x 1 000 x 100 1.0
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Fig.2 Dimensions and reinforcement of specimens ( mm)
L75x50x8 100 ) 1000 o 574 ,
l [ ]
1=8
—\ 0
s RS ° o o o o c o0 o0 o o o o o
g o © (o] © (o] © < c o © < (&1 < (o]
S <t
o AL W L
& 50 61 61 828 61 6150 41 82x6 41
(a) b REHEA (h) QZP -4k (c) BZP R
1=8 . 1000 o 574 l
S o © O (o] © o e © ¢ © © (o] o (o]
: 8 6 0 06 © o o © o c o © o o °
o
&
L] Lo N
=7 100 50 61 61 82x8 61 61 50 41 82x6 41
(d) THE#I (e) QZP TNtk (f) BZP T #iHi
3 EEMRS(mm)
Fig.3 Dimensions of connection frame (mm)
R2 WEME iy e AL 1) it IR Ao 280 K% S RS2 A%, il it i 1,23
Tab.2 Material properties of reinforcements and steel plate 3.544.55 mm ST B, GRITETHEH —IK,
A B 7T A % S ) AN b sk R A3 4 S e Mgap
G g e o MERIEIR SRDUIRAFS BT INL, SRS 3 U, ik
Gha % TR 7R R AR ZE A0 FROR BT ) 85% IR, il R
A HRMODGS 93 sle 208 ISR SRS BT BT
I\ HRB400 ¢ 10 387 501 183 20.5 . z
%% HRB300 ¢ 6 203 412 215 23.0 o J ‘
- FRE_AtE
HIHE 8 mm JE Q235 209 373 201 30.0 = 5

1.2 mEHE

AR YR A6 0 A3 s R UL 4 R P AR L
KIS 50, T R TR 1 o) T - To0MGE 4 7 ol s
318 kN(HlJR L 0.2) JRMHAR R S BeEE . F
K1 MTS A 5l 25t in 7K -1y 28, £ 0 28 A1y 399 LA
BUINEAAZ I H R0 I SMI A F) 1A {ELHT LA

EEN

NN WA

e 3 L N
m s
- . r

Spansmmne i f

AR s WA N Y
B4 H{wmERE
Fig.4 Test loading device



- 58 - LS S N AP NI 554 &
30 1. O PR 1 itk B v 50 28 SCRE 2L 5% BT 385 310 il O R B
2 | 7o AR R A BIIE S 0 322 R

I AVA/\A/\/W\AM'
I

-20

%% /mm
=}

=30
piliEaes
ES5 mEHETE
Fig.5 Loading path
L3 REERRSH
L3.1 BERR
T AP R AL 6, nl A ), 2e4E
RS20 b g LR R T A B 22 5 . RVA LAY
PELE 1.8 AARR T 8 E L R I BE B Sy i i £ ¢
BEI R K- ) (452 75 4% , KT 5% e vy L RS
TE2/3 BEm LT MBS L 1. 4 B9 PR 55 B 32 59 Rt
ZLEENI W AEAN, LIS B Bl g 1Rl R BT RS 1L

(f) BZP-1.4

(¢) BZP-1.0

TREIR , foc A4 Oy 52 L 0 4 A3 5 T L2 B 52 s ) B
JRCREBE - 35t , WL 6 (h) o 6 ANAEHE BT g 3 i Y
EEHE DR SEUF, oR ) BLAR AR P gl | AR I A5 A 4 X
IR, 8 37 2 DX AR e 1t 52 T 8 1) 1 7 A B K F- 59
Jite i , W L R RIS R B R

X 6(a) ((b) \(e) KXRE 3 A4 14 1 i 5
IR A, X T 18 By LR 1, e T U0 4
PFEIRE IR R I AN O, 2 BC A F 19 000 B0 58 100 %
e 55 U s B 52 S T A 1 B] 2R . T L
BTRSEE 1. 4 iR B AR PO, iniE 6 () KA
6 (f) 7, 22 BHIHD Y B 1 15 [ SR 4E T >4 09 85 L
1O B, & 6 (g) Fron, 22 5 i 448 B2 B
LI UL BEE B 5 LE AR D0/ ), < e 50 BY 45 A9 1%
[ 52 ST 52 IR, ARG B v IR AT 52 B T it
BRI

) i — A W A5 4 5
"

1
ﬂ‘ =5

007

by

aa) e

LPT]
- v

(d) QZP-1.0

Mg
WEE N I
BT

(h) A M B R AR

6 HHREBITFHES

Fig.6 Final failure form of each specimen

1.3.2 fif ol 4 A0 B 2R
7 A3 PR A i ] 2 Y B R A W A AR B
(A7), L8 4 2 e A~ 2 e B 1 S ST mR AR e

RESI RLAF . W I —E 1 248" LR, S 5
TREE I 25 NI K e — R 1 %, LK
FRIEAIRENRD I R A 5%, JUHORAE I 39, W R 3



54 3] E AN SRS

P BT Jyd K S A - 59 -

PN L TR e 35 L R A

MIELT (h) BB 240 LT B/ 3] 1) 7 A AFRY
HIREARMA R B[R], BB D T R I 2R (1
YRR B JT 2B A B BE L A 4 5 S P B B
W FRBIR B Beix 4 A~ SR B 5 2) 35 00 46 W 32
BTRE LUSE B, 39 5 L /0N A [ 2 5 g 55 A 4 11
JERER 53 ) [A) BT 85 LAY 4% o B9 3 S~ A e B )
o 5 6T I IR 5E T 7 i 90 Y ) 2 B A — B, U A AR S
12 H I 2 P i SRR L A 2 5 R A I G

HI2E, BE A BY 5 L A /)N R I (B 7 2 38 R, DA
BYES L 1.8 Fl 1.0 114 4 e BY g 355 Ry 151, 0 {0 7K 2%
J153 518 283. 7 F1341. 8 kN;5) 4B i 5Y ) 455 i g
(B 7R ZE A b T R BT 5 LU (0 B8 S 26 e BT 7 4% 2
=, LAY 5 L 1.8 Sy o, = 3 W E AR K 0 4 i ol
283.7.254.4 il 244. 6 kN, J5i PH| & 4> 25k i 8 7 4% 11y
TR IANE Ry A A (58 R e A& R B R T A
T—EBER L, WAL RS R BT i
UGS BY Iy 3k i DB AR 3R I 11K 3. 85% , 22 i/,

NIEEAR AL 54 ) BY 85 LR i BRI (B AR 3R W 2 AR B T S5 R IR R B I R
300 300¢ 300
200 200 200
- 100 - 100 100
< 0 = 0 Z o0
=100 = 100 R -100
200 200t (L ~200
) — sopl—F . el S —
50 -30 -10 10 30 50 50 -30 -10 10 30 50 -50 =30 -10 10 30 50
fi#% /mm % /mm % /mm
(a) XJ (b) QZP-1.8 (c) QZP-1.4
40071 3001 300
300 200
200 200
z 100 > 100 ~ 100
< 0 = o0 < 0
R_;gg R 100 R 100
_ -200
_300 =200 -300
~400 ' . . ' -300 ' — : . s : :
-40  -20 0 20 40 =50 -30 -10 10 30 50 -50 -30 -10 10 30 50
% /mm i /mm {3 % /mm
() QZP-1.0 (e) BZP-1.8 (f) BZP-1.4
300]
300 :
5 100 i 100 ] .
< ) 2 0 1.
Roio0p /4 ~100 S
-200 7/ -200 —a—B7p-18
-300 -300 < e B0
-400 y ' y ' -400 - . - ; ;
-40 20 0 20 40 50 =30 -10 10 30 50
i %% /mm % /mm
() BZP-1.0 (h) H 4R E
B7 {Eh-uBlERERE

Fig.7 P — A hysteres
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seismic performance
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Tab.4 Comparison of calculated and theoretical

values at each stage

P/ A/ P./ A,/ P,/ A/
kN mm kN mm kN mm

IS 143.0 4.8 247.0 20.0 201.6 34.7
BZP -1.8
AWM 143.2 5.1 237.7 19.7 200.4 30.3

RgefE 155.5 4.5 252.8 22,5 214.9 30.0
BZP -1.4

P 145.6 3.6 249.3 19.2 211.7 27.5

RIGME 171.5 4.0 316.2 15.0 275.8 24.9
BZP - 1.0
HEM 155.1 2.7 273.7 16.8 232.4 24.0

RIS 183.6 7.1 2822 25.0 233.2 40.0
QZP-1.8

HEM 161.0 7.0 252.3 24.0 214.5 36.8

RIS 195.1 6.3 290.4 25.1 204.6 35.0
QZP -1.4

JFEfE 1944 6.5 3148 23.4 267.6 34.4

KU 207.9 5.5 343.5 19.9 284.4 24.9

HEM 192.4 5.1 321.5 20.0 273.3 26.8
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Fig. 13 Comparison of calculated skeleton lines and test skeleton lines
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Fig. 14  Comparison of calculated hysteresis curves and test hysteresis curves
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