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Seismic performance test and bearing capacity design method of steel plate
concrete composite shear walls with PBL connectors

TU Tingting', WU Hanheng', WANG Chen', DANG Shijie', SUI Lu’
(1. School of Civil Engineering, Chang’ an University, Xi’an 710061, China; 2. Shaanxi Railway Institute, Weinan 714000, China)

Abstract: In order to expand the application of perfobond leiste ( PBL) shear connectors, the low-cycle
reciprocating loading tests were conducted on one steel reinforced concrete composite shear wall and four steel plate
concrete composite shear walls with PBL shear connectors. The failure mechanism and seismic performance of the
specimens were studied. The results show that the failure modes of shear walls under horizontal loads can be divided
into two types including bending failure and bending-shear failure. The aspect ratio of the walls, the configuration of
steel core plates and the arrangement of the PBL shear connectors are important factors affecting failure modes. PBL
shear connectors can facilitate steel core plates working well with the concrete. Besides, the configuration of steel
core plates can improve the bearing capacity of the walls. The bearing capacity of shear walls decreases with the
increase of aspect ratios, and the vertical arrangement of PBL shear connectors is better than the horizontal
arrangement of PBL shear connectors. Based on the design of compression-bending capacity of steel reinforced
concrete columns recommended in EN 1994-1~1,2004, a design formula of compression-bending capacity for steel
plate concrete composite shear walls with PBL shear connectors is proposed. It is verified that the design formula
can accurately calculate the compression-bending capacity of the shear walls with large aspect ratios by comparison.
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Fig.2 Geometric dimensions and construction details of the specimen
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Fig.3 Specimen cross-section information
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Table 2 Mechanical properties of steel

AL HAR(EEE)/mm FVERERL/ GPa Jet AR5 J3E/ MPa BrhrsR i/ MPa KA 6/%
S i/ P4 8 209 329.4 431.6 12.9
Vaxii 8 203 405.6 667.3 13.0
NG FAGE YA 14 211 416.3 624.7 17.1
AR 4 208 305.1 460.5 25.8
AR 6 202 294.0 458.9 23.0

1.2 mEFRES IS E

KU 1A AE Sl 2t i 88 ) N2k, MTS 7K SEAE s 217 K n#k , 78  m AE g 28 D ik & R A O
M AT BREEAE 7, ke B ULIE 4, 1 Seid ok B VRS 43 3 Gt indil T e 0.3 10 6 o) 1 i 28, 48 2
FE W5 i3t MTS KPS #5782 3 Ak i n 7K A1 2 1

HRAE JGI/T 101—2015 A BRI HUAE Y Y 3l 2 A A8 B A B k. a8k 43 Wi o B A7 00
5, i £ R T A BROTAIL, B LAl T i fer 8 P AU IRBZAS A, o W IRTEFAALAS IR {02 mm
HAERIEFMEL 1 %, BB e RS , B AR IR AN 5 mm B ARG MEL 3 K, BB ™ 5H
IR 22 7R R BB 77 sk - for 28T B 2R I {H ey 2119 85% 157 1k iz

= L
- JHTT2R . ISRt
VEshar
i EBhy .
. ki RIUE AR
SR — i ]
. g
i N
=
i iz Hei _ o
e, 0046 & 10 12 14 16 18 20
TEA B
B4 MHEEE B s mnEHE
Fig.4 Loading device Fig.5 Loading scheme

1.3 MEHE

TEIMER- 1 A & 4 MU 2 DN E R, BRI A E LK 6, (71T D1.D2 2T &
FERAEREARTER B A28 s i 81T D3 D4 LUK HBSE 300 mm 5 8 4k ma A6 77 Ta] B9 E 433 FH 3 W00 455 4 7 i
i

D1-— Tie— %
Dl
D2-=
D2—
i ) i i)
——H —_—H
D5.D6 D5+ D6

6 fIitHmE

Fig.6 Displacement gauge arrangement



204 o T B 5 T B #& 3 5 45 4

2 IR MBI

21 KEFEHK

)R WL, S5 el 2, R A E AR PBL A, A8 IN4R 2 10 mm B 3 i rh Rl g o &
JRIE /D 28 L85 INERZE 20 mm , W BB 5 A B2 5 [l - 1 B K 7 2455 ; Ak 82 hn 28, R 4 4 A i 4
J AERE I SRS, WL 7 (a) | RIS A F 3 4 /N8 AL TREE + PR U R BRI 5 B0 4 . S0 A8
XA 40 mm B U ) 2488 K SN TE , TRVEE R RR XV A E B . 3R E 65 mm , 52 R DX AR A 5 e AR g
BRI, 5N A MR BE - KT B, WLIEL 7(b) o BESRTEAS WL 7(c) o

