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Abstract

In the current study, the effects of infilled reinforced concrete (RC) frames with different window and door openings under cyclic loads
were investigated. For this purpose, five in-filled RC frames with different infill wall openings were produced. The main parameters to
evaluate overall performance of the RC frames with infill walls, the load carrying capacities, displacement ductility, stiffness degradation
and energy dissipation capacities were determined using obtained results. At the end of the study, even if the opening ratios are the
equal, it has been observed that the location and number of openings have a significant effect on the behavior and failure pattern of
the RC frames. Also, increase in the openings ratio decreases the load carrying capacity, and energy consumption capacity. Based on

these results, it is suggested that infill walls affect the structural behavior and failure pattern. Therefore, infill wall openings should be

considered in the design of RC structures.
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1 Introduction

Infill walls are often neglected and treated as non-structural
elements due to their low load carrying capacity [1]. Although
such an assumption makes it easy to design, and evaluate
structures, it can lead to uncertainty in structural behavior
and undesirable consequences [2]. Infill walls, which are
generally considered as dead loads, affect the load carry-
ing capacity, stiffness, and energy dissipation of RC frames.
Studies after the damage of the earthquakes show that infill
walls have changed the seismic behavior of the structure
and cause different failure modes to the buildings [3]. When
the infill walls are constructed adjacent to the frame mem-
bers, they tend to separate from the frame member under the
diagonal compression. With the increasing seismic effects,
on the walls cracks occur at the weak points, crushes and
collapses can be observed [4—8]. In addition to all these,
the door and window openings needed for ventilation and
lighting requirements should also be considered in walls
and frames behavior. Although infill walls significantly
affect the structural behavior of frames, in the structural
design the interaction of infill walls and frames is generally
neglected [9-13]. Therefore, in recent years, many research-
ers have focused on investigating the behavior of in-filled
frame systems in regions with high seismic activity [14].

Cheng et al. [14], in their study, investigated the
mechanical properties of the steel frame with infill walls.
Shan et al. [15], investigated the effects of partial infill walls
on the failure behavior of RC frame systems. De Angelis
and Pecce [16], propose a method for describing the out-
of-plane structural behavior of infill walls using a simple
and cost-effective innovative method based on dynamic
tests. Binici et al. [17], investigated the seismic behavior
of aerated concrete infill walls and carried out studies to
improve their seismic behavior. As a result of their stud-
ies, they argued that the methods they proposed are a good
alternative for producing earthquake resistant infill walls.
Buitrado et al. [18], in order to investigate the effect of infill
walls on the strength of RC structures, they carried out
their tests on a two-story structure prepared in 1/1 scale.
In the tests, based on the scenario of the sudden removal of
a column from the system, the contribution of infill walls
to the frame performance was examined. Prakash and
Satyanarayanan [19], investigated the collapse behavior
of a five-story RC structure. They provide an appropriate
load transfer and can increase the collapse resistance of RC
frames. Jalacefar and Zargar [20], created 4, 8, and 12 storey
models and analyzed these models using the finite element
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method in order to examine the effects of the earthquake
on RC frames with infill walls. Eren et al. [2], evaluated the
effects of infill walls on the vertical load bearing capacity
of RC frames with a different number of collapse simu-
lations. Bikge et al. [3], was carried out a study to deter-
mine the in-plane behavior of infill walls flexibly joint to
RC frames. In the study, RC frames without infill walls and
ordinary in-filled RC frames are compared with in-filled
RC frames with flexible joints. At the end of the study,
it was determined that infill walls with flexible connec-
tion points improved in-plane behavior. Furtado et al. [21],
investigated the structural behavior of an RC frame with
infill walls, an RC frame with infill walls reinforced with
Glass Fiber Reinforced Polymer (GFRP), and RC frames
with GFRP reinforced infill walls with a window opening
in the center. As a result, they found that the window open-
ing in the infill walls reduced the maximum load by 40%
and the energy dissipation capacity by approximately 18%.

