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Study on deformation limit index of steel reinforced concrete T-shaped
shear wall based on performance
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Abstract; In order to better evaluate the T-shaped steel reinforced concrete (SRC) shear walls with the widespread
application of steel reinforced concrete members deformation behavior, ABAQUS was used to study the failure
morphology and deformation behavior of 324 T-shaped SRC shear wall designed according to specification. Based on
to the collected test data, the failure mode of the members is analyzed, and the failure mode division criteria of
T-shaped SRC shear wall is proposed. Based on the strain limit value of each material of the member, the
component performance is judged, and the influence of axial compression ratio, shear span ratio, flexure shear
ratio, steel ratio of the concealed column of the web, longitudinal reinforcement ratio of the concealed column and
the characteristic value of the stirrup concealed column on the component deformation performance is considered.
Through linear regression analysis of deformation limits and parameters in different performance states, the
calculation formula of displacement angle limits in different performance states under different failure types is
obtained. The failure probability of each performance state deformation limit is corrected according to ASCE 41, and

the value table of each performance state deformation limit with 15% , 20% and 35% failure probability guarantee is
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obtained. The research shows that the shear span ratio and axial compression ratio have greate impact on component
displacement angle limit of each performance state, while the steel ratio of the concealed column web, the
longitudinal reinforcement ratio and the characteristic value of the stirrup have relatively small impact on the
displacement angle limit of the member, but can improve its ductility. The limit value of displacement angle
corrected according to ASCE 41 is reasonable and has certain safety reserves. It provides reference for performance-
based seismic design and performance evaluation of T-shaped SRC shear wall.

Key words: finite element analysis; T-shaped SRC shear wall; deformation performance; failure mode;

displacement angle limit

0 35|15

W5 TR E A ) HE A 3R T B ke v 2 R R A B A AR i AR B AR R K R BN T R
Wb, 5 058 (UM A ) i T HBTRPERE L R S SRR AL BT I N T 2 R 2. Hih
TRBE A EY F FARX B AEGE R BN A TR e 1= 57 ) 35k R BRI RS 2 08 KA R i DR 25 4 1) 22 4 AR
JE X IR R A A ], PR 2 2B 3 1AM B AR | A R BN SO 1 BT 3 A 1, LA O Bl Y
JINERYRERE ) ST RE o AN B A ) IO 3 3 A A B ) i 2 B AR T A T T O HE AR A 1 SR B
v IO R 0 3 R AR B Rt T e A i A2 B0 2 o ST AR S B A T S DU % T A B )
AR A ) U B B 385 1T LA 80/ NG 4 2 ) (S % B AR BT i S PERERE , Xt 25 A B A A
PR TR A A 1 TR U B g 8 pl T A i T e TR AR BT A B R R

H AR EE + (steel reinforced concrete, SRC) B S LELE TAREN FH 8T 12 , 2% FANE T
ARTEMERE BT 7 v A A AL A e i Ak vk I e — T B TRt + B 1R 3k T HERE Y
ARG BRI ST O A “F VTR X T TR SRC 5Y 3 56 M BB i 28 T8 BB 5 2F— 2B A 5% o
T AT SRC 5 3 5 b {4 FLAT 14 9t - T80 A0 0 I JRE 4 v B 1 R 38000 S5 D s, % L TP BE 1 722 PR (A
FERI RSB TREPURMERE I MRUES 2 nI e T 4RI SRC BY 1B 768 = 2 s 2 5 b i

1 AR TR AT 547 Bt iR o

1.1 ETF ABAQUS iRIG LG

RURNIREE + T I A 5 )58 5L T BE Y 2808 FRAEAI 52 5 Al i d A il A A EA T e v [l 05 A, fef
FHA BRITER A A AT 345 R R A LAl A g A XIS AR e B0 55 B B AL 3, Rk
T JESRC 55 3354 BROTE AL IA LS SR iy T Sk ) A SCHR [ 15-16 ] il 3 4> T JE SRC 59 JiskikF, Jf R M
ABAQUS #A, Hirhr TREBE T FANAL 1 AR AR AL 53 531 SR P A SR M AN — A A Ay R+ A oC S R ¢ 8 1Y
K6 AL IS ARG 50T C3D8R, BUANIE I 4 75 AR FL43 S4R SEHRTC, AN U ] = 4EMT 4L 550 T3D2, 4N
SIREE TIEHER NIE R S8R 1,

