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Analysis on Seismic Performance of Masonry

Walls under Multiple Influence Parameters
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Diagnosis for Engineering Structures of Hunan Province, Hunan University, Changsha 410082, China)

Abstract; The numerical analysis results from the finite element models through the software of ABAQUS were
compared with the experimental results to verify the accuracy of finite element parameters. Tie columns, opening,
vertical pressure and strength of mortar were considered to study the seismic performance of masonry walls by using
the validated finite element models. Two masonry structure models with different layers were established to study the
influence of structure height on the seismic performance. The results show that tie columns can improve the bearing
capacity and seismic performance of the masonry wall, and the opening hole of the masonry wall reduces the bearing
capacity and seismic performance of the masonry wall. The displacement ductility of the masonry wall decreases with
the increase of vertical compressive stress. However, the bearing capacity of the masonry wall increases at first and
then decreases with the increase of vertical compressive stress. The bearing capacity and seismic performance of the
masonry wall increases with the increase of mortar strength grade, and the higher masonry structure results in more

serious tensile damage.
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Fig.1 The diagram of test walls
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Tab.1 The contrast of numerical simulation and test

FH N IR
55 1k G5 P Acr P, Ay Py Af
/kN /mm /kN /mm /kN /mm
W-1 R 140 0.69 264 2.5 227 7.23

itE 231 0.71 269 2.51 229 8.39
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Fig. 2 Load-deformation curve of walls
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Fig.3 Stiffness degradation curve of walls
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Tab. 2 The basic information of model walls

" o SRR — X . WHRRSE R RS
R UNAT R [y JFi R /mm KSR CEAS /MPa /MPa
wa-1 oG ¥ M5 0.6
wa-2 bW ITH (9001 500) [T ZE A% 1 000 mm M5 0.6
wa-3 g 13 (900 X1 500) + i (750 X 900)  [T(HEDH W E L (F) %% 1 000 mm(600 mm) M5 0.6
wa-4 b B (750X 900) X 2 0 &= A CH) 1% 600 mm(1 000 mm) M5 0.6
wh-1 Tie I M5 0.6
wh-2 Tie ITH (900X 1 500) [ wa-2 M5 0.6
wh-3 Tie 173 (900 X 1500) + % i (750 X 900) [ wa-3 M5 0.6
wh-4 Tie B (750X 900) X 2 7] wa-4 M5 0.6
we-1 ¥ R (750X 900) X 2 [ wa-4 M2. 5 0.6
we-2 Jc i (750X 900) X 2 [f] wa-4 M10 0.6
we-3 Tie B (750X 900) X 2 [l wa-4 M2.5 0.6
we-4 Tie A (750X 900) X 2 A wa-4 M10 0.6
wd-1 ¥ R (750X 900) X 2 [ wa-4 M5 0.2
wd-2 X % il (750 X900) X 2 i) wa-4 M5 1.0
wd-3 Tie B (750X 900) X 2 [7] wa-4 M5 0.2
wd-4 Tie B (750X 900) X 2 [l wa-4 M5 1.0
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Tab.3 The parameter information of ring beam, constructional column and lintel
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Tab.5 The results of numerical analysis of walls
with constructional column and opening

I R {32 4

WSS P A P A P A
/kN /mm /kN /mm /kN /mm ‘
wa-4 89 0.96 163 2.92 122 4, 30 1.47
wh-4 105 1.07 197 3.01 148 8.25 2.74
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Fig. 5 Load-deformation curve and stiffness
degradation curve of walls constructional
column and opening
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Tab. 6 The results of numerical analysis of walls without
constructional column with different opening

& R {1220
WSS P. A P & P &
/kN /mm /kN /mm /kN /mm !
wa-1 228 1.33 364 3.28 273 9.13 2,78
wa-2 154 1.11 245 2.59 184 6.21 2.40
wa-3 51 0.81 124 2.38 83 4,59 1.93
wa-4 89 0.96 163 2.92 122 7.08 2.42
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Fig. 6 Load-deformation curve and stiffness
degradation curve of walls without constructional
column with different opening
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Tab.7 The results of numerical analysis of walls with
constructional column and different opening

