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Seismic Performance Evaluation of Masonry Walls Retrofitted with Semi-buried
Lattice Reinforcement
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Kim, Sang Hyo  Choi, Moon Seock Park, Se Jun Ahn, Jin Hee
Abstract

Masonry structure is a style of building which has been widely applied as residential facilities of low and middle
stories, commercial and public facilities etc. But it is possible to destroy by loss of adhesive strength or sliding when
lateral forces, such as earthquake, occurs. This study proposes a seismic retrofit method for masonry structure and its
seismic performance is demonstrated by shaking table test. Two specimens per each shaking direction were made, having
out—of—plane (weak axis) and in—plane(strong axis) direction. External load of 1 ton was also applied for each specimen
during the test, to model the behavior of reinforced masonry wall. As a result of shaking table tests, it is shown that the
specimen applying the proposed seismic retrofit method showed acceptable behaviors in both of Korea building design
criteria(0.14g) and USA seismic criteria suggested by IBC(0.4g). However, it was observed that stiffness of the specimen
toward out—of—plane was rapidly decreasing when seismic excitations over 0.14g were loaded. In comparison of relative
displacements, maximum relative displacement of specimens which were accelerated toward out—of—plane with 0.4g at
once was 29~31% of maximum relative displacement when specimens were gradually accelerated from 0.08g to 0.4g,
while the maximum relative displacement of specimens accelerated toward in—plane has similar value in both cases.
Therefore, it is concluded that the wall accelerated toward out—of—plane is more affected by hair crack or possible

fatigues caused by seismic excitation.

Keywords : Masonry structure, Seismic retrofit method, Shaking table test, Seismic performance
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Fig. 1 In—plane failure of the non—reinforced masonry structure
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(b) Basic concepts

Fig. 3 Proposed seismic retrofit method for masonry structure
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(@) Specimen dimensions
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(b) Cutting size by specimens

Fig. 4 Specimen dimensions and shape (unit: mm)
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Table 1 Bond strength specimens (unit: mm)

Specimen Cutting size Depth of - the I-)istan‘ce betweeg
(WXD) reinforcing reinforcing and brick
A50—4 50%40 15 4
A60-5 60x40 15 5
A60-8.5 60x40 10(+outside 5) 8.5

Table 2 Results of bond strength test (unit: kN)

Specimen Max. load Avg. load
A50—4 5.13 4.75
A60-5 4.50 3.85
2A60-8.5 6.10 5.15
Table 3 Specimens
Specimen PGA Direction Thickness
(mm)
RM—-A-I 0.08¢g~0.4g In—plane 190
RM—-A-0O 0.08g~0.4¢g Out—of—plane 190
RM-D-I 0.4g~0.6g In—plane 190
RM-D-0 0.4g~0.5g Out—of—plane 190
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Table 4 Results of material test

(a) Compressive test of unit brick (unit: MPa)

Specimen No.
Avg.
1 2 3 4 5
22.0 22.2 22.6 21.0 21.9 21.9
Satisfy the standard of KS L 4201 (KSIC, 2008)
(b) Compressive test of prism (unit: MPa)
Specimen No.
Avg.
1 2 3 4 5
12.4 15.9 124 13.2 14.5 13.7

Satisfy the standard of IBC 2009 (over 10.6MPa)

(c) Compressive test of mortar for masonry wall (unit: MPa)

{ﬁ‘ 220 | .

3

Specimen No.
Avg.
1 2 3 4 5
11.2 11.4 12.1 11.5 11.5 11.5

12] %J

40 \ 290 ‘ 40

Fig. 6 Weight for vertical load effect (unit : mm

(e) Bolting

)

(f) Completion

Fig. 7 Reinforcement work for masonry structure

131,5

Aalzaite A3 F= Fig 5, 69 77t Lrehiick

92 = xsrusiE|x X158 M3S(2011. 5)

Satisfy the standard of KS L 5220 (over 11MPa)
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Fig. 11 Cracks of the specimens



Table 6 Max. absolute acceleration by PGA (unit: m/s?)

Out—of—plane In—plane
Acc. (@) Upper left Upper right
corner corner Upper part(1B)
(2B) (2D)

0.08 1.31 1.36 1.20

0.1 1.63 1.68 1.33

0.14 2.16 2.33 1.74
RM-A

0.2 2.63 3.32 2.17

0.3 4.56 3.57 3.09

0.4 4.94 4.31 3.98

0.4 5.47 6.48 5.18
RM-D

0.5 9.18 7.79 5.97

Table 7 Relative displacement response of RM—D by PGA

(unit = mm)
0.4g 0.5g
Upper left corner (2B) 20.1 29.5
Upper right corner (2D) 18.5 25.2
Upper part (1B) 25.7 33.9
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Table 8 Comparison of max. relative displacement of RM—A and
RM-D (unit : mm)

(a) Upper left corner (2B)

Table 9 Allowable story drift ratio (KBC, 2009)

Seismic rating

Special I I
Story drift” 0.010 0.015 0.020
Y Story drift : story drift ratioX story height

Table 10 Story drift ratio by PGA

In—plane Out—of—plane

Upper part Upper left corner

Upper right corner

Ist | 2od | 3rd | 1st | 2nd | 3rd Ist

2nd

3rd

RM-A RM-D
1st trial 64.50
2nd trial 65.24 20.09
3rd trial 76.76
(b) Upper right corner (2D)
RM-A RM-D
1st trial 63.63
2nd trial 63.15 18.49
3rd trial 76.32
(¢) Upper part(1B)
RM-A RM-D
1st trial 20.20
2nd trial 21.70 25.73
3rd trial 22.36
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