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Fig. 1. The view of the studied arc
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Properties Symbol Brick Mortar
Young Modulus E [N/mm2] 6000 300
Poisson’s Ratio v [-] 0.20 0.20

Uniaxial Tension Strength ot [N/mm2] 1.22 0.04

Tensile Fracture Energy Gt [N/mm] 0.05 0.06

Compression Elastic Limit 60 [N/mm2] 2.0 2.0

Compressive Peak Strength o p [N/mm2] 6.2 6.2

Compressive Residual Strength  or [N/mm?2] 2.0 1.8

Compressive Fracture Energy ~ Gc [N/mm] 10.0 50.0

Ultimate Strain ep [] 0.02 0.06

Table 1. Material properties of break & mortar
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Fig. 2. Numerical model of the studied arch and arch
dimensions (in mm), and applying the pre-compression gravity
and lateral loads in STKO software
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Fig. 4. The capacity curves of the walls for the pre-
compression intensity from gravity loads
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v (MPa) 0.00 0.05 010 015 020

Vmax (MPa) 8.20 17.57 26.62 34.38 18.92

Ke (MPa) 981252 6783.67 382536 2329.6 3446.31

n 28.175 6.325 1.64 2.785 3.655

Table 2. Shear capacity, effective stiffnes and ductility
capacity of walls under various pre-compression
intensities
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Fig. 3. The capacity curve of the wall and the procedure
for bilinearizing it

BB G gy 0

O yudd 1l 3 38 3952 510905 (U (g3 —0-)

O joeis Jamgie 53 (o b )b Jlased o JS3 50
S sl il Co anlllas 550 Slaslss sl esle bl
@ aS Cal 85w oY el sl el Sl Gl s e
)8 e 3 Slaged (Bl e e Shled ki
Ll IS8 IS sl 5l S 6 S0kea ol okt o
sl b oanlis s (0y=0.0MPa) & L L6 iy
wp g b b aly dbl s g ris olrals sl
Glaslps 4 S O 2 S b J- bl 03 S
Gl sl bl o3 S JSKLLKe /) b L& L s L

ool 4Bl i s


http://dx.doi.org/10.22034/23.4.175
https://mcej.modares.ac.ir/article-16-67205-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-17 ]

[ DOI: 10.22034/23.4.175 ]

S0 P lbe s Slen sl

Lol 850 O Sls s alde b b3l 1S Ao s
SIS | COM U LREYA RGNV RV PP v R E
Ao s YV 8 5L s Dles & S o0 b 2l
ol b Bl plrals cad iames 5 cl ail als
I e 5o B L s Sl plralr 4 cad del

el a3l 53 s ys A

9 (Vamax) Bilg1d 2l@ (oby Cudsb dulio —0-£

(Amax) OT b Blie 2>l
Sl e K8 5 el esls bl glajlsges bl
2 olm by S b JSLLK vhe B L cus L
Dok les ol cd b i ws Y (ol -
L bl pbrale Gl G ol & ol anily 2l LB
Sy Omoman Sl ol ea ghoys 00 SalS L oabkE
sy s b JKLL Y B L s bl
S L Ok Ll e ple cd b 4 i Hles ol
L obloe alrals Jb ol bl add iy Ao YT
s gl @ cad Sl ol gl ci b ole D
Sl @l falS Aoy W s 53 S L O
sl e b G JKLLKL Ve B L oas gl
03 el 4Bl als do s Ve S L O Sles 4 ol
el 4 cud dat ol b bl plrals (Dl
ol el azils a8 Loy 0V J& L Os Hlss
YOS L ol b Sl Gl ol i b
G 3 T 2alS b & L Gs Lles 4 Ced JSULK
Lol b blas gl plrals @l cans opl &5 ol ol on
sdalie S j5b 4 .l o3 g ol e (ghoys Voo S
5 Sl 53y S b RGP e S s e
Iy ol bl &8 e Iy Shll 5L il b andls
LK +/10 L s 51 asly 0355 (53300 aden Loy
i b B L RIBIL 5 B S S e