F1 KGSHRERMEEETH-RRUBENERSREERE
Table 1~ Specimen parameters and the comparison between the finite element results and the test

results of peak load and ultimate displacement of skeleton curves
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[15] SRC-T5 3.09 0.431 36.9 0.5x0.5x0.1x0.1x1.4 3 256.60 253.80 38.70 38.00 235.04 226.80 40.00 40.00 1.09 1.12 0.97 0.95

SRC-T6 2.56 0.417 36.9 0.6x0.6x0.1x0.1x1.6 B§] 302.70 289.30 33.40 32.00 275.20 294.50 33.25 36.00 1.10 0.98 1.00 0.89

[16] TW2 1.67 0.150 36.5 0.6x0.6x0.1x0.1x1.0 ZB§ 560.05 530.11 16.86 17.08 536.84 578.78 18.88 20.50 1.04 0.92 0.89 0.83
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Fig. 1 Comparison of load-displacement curves of specimens
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Fig.2 Section dimensions of specimens and model boundary conditions
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Fig.3 Comparison of TW2 test results and finite element results
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Fig.4 Relationship between LE23 and failure modes of positive and negative loading components

®2 MEREBIHSHNRE

Table 2 Criterion of ultimate failure mode of components
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Fig.5 Relationship between design parameters and number of failure modes of components

FE 5 (a) P, BEBY 5 b A 36K IR PFREIR I A 2 T h B ) R4 AU il =4 A0, 2 A= 1.5 B, i
PFEEL A B YIMEIR 2% A =2.5 i 3R B L AL iR 5 Rl BY 5 3 K, 44 1 R AR 1 iR A,
MR Wi s il R 378 s 1 S (b) mTAT, B e FL3 A, & 2E 5 ik i il i, & 2B 85 0 BT R 3R 1)
IR 2 | TR DR Bt R e R AR R A e R SR B, B YRS e S BT S 4580 1R 5 (e ) Al
BEAS BT L3k, %Hﬂbﬁﬂf%ﬂiﬁﬁﬂ@ﬁtbiﬁwﬂz/'\ BHTEL/NT 0.95 B R0 B R AR A T BER 2T L
KT 1.4 0 il 2R A B UIRIR s 25 35 e T 1.0~ 1.1 I il 2 2R AR 25 B R



94 W& T B 5 T B Ik 3 o5 44 %
0.6 0.6 0.6
os'.______- COcIENEIS CAEREHIEI— — — — S0SCMECOs — BHESEE— — — —
S 05t 0.5
04--—--—ll-——- sbeostsco—coemme- — — — A = - - = — - —

o B IR o, 04} m DY IR ., 04 REIRINEIN

Z 03 o THHL | = ® TUWA | ® LI

= - — —conEEmuE-EEENE — - % 037 A 2R % 0.3 A R

éo.z = - —AMMMML ADAAL — Q&S — — - AAddA- - — —¢4poe —

0.2t 0.2
0.1 - — — —cans ==m— — = -
0.1 — — Adblde —080 — 080964 0.1 — AMAAAAMAAAAL — —AAAGAA
0.0 S —— . . s .
10 1.1 12 13 14 15 16 1.7 10 L1 12 13 14 0.9 1.0 1.1 1.2
LTI O WYL
(a)A=1.5 (b) 2=2.0 (¢)A1=25

6 MEHAESRNYBENEEL S SBIFEEXR

Fig.6 Relationship between cumulative number of failure modes of components,

axial compression ratio, bending-shear ratio and failure modes
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Table 3  Discriminant criterion of failure mode of T-shaped SRC shear wall before and after modification

