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Research progress on masonry structures strengthened with
near-surface mounted fiber reinforced polymer

JING Jiejing, ZHOU Changdong
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, P. R. China)

Abstract: Brick and stone are widely used as building material in the world. Masonry structure composed of
brick, stone and mortar has low tensile and shear strength, insufficient seismic resistance, and is prone to
damage or even collapse under earthquake action. Therefore, strengthening is needed to improve the mechanical
properties of masonry structure. Due to high tensile strength, light weight, easy installation and corrosion
resistance, fiber reinforced polymer(FRP) has been widely used to strengthen the masonry structure. Near-
surface mounted FRP(NSM-FRP) has more advantages in strengthening historic masonry buildings because it
has little influence on the weight and appearance of the structures. In this paper, the research progress of
masonry structures strengthened with NSM-FRP is summarized, and the development of masonry structures
strengthened with NSM-FRP is prospected.
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Fig.1 Schematic diagram of single-sided central

pull-out test
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Fig.2 Schematic diagram of debonding failure plane
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Table 1 The ratio of experimental value and calculated value of bond strength in related literature

— E‘Qﬁ: KIS P /N Willis 55 %1 Kahsyap il 5 #4 Kahsyap 4% & 5 7
Gt P.,/kN Poy/Pey P_,/kN Poy/Pey P.,/kN Po,/Pe
1 78.67 72.03 1.09 81.37 0.97 74.05 1.06
2 64. 89 72.03 0.90 81.37 0.80 74.05 0.88
R3] 3 72.60 72.03 1.01 81.37 0.89 74.05 0.98
4 54.07 72.03 0.75 81.37 0.66 74.05 0.73
5 63. 50 72.03 0.88 81.37 0.78 74.05 0. 86
6 75. 14 72.03 1.04 81.37 0.92 74.05 1.01
7 46.80 40.80 0.75 49.65 0.94 39. 84 1.17
8 44.00 40.80 0.55 49.65 0.89 39. 84 1.10
9 38.30 40. 80 0.70 49. 65 0.77 39. 84 0.96
SCHk[14]
10 46.70 40.80 0.88 49.65 0.94 39. 84 1.17
11 50. 00 53. 38 1.21 68.41 0.73 50. 46 0.99
12 51. 20 53. 38 1.61 68.41 0.75 50. 46 1.01
13 65. 00 51.56 1.03 51.56 1.26 55. 27 1.18
14 56. 20 56. 29 0.75 55. 21 1.02 61.09 0.92
SCHR[15] 15 67. 20 77.53 1.39 70.55 0.95 88. 21 0.76
16 59. 40 47.88 1.04 43.94 1.35 54.19 1.10
17 44. 80 34.74 0.86 29. 84 1.50 41.00 1.09
18 45. 80 39.91 1.15 50.15 0.91 40. 24 1.14
19 62.90 57.39 1.10 67.88 0.93 60.12 1.05
20 47.20 39.91 1.18 41.95 1.13 33.67 1.40
21 40. 00 39.91 1.00 41.95 0.95 33.67 1.19
22 35.10 39.91 0.88 41.95 0. 84 33.67 1.04
23 35.70 39.91 0.89 41.95 0.85 33.67 1.06
24 23.30 27.57 0.85 26. 99 0. 86 24. 33 0.96
25 26. 60 27.57 0.96 26. 99 0.99 24. 33 1.09
26 41.90 52.22 0.80 57.81 0.72 42.64 0.98
27 49.80 64.51 0.77 74.38 0.67 51.35 0.97
28 32.90 39.91 0.82 41.95 0.78 33.67 0.98
29 35. 50 39.91 0.89 41.95 0.85 33.67 1.05
—_ 30 53. 40 57.39 0.93 56. 79 0.94 50. 30 1.06
31 34.50 39.91 0.86 41.95 0.82 33.67 1.02
32 24.90 39.91 0.62 41.95 0.59 33.67 0.74
33 44.70 76. 81 0.58 91.56 0.49 59. 85 0.75
34 38.60 39.91 0.97 41.95 0.92 33.67 1.15
35 25.20 27.57 0.91 26. 99 0.93 24. 33 1.04
36 34.90 39.91 0.87 41.95 0.83 33.67 1.04
37 17.80 52.22 0.34 57.81 0.31 42.64 0.42
38 60. 40 64.51 0.94 84. 37 0.72 58. 25 1.04
39 43.30 39.91 1.09 47.59 0.91 38.19 1.13
40 48.50 39.91 1.22 47.59 1.02 38.19 1.27
41 34.10 39.91 0.85 41.19 0.83 33.05 1.03
42 28.40 57.39 0.49 49.01 0.58 43.41 0.65
43 20. 25 39.91 0.51 29.17 0.69 23.41 0.87
44 11.02 6. 84 1.61 5. 60 1.97 5.15 2. 14
5 14.03 13.68 1.03 11. 20 1.25 10. 29 1.36
Sc#k[12]
46 15.48 20. 52 0.75 16. 81 0.92 15. 44 1.00
47 9.51 6. 84 1.39 5. 60 1.70 5.15 1.85
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48 14. 20 13.68 1.04 11.20 1.27 10. 29 1.38