S o Iy ials

e Sk o b i ol Sl 3 Shes L5
S5 sl b Bl Gy b e —of
(Acr) OT b olie 2l g (Vor) Bylgss (3595
sl S lakas s b (ISS 5 el L) sl 4 ez S L
sHhn B S i edalie (Kpd e SIS LS S
£0 550 53 JKLL /) 5 /v0 8 L oas bl
o2 el & L s Sl b cdd bl i Ao
G S goahd ol L Blie pbralr 2l
S 2550 Jlma 95 Sl MO Ok Ll 0 plralr
ol bl s 2l Ao TVE 5 doys A6 L5
Sy B L s b bl b b sl e Jl-
Ll ol 53l i S b Il ke S S
WKL o0 8 L sl bl b cub b
Ao obrals bl el A8 5L 0 Slges Sl 7S Lo
39d= A8 L Ok Dlps plralr 4 cand dbhd ol L
e b Sles gl e Lol adls G151 Aoy YV
e > b s SIS /Y ol L
Wl b e L Oab Dl 4 Cend S S S
Db Gl L as ol pleas OLAS &S Lol ol en (g ds 5o
bl e Sl 58 o b b Sl 10 b L

05 e sSae Ly da 0 JKLLE N0 LS L S

9 (Vimax) ylgd by Cud sl (9 sty duglio —0-Y

(Avmax) 0T b Blao 24l
R 4 apd e edalie £ SO Jlosed 4 axxle L
Do 4 I v/v0 & 5L s bl by o b
i Sl g o VY sl sy B DL Al
Loblae plralr 5 ol J&8 5L Ol Jlps 2 cd b
Loy VA 8 L Ga Dl plralr 4 cd 4l
JLLe /Y & L s b s ¢l ool al als
S L O s 4 S Dles A S b i g
ol Gl BB 5l S adls Il oy 88
Db O Sl 4 Cnd ahal (I b Bl sl iones
Cad b i Sl elen Gy WY LI L
L RS (COW B U VA Y- RV S PRGN Ve S IO S VT


http://dx.doi.org/10.22034/23.4.175
https://mcej.modares.ac.ir/article-16-67205-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-17 ]

[ DOI: 10.22034/23.4.175 ]

VEY Jb/ie)w/r}w}%wji

ot Ol e wdige agh — ode ale

Lol sln s eops OLsl b Jlas aes gl halS o
L LUK Y 5 N0 N g e JE L sl
L O s 4 Cd Lo )3 AV 540 QL WY L
Sao ML GRIBIL S 55l e edalin S 55k 4l
Rl Sl sl Ll s gndy S8 2 Ul

] 1S o 0 S vV 0 e L 5l Rals

by Gl @i (S (win—0-Y
ol s sl 5 LB m55 s sk &
S w5 KNS peon w O ol e st
Cowd o g g 3 S (3 Shes LB s LSS
Gyl K, 5508 a8 350 a5 b e oliazst] L es 5]
WS s e Sl | S 5 (Sl Ol s [ 3 s
sl KoL blae) jie Saisl i e hled sk 4
Los sl by s3lS ol il ol 50 ddr S5, L (K55
02 seaps S les s S5 Sl s S Sl
5> el esls Jilad Slps U blie Sassl jlie (S5 s
S ok ealy il slael s el 1 K ol
s fa s s,y

Cope a6 Ok Dlss o e S5 sl w55 s
LS 5 sl s e sdaline o5 glailan ool 1 02
G b easdee s e e 0 0AY (S 5L o i
e 5 Ob 2l sy cwnd s lanl Qg ls Y
Coos Y31 plrals sl Joe 5 Gl oYL Cd
Lo a5 (Lo

L;.E;:,:Juiﬁ)b.\é\.%)\ﬁs): LMSJJJ:UlGJ')J 6)@! .'\JSJ«

Olss YU 53 e Lo ¥ plrals boge 53)

00233

Fig. 6. The distribution pattern of the primary cracks on the
wall without pre-compression gravity load (the average
displacement of 3.1mm on top of the wall)
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Fig. 9. The distribution pattern of the primary cracks on the
wall with 0.05 MPa pre-compression gravity load intensity
(the average displacement of 5.9 mm on top of the wall)
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Fig. 10. The distribution pattern of cracks at the maximum
shear capacity for the wall with 0.05 MPa pre-compression
gravity load intensity (average displacement of 21.7 mm at the
top of the wall)
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Fig. 7. The distribution pattern of cracks at the maximum shear
capacity for the wall without pre-compression gravity load
(average displacement of 21.0 mm at the top of the wall)
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Fig. 8. The distribution pattern of cracks at the ultimate shear
capacity of the wall without pre-compression gravity load
(average displacement of 115.3 mm at the top of the wall)
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Fig. 12. The distribution pattern of the primary cracks on the
wall with 0.1 MPa pre-compression gravity load intensity (the
average displacement of 11.6 mm on top of the wall)
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Fig. 13 The distribution pattern of cracks at the maximum
shear capacity for the wall with 0.1 MPa pre-compression
gravity load intensity (average displacement of 23.8 mm at the
top of the wall)
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Fig. 11. The distribution pattern of cracks at the ultimate shear
capacity of the wall with 0.05 MPa pre-compression gravity
load intensity (average displacement of 52.2 mm at the top of