A . AT LI

: l&w
%

(a) ZETLARIARE (b) WM, HEAH (e) RABIRK
7 RF W1 BISRRES
Fig.7 Failure of specimen W1

2) BUF W2, R BEH S 2, A EHGEAR R ) PBL S, AR HNALZE 15 mm B, i PBL 8 KB U7 112219
KR 2 SR g BRI [ R KO S ARSI, U K S AR T LA AR S
REIIIR TR 2451 WWIRI 8(a) o SR E 35 mm, 51K A ZRA0/ N RIGE AL VR BE + 1 IR TGRS B I 7% 3R
G SRR PEAT SR AR BT . YA NZR E 40 mm B, KSR A S0 TRE g v LI 8 (b) ik ik FR K
RET), BHIGAES DO E T, 52 1 X B 7= Az 5 /AINAR T 9N 1) 8973 1 S0 s 46 A g o B, 7R 48 B 3
85% IEH M4k, MIREARILIE 8(c) .

BTN ‘fw“"v‘ T
fRbE LR |
‘ \

T

(a) B TIRZ4LE (b) fABIREEL YL (e) RAPIRE
8 ik W2 RS
Fig.8 Failure of specimen W2

3)I0F W3, w58 oA 2 AT BRI ) PBL S, HOLR AR 8 mm i, 7Eg A T BLF 2
PBL KT [ AR 1] 1SRG | AH AT ) ZRG% 1] 7 AR o 4 | BRI At s RSN 38, At A Lt o b
A 1] AR, T R T R I PRE A R IR MR 2R, LI 9 () o N2 20 mm B S A S A i 2
BERL AT B A PR IR e L W B B A A R IR BE L IR BUR R RIS IR . ORI A 40 mm I H5 M A1 7RI
BELRRECI] EY R, S PBL SEAL AR 0] 2448 BHE , WK 9 (b) |, fESRAR H BURRHE IR BE L IR K
TR IR 1 A Ao, BRI LA 9(c) o



%4 URBERE A5 PBL AN R B - 21 5 Y SRR R IR A 5 SR B Dk 205

P IR 4% TRBELIEREIX 5
T ) 244 513

(a) PREIRZLSE (b) FEFEIX 58458 i (o) RLeisRE
B9 X W3 BIRRE
Fig.9 Failure of specimen W3
4) i W4, BTN 117 45 BAGEHUR B 16] PBL 8, 4R iNZRE 10 mm B, 7 PBL 8K & 7 1)
3 AR AE UL 10 (a) s AREL N2k, 3% B 9218 & S th L2 50 W2 R TR EE, nskx
20 mm AR AR AN /INREBE AN TR BE - 1 RS RIVESF NG, ARSME, 55 R A TR 5 iR ORI K,
WL 10(b) iR BRI E T . BIRERWLIE 10(c) .

(a) WK 205E (b) FERKT A (o) BB

10 K4 W4 SRR S
Fig. 10  Failure of specimen W4

5)IR M W5, @Stk 117,/ EAEAR R ) PBL 5, A8 NZEZE 8 mm B, ¥ PBL 8B J5 ) 1
PH 4 SR A1 4% | MR AIRE 1) 2445 1) & e ) TL Ak A 4 fof 2 6308 s AR S ek, 6 1) 4 AL EGE R IT Y e SiE
it Ktk AR o3 B — A ZLEE RS, UL 11 (a) o BURT SSRGS PBL #EAb 3R n) 3@ 4%, WA 11(b) . Ik
£ 20 mm B B FAFRTRGE R s B ROR T, RIS A GOMER T |, 1A TR 6 ™ R
Bt R TR 85% W (Em 2R, BEIMESIE 11(c) .

