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Material Property Value (MPa)
Frame concrete Compressive strength 21.9
Brick unit Compressive strength 9.16
Mortar Compressive strength 8.33
Reinforcement of Yield strength 438.3
longitudinal steel Ultimate strength 645
Reinforcement of Yield strength 396.3
transverse steel Ultimate strength 509.3

Table 2 Average specification of experimental materials
[13].

dxio S5 S5k b ko (Srdiged (S x0T
slasisl ghls by Allas CBOLe ¢4 Jler dlis cpl 3
Lo 2 SlacB dl (oladie o ey 5 s il
o o5 () S s sleT b Gillae oy ) e Sl
Lome los ) Lol s bl sy los ) Dlasla b mlos
5 14] Lz 3ledas 5 b oletle b Sl o
OTFAF)  (osme Sb cilone mshe fasn ol
S ok Olge & 5 5 4 (0.3*Ag* ) 5 (0.2%A
Foghe Vrr 500 OlOLe Gl g s 53 55k 5 ks
el 0l Ja VY e b OBOLs Gl (o
90,78 385k SIS PBOL b ghuo (5 DB (a0 -1
w59
VANV SETVA BRT-S TR VW =) C)JM o Jol 4 sed an
Vo by e CBOke Sl 5 Log @l o b
Tl S p g3 & gas d ol Slo3 ) o 2 OB 5 e s
D S S AN A N ANTCST S TR
Slos) s by e Lo Ve Ll ét,a.a SBOle Cwlks
LSope oot & 50 poler Wsed o 5 p e A gad A Il
5 Sl i 00 plumllas CBOLs Culis &S Luls )l
Sl gas (IS S sSor (1) s sl 55 30 45 55 EA
() Ko cml s &1 e god el (@) Jsd=r 5 Ao
el 0 0313 L W ya i 1 SO

c e slad sed (6100 ¥ J g

Characteristic Sign Explanation
NS RC frame with non-seismic details
S RC frame with seismic details
Thickness infill masonry 0 , 50 mm and
T
100 mm
P Axial loads 0.1, 0. 2, 0.3 compressive capacity of the
columns
AN Refer To Table 1

Table 3. Naming of analytical specimens.
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Fig. 1. Dimensional specification of test specimens (mm)
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Fig. 2. Executing details of reinforced concrete frame (mm) [13].
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Specimen

configuration

Opening  Op

length height
(mm) (mm)

s

Opening
location
(x/1)

FRAME

bare frame

SOLID

solid infilled
frame

EWO

Infilled frame
with eccentric
window opening

750 600

0.2

RWO

Infilled frame
with regular
window opening

750 600

LWO

Infilled frame
with large
window opening

1000 750

DO

Infilled frame
with door
opening

450 1000

0.2

Table 1. General introduction test specimens [13].
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Fig. 4. Modeling methods of masonry wall.
a.Macro modeling  b. Micro modeling c. Meso modeling
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Name of non-seismic analytical specimens Thickness Axial load
(mm) (N/mm?)
NS-T100-P0.1- EWO/ RWO/ LWO/ DO 100 2.19
NS-T100-P0.2- EWO/ RWO/ LWO/ DO 100 4.38
NS-T100-P0.3- EWO/ RWO/ LWO/ DO 100 6.57
NS-T50-P0.1- EWO/ RWO/ LWO/ DO 50 2.19
NS-T50-P0.2- EWO/ RWO/ LWO/ DO 50 4.38
NS-T50-P0.3-EWO/ RWO/ LWO/ DO 50 6.57
Name of seismic analytical specimens Thickness Axial load
(mm) (N/mm?)
NS-T100-P0.1- EWO/ RWO/ LWO/ DO 100 2.19
NS-T100-P0.2- EWO/ RWO/ LWO/ DO 100 4.38
NS-T100-P0.3- EWO/ RWO/ LWO/ DO 100 6.57
S-T50-P0.1- EWO/ RWO/ LWO/ DO 50 2.19
S-T50-P0.2- EWO/ RWO/ LWO/ DO 50 4.38
S-T50-P0.3- EWO/ RWO/ LWO/ DO 50 6.57

Table 4. Specifications of infill-frame masonry with opening of
analytical specimen.
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Fig. 3. Brick pattern of infill-frame masonry.
a. Infill with 100mm thickness  b. Infill with 50mm thickness
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behavior in uniaxial loading [20].
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Fig. 5. Different failure modes of infill-frame masonry [19].

a. Corner crushing b. Sliding shear crushing c¢. Diagonal
compression crushing . Diagonal cracking e. Frame failure
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25. Dilation Angle
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Reference Specimens Dilation Angle Eccentricity K Viscosity Parameter
Bare Frame Concrete 30 0.1 1.16 0.667 0.001
. . Concrete 30 0.1 1.16 0.667 0.001
Infilled frame with opening and no opening g, g oy 10 0.1 116 0.67 0.001

Table SMechanical specification of concrete damaged plastic masonry unit analytical specimens.
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Tension Shear Joint
;‘;j:lr;';‘; G, f, Gl C =1.4f, K., K. K,
=tn
(Nmynm?) (N/mm?®) (N o) (N/m?) HEBS ) (N/mm®) (/)

SOLID 0.012 0.24 0.05 0.16 0.75 110 50 50 Hard
EWO 0.018 0.252 0.129 0.18 0.75 100 40 40 Hard
LWO 0.012 0.224 0.05 0.16 0.75 110 50 50 Hard
RWO 0.018 0.129 0.252 0.018 0.75 100 40 40 Hard

DO 0.018 0.15 0.129 0.11 0.75 200 140 140 Hard

Table.6. Mechanical specification of interface contact.
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. Lateral Effective Area below
. Kind Percentage . Percentage - Percentage Percentage
Specimens Specimens Load difference Stiffness difference Ductility difference the chart difference
P (kN) (kN/mm) (mm)
Experi tal 70 2.6 1.65 1929 o
FRAME Analytical 67 0 3.7 214 2.6 1627 2067 3%
Experimental 115 7.2 4.16 5341.8 o
SOLID Analytical 106 714 9 6 5 697 5568.2 9%
Experi tal 85 6.6 6.3 5899.3 o
EWO Analytical 90 58 79 0 7 1.1 2662.219 3.6%
Experi tal 89.7 7.1 4.23 4331.453 o
RWO Analytical 87 -3 8.8 z 5.9 » 4561.3 5:3%
Experi tal 84 7.3 2.4 962.86 o
Lwo Analytical 80 48 5.3 27 1.2 S0 1091.77 13:38%
Experi tal 77.2 4.9 4.28 3675.8 o
po Analytical 78 ! 6.5 32.65 4.8 12.15 3923.09 6.7%
Experi tal 194 32.34 35 3539.92
Fl"am.e = 3 4.1 T -4.15 U -8.3 T oarra g 3.6%
seismic Analytical 202 31 3.23 3668.39

Table 7. Comparison of experimental reference specimen and analytical specimen.
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Table 8. Results of bilinearization of FRAME analytical
specimens.

(EWO) doss glasi 5o (g5l o 50 s A Jgd=

— Z @ —_
ES fi: £
Specimens 6, &, P, 2% éﬁ £ g
=S Aaas A
NS-T100-P0.1-EWO 11.5 76 88 88 7.65 6.69

NS-T100-P0.2-EWO 10 60 99 99 9.9 6

NS-T100-P0.3-EWO 10.6 44 110 110 10.38 4.15
S-T100-P0.1- EWO 10.9 77 89 89 8.16 7.06
S-T100-P0.2- EWO 9.9 68 101 101 10.2 6.8
S-T100-P0.3- EWO 11 53 115 115 10.47 4.8
NS-T50-P0.1- EWO 11.2 62 84 84 7.5 5.54
NS-T50-P0.2- EWO 11 48 97 97 8.8 4.36
NS-T50-P0.3- EWO 11 39 105 105 9.55 3.54

S-T50-P0.1- EWO 11.5 77 87 87 7.56 6.7

S-T50-P0.2- EWO 11 59 98 98 8.9 5.36

S-T50-P0.3- EWO 10.5 46 110 110 10.45 4.38

Table 9. Results of bilinearization of EWO analytical
specimens.

(RWO) o slad sal (g5l ot 55 =k REFIPRES

Specimens &, &6, P, 22 32 % § g
-5 53¢ 2
NS-T100-P0.1-
RWO 11 76 90 90 8.18 7
NS-T100-P0.2-
RWO 13 77 115 115 8.85 5.92
NS-T100-P0.3-

RWO 12 77 118 118 9.83 5
S-T100-P0.1- RWO 10.5 60 95 95 9 7.34
S-T100-P0.2- RWO 12 77 116 116 9.67 6.4
S-T100-P0.3- RWO 12.5 77 128 128 10.24 6.16
NS-T50-P0.1- RWO 11 58 89 89 8 5.45
NS-T50-P0.2- RWO 11 53 95 95 8.6 4.8
NS-T50-P0.3- RWO 11.21 50 108 108 9.6 4.46

S-T50-P0.1- RWO 10.9 58 92 92 8.45 5.32
S-T50-P0.2- RWO 10.5 53 103 103 9.6 5.04
S-T50-P0.3- RWO 11 50 109 109 9.9 4.54

Table 10. Results of bilinearization of RWO analytical
specimens.

(LWO) Jlows sladi sad (5l ot 52 ol )Y Jad>

Specimens 6, & P, 23 ZE : g
=S Zaf A
NS-T100-PO0.1-
LWO 12 77 85 85 7.08 6.42
NS-T100-P0.2-
LWO 11 60 97 97 8.81 5.45
NS-T100-P0.3-

LWO 11 50 105 105 9.54 4.54
S-T100-P0.1- LWO 11.5 77 93 93 8.08 6.7
S-T100-P0.2- LWO 10.5 60 104 104 9.9 5.71
S-T100-P0.3- LWO 10 50 109 109 10.9 5
NS-T50-P0.1- LWO 14 77 84 84 6 5.5
NS-T50-P0.2- LWO 12 55 94 94 7.83 4.58
NS-T50-P0.3-LWO 11 48 97 97 8.82 4.36

S-T50-P0.1- LWO 13 77 87 87 6.69 5.9
S-T50-P0.2- LWO 11.8 65 95 95 8.05 5.5
S-T50-P0.3- LWO 11 53 100 100 9.09 4.8

Table 11. Results of bilinearization of LWO analytical
specimens.
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(FRAME) o glat sas (53l o 53 ol A g

Tz 5.5 £
Specimens 8, & P, 2 g g2g- Ele
a= & A
NS-T100-P0.1-FRAME 16 78 72 72 4.5 4.87
NS-T100-P0.2-
FRAME 16 51 77 77 4.81 3.18
NS-T100-P0.3-

FRAME 14 39 78 78 5.49 2.75
S-T100-P0.1- FRAME 15 78 75 75 5 5.2
S-T100-P0.2- FRAME 15 59 82 82 5.46 3.93
S-T100-P0.3- FRAME 15 58 83 83 5.53 3.8
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Fig. 10. Comparison of analytical samples with seismic
details and non- seismic details.

(DO) o slad sod (g5l ot 55 s N Y g

- 0w >
g 2SE E

Specimens 6, & P, 23 3£ S §
=Z da% a

NS-T100-P0.1- 105 76 78 78 743 7.24

DO
NS-T100-P0.2-

Do 11 50 92 92 8.36 455
NS-T100-P0.3-

Do 10 40 102 102 102 4
S-T100-P0.1-DO 10 77 83 83 8.3 7.7
S-T100-P0.2-DO 9.5 60 93 93 9.79 6.32
S-T100-P0.3-DO 9.5 58 106 106 11.15 6.1

NS-T50-P0.1-

o 115 6 77 77 6.78 5.9
NS-T50-P0.2-

o 12 50 91 91 7.58 4.17
NS-T50-P0.3-

o 125 40 101 101 8.08 3.2
S-T50-P0.1-DO 105 78 80 80 7.62 7.43
S-T50-P0.2- DO 12 7592 92 7.66 6.25
S-T50-P0.3-DO 105 50 102 102 9.71 478

Table 12. Results of bilinearization of DO analytical
specimens.
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Fig. 11. Analytical samples with seismic details at different
axial load levels with thickness of 100 mm.
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Fig. 12. Analytical samples with non-seismic details at
different axial load levels with thickness of 100 mm.
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Fig. 13. Analytical samples with seismic details at different
axial load levels with thickness of 50 mm.
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Fig. 14. Analytical samples with non-seismic details at
different axial load levels with thickness of 50 mm.
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Abstract

Frames with masonry infill are the most common type of structures used to build multi-storey structures in
developing countries. Masonry infill are caused to increase the initial stiffness and strength of reinforced
concrete buildings. On the other hand, placing door and window in masonry infill will be inevitable. Current
RC structures having the most concrete frame system with masonry infill, are located in the middle and
surrounding part of the buildings. So studying the effect of masonry infill on structure behavior during an
earthquake is an important subject. Nowadays, the impact of the frame and infill on structure is one of the
major challenges in engineering researches; because engineers ignore infill in designing of the building; and
consider it as non-structural part and just consider its weight. When the masonry infill is placed in the concrete
frame, significantly changes its mechanical properties, the stiffness and strength of the structure increase and
ductility of the concrete frame reduce. There is interaction between masonry infill and it's frame, so, the frames
with infill behave differently than those frames without infill. Disregarding the effect of masonry infill, they
can be safe and reliable in terms of resistance in design, since the increasing strength around frame has a
positive effect on earthquake strength and overall structural stability, however, it should also be considered
that masonry infill will increase the stiffness of the infill-frame and larger portion of the lateral load would
attracted by frames. This can be a negative factor when ignore the infill masonry in the design. In the present
study, by numerical modeling by nonlinear finite element method, the effect of the presence of masonry infill
with different door and window openings on the behavior of concrete frames with seismic and non-seismic
details at different axial load levels and different masonry infill thicknesses in seismic performance of frames
concrete has been examined. For this purpose, the proposed models are first validated using laboratory results
in ABAQUS finite element software. The results of the analysis show that increasing the axial load increases
the final strength, effective stiffness and reduces ductility in specimens with masonry infill with different
opening of doors and windows and reinforced concrete frame with seismic characteristics. The ultimate
strength in specimens with reinforced concrete frame with seismic characteristics shows a slight increase
compared to similar samples with reinforced concrete frame with non-seismic characteristics, which can be
ignored. Increasing the thickness of the specimens increased the ultimate strength and effective stiffness of the
specimens with seismic and non-seismic details. The results of these studies show that the different positions
of the openings have significant effects on the behavior of the frames. If the opening is large or moves away
from the center of the masonry infill, the final strength drop and reduction of effective stiffness will be more

Keyword: Masonry infill, Opening, Monotonic loading, Seismic performance, Finite element analysis.
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