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Investigation on seismic behavior of masonry walls with small openings

LI Chao, GUO Meng
(China Academy of Building Research, Beijing 100013, China)

Abstract: In order to study the seismic performance of masonry walls with small openings, three
masonry walls with different small openings and a masonry wall without opening were designed
for low cycle cyclic loading test. The main failure process and failure mechanism of masonry wall
specimens were introduced, and the differences of seismic performance such as bearing capacity,
lateral stiffness and ductility of each wall were compared and analyzed. In addition, based on the
test, finite element models were established to study the effects of opening rate and opening
location on the seismic performance of masonry walls. The results show that the failure
mechanism of masonry walls with small openings have changed significantly compared with the
masonry wall without opening. The wall without opening shows obvious rotational failure
characteristics, but walls with small openings mainly show typical brittle shear failure. A single
small opening will weaken the horizontal bearing capacity and lateral stiffness of the masonry
wall, and greatly reduce the ductility of the wall. Increasing the number or height of openings can

appropriately improve the seismic performance of the masonry wall with small opening. With the
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increase of opening rate, the bearing capacity and initial stiffness of the wall gradually decrease,

and the ductility first decreases and then increases. In the vertical direction, the lower the

opening, the worse the seismic performance of the wall. In the horizontal direction, the opening

should be arranged in the middle.

Key words: masonry structure; masonry wall; small opening; low cycle cyclic loading test; finite

element analysis; seismic performance
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Fig. 1 Shape and dimension of masonry wall
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Table 1 Comparison of masonry wall specimen
s KR S FiR 3R/ %
Y 2 VS S AT ]
Q1 {2 000 mm X2 000 mm g 0 0. 00
Q2 [2 000 mmX2 000 mm 500 mm X500 mm 25 16.25
Q3 {2 000 mm X2 000 mm |500 mm X250 mm(RE)| 25 |6.25
Q4 {2 000 mm X2 000 mm 500 mm X1 000 mm 25 |12.50
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Fig.3 Fracture distribution of specimens
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Fig. 4 Sketch of crack development of specimens
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Fig.5 Hysteretic curves
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Table 2 Comparisons of measured load values

i F./kN F.;/kN Fqu/kN Fu/Fu
Ql 94. 4 117.1 111.3 1.00
Q2 79.9 98. 3 95.3 0. 84
Q3 86.5 107. 4 94. 4 0.92
Q4 81.0 98. 4 87.2 0. 84
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Table 3 Horizontal displacement and ductility coefficient

KIS | Au/mm | Ay/mm | Ay/mm | Ag/mm | g wil
Q1 3.2 3.6 7.2 10.7 2.00 1. 00
Q2 3.1 3.4 5.8 7.0 1.71 0. 86
Q3 4.0 4.6 9.0 11.9 1. 96 0.98
Q4 3.2 4.3 11.4 14.3 2.65 1.33
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Table 5§ Simulation results of group Wa walls

AT | AR AT 28/ kN | A BRA A2/ mm | i B2 88/ mm | S8 R AL
Wa-0 115. 36 5.99 2.73 2.19
Wa-1 115. 36 5.99 2.76 2.17
Wa-2 100. 55 3.52 1.93 1.82
Wa-3 85.49 3.00 1.97 1.52
Wa-4 76.41 3.99 2.58 1.55
Wa-5 64.20 6.02 3.68 1. 64
Wa-6 46. 06 9. 99 5.07 1.97
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Table 4 Parameters of walls
B R 5 T 0 WOROME  PKEFRE/ %
Wa-0 T 0
Wa-1 200 mm X 200 mm J& 10
Wa-2 400 mm X 400 mm JE 20
Wa-3 600 mmX 600 mm JE 30
Wa-4 800 mm X 800 mm JE 40
Wa-5 |1 000 mm>X1 000 mm JE 50
Wa-6 |1 200 mmX1 200 mm J& 60
Wh-0 500 mm X 500 mm JE i 25
Wh-1 500 mm X500 mm | FEESJE 1 350 mm 25
Wh-2 500 mmX 500 mm | FEEEE 650 mm 25
Wh-3 500 mm X500 mm | FHZ3E 650 mm 25
Wh-4 500 mmX 500 mm | FEA7¥E 650 mm 25
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Table 6 Simulation results of group Wb walls

i e KR fif 2/ Wlﬁsfﬁﬁiﬁﬂj i Wz 7% / —
kN f2#/mm mm
Wh-0 95.59 3.51 2.00 1.76
Wh-1 97.56 3.50 1. 84 1. 90
Wh-2 92.29 3.01 1. 85 1.63
Whb-3 101. 11 3.00 1. 96 1.53
Wh-4 98. 64 6.50 2.69 2.42
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