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Comparative Study on Seismic Performance of Masonry Wall Strengthened by FRP
Sheet or Steel-Bar Truss System

Hye-Ji Lee', Sanghee Kim”", Keun-Hyeok Yang®

Abstract: In this study, the in-plane and out-of-plane seismic performance of the masonry wall strengthened using the steel bar truss system proposed
by Hwang et al. (2021a, 2021b) or using FRP sheets were compared and evaluated. The maximum strength of the masonry wall reinforced with FRP
sheets for the in-plane and out-of-plane loading was 71% and 85%, respectively, of that of the non-reinforced masonry wall. Meanwhile, the maximum
strength of the masonry wall reinforced with the steel bar truss system was approximately 1.8 times higher than that of the non-reinforced masonry
wall. Compared with the FRP sheet method, the steel bar truss system was excellent at improving the maximum load capacity, rigidity, and energy
dissipation capacity. However, in the case of a masonry wall reinforced with FRP sheets, the masonry wall was overstrengthened with the FRP sheets
covering the entire masonry wall, and it is considered that the overstrengthened specimen experienced sliding failure, resulting in a lower strength
than the other specimens. A follow-up study is needed to compare the seismic performance of the specimen involving only a part of the masonry wall
reinforced with the FRP sheets and the specimen reinforced using the steel bar truss system.
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(b) Steel-bar truss system(Hwang et al., 2021a; 2021b)

Fig. 1 Specimen details and arrangement of reinforcement(all dimensions are in mm)

Table 1 Details of test specimens

F. o o o
Specimen Loading direction Retrofitting method ¢ G » total
[kN] [MPa] [MPa] [MPa]
In-URM
(Hwang et al., 2021a) None - - 0.25
In-FRP In-plane FRP - - 0.25
In-MST2 27.0
(Hwang et al., 2021b) Steel-bar truss system 027, . 0.33 0.58
Out-URM .
(Hwang et al., 2021b) None - - 0.25
Out-FRP Out-of-plane FRP - - 0.25
Out-MST2 27.0
(Hwang et al., 2021b) Steel-bar truss system g 5 1 0.33 0.58

Note: F,; = prestressing force acting on the vertical bar, o, = stress on masonry wall by gravity load, o, = stress on the masonry wall by

prestressing force of vertical steel bars, and ¢,

prestressing force(= o, + o).
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= total stress of the horizontal section of the masonry wall induced by gravity load and
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Fig. 2 Stress-strain relationships of individual materials and masonry prisms

Table 2 Mechanical properties of masonry components

Compressive strength

Elastic modulus

Diagonal tensile strength Shear elastic modulus

Types [MPa] [MPa] [MPa] [MPa]

Brick 21.2 9,315 - -
Joint and plaster mortar 20.8 16,772 - -
Plaster masonry prism 14.0 4,589 1.8 2,527
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Table 3 Summary of test results
Vy vy, Veu v Vv Ve Af AL E
Specimen Failure mode " 4 Roavg v v E.avg P r »
NI [Nl (KN [kN] [kN] [KN][%, (mm)] [%, (mm)] [KN-mm]
In-URM Rocking and vertical 0.99 0.77
101 212 234 22 11,324
(Hwang et al., 2021a) cracks 0 89 93 3 3 (25.2) (19.6) 3
L 0.88 0.76
In-FRP Sliding 59 145 102 163 154 159 22.4) (193) 6,685
In-MST2 Rocking, vertical cracks 0.63 0.63
(Hwang et al., 2021b) and plaster peeling 316 238 277 435 363 409 17.1) 17.1) 69,499
Out-URM 1.61 1.73
Rocki 1 15 16 29 2 26 629
(Hwang et al., 2021b) ocking 7 3 @y @an >
L 1.66 1.66
Out-FRP Sliding 17 19 18 20 24 22 “22) (42.4) 3,600
Out-MST2 Rocking, vertical cracks 1.74 1.63
’ . 2 41 4 4 2 4 13,71
(Hwang et al., 2021b) and plaster peeling 7 3 > > 0 (44.4) (41.6) 3718

Note: v, = initial rocking load, v, = peak load, A, = lateral displacement at peak load, £, = accumulative energy dissipation capacity up to peak
load. The superscripts + and - indicate the positive and negative loading directions, respectively.
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