IS 1 R i SF

) A
WSS P A. P A P A [,
/kN /mm /kN /mm /kN /mm ‘
wh-1 341 1. 64 448 2.53 336 9.88 3.91
wh-2 127 1.01 270 3.85 203 9.62 2.50
wh-3 58 0.76 152 4,54 114 8.25 1.82
wh-4 105 1.07 197 3.01 148 8.89 2.95
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Fig. 7 Load-deformation curve and stiffness

degradation curve of walls with constructional
column and different opening
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Tab.8 The results of numerical analysis of walls

without constructional column
under different vertical compressive stress

3 R IR 4
f
A& S P, Aer P, Au Ps A /A
/kN /mm /kN /mm /kN /mm !
wd-1 66 0.78 113 3.12 85 10. 4 3.33
wa-4 89 0.96 163 2.92 122 7.08 2.42
wd-2 51 0.81 146 3.42 110 4,71 1.38
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Fig. 8 Load-deformation curve and stiffness degradation
curve of walls without constructional column under
different vertical compressive stress
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Tab.9 The results of numerical analysis of walls with
constructional column under different vertical compressive stress
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Tab. 10 The results of numerical analysis of walls without
constructional column made of different mortar strength

3 R IR A TFEL R (1278 4
WSS P. A P A P A&, O
/kN /mm /kN /mm /kN /mm ‘ /kN /mm /kN /mm /kN /mm ‘
wd-3 112 1.15 173 3.21 130 11.62 3.62 we-1 64 0.87 127 2.51 95 5.43 2.16
wh-4 105 1.07 197 3.01 148 8.23 2.73 wa-4 89 0.96 163 2.92 122 7.08 2.42
wd-4 61 0.84 186 3.08 140 4,33 1.41 we-2 116 1.24 191 2.54 143 7.21 2.84
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Fig. 9 Load-deformation curve and stiffness degradation
curve of walls with constructional column under
different vertical compressive stress
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Tab. 11 The results of numerical analysis of walls with

constructional column made of different mortar strength
FFH R e

L
/kN /mm /kN /mm /kN /mm !
we-3 83 1.09 152 2.93 114 7.22 2.46
wh-4 105 1.07 97 3.01 148 8.23 2.73
we-4 157 1.16 236 2.46 177 8.54 3.47
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Fig. 11 Load-deformation curve and stiffness

degradation curve of walls with constructional
column made of different mortar strength
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and model 2 under 8 degree earthquake

R T R A AT R LG B A 2 R T IR L 4
HOT AR 1 ALY 2 4% F B A vh 32 4 s e ™ Y
Al B RS SEAT AR L 15 3 A B BN RSB
15 s Bf 2 hr i 0 S 8008, W 3% 12, 3% 12 R W 1
FIAER) TOLF B 2 A 45045 2 B0 28 W) g R T
B fE 8 BERBF L BEM 2 75— 2 A B B #H
GiZHESHAL 1 M, 3 BIR T 92% F1 33565 76
8 FERART LAY 2 46 )2 A B B Rl iy 1 05 = 5
SRR T AHEG 25K T 109 %00 115 %.

PREUBIRL 1 MBI 2 /E 8 BERAE TN A Bl B
DI 1 52 B A5 S B AT 6T L L A5 30 A2 B A
SR AR L W 14 FrR. B 14 AT LB
B 2 25 )2 0 Z R4 S 8 B R TRRL 15 454
18 32 A58 45 2 B MR )2 1) T2 AR Ul /)~

F12 B NER 2 HRGSHE
Tab. 12 The damage parameter values
of model 1 and model 2

B 1 TE
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=2 A — — — 0.022  0.036  0.076
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ZJZBH 0.005  0.020  0.08  0.059  0.100  0.185
=2 B — — — 0.023 0.038 0.074
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Fig. 14 The comparison of tensile damage
parameter curves under 8 degree earthquake
between model 1 and model 2
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