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Fig. 1. The view of the studied arch
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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 o [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 1757 2662 3438  18.92

Ke(MPa) 981252 6783.67 382536 23296 344631
M 28175  6.325 164 2785 3655

Table 2. Shear capacity, effective stiffnes and ductility
capacity of walls under various pre-compression
intensities
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for bilinearizing it
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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)

v/ 0 ﬁ )L> (SR L )‘ji> L;':'JJ gL:ﬁ;]a L)‘iJ:';":J BL)
plos il Ve S Gles eSS &5 LS)-Q‘ dl.iwl.;lfﬁ
(A3 sbrsse s Lo Sasl AlB Lol
aslis 534S ey o o s W/E 0 0T Saisl o jnie
éM)l.:..u).:\f Y cL;LE)LJ Q‘)Ju )\ﬁJ DL LALSJS ;MJL LJ

sl
IR - R DU JURCIN Y1 - R TR PV g ©oF L;)fJ\ AK JSJ:
Fakes VIV Slralr b sze) JSLLEG /00 & (Ss 08 L

(CIPTENT (R
ok .
153 n ]
-
P

218

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]
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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

YAA


mailto:f.homaei@kgut.ac.ir
mailto:e.vosoughi@student.kgut.ac.ir

