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Abstract

So far, the performance of masonry walls against in-plane lateral loads such as earthquake
loads has been extensively studied, but less attention has been paid to out-of-plane loads such as
explosions. Due to their large surface area, walls endure significant forces during explosions,
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leading to extensive damage and potentially causing severe financial losses and casualties. Given
the increase in terrorist and sabotage attacks, reinforcing these structures seems necessary. In
recent years, fiber-reinforced polymers (FRP) have been widely and effectively used in the
reinforcement and performance improvement of these structures. Their light weight, high
stiffness and high strength, and corrosion resistance are among the properties that have attracted
researchers to use these materials. Finite element modeling not only provides a basis for better
understanding the behavior of masonry walls but also is very useful in predicting the behavior of
these members after reinforcement, especially in the absence of experimental results. In this
study, using numerical modeling in ABAQUS software, the behavior of masonry walls
reinforced with FRP strips against a blast with an explosive charge equivalent to 150 kg of TNT
(the weight of explosive likely to be carried in a sabotage attempt via a vehicle) at a distance of 5
meters was investigated. Lagrangian equations were used to model the mechanical behavior of
the structure, and the solver used in this research is an explicit solver to account for the time
factor in the software’s integration process. The total time considered for the entire explosion
process is 1 second, and the explosive load was applied to the studied structure using the Conwep
method. The type of fibers, width, thickness, area, and angle of the FRP strips were important
and influential parameters that were examined for the efficiency of this reinforcement method.
The modeling results indicate that this reinforcement technique is highly effective in
strengthening masonry walls against explosions, as it has reduced the deflection of the wall by at
least 70% and its energy by up to 90%. It can also be inferred that an arrangement for reinforcing
masonry walls with FRP strips is suitable if it covers the areas prone to damage, which in
masonry walls are the mortar joints between the bricks. Therefore, the horizontal arrangement
shows better performance compared to the vertical and diagonal arrangements. Similarly,
reinforcing 100% of the wall area performs much better than reinforcing 50% and 25% of the
wall area, but it is not economically acceptable. In general, similar to structural elements, non-
structural elements can also exhibit plastic behavior in critical situations, preventing the collapse
of these elements due to the absorbed energy. Therefore, walls with higher plastic energy show
better behavior against explosive loads. Additionally, based on the hysterical displacement and
kinetic energy diagrams of the wall, it can be seen that the behavior of reinforced walls is
oscillatory, while the behavior of unreinforced walls is noticeably pulsating. Finally, the optimal
arrangement of FRP strips proposed for reinforcing masonry walls against explosions in this
study is the use of CFRP strips horizontally, with a thickness of 1 mm, a width of 24 cm, and
covering 50% of the surface area; This configuration successfully decreased the deflection of the
wall from 63.1 cm to 7.7 cm and damped approximately 13% of the blast wave energy.
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Fig. 1. Types of masonry wall modeling methods:
a) detailed Micro, b) simplified Micro, c) Macro [26]
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Fig. 2. a) Joint boundary conditions of masonry wall;
b) Modeled masonry unit with a mesh size of 4 cm

[81] b las 12 CDP sla el )y 5 (SGe Slasie ) Jydr
Table 1. Mechanical properties and CDP parameters for brick

[31]
E(MPa) 1892 m 20
v 0.15 K 0.67
fe (MPa) 9.9 e 0.1
f. (MPa) 0.69 (Fby/Fc,) 1.6
g(kg/m3) 1812  Viscosity 0

Q)

Sl il 5 el sla i, 5l S; CONWEP i,
Sl g S el (s3de Sladass 53 lomdil T (53luand
ol e ool ey Sl slasl3Ble 5 3 sdoute L
OLas 5 ol S5 s oo sbaesls bl i 355 ol
3 sl e b rme 534S laesla sln Ol Jlas!
Sie iyl 3 63 e bl S el (A,S
5 oledl e ey Al DS eR s (TNT Jslas) o edin o3l
Gl lakal a3 oS (Gl @ ey 4 ar SL 5 dnes ol
5 ekl O 55 (35,8 5123 5 3L LIS 51 ol 555 00 3505
[30] L2l o Slmdil = 50 G 4l