Also, in recent years, various methods have been pro-
posed to predict the mechanical properties of reinforced
concrete frames with infill walls. The results of the studies
show that the obtained data and the proposed formulas can
be used to predict the mechanical properties of reinforced
concrete frames with infill walls [22-24].

In the current study, the structural behavior of RC
frames with aerated concrete infill walls with door and
window openings of different sizes and locations under
cyclic loads were experimentally investigated. By using
the findings obtained from the experiments, the load car-
rying capacities, energy dissipation capacities and failure
patterns of the in-filled wall frames were determined.

2 Experimental study

2.1 Material properties

In the production of the RC frame, ready-mix concrete
was used. Mixture proportion of the concrete is given
in Table 1. Longitudinal rebar with 12 mm for beam and

14 mm for column were used. Stirrup diameter was 8§ mm
for both beam and column. Some mechanical properties of
rebars and concrete used in the production of RC frames
with infill walls are given in Table 1.

In this study, aerated concrete blocks were used as infill
wall material. The reason of choosing aerated concrete blocks
is that its low cost and widespread using, easy availability
and application. Some physical and mechanical properties
of aerated concrete blocks are given in the Table 2.

A special mortar was used to bond aerated concrete
blocks. Some properties of the adhesive mortar are given
in Table 3.

On both sides of the infill walls, 20 mm thick cement-
based mill-mixed plaster was applied. Some physical and
mechanical properties of mill-mixed plaster are given in
the Table 4.

2.2 Design of test specimens

Within the scope of the study, five RC frames with infill
walls by the dimension of 250 x 225 x 20 cm were produced.
The infill wall thickness in reinforced concrete frames is
20 cm. Door and window openings of different sizes have

Table 2 Some physical and mechanical properties of aerated
concrete blocks

Properties of Aerated Concrete

Dimension (cm) 60 x 19 x 25
Density (kg/m?) 400
Compressive Strength (MPa) 2.5
Thermal Conductivity (W/mK) 0.13

Table 3 Some properties of adhesive mortar

Properties of Adhesive Mortar

Workability (min.) 240
Density (t/m?) 1.4+1.0
Compressive Strength (MPa) 5.0
Thermal Conductivity (W/mK) 0.53

Table 1 Some mechanical properties of rebars and concrete

Rebar
Concrete
8 mm 12 mm 14 mm

Yield Strength (N/mm?) 486.43 478.85 494.03 Compressive Strength (N/mm?) 40.28
Tensile Strength (N/mm?) 613.88 609.76 624.21 Density (kg/m?) 2.31
Failure Strain (%) 22.18 22.56 22.87 Modulus of Elasticity (MPa) 39200

Mixture Proportion of Concrete
Aggregate Amounts According to Sieve Pore Openings (kg/m?)

Amount of Cement (kg/m?) Water/Cement

0.5-1.0 (mm) 1.0-2.0 (mm) 2.0—4.0 (mm) 4.0-8.0 (mm) 8.0-16.0 (mm)
265.50 265.50 265.50 442.50 531.0 370 0.5




Table 4 Some properties of mill-mixed plaster

Properties of Mill-Mixed Plaster

Dry Unit Weight (t/m?) 145+1.0
Fresh Unit Weight (t/m?) 1.8+ 1.0
Mean Compressive Strength (MPa) 2.7
Mean Flexural Strength (MPa) 1.1
Modulus of Elasticity (MPa) 4750 = 100
Thermal Conductivity (W/mK) 23.0 °C 0.420 +0.02

been left in order to represent the commonly used window
and door openings in wall production. The production
stages of RC frames with infill walls are shown in Fig. 1.

T
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RCF-1 coded RC frame is the reference test specimen of
the study. In the reference specimen, RC frame was fully
in-filled with aerated concrete blocks. On both surfaces of
the infill walls, 20 mm thick plaster was applied. In order to
determine the location of the cracks that will occur during
the experiment, the infill wall surfaces were painted with
lime. Details of the RCF-1 specimen are shown in Fig. 2.

