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Abstract: With the help of finite element software ABAQUS, the numerical analysis results of the finite element
model of the masonry walls were compared with the experimental results to verify the reliability of the finite
element simulation. Based on this, the effects of the cast-in-situ floor slabs, the strength of mortar, the cross-
sectional dimension of ring beams, the vertical compressive stress on the top of walls, and the opening and aspect
ratios of walls on the seismic performance of masonry walls were investigated. The results show that the cast-in-
situ slabs, the constructional columns and ring beams form a complete structure, strengthening the constraint on
the wall sheet and reducing the damage. The bearing capacity and ductility of walls increase with the increase of

mortar strength. Appropriate cross-sectional dimension of ring beam and vertical compressive stress on the top of
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walls can effectively reduce the damage of masonry walls. The bearing capacity and displacement ductility of
walls decrease with the opening of walls. The bearing capacity of walls decreases with the increase of the aspect
ratio of walls. At the same time, the main failure mode of walls changes from shearing failure to bending failure.

Keywords: structural engineering; cast-in-situ floor slabs; finite element analysis; masonry structure; seismic

performance
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Fig.1 Earthquake damage of masonry structure

SIE AR, PR A2 0 o AT B ST B IF I TV 2 68 0 186 P B R R R B 40 BT . 8 08 5 i o
S A B e R 20 RO 0166 ) B2 5 R L E B T T LA R B R P R S Ak 9
PV F AT T B K 07 AR, 53 B S M 6 S T 0 T I AR [ 7 0 1] 7
S ; Quiroz %7 X 4 R LA 7R [R5 76 P 32 A 3 R 5 52 T AV A R, A T A 3 B
F BT Y 1O B0 5 AR S5 B I HEAT T OB A 4 i R A 1L K X IO [ B X B, 4 5
W1 SR S 885 06 P LA O 86 0 R Bl R DU E 5 S TR 45 ) 2 4 M VR 5 - (HIDC) 94 T [ 4
i b 24 SR P VAT T I T3R5, S0 BF T HDC I 8 886 1 2 4 0 U E B 0 Tripath %55 3 £ 3
SRS, 48t T — R T 24 RO A A B B0 PS80 0 S S T 1 15 8 T ) 7R

TERIF 5 50 1 55 F 50 FE M R T, L8 000 A BRG0P 2 2 W T BB B I . W 5 3 e
HRAE 0 B P 02 O 0, SC o B BB R 5 5 1 PR B M L S0P T RO R R TR B T
U5 1) P73 TR 2 1886 1 95 9 HL X B8 585 1 72 R O S 0

1 BIRITEMGERIE
1.1 RIEREA

BEHCSCHRL S TH A8 4 A IR K% R il 2R 25 474G R AR 8L 56 IE |, 9T 358 A B9 (A 1% R AR Uk 2% 5 T A A ot A
T 575 0 4 FhgE B, X8 A2 AT T R %% IF S 25 R AT A, KRR & T A BRIT /a1
ALE R . IR A 0 BRSO IE S i R SF g 1R 2 PR .



66 TR K F F IR %46 %

®1 RHEGSH

Table 1 Parameters of specimens

\ CRR AN P R T £ 3 T B+
R 1L/ B et s
mm>xmm fite Ao fete oA mm a a i
mm G\ 1 i I\ 11 4 1 MPa N
W-1 240%x120 — 4A10 A6@250 — — 240 16.8 2.8 MU15
W-2 240%x120 — 4A10 A6@250 — — 240 16.8 4.5 MU15

BCW-1 240x120 240%240 4A10 A6@250 4A10 A6@200/100 240 16.9 3.0 MUI15
BCW-2 240x120 240x%240 4A10 A6@250 4A10 A6@200/100 240 16.8 3.4 MUI1S5
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Fig.2 Diagram of specimens
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Fig.3 Loading device and loading procedure
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Table 2 Contrast of finite element simulation and test