p=p, (L+cosa— 208 a) +p,-cos’ a ©)
SUSL OLE P 5 655,8 SLES B sy asly a O s S
sl
Sl oddosle 5 Ko gy 4 olo s (Gusd ol 5o
el e ol Clasio b ol doly K s toaslo
Jlasl Lol OF (S 310l 05,8 Jis sl
Gt ol o3 edadie s slal oY) K8 Silee cule s
80mm X 120mm X slal 4 >0 ;5 130 »3m X 3m
o (Gdas 4w Doy 4 5 SOLID Ol 5l esliad L 240mm
Sl edd ol fLE oS ol S5 4 p‘y sl 0l (g5l
53 3y e 31 s e Sl S Olge & ] alaie lan
5N g Sl edda 8 LS gy s sk e a8 S K
g OO lwdds 4 Ol 5 pl a5 Ll e eddesla
gLl 4 ol rﬂ s ol b e e sla )l s
50 T Jsb a5 (a1 slasos s dle s 51 o50) 2T
e Calied Sl e Ol a0 (BB slasos 5o OO 525
B CLAS)l 4 by e slal o3Il cpl ol s gk e g3l b s s
e A osls Rl e Sl SO Olse 4 2T Uk
g Sl 3318 5 53 SHELL 0Ll 31 ealized 33 FRP sl
o WaGs ol Jlaasl sl tie a5l aS el sl (g5l
055 B L coms b 1y aS bl 51 eslizal )l s
S5 s b 53,8 e D3 Sl LS (555 5 as
S ladis 5l eiSosla (555 SO L g e 3005 0T 4


http://dx.doi.org/10.22034/25.3.7
https://mcej.modares.ac.ir/article-16-77356-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 ]

[ DOI: 10.22034/25.3.7 ]

JEVOE VS WIS K TRV

[31]CDP Jus sl sl las iS5 golad 5, Y Juer
Table2. Compressive & tensile behavior of brick for CDP model [31]

Compressive behavior

Tensile behavior

Yield stress (MPa)

Inelastic strain

Yield stress (MPa)

Cracking strain

6.92 0

8.00 0.00033
9.68 0.00177
9.90 0.00287
9.68 0.00418
8.63 0.00644
7.28 0.00842
4.28 0.01193

0.69 0

0.54 0.00011
0.36 0.00029
0.25 0.00042
0.17 0.00055
0.12 0.00067
0.09 0.00078
0.07 0.00078

[20, 321 FRP (slacysels SVl Hliy lasein ¥ J g
Table 3. Elastic behavior of FRP composites [20, 32]

Eq E, v G2 Gy3 Gi3
(MPa) (Mpa) 2 (MPa) (MPa) (MPa)
CFRP 54000 2227 0.3 1127 1127 1127
GFRP 18000 818 03 414 414 414
BFRP 15000 10000 0.3 4800 4800 4800

[32] (reia e ulal 1 FRP (slacy 5 50lS el (sl el3l F J gt

Table 4. Damage parameters of FRP composites based on Hashin model [32]

CFRP __GFRP BFRP

Tens. strength in norm. dir. of fiber (MPa)
Comp. strength in norm. dir. of fiber (MPa)
Tens. strength in trans. dir. of fiber (MPa)
Comp. strength in trans. dir. of fiber (MPa)
Shear strength in norm. dir. of fiber (MPa)
Shear strength in trans. dir. of fiber (MPa)

1188 810 460
3.96 2.7 260
3.96 2.7 45
3.96 2.7 60
3.96 2.7 35
3.96 2.7 20

Fracture Tens. energy in fibers’ dir. (mJ) 92 92 73
Fracture Tens. energy in trans. dir. (mJ) 11 11 0.67

Fracture Comp. energy in fibers’ dir. (mJ) 0.2 0.2 26.7
Fracture Comp. energy in trans. dir. (mJ) 0.2 0.2 13.3
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Fig. 3. Contour of the wall deflection in the research and the reference article [33]
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Table 5. Results of the deflection of the wall in the proposed model and comparison with the numerical and experimental results (based on

(33])

Deflection of the center of the wall (mm)

ABAQUS (Error) LS-DYNA[32] (Error) Experimental
15.21 (7.9%) 15.51 (10.1%) 14.09 Unreinforced wall
11.87 (5.3%) 12.11 (7.5%) 11.27 Reinforced wall
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