the wall)
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Fig. 16. The distribution pattern of cracks at the maximum
shear capacity for the wall with 0.15 MPa pre-compression
gravity load intensity (average displacement of 20.6 mm at the
top of the wall)
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Fig. 17. The distribution pattern of cracks at the ultimate shear

capacity for the wall with 0.15 MPa pre-compression gravity

load intensity (average displacement of 49.5 mm at the top of
the wall)
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Fig. 14. The distribution pattern of cracks at the ultimate shear
capacity for the wall with 0.1 MPa pre-compression gravity
load intensity (average displacement of 25.9 mm at the top of
the wall)
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Fig. 15. The distribution pattern of the primary cracks on the
wall with 0.15 MPa pre-compression gravity load intensity
(the average displacement of 11.5 mm on top of the wall)
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Fig. 18. The distribution pattern of the primary cracks on the
wall with 0.2 MPa pre-compression gravity load intensity (the
average displacement of 6.7 mm on top of the wall)
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Fig. 19. The distribution pattern of cracks at the maximum
shear capacity for the wall with 0.2 MPa pre-compression
gravity load intensity (average displacement of 22.8 mm at the
top of the wall)
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Fig. 20. The distribution pattern of cracks at the ultimate shear
capacity state for the wall with 0.2 MPa pre-compression
gravity load intensity (average displacement of 35.7 mm at the
top of the wall)
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Fig. 21. The distribution pattern of cracks from an
experimental investigation of a masonry arch[A]

3o st SOl s Slaalie 53 bS5 w5 6,81 YY I

[Vo]dy;

Fig. 21. The distribution pattern of cracks in the field
observation of masonry arches after earthquake[ ) ¢]
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Abstract

In today's, the preservation and maintenance of masonry structures in historical areas have become very
important. A significant part of this issue is rooted in the use of non-reinforced construction materials in the
building of such structures. In Iran, most of the historical buildings were built using masonry materials. The
buildings were designed according to the special architecture of this region. The existing structures mostly
consist of masonry walls as well as some openings with arched configurations. In these types of walls, the
wall consists of two piers and an arch on top of them. Since Iran is located in a highly seismic zone,
investigating the performance of these types of structures is essential under the action of earthquakes and
lateral loadings. Therefore, in this paper, a numerical investigation is accomplished on the in-plane behavior
of traditional brick arches under the action of lateral loads. To this end, the numerical model of a sample of
an existing arch (in Kerman’s Mesgari bazaar) was considered. The model was developed on STKO
software. In this regard, the nonlinear response of bricks and mortar joints was simulated by using the
DamageTC3D material. As well, the geometry of the wall was constructed with four-node plane-stress
elements. The lateral capacity of the wall was assessed under the action of gravity loads. To this end, the
wall was analyzed under gravity loads with intensities of 0.0 to 0.2 MPa. Next, it was pushed laterally
through the pushover analysis and the shear force-displacement capacity curve of the wall was obtained.
Through a specific procedure, the obtained capacity curves were estimated with a bilinear graph. By using
this graph, the performance points corresponding to the wall’s capacity were extracted and a complete
discussion was made regarding the shear capacity and the corresponding displacement to each performance
point. Based on the obtained results from the analysis, it was observed that with an increase in the intensity
of the applied gravity load, the maximum shear capacity of the walls increases. However, a higher increase
in gravity load intensity (over a specific limit) would cause more damage to the arch which leads to a smaller
shear capacity. Also, it is observed that the distribution of cracks and their pattern along the walls follow a
similar outline. However, crack widths are affected strongly by the intensity of the applied gravity load on
the wall.

Keywords: Unreinforced masonry walls (URM), Masonry arches, Pushover analysis, In-plane
behavior, Pre-compression load, Shear capacity
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