T VA {2 e R A
P, /kN A,/mm P,/kN A,/mm
R A (e 264.0 2.50 227.0 7.23
W-1 R 260.2 3.08 221.2 6.03
B2 /% -1.4 23.20 -2.6 -16.60
R A (E] 254.0 2.10 217.0 3.87
W-2 (EEVE(EN 233.0 0.96 197.2 2.72
BRE/% -8.3 -54.30 9.1 -29.70
IR H 349.0 2.30 297.0 9.00
BCW-1 EDREE 322.7 2.03 274.3 8.73
TR 22 /% -7.5 -11.70 -7.6 -3.00
IR 280.0 2.14 236.0 6.70
BCW-2 DR 274.3 1.81 233.0 2.70
IR 22 /% 2.0 -15.40 -1.3 -59.70

TP, AR R A, AL PR IRAT H 4, W R AL 5 1% 2=(CE WA - KB )X 5 ) x100%.
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Fig.4 Skeleton curve of walls
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Table 3 Parameters of walls
5% R i = J8l 2 R <} /mm A )= /mm RPIE R /MPa e m RN J1/MPa S A S b FF A R S /mm

W-3 240x120 — M5 0.6 1.5 —
WA-1 240x120 80 M5 0.6 1.5 —
WA-2 240x120 80 M7.5 0.6 1.5 —
WA-3 240x120 80 M10 0.6 1.5 —
WB-1 240x80 80 M5 0.6 1.5 —
WB-2 240x100 80 M5 0.6 1.5 —
WB-3 240x140 80 M5 0.6 1.5 —
WB-4 240x160 80 M5 0.6 1.5 —
WC-1 240x120 80 M5 0.2 1.5 —
WC-2 240x120 80 M5 0.4 1.5 —
WC-3 240x120 80 M5 0.8 1.5 —
WC-4 240x120 80 M5 1.0 1.5 —
WD-1 240x120 80 M5 0.6 1.5 % i (1 200x1 500)
WD-2 240x120 80 M5 0.6 1.5 % i (1 200x1 500)x2
WE-1 240%x120 80 M5 0.6 1.125 —
WE-2 240x120 80 M5 0.6 2.25 —
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Fig.5 Diagram of wall WA-1
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Table 4 Feature points of walls with or without cast-in-situ slab flanges

s 4t I i 45 b 25
o H
Gii = P /kN 4,/mm P, /kN A,/mm
W-3 319.6 5.5 3543 12.9 2.35
WA-1 330.2 5.4 367.3 11.2 2.07
PR B R B A,k B RS s R R B
x5 AHURLURMEGHNEREEREM
Table 5 Storey drift of walls with or without cast-in-situ slab flanges mm
U R —JZJZ L F TRE AL = JRJE LR
W-3 3.8 4.0 5.1
WA-1 3.4 3.5 4.3
Fo ARLURMEGHEBERINNNEE
Table 6 Stress and strain values of walls with or without cast-in-situ slab flanges
e A A b WA
o Mises )i JJ SRR I AR Mises hif JJ SRR I A
=
it K AL /Pa PEEQ & KMH e KAH/Pa PEEQ i K&
W-3 2.484%10’ 3.602x107 4.200x10° 2.873x10*
WA-1 2.110x10’ 3.015%10° 4.200%10° 2.686x10°

Yy
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Fig. 6 Energy equivalence method for yield point

T A B F 28 1 2R B0 0 7T DA R 7R N e — R AE A0 A% R S o A AR Y EL (B, 4 A B A B A T -
iR, SC 3k AR AR AIE 500 B8 0 T IR A AR A, RN S5 AL RS A, R A,/4, K SFA 3
Fo, %H%%ﬂﬁ’“ﬁ@Misesﬁﬁ?kﬁﬁ%%@ﬁﬁﬁﬁ“PEEQEj:{Ei@EE ABAQUS Ji Zh P3RS .
HH 2% 4~ 6 AL 7 R LA Mo 1) B0 08 M 36 25 e A 280 it v Bt 1 ) JeE IR A 80 R0 {1 7 285 2) 4 B e R B 2% 1Y
S5k R W AP AL % AR A P R 50 T B 6 Ml B % 1 ik Hﬁ%ﬂuﬂzdT132%3Fn119%,3>mﬁ$ﬁ L2k oI/ N



