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Abstract

The high vulnerability of the cultural buildings due to seismic actions urged researchers to retrofit
them using reversible and compatible techniques. The application of fiber reinforced polymer
(FRP) for enhancing the structural behavior of masonry buildings, under seismic actions, has been
studied by many researchers. The near-surface mounting (NSM) technique is a relatively new
retrofitting approach that involves bonding FRP bats/strips inserted into grooves cut of mortar
joints. This method is an appropriate technique to be used in seismic retrofitting of heritage
buildings, because of its low influence on the global mass, high strength-to-weight ratios, minimum
durability concern, ease of handling, flexibility and fast installation that improve on-site
productivity, low impact of building functions, and low architectural and structural interventions.
No.1 Educational heritage building of Tabriz Islamic Art University has flexible diaphragms with
unreinforced masonry walls as lateral and gravitational resisting system. The masonry walls have no
tie beams or columns and appropriate connection to the floors. Furthermore, the building has
irregularity in plane because of length to width ratio more than 3. Another deficiency of this
building to resist seismic load is related to the existence of small percentage of masonry wall in
transversal direction compared with longitudinal direction, which can be result in torsional
irregularity in the structure. The aim of this paper is to investigate the effectiveness of applying
NSM technique on seismic performance of this heritage building. For this purpose, a 3D
Equivalent frame model was created in 3Muri software to simulate the structural behavior of
strengthened masonry walls. The masonry was modeled by macro-modeling approach and FRP
bars/strips were modeled as attaching to the masonry walls. A safety index value according to
“Guidelines for evaluation and mitigation of seismic risk to cultural heritage”, have been calculated
to evaluate the seismic behavior of the building before and after applying retrofitting method. The
selected safety index depends on shear strength of the structure, site seismic hazard zone and the
desired building performance level. Nonlinear static analysis has been employed by 3Muri software
to evaluate the safety index for selected limit states including Ultimate Limit State (SLU) and
Damage Limit State (SLD). The distribution of lateral load is done in two different modes;
proportional to the shape of the first mode and proportional to story mass. Based on the results of
twenty-four pushover analysis, it has been concluded that inserting the FRP strips to the masonry
walls and adding new masonry walls reinforced by FRP bars, increase the safety index significantly
in both directions, especially in the transversal direction. Also it has been observed that shear
strength of the building increased considerably after applying the retrofitting design relative to the
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existing condition. More uniform distribution of the safety index between different analyses was
another positive effect of using this technique. The results of this research demonstrated the
advantages of using NSM technique for seismic performance of heritage buildings and are based on
a numerical modeling and pushover analysis which uses the performance criteria of safety index,
while more experimental and numerical studies are proposed for future studies.
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Table 1: Mechanical properties of masonry material used in the modeling
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Table 3: Dead, Partition, Live loads and live load participation factor applied on models before and after retrofitting
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. . trips Dimension . . Thickness
Distance Distance Dimension 9
cm cm mm mm cm
_ _ 100 i=1,2
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i=5, 6, 11,
- - 70 12,15, 16
_ 28 — 40x7 40 Y FRP-MW-Y-i i=7,13
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Table 5: Detail of New masonry walls reinforced with GFRP bars
o Sl dlold | (slad Ko dlold | olod Ko jlad| (clad Ko Jlab | cuoles o e pl )
. i
~ GFRP GFRP _aél GFRP 36 GFRP sl Jged ’ (U b llas)
. Horizontal Vertical Horizontal Wall Name(
Vertlcal_ GFRP GFRP Bars GFRP Bars |  GFRP Bars Wall Direction | according to Fig;
Bars Distance . . . Thickness °
Distance Diameter Diameter 9
cm cm mm mm cm
60 i=1,4,5,6,7,
30 30 18 18 Y FRP-NMW - | 8,9,10,11
50 i=2,3
30 30 18 18 50 X FRP-NMW-i i=12
ol | ‘5_,\.‘5 ﬂT
oSl als
Cly Brick with Lime
' 30cm
8 4 oS
Plaster (] L] ® @ 8@25
= ’
! £
> o ° P ~
2 = < 8014
o &
© M
e o |
ricsault I ® o <]
GFRP Strip dox av wy
n e (,o\'cr—.ZS mm
E V- ——by—— O U g

wlo byled YU o oolitwlyjee (28l iy BWS Y S
Fig. 7: Concrete tie beam at the top of the masonry
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Earthquake attern of Eccentricity I, DL
No. direc(iion literal load (te) [cm]} LU) 1, SD (SLD)
1 +X Masses 0 0.455 0.954
2 +X First mode 0 0.372 0.641
3 -X Masses 0 0.398 0.801
4 -X First mode 0 0.331 0.602
5 +Y Masses 0 0.108 0.178
6 +Y First mode 0 0.112 0.154
7 Y Masses 0 0.161 0.167
8 Y First mode 0 0.102 0.107
9 +X Masses 56 0.445 0.927
10 +X Masses -56 0.463 0.968
11 +X First mode 56 0.365 0.632
12 +X First mode -56 0.385 0.614
13 -X Masses 56 0.401 0.788
14 -X Masses -56 0.417 0.868
15 X First mode 56 0.327 0.582
16 -X First mode -56 0.351 0.626
17 +Y Masses 581.3 0.135 0.19
18 +Y Masses -581.3 0.098 0.172
19 +Y First mode 581.3 0.114 0.154
20 +Y First mode -581.3 0.244 0.116
21 Y Masses 581.3 0.165 0.159
22 Y Masses -581.3 0.141 0.17
23 Y First mode 581.3 0.092 0.095
24 Y First mode -581.3 0.211 0.113
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Table 7: Building safety index after the application of retrofitting design-3Muri output

S9 bl jl zo> G b | s b s
@, 47 5k sl oSy SLU SLD
Earthquake attern of Eccentricity I, DL
No. dircetion bteral load () [em] | SEVESD 1 gy
1 +X Masses 0 0.732 1.52
2 +X First mode 0 0.609 1.296
3 -X Masses 0 0.734 1.546
4 -X First mode 0 0.609 1.311
5 +Y Masses 0 0.617 1.158
6 +Y First mode 0 0.621 1.232
7 -Y Masses 0 0.584 1.171
8 Y First mode 0 0.649 1.187
9 +X Masses 56 0.731 1.522
10 +X Masses -56 0.733 1.523
11 +X First mode 56 0.609 1.298
12 +X First mode -56 0.61 1.3
13 -X Masses 56 0.742 1.528
14 -X Masses -56 0.733 1.536
15 -X First mode 56 0.608 1.308
16 -X First mode -56 0.618 1.302
17 +Y Masses 581.3 0.716 1.316
18 +Y Masses -581.3 0.556 1.013
19 +Y First mode 581.3 0.72 1.444
20 +Y First mode -581.3 0.626 1.01
21 -Y Masses 581.3 0.715 1.259
22 Y Masses -581.3 0.53 1.029
23 Y First mode 581.3 0.765 1.338
24 -Y First mode -581.3 0.572 1.051
— X st —Y b,
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Fig. 11: Pushover curves for x and y direction of building after the application of retrofitting design -3Muri output
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Fig. 12: Safety index compare for different limit states and load distribution patterns, in present situation and after the
application of retrofitting technique
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Fig. 13: Pushover curves in x and y direction of building for present situation and after the application of retrofitting design
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