49 17.72 20.52 0. 86 16. 81 1.05 15. 44 1.15

50 20. 15 27.36 0.74 22.41 0.90 20.58 0.98

51 20. 71 30. 84 0.67 23.76 0.87 21.82 0.95

SCHk[23] 52 27.80 37.13 0.75 40. 18 0.69 44. 26 0.63
# A FRP A () 6% 41 8 %) 380 4 282 7K 32 288 A o P:<z-b1 cos 0+ oy, Sinﬁ)AthrbgAp (19)
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TH 2oy R T R A AR T A B R T 5 7 S T A A
AR 1T B4 B S T 5 0 R B IR AR R I L Y OF R
15 Ay R 1k IR HE R 8T TR R 5 A SR A AR 0 T
M,

3744 .45 .47 485 i 11 o B 4 K B B ik
P, %k T 2/ 4 R B A Y e R AR 45 o EE Y SR
Willis &7V Kashyap 554 H i 31550 24 2015 22 ¢

R2 PP HGITER
Table 2 Statistical results of P,,/P.,

. ] . BhRE P

] FME AR 8 im
Willis 455 0.94 0.22 0.23 0.16
Kahsyap i FH 5 714 0.90 0.29 0.33 0.19
Kahsyap i & 151 % 1.03 0.28 0.27 0.17

F3 BARGREERHERESTHEEUHEKETLL

Table 3 The ratio of the experimental effective bond length to the calculated effective bond length of some specimens

RIS MR (mmemin ) Lo, /mm Wil A Kahsyap i /1O
L.,/mm Loy /Loy L.,/mm Ley/Lea

1 0.3 300 218.04 1.38 255.02 1.18

3 0.3 300 218. 04 1.38 255.02 1.18

5 0.3 330 218.04 1.51 255.02 1.29

6 0.3 300 218. 04 1.38 255.02 1.18
13 0.5 250~300 208. 11 1.20~1.44 235. 37 1.06~1.27
14 0.5 250~300 222.38 1.12~1.35 250. 49 1.00~1. 20
15 0.5 250~300 276.82 0.90~1.08 306. 92 0.81~0.98
16 0.5 250~300 224.11 1.12~1. 34 248.93 1.00~1.21
17 0.5 250~300 205. 89 1.21~1.46 225.52 1.11~1.33
44 0.3 120~150 135. 28 0.89~1.11 127. 25 0.94~1.88
45 0.3 120~150 135. 28 0.89~1.12 127.25 0.94~1.89
46 3 120~150 135.28 0.89~1.13 127. 25 0.94~1.90
47 0.3 120~150 135. 28 0.89~1.14 127. 25 0.94~1.91
48 0.3 120~150 135.28 0.89~1.15 127.25 0.94~1.92
49 0.3 120~150 135.28 0.89~1.16 127. 25 0.94~1.93
50 0.3 120~150 135.28 0.89~1.17 127. 25 0.94~1.94
51 0.3 120~150 135.28 0.89~1.18 127. 25 0.94~1.95
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Fig. 3 Comparison between experimental value and

calculated value of bond strength
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Fig. 4 Schematic diagram of horizontal NSM-FRP

specimen under drawing force
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Fig. 7 Unidirectional horizontal bending failure mode of

masonry walls
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