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Evaluation of Shear Strength of Unreinforced Masonry Walls
Retrofitted by Fiber Reinforced Polymer Sheet

Baek-Il Bae,” Hyo-Jin Yun,” Chang-Sik Choi,” and Hyun-Ki Choi"”
"Dept of Architectural Engineering, Hanyang University, Seoul 133-791, Korea

ABSTRACT

Unreinforced masonry buildings represent a significant portion of the existing and historical buildings around the

world. Recent earthquakes have shown the need for seismic retrofitting for these types of buildings. Various types of retrofitting
materials (i.e., shotcrete, ECC and Fiber Reinforced Polymer sheets (FRPs)) for unreinforced masonry buildings (URM) have been
developed. Engineers prefer to use FRPs, because these materials enhance the shear strength of the wall without expansion of wall
sectional area and adding weight to the total structure. However, the complexity of the mechanical behavior of the masonry wall
and the lack of experimental data from walls retrofitted by FRPs may cause problems for engineers to determine an appropriate
retrofitting level. This paper investigate in-plane behavior of URM and retrofitted masonry walls using two different types of FRP
materials to determine and provide information for the retrofitting effect of FRPs on masonry shear walls. Specimens were designed
to idealize the wall of a low-rise apartment which was built in 1970s in Korea with no seismic reinforcements with an aspect ratio
of 1. Retrofitting materials were carbon FRP and Hybrid sheets which have different elastic modulus and ultimate strain capacities.
Consequently, this study evaluated the structural capacity of masonry shear walls and the retrofitting effect of an FRP sheet for
in-plane behavior. Also, the results were compared to the results obtained from the evaluation method for a reinforced concrete

beam retrofitted with FRPs.
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Fig. 1 Failure mode of unreinforced masonry wall
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Table 1 Failure mode of unreinforced masonry wall by aspect

ratio”
Deformation Force
controled action controled action
L/h<1.0 Rocking Toe-crushing
L/h>1.5 Bed joint sliding Diagonal tension
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Table 2 Material properties of FRP
Type Wy (g/m’) | f,(MPa) | E (GPa) € (%)
CFRP sheet 93 2,800 165 1.7

Hybrid sheet 145 2,414 71 3.4
Wiy, - Unit mass of FRP, f; : Tensile strength of FRP, £ : Elastic
modulus of FRP, € : Ultimate strain of FRP

Fig. 2 Stress-strain relationship of FRP sheet



Table 3 Material properties of URM

Compressive strength of Compressive strength of
cement brick (MPa) mortar (MPa)
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Fig. 4 Specimens dimensions (unit: mm)

Table 4 List of specimen

Fig. 3 Flexural strength calculation of retrofit specimen
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Retrofit

trrp | FRP sheet | Brick element Vertical

Specimen H (mm) | L (mm) ratio (mm) material (mm) layer (mm) reinforcement (mm)
URM-0.92 - - -
RTM-CFS-SF 2380 2400 0.92 190 CFRP sheet | 0.16 1 190x90x57 60
RTM-HBRD-SF Hybrid sheet| 0.17 1 45

H: height of specimen, L: length of specimen, #;z):; URM thickness, #zzp: FRP thickness
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Fig. 5 Test set-up

Fig. 6 Applied displacement history
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Fig. 8 Load-displacement relationship

Table 5 Test result

Specimens Per Py Pra % Onax Saiture 0, O Himax Pugetroin
kN) | &N) | (kN) | (mm) | (mm) | (mm) | (%) (%) P wrm
Pos 13 18 23 1.47 2.83 12.6 0.06 0.5 2.8 -
URM-0.92
Neg -5 9 -12 -1.78 9.8 9.8 -0.08 -0.10 1.25 -
Pos 74 74 99 14.3 17.7 33.1 0.57 0.7 1.2 43
RTM-CFS-SF
Neg | -54 -81 -108 -19 -28.1 -33 -0.94 -1.3 1.5
Pos 63 104 139 17.6 32.8 43.4 0.65 1.3 1.8
RTM-HBRD-SF
Neg | -49 -90 -121 226 -33.2 433 -0.92 -1.4 1.5 12

P,,: crack load (measured), P,: yield load (park method), Py,,,: peak load (measured), J,: yield displacement (park method), Jp,y: peak
displacement (measured), J;: failure displacement (measured), 6,: drift ratio at yield load (park method), &,,,.: drift ratio at peak load,

Hmax: ductility (6,,,/0)),
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Fig. 9 FRP sheet strain (vertical direction)
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Fig. 11 Evaluation of shear strength
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Table 6 Evaluation of proposed equation

Sp ecimen Vcal (kN) Vrest (kN)
RTM-CFS-SF geﬁf estimate Sef/f regression 99
518 80
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