70

TR K F F IR % 46 %

BRI, — 2 &R R R AR IR/ T 10.5% .12.5% F1 15.7% , 156 B 30 1% b 38 2 %) 458 - 1) 3% {4k

A KGR AR 5 4) kS RO

i

WRSE F 400 4 2

JO7 728 fie AR 55, 41 B8 A 3 % ) 45 R X /DN, /NI B2 2 16.3% , U6 W] B 5 A
K A A B A T T g R B8 2 BR 5 5 ) Al B 8 Al B A AP S5 A0 4 T RE R T 1 B AR B 2 Y
SEAEIR AL B B R R SR AL

400 1 801 —_— i%ﬁ;w-:‘;

- "Eso— —— hEAWA-1
z g
& 200 —a HEfAW-3 —340
# —o— WAL =

100 | =90

0 5 10 15 0 5 10 15
B /mm P /mm
(a) TR I £R (b) WIEER b 2R

B7 BERARRESHE R -G LR ER K&

Fig.7 Load-deformation curves and stiffness degradation curves of walls with or without cast-in-situ slab flanges
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Table 7 Feature points of walls with different mortar strength

i JeE s WA R

Gii 5 P,/kN A,/mm P,/kN A,/mm :
WA-1 330.2 5.4 367.3 11.2 2.07
WA-2 360.6 5.7 401.5 13.9 2.43
WA-3 395.8 4.9 428.4 13.1 2.67

®8 AEMEBEMNERSEEEMLR
Table 8 Storey drift of walls with different mortar strength mm

T g — R R L ZRZ AR SJRZ N
WA-1 34 3.5 4.3

WA-2 4.2 4.6 5.1

WA-3 4.1 4.2 4.8

x99 FAEMEBENERINANEE
Table 9 Stress and strain values of walls with different mortar strength
i A A WA N
o Mises ) JJ S IR M Y A Mises Jif /] G IR Y A
I K AE/Pa PEEQ % K18 R KAH/Pa PEEQ it K{H

WA-1 2.110x10’ 3.015%10° 4.200%10° 2.686x10°
WA-2 2.559x10’ 2.894x10° 4.200x10° 4.837x10°
WA-3 2.518x10’ 2.147x107 4.200x10° 4.326x10°
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Fig.8 Load-deformation curves and stiffness degradation curves of walls with difflerent mortar strength
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Table 10 Feature points of walls with different cross-sectional dimensions of ring beams

A it J A5 W1 A5

9= P,J/kN 4,/mm P, /kN A,/mm :
WB-1 316.6 5.5 351.0 9.9 1.80
WB-2 318.1 5.4 352.6 10.1 1.87
WA-1 330.2 5.4 367.3 11.2 2.07
WB-3 319.4 5.4 355.2 9.9 1.83
WB-4 318.9 5.5 357.1 10.4 1.89

11 AEBEREERTHNEREEEREMLB
Table 11 Storey drift of walls with different cross-sectional dimensions of ring beams
mm

b g LI OA 2 TRJE AL =22 LR

WB-1 2.9 3.1 3.9

WB-2 3.0 3.1 4.0

WA-1 3.4 3.5 4.3

WB-3 3.0 3.1 3.8

WB-4 3.1 33 4.0
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Table 12 Stress and strain values of walls with different cross-sectional dimensions of ring beams
i A T WA W
e Mises Jif /] SRR 1 AR Mises Jij /1 SRR 1 AR
=3
i KA /Pa PEEQ fiz K8 NN PEEQ fit K{H
WB-1 1.858x107 4.330x10° 4.200%x10° 1.521x107
WB-2 1.880x107 4.038x10° 4.200x10° 1.729x10*
WA-1 2.110x10’ 3.015%x107 4.200x10° 2.686x107
WB-3 1.961x107 3.248%107 4.200x10° 1.622x107
WB-4 1.985%10’ 3.310x10° 4.200x10° 2.019x10°
—— BEAWB-1
400 80
—— HEfAWB-2
300 & 60 —— HEAWA-1
& =— S HEWE-1 : —— H{AWB-3
—— x =z
g 5L ﬁgzii 240 —— ihwWA-4
) 2
Taem O,
g 5 10 15 0 5 10 15
i ES/mm P/ mm
(a) i B—ALHE H 2% (b) WIEER AL £