B IETT SRC BY J1 5% 8 SR8 25 3 431 ) BIEJG SRC BY Sy RSB SRR 45 3l 431
BT (L) MR (n) B (m) WIRES || BESH(A) MR (n) HLL (m) WIRE A
A =15 n<0.10 m>1.26 EIR7IE 37N A<1.5 n<0.10 m<1.25 LT3N
m<1.26 EDBIRTEIN m=1.25 LERAIETEIN
0.10<n<0.25 m>1.20 EIRvINEIN 0.10<n<0.25 m<1.20 ESLI N
m<1.20 EDEI 130N m=1.20 EIRsIET 37
0.25<n<0.45 m>1.15 LIRFIRTIEIN 0.25<n<0.45 m<1.15 DL IREON
m<1.15 ESLITIEN m=1.15 BYUIEIR
n>0.45 m>1.10 LIRvIETEIN n>0.45 m>1.10 BIRPINE7
A=2.0 n<0.10 m<1.10 AR |[1.5<A<2.0 n<0.10 m<1.10 A7
m>1.10 L3N m=1.10 LT3N
0.10<n<0.25 m<1.16 ESLIIETEN 0.10<n<0.25 m<1.15 25 iR
m>1.16 ESLITIEN m=1.15 EOLI 12N
0.25<n<0.45 m<0.98 B EIN 0.25<n<0.45 m<0.98 RN
0.98<m<1.26 IR 0.98<m<1.25 25 B R
m>1.26 LIRGII0EIN m=1.25 B YImIR
n>0.45 m>1.07 BTUIWIR n>0.45 m<1.07 BHHEIR
m<1.07 LHTREIR m=1.07 EIRTINTE7
A=2.5 n<0.10 m<1.21 TR |[2.0<A<2.5 n<0.10 m<1.06 N
m>1.21 ESL 3N m=1.06 LT3V
0.10<n<0.25 m<1.02 SN IEEN 0.10<n<0.25 m<1.00 25 e
m>1.02 ESLLNTE7N m=1.00 TR
0.25<n<0.45 m<0.92 ESLHHTEN 0.25<n<0.45 m<0.92 25 e
0.92<m<1.12 DL 137N 0.92<m<1.12 NN 37N
m>1.12 EIRGIN0EIN m=1.12 B YR
n>0.45 m>1.09 DTUIRIR n>0.45 m<1.09 RN
m<1.09 HTRIR m=1.09 By UIEIR

TE:A RS L n AHNE HCBOTHE om BT,



55 4 1) BT A SRR BE L T AR 5 555 TR RE AL T PRI ST 95

HEUEEIE S /Y SRC BY Sy R R AR e i) R4 T REEE SRC BY J1B AR RS AS I 30 I A 36
A , RIEE 3 BIEE Y SRC 55 1 B2 ik IR B 25 %) /0 v Table 4  Discriminant criterion accuracy of T-shaped

M) % 283 35 2 A7 BRICE SRS ECHIM A 1 85 > A 25 il SRC shear wall failure mode

BRI 128 R4S BB IR AT 110 A~k BORBES ABESMEA/ A BELs A Wi %
BYUIE R A R AT IR AR 4, 15 8 T Sk 74 85 87.1
SRC B Jyhs i SR 25 %0 40 v U v o n 92 4 i, il IR 16 128 90.6
F AN RIS IE IR ) SRC B ) S RESR I A5 Jal i) 00 104 10 94.5

BEATFINT 3R 74 DO A IR 116 MR PE R AR BT B (104 AN PE A R ST UIRER 3 AR IE 25
(14 BB E B K5 5 23500 D SR 1 B KU 87.1% 90.6% \94.5% , K I 25 1) W o i 5 35 KT 85% , 1 2 5
PR 2,

3 THEE SRC HHELEHRERR

3.1 MEEMEIK RIS R BLIER

0 GB 50011—2010¢ ESHTREBRIHHIEY " Rl IG) 3—2010( 52 S FUREE + 45 MR LAY 2 56 T
HAEBURZ M RE RIS T BRI R A3 bl K R PR 53y He AR S ORI | P A6 R | LE ™ T
BER e TR AR 7 MERERTS & 6 /N BRMELA, M PPk B SERI S 7 BT

ASEH | RESUR | RRSEOR | PSEOR | mEOUERSE | MERR | K
WML, R,  BRRMe,  ERREe, BRI, BRI,

B 7 TRE®E SRC B AiFEeK ST ERIREX S

Fig.7 Performance state and deformation limit division diagram of T-shaped SRC shear wall
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Fig.8 Influence of shear span ratio change on displacement angle limit value of members in each performance state
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Fig. 11 Influence of the change of longitudinal reinforcement ratio of concealed column on the limit value of

displacement angle of each performance state of the component
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Fig. 12 Influence of stirrup characteristic value on the displacement angle limit of each performance state of the component