PIHEIRZAE

(a) MRIRZSE (b)) H1a)im4E (e) REAPIRK
11 K4 W5 BEIRES
Fig. 11  Failure of specimen W5
2.2 WIREHIE
HRYE AR ) REE R AN AW R BAI1E D , 5 DU B 2 FhOR 2RI | 40 45 725 0 TR e UK 25ty
TUMIR AR ORS00 v i -



206 WwoE L B 5 T ®B & 3 545 45

D) iF W1 g T2 37 AER , Hh B ISR I R  FEACE A7 480 T PRI LA 7 1] 7 A2 K P 3R
BETF AL S AR RBE | A (T 208 O, R SR TR i SR I B 1 B K 23 A J S I 5 ) 45 AR 52 T DX
TRAEE LA BRI AT T, 32407 DX TR AN i R I, 10 L B 2 0 B A AR A

2) IR W2~ X W5 JE T2 AL, I S A S DRl A B AR A T A i T BT BT RE ), T
172 PBL B B R S ARG AR ik, PBL B 5 R BE L R4S VERE R 47 M v Lo 2.0 A1 1.17 sk A
WP, BERS IR IR 5 RE B FRODR 25 Ry 1472y 358 B MR L 48 52 25 e R T 32, K S B o 25y 2R ) g IR
fiE XTI W3, AEINESE I, B TR S AR PBL AL A 10 5T V)R AE R EAEE SRR R B AR
U5 R DX 55 B R 1) S84 B, 55 B AR R B - R AR 2R R BT SR M PR SE IR 22 5 T [R) D PBL B
APE W5, RV S35 B AR B A7 A B3 7K P28 (EL el I ARG 8 58 LU/, B B S A R X

i B 7K 2L B, TE AR FR T8 A AR A A2 AN A2 T X, R AR R

3 REAEREKESH

3.1 iEEfE

i 171 i S R AR R A A E T, I = A8 OC R IE B P 5 S0 B . B 2 X ) i A 7 B i 1 e
ST KA | BEAE AT RS e A A SR B VE B B 32 TIRFIE . T 12(a) ~ (e) 251 T 5 25 55 1 34 Y
HHEEE TNy $:

1) i1 W1 FEIn i Bl th ZIe WA, 2ARIE . BEE 7KF 0088 1935 hn, i [n] 2R B i AR K, &2 85 1)
AT R SE R B PR SO0 Vi 8] T bR R I n] 5B A

2) 0 W2 A W3 FEIn s R I ARAR L, ST R IE IR . FEInEUE ], a1 w2
WA ZSE K e i sE W EE N BR AL W ] 2R RS S A PR 4 R T 1] S S B R i W3 B Tl
LA ZIRBIE  EEE AR RS (3G, BAR 8 B /K SF- B30 S 76 10 R A Ve R 3R = 3 i1 58 4%
I ARAR T, 7 ] 26 R BUA AR A 1 TR 3A

3) ik W4 FHE A W5 r T ] T RN, S2 BCR B U1 TE 2 i R & St i S Y 3K 3 WA 1oy 2
J&i , HoR R NI R R

900 900 900
g h AT IR A— 75 R A
600} 600F B—iz{{f: 555K Y, 600F p— PRk B
Z 3000 Z 300 B Z 300}
E of HR- 0 ﬁ 0
% ¥ I 2 i
N -300¢ N =300 < =300
-600¢ — a2 -600f Wl -600} L
900l 900L ~900 it
-80-60-40-20 0 20 40 60 80 -80-60-40-20 0 20 40 60 80 -80-60-40-20 0 20 40 60 80
M )72 fmm M1 22T /mm W 25T Fram
(a) BUPFW LHE [ i 2% (b)) BW 20 ] i 2 Ce) BAFW3H 2k

900 900

A A
A—SH IR /Y A= il
600 B— ke //// ;,/Qf;, 00T p—iitirscn A B
Z 300} ,/% B Z 300}
R 0/ =
B Ot ///// o ot
® 300} /4 ® 2300}
~600r — el ~e0or — Wl
-900 <00l . . . . . . .
—-60 —40 20 0 20 40 60 -80-60-40-20 0 20 40 60 80
{15125 A 11257 hmm
(d) IRAEWAHE T 2 (e ) BRIFWSHE Bl 2k

12 e
Fig. 12 Hysteresis curves
32 Bk
MRS ATV A FRCHAi2 P Z ISR 22l AR B A Z LI 13, BT i W~