9 T EEREER TR R E-(0 % i 2RI L th £k

Fig.9 Load-deformation curves and stiffnessdegradation curves of walls with different cross-sectional dimensions of ring beams
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Table 13 Feature points of walls with different vertical compressive stress

A S R s W A
)2

i P/kN 4,/mm P,/kN 4,/mm

WC-1 173.1 33 191.0 13.1 3.97
wC-2 251.2 4.2 277.3 12.8 3.05
WA-1 330.2 5.4 367.3 11.2 2.07
wC-3 360.9 6.0 397.2 9.6 1.60
wC-4 374.1 6.3 412.5 9.4 1.50
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Table 14 Storey drift of walls with different vertical compressive stress

mm
% R — 22 LR TRE AL =22 ML
WC-1 42 4.4 4.5
WC-2 4.0 4.3 4.5
WA-1 3.4 3.5 4.3
WC-3 2.3 3.1 4.2
WC-4 2.1 3.1 4.2
F15 AFEETE B ER A& A M EE
Table 15 Stress and strain values of walls with different vertical compressive stress
T 1% - Mises [ /) TSRO N AR 57 Mises i 11 A 3 A5 IR A
% I K{Fi/Pa PEEQ fit K i K AfE/Pa PEEQ fit K {i
WC-1 2.002x107 2.760%x107 4.200x10° 5.513x107
WC-2 2.225x107 2.655%x107 4.200x10° 4.314x107
WA-1 2.110x10’ 3.015x10° 4.200x10° 2.686x107
WC-3 1.763x10’ 5.621x10° 4.200x10° 1.021x107
wC-4 1.714x107 7.272x107 3.983x10° 7.374x10°
— —— AWC-1 80 —=— BEAWC-1
—— BEAWC-2 —~ —e— HifAWC-2
400 —— iAWA-1 £ 60 —— HAWA-1
z —— Btk wWC-3 g —— BifAWC-3
5300} e BEAWC4 g 40 —e— JikwC-4
= 200l iy
100+ =20
0 5 10 Is 0 5 10 15
i /mm i /mm
(a) i BR-fr B MLk (b) Mg R A Z%

10 7 [5) 45 T 28 100 I 7 7 B 3 v 76 380 7% B 2 0 U B2 R 40 o 2%

Fig.10 Load-deformation curves and stiffness degradation curves of walls with different vertical compressive stress
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Table 16 Feature points of walls with different opening ratios

iR e e a5 W AP

Gt P,/kN 4,/mm P, /kN 4, /mm .

WA-1 330.2 5.4 367.3 11.2 2.07

WD-1 195.4 6.2 2252 10.5 1.69

WD-2 149.1 7.4 173.6 10.1 1.36

®17 AEFRENERFEEEBEMCE
Table 17 Storey drift of walls with different opening ratios
mm

iR — 22 F LR ZRZ AR =JRZ N

WA-1 3.4 3.5 4.3

WD-1 2.1 3.7 4.7

WD-2 1.9 3.6 4.6

F18 AREFREFHE R N MEE
Table 18 Stress and strain values of walls with different opening ratios

0 3% A Mises i /1 I R A5 RO B AR 57 Mises i 71 A 73 45 IR e I A

% R AH/Pa PEEQ fit K i i K AH/Pa PEEQ & K

WA-1 2.110x10’ 3.015%10° 4.200x10° 2.686x107

WD-1 1.587x10’ 9.413x10° 3.741x10° 3.755%10°

WD-2 1.336x10’ 1.077x10* 3.606x10° 1.752x10°

400 80 —a— BEAWA-1
_ —o— i%AWD-1
300 L 60F —— BHAWD-2
= g
g 200 _E a0F
—=— HiAWA-1 = M“NM“
100 —e— HE[AWD-1 =20
—A— KHAWD-2
0 5 10 15 0 5 10 15
i /mm P /mm
(a) iR~ Lk (b) W B R Ak i 28