33 TEREHEXEITRITEREL

Shy LU b DRIy A SO A 51 A% A BRAE RS2 I FR B 5 I AN G2 5 1 0 i 45 S 805 60 8% A R (B Y
RHRFREE LA A M RRIR S ZIE B T3 . R RIE R 3 AT 3 5, SR B A5 2P LA R T 4G 56 7
2 AR B E R T 0.05 19 B AR &, HAP A SCRE(R) KAz i 5 B AR B 22 W] % DIRE R R>0 BEH]2 4
A AFAENEIE A G, R<0 UEH 2 DN AR AEAE LM TAH G, HE B -1~ 1, 3 (Sig) Z/NF 0.05, 1 BH 1]
MRBEABEE L, DA SR (n) JEARBCHIZ (p, ) B SR ATREAE(E (A, ) FIE FE G0 B
H(p,) kAR AR A FRAE Ry R AR S AT U 4387 o AN RIS 25 PR RS 0 A BRAA 15 A 5K
FFSC R BN 6 iR,

*6 TEWFER TEMAERSEBEARETEARMBXREY

Table 6 Calculation formula and correlation coefficient of displacement angle limit under different failure modes
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Fig. 13 Comparison between the calculated values and the finite element simulation values

of the displacement angle limit formula of each performance points
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Fig. 14 Failure probability of the ratio between the fitting values and the finite element simulation values of

deformation limit at each performance point of bending failure
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{EVH N 0.80, FFBIFEATEUF (29.9% ) JEHARIR (23.6% ) | LA™ BRI (19.1% ) K™ BRI (13.4% ) (945
PERERAS B IE S R R, (R 2L, X By VIR 25 B e R N Al J SR OE R R i Ul 5 A AT 0 8, 75
) 3 FBUOR S N B IEJS A PERRIR S R AR W3R 7 7R . B Rl 5@ X [k 3 A E A T %1k
RRIRSIE A XA EHTE BB IE , SRS CLRE M BREIUE A 5 H 54 FRICTE A 1 L 1 g
Al JEER

KT 3WMEHATHS TRMEREERER

Table 7  Failure probability of each performance state under three failure modes %
BAGELF LELCinEoN LG R 127N FAEDER e TR JeE IR
SYIR  BIERT 60.0 25.7 51.3 55.8 47.8 21.2
BIEF  26.6(0.950,, ) — 23.0(0.956; ) 28.3(0.956, ) 13.3(0.9065 ) 13.3(0.876, )
THIR  BIERT 58.3 67.7 73.2 74.0 44.9 33.9
BIERE 29900900, )  23.6(0.956,,.)  22.1(0.980;.)  21.3(0.986,.) 18.9(0.8765 ) 13.4(0.856, )
TgE  BIER 64.7 65.9 14.2 21.2 25.9 49.4
BIER  29.9(0.980,,.)  23.6(0.950,,) — — 19.1(0.806s ) 13.4(0.806; )

V0, , ~ 0, WA ROTHLE,

3.5 FBHEERETHRERERRKIE
HRAE 3.4 507 7% A FRABLALA SR A50HE 52 8 45 11 2 M RS T (7 88 FRABLAE IEAE, 57 B 1) 25 B 125
IR T PRSI BRE 2, R 8 i,
*8 THEMESRC FHBESEERETHRES

Table 8 Deformation limit table of T-shaped section SRC shear wall in various performance states

PERBIR ST IR (B

1278273

0, 0, 0, 0, 05 0,
SUIWEIR 0.0023 0.0025 0.006 0.011 0.014 0.019
3N 0.0029 0.0021 0.008 0.012 0.016 0.021
X iNEN 0.003 1 0.0023 0.013 0.018 0.022 0.024

X3 8 FERRIRAS AT BMEBUE LI, A5 R 6 S ERRRESNM B ARMEAXITE WS RE K TR S b
(AT BRAE, B 8 v (128 T BB S 3fe A AH R 1 AT 5E R B0, OO A HL A M SRR ™ SR T 6 8% A BRAE
AR T BRI E A8/, LA AR L TRESE PR B2, R A 2 24 5 i B R A B A 7™ B IR S
FERBEIRORAS T RSB BRIEA 2255/