In the center of the RCF-2 specimen, a 75 x 80 cm win-
dow opening was left in order to represent the common
appli- cations. During the construction of the infill wall,
a lintel of 100 x 15 x 5 cm was placed over the window
opening. Concrete and rebars used in the production of
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Fig. 1 Production stages of RC frames with infill walls; (a) Preparation of foundation, (b) Preparation of rebars, (c) Preparation of mold, (d) Pouring of

concrete, (e) Producing of infill wall, (f) Plastering the wall surface, (g) Dimensions and reinforcement details of the test frames
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RC frames were also used in the production of lintels. The
plaster thickness applied to the wall surface was 20 mm.
Details of the RCF-2 specimen are shown in Fig. 3.

In the center of the RCF-3 specimen, 2 windows open-
ings of the same dimensions (50 x 60 cm) were left. The aim
here is to determine the effect of leaving the opening area
equal to the RCF-2 specimen in a different position on the
wall behavior. As in all other frames, 80 x 15 x 5 ¢m lin-
tels are used in the places that come over the openings.
Also, 20 mm plaster was applied to the infill wall as well.
Details of the RCF-3 specimen are shown in Fig. 4.

RCF-4 specimen was produced to represent the infill
walls with door openings used today. A 50 X 120 cm door
opening was left on the infill wall. A 70 x 15 X 5 cm lintel
is placed over the door opening. Plaster with 20 mm thick-
ness was applied to the infill wall. Details of the RCF-4
specimen are shown in Fig. 5.

In the RCF-5 specimen, a door opening (50 x 120 cm)
and a window opening (60 x 50 cm) were left. A lintel is
placed over the door and window openings. Also 20 mm
plaster was applied to the infill wall, and it was painted with
lime. Details of the RCF-5 specimen are shown in Fig. 6.
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Fig. 2 Dimension and materials details of RCF-1 specimen
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Fig. 3 Dimension and materials details of RCF-2 specimen

2.3 Test setup and procedure

The main purpose of the study is to comparatively exam-
ine the effects of the infill wall openings and locations
on the RC frame behaviors under cyclic loading. For this
purpose, the structural behavior of RC frames with infill
walls under cyclic loads has been comparatively investi-
gated. By using the hysteretic load-displacement curves
obtained at the end of the tests, the load carrying capaci-
ties, energy dissipation capacities and crack formations of
the test specimen have been determined.
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Fig. 4 Dimension and materials details of RCF-3specimen
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Fig. 5 Dimension and materials details of RCF-4 specimen
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Fig. 6 Dimension and materials details of RCF-5 specimen



Horizontal cyclic load was applied to all of the frames
with the help of a servo-hydraulic actuator. The loading
protocol recommended by FEMA 461 [25] was used in the
tests. The applied displacements consist of cycles corre-
sponding to drift ratios of 0.15%, 0.20%, 0.25%, 0.35%,
0.50%, 0.75%, 1.00%, 1.40%, 1.75%, 2.20%, 2.75%, 3.50%,
4.00%, 4.50%, 5.00%, 5.50%, 6.00%, 6.50%. The reason
for using drift ratios higher than the 3.5% drift ratio is to
see the complete failure of the walls. The displacement
cycle was repeated twice for each drift ratio. The loading
protocol is shown in Fig. 7.

Loads were measured with a 500 kN capacity load cell
in the test setup used to apply cyclic loads to the test speci-
mens. Displacements corresponding to the load were mea-
sured with an LVDT with a measuring capacity of 500 mm
placed in the activator. Also, peak point displacements
additionally were measured by the help of 300 mm linear
potentiometric displacement transducer (LPDT). All data
were recorded to the computer at 0.125 sec intervals.
Details of the experimental setup are shown in Fig. 8.

3 Experimental results

The hysteretic load-displacement curves of RC frames
with infill walls are presented in Fig. 9. When the cyclic
load-displacement curves are examined, displacements
for each cycle are the same. This proves that loading pro-
tocol was applied properly to the frames in the pushing (-)
and pulling (+) directions.