11 REFFRZE 5 R 6 #5-60 % i 2270 N BB 44 gh 2k

Fig.11 Load-deformation curves and stiffness degradation curves of walls with different opening ratios
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JZ2 2 RS RS 38 R 5 3) 358 R A9 S5 205 8 e 28 e A {1 T P ] 56 1% 34 R 3 R, R o AR T R i G R A R
DI, A e WA-1, 55 WD-1 il e WD-2 73 0l 35 0K 1 212.2% #1257.2% , & B 5 v 72 11 I, 38 11 ) i
JE IR A1 9 DX IR T 55 DX, 78 H 2 o £ 2 B R DT A AR 35 I (R BT R PR RE 5 4) SN A I T R (L B IR e
BT v N A A R WA-1, 55 i WD-1 5% B WD-2 23 F /N T 10.9% Fl 14.1% , 5% F WA-1 #9355 434K 757 E
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Table 19 Feature points of walls with different aspect ratios
hi by Jith Tl g VA 2
G = PJ/KN A,/mm P, /kN A,/mm :
WE-1 500.5 5.3 549.3 7.8 1.47
WA-1 330.2 5.4 367.3 11.2 2.07
WE-2 160.1 5.6 178.0 13.1 2.34
R0 TEEELNEREEREMLE
Table 20 Storey drift of walls with different aspect ratios
mm
i > —JZ2JZ MR ZJRJZ MR ZRIZE RS
WE-1 2.5 2.9 2.4
WA-1 3.4 3.5 4.3
WE-2 3.8 4.2 5.1

21 AEAEELMNBERNANTE

Table 21 Stress and strain values of walls with different aspect ratios

A LLE D) RS R 98 Y B R S B AR R 48 ) M ACKS i WE-1, 55 i WA-1 FliE - WE-2 (1) I i
1o 2850 BN T 33.1% 1 67.6% . ESEATBETEET, B k¥ G O v 9 b di e i) Hh B 5 2) B8 R ) 0 {060 S R AE 1 R
W TE L RAE L, AR S F WE-1, 5% - WA-1 R WE-2 fl W {8 17 78 3 518 K T 43.6% Fl 67.9% , 4E 1 £
By B KT 40.8% F159.2% 3 3) 5% v i L W K& S 8UE F (0 KZ B b a] 2 1 B2 KW
Sk A B IRE 232 B 5 R v B L S e 3 R 00 T LU, i R S BRI 0K A 5 D) 7R IR A b i it
RUBEIR 5 4) 55 WA-1 R85 - WE-2 19358 43 84 /i © 38 B P hr i 2, 8 - WE-1 194K 37 2 A< 38 B P o i, 3%

K5 b

HH 434 75

B R 5% A Mises W /i B R A5 AR A N AR N Mises W /1 0 5 A5 SV P N AR

it KAl /Pa PEEQ ik AfH S NEN PEEQ i KfH

WE-1 1.731x10 3.266x10° 3.961x10° 1.091x107

WA-1 2.110x10’ 3.015%x10° 4.200x10° 2.686x107

WE-2 1.912x10 2.869x10° 4.200%10° 2.959x107
600 —— HEAWE-1 120 —=— EAWE-1

—o— KEAAWA-1
—— KEHAWE-2

—e— HiAWA-1

500
—— HEAWE-2

T

Z 400 Z sor
g 300 g

i 2 40 %

100

0 5 10 15 0 s 10 15
HiF/mm i /mm
(a) fr R~ L (b) W BRI LR

B 12 R[E S 3 e B 5E F T S0 7 i 2k 0 NI B SR 4L 2k

Fig.12 Load-deformation curves and stiffness degradation curves of walls with different aspect ratios
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