R IRAIE_E R A REAR AP A ORI B (U 4 ] S Bl R 45 1R BB S AR R BRI 56 5 0L & =t
SAEPEATX LY 1 SCHR [ 15-16,28 =29 ] f & A B85 U1 245 5 | 245 il Al 3K 9344 SRC-T5/6 , TW4  SRCTW1
SRCTW-1/2/3 83t 7 N S 8003 1 fisk 9, H il L (X (1) #0085, (7 #8 M IRE R 7
PIAZGTE S A RITEE AR TR 8 PRI, WL 8 hAUERUE . % Rk AFR R B R8T
B2 0.5 R IE(E ARSI I RS IR PERE A, R LA B A BRAH 6, ~ 0,800 1518 5 356 18 1) e AE 2E 1756
UE, 25N 10 K 15 Bios , £ 0, ~05 MG RITFE, 0, ~ 05 HiKIE .,

9 HHBSH
Table 9 Specimen parameters

2wk WS BB RER HARBECAIER /% BIEEARECNE /% SR % KA BONES

CHA[15]  SRC-T5 3.09 0.431 2.56 3.65 3.65 LN R I E
SRC-T6 2.56 0.417 2.48 3.04 3.04 R R BYIRER
SCHR[16] TW4 2.17 0.150 2.36 3.48 10.40 RN L TE 2
k(28]  SRCTWI 2.20 0.100 1.39 0.56 1.81 TFEW Bl
SRCTW2 2.20 0.200 1.39 0.56 1.81 TFEW AR
CHK[29]  SRCW-1 2.17 0.050 0.50 0.60 2.39 HAEH  SHiaR
SRCW-2 2.17 0.050 0.50 0.60 2.39 HAEH  SHTaR

SRCW-3 2.17 0.050 0.50 0.60 2.39 HE  EpdR
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Table 10  Ratio statistics of formula fitting values and test values of 6,, ~ 65 displacement angle limit
Sitdats 01/ 01c, 0,./0;, 05./0; 0, /04, 05 ../0s5
RRHE 0.483 0.582 0.701 0.896 0.955
B/ME 0.291 0.288 0.418 0.574 0.703
i 0.377 0.375 0.535 0.750 0.862
P 22 0.079 0.097 0.092 0.095 0.098
E 0.006 0.009 0.008 0.009 0.009
H1¢ 10 A& 15 A0, 067 % f BRAE 05 Xt 12
SR WA H N T 1,07 2258 F 0.010, N e
FRUEEEINT 0.1, ARSI T < \v';v/'\v/ 00,
. . ™ s RS 29 S 9. —A—A A0, /0,
oS AR P 5 R T, 5 O 4 i P 07 f R =0 >:><x><; R gy
N . * o—_ : : 454
(LA 08 B 0 B (B, (L /1 02} ¢ M SN
T 1, KR OL RS A BRAE UL 5 (B 0.0
) MU s :ﬁ‘J :§6 QQD‘ QQ\ QQ'\ Ql’m \ﬂ:’)
{ELEAE /N T 0.8, BEMLA 9 T JE AR SRC R RN ONONONE
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E15 0, -0 ARMAESRIELE
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Fig. 15 Ratio of fitting values of formula 8, ~6; to test values
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1)@t T R SRC 5Y SIS MRIE A0, e IAS 14 2 A= 25 i B IR MERf 0 85.9% | & A5 25 BT IR
HEB N 90.6% & A B VIR HERA 260 94.5% , T TEARIRT SRC 5Y J7 355 A8 T 25 340 530 o 0 Tt ) 1 i 2 34 KT
85% , 1 JE SLPR TR 225,

2) AR SCLAIRYET B FAAE R AR 45 M e S AR AR i, 5 TR AR FI7R 2807 a0 0 5 ff 2 45 1 i A AR
TEBRAE . 53 B4 SEC AR A7 20 67 A5 I 2 | AP RE IR A AR T FR B 1 52 1) 5 & 3 5 85 LL |l e LU RN g A 1B
A R R 1 S 2R A R R A R BT L A T U R R R 45 P R S A% A BRAEL R w3 o 3% G A
i AN 25 A3 T A9 23 B 8 A5 R I (X A 27 A% £ FRABLSE el AR X 358/ o

3) Xt T IE#KI SRC 5 J1 55 3 FHERE M AR T B 5%, 44 14 & 26 BT 1) 25 B RN 2 il e RS =X 451
RRRSILE A XN A FRIE T A 5 A BRe a8 RG50S 1 5 B0 # BR (A BB 5 2 1Y
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