554 1 URBEWE 45 . PBL MU R B - 416 5T T bt Pk BRI W 50 SR B B3I i 207

R W5 B2 H IR, Y S 78, I I G %) et R e AR 6, FEBE R TR 240, B 4 il 4R R 2k
P, BB AL T R B B, B TR+ T2, E A SRR By B 3 R 2 o AR AS T T B, I 4 il 2
FIEPEARWIIE N, AR E RSl IR 5s (R A TR BE A R I BBl R i, iR E AR IR o BEARS B L &5 AR 3 R
F1o BTEME W~ WS ik -85 i 28 1 J0 8 RS, AR SCHR i JGI/T 101—2015( & P sz il
BUREY BRI | SR P A v BRI s B 1 e A 2 PR ISR A BT 28 o 2 0P A 2 11 859% Isf e
Xof o7 A 2% RS A% AW B far 2, P, AT BRAVE RS A BB 5 UL 14,

900
P
600
» WA
300} » =,
z P et ;
= ol p AR BRAr 2
iz /) A4,=4,
-300} / n
600}
/
900 Ly / i
-80 -60 -40 -20 0 20 40 60 80 0 Ay inax Ay 1iFoA
i #%/mm
13 BZREMEXLEE 14 BEBEFIEREX
Fig. 13 Comparison of skeleton curves Fig. 14 Definition of feature points of skeleton curves

e R A9 30 A U A fr R B R AE A, M o AR RE M R A I =4 /A 50, R S )
NI AS A B0, =A /h, Hod b SRR R ARE AR 20 20 R A F2 B SR 0 A L 26 3,

3 3 mn.

D)3 W1~ 3804 W5 A0 {8 17 28 7 2B Uk 2 £ 531.35 .690.55 .611.15 ,890.25 . 757.85 kN, 4N th 4
R W2~ 3 WS 1 W (E oy 48 BH 2 8 T J0 B AR A WL, 156 BH 15 A0 B i 2 3 A BT D B R
#77.

2) R W4 R WS (R 1.17) M3 it w2 G W3 (e 2) i i TR s b
T A A0 7 25 R SN e, PR S R AR UK R B

3) Y v U AR 3 0F W2 BRI TR W3, W4 R8O TRk ws, H RSN .
PBL SR B I 23 A KOV 38 4 | /KT 38 4% 23 52 M Bl 1A (4 470 7R 3 7, 0 X 5 R 5 9 LA R ol (i 7
RN A ., 5% A A2 S R X 28 5 5 55 B K 44 X 508 , S B0 AR ™ 5, 5 MR 55 AR AE M ) & #E (an
W w3)

4)RARAE W3 Ab, SRR RS S R A T 2.48 ~3.11 2 [A] | P A RUARR BE + 5 7 8% 550 5 AR B 1
5 S i H A R R I i W3 BRLAS IR R BN T 2, R BN S B, 5 A A2 2 IR X 4 B KOF
sEHm A AR R AR R T e R,

#3 BRHBBEAINER

Table 3 Measured results of feature points of skeleton curves

T V(T A bR 2 N

N R {‘"*g?g“ﬁ
P /kN Ay/mm P,/kN A, /mm P,/kN A,/mm 0, REX M
W1 na 436.2 20.9 520.2 25.0 4421 58.5 1/40 2.79
it -451.9 -23.3 -542.5 -40.0 -461.1 -61.9 1/37 2.65
w2 na 591.3 20.3 688.1 34.9 584.9 61.5 1/40 3.11
il -594.3 -20.7 -693.0 -39.9 -589.1 -61.7 1/40 2.98
w3 na 505.6 19.8 588.7 35.0 500.4 42.0 1/57 2.12
il -553.7 22.9 -633.6 -39.9 -538.6 -39.9 1/60 1.74
W4 1E 780.8 15.9 892.6 22.0 758.7 39.5 1/35 2.48
yil -788.6 -16.7 -887.9 -29.9 =754.7 -43.0 1/33 2.57
w5 s 673.0 16.4 763.2 20.0 648.7 46.9 1/30 2.85
il -673.5 -18.2 -752.5 -34.9 -639.6 -53.0 1/28 2.91
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Fig. 15 Stiffness degradation curves
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