4 Discussion

In this section, the maximum load obtained from the cyclic
loading of RC frames with infill wall and the correspond-
ing displacement values are examined. The backbone
curves of the 1st and 2nd cycles obtained with these values
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Fig. 7 Reverse cyclic lateral loading protocol
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are given below. In addition, F/Fmax curves obtained by
dividing each load value in the 1st and 2nd cycles by the
maximum load are also given below. The level of damage
on the wall and its level in the progressive loading steps
were discussed.

4.1 Load carrying capacities

4.1.1 RCF-1

When the Fig. 10(a) is examined, it is seen that the RCF1
frame behaves symmetrically. The maximum load and the
corresponding displacements were determined as 190.41 kN
and 30.108 mm in the pulling direction (+) and 210.45 kN
and 24.074 mm in the pushing direction (-), respectively.
When the second cycle of loading is examined, values of
174.251 kN and 20.078 mm in the pulling direction (+) and
190.54 kN and 24.074 mm in the pushing direction (-) were
reached. According to the F/Fmax curve (Fig. 10(b)), the
maximum load values decreased by approximately 8.5% in
the pulling direction and approximately 9.5% in the push-
ing direction between two cycles. The drift ratio, in which
these values started to increase rapidly, was determined as
approximately 1.7%.

The ultimate decrease in load was found at a drift ratio
of about 3.5%. At a 3.5% drift ratio, the load difference
between the two cycles reached approximately 22%, and
since this ratio is greater than 15% according to the liter-
ature, it can be accepted that the wall has lost its carrying
capacity [26-29].

4.1.2 RCF-2

When the backbone curve in Fig. 11(a) is examined, it is
seen that the RCF-2 frame reaches a maximum load of
165.57 kN and a displacement of 30.10 mm in the pulling
direction. In the pushing direction, it reached a maximum
load of 183 kN and a displacement of 24.07 mm. According
to the F/Fmax curve (Fig. 11(b)), it is seen that the load

Loadcell

Actuator LVDT

Plaster | +*
Reaction Wall N

Hydraulic Unit

Strong Floor

Fig. 8 Test setup
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Fig. 9 Hysteretic load-displacement curves of reinforces concrete frames, Hyteretic curve of (a) RCF-1, (b) RCF-2, (c) RCF-3, (d) RCF-4, (e) RCF-5
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Fig. 10 (a) Backbone curve of RCF-1, (b) F/Fmax Curve of RCF-1

carrying capacity between the two cycles is approximately
8% lower in the pulling direction and approximately 9.4%
in the pushing direction. When the decreases in the load
according to the drift ratio are examined, the ultimate
decrease was observed in the 12th cycle at the 3.5% drift
ratio in both directions. The load carrying capacity of the
RCF-2 frame was decreased by approximately 13% in
the pulling and pushing direction compared to the RCF-1
frame. It has been determined that the window openings
left in the infill wall decrease the load carrying capacity.

4.1.3 RCF-3

When the backbone curve of the RCF-3 frame was exam-
ined (Fig. 12(a)), a maximum load of 130 kN and a displace-
ment of 37.74 mm was reached in the pulling direction.
In the pushing direction, a maximum load of 116.34 kN
and a displacement of 47.16 mm was reached. In the sec-
ond cycle of loading, the maximum load decreased by
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Fig. 11 (a) Backbone curve of RCF-2, (b) F/Fmax Curve of RCF-2

approximately 8% in the pulling direction and approxi-
mately 10% in the pushing direction (Fig. 12(b)). Compared
to the RCF-1, the load bearing capacity of the RCF-3 frame
decreased by approximately 32% in the pulling direction
and 45% in the pushing direction. The decrease in load
carrying capacity is 32% greater than with the RCF-2
frame. This reveals that the opening position significantly
changes the load carrying capacity.

4.1.4 RCF-4

According to the backbone curve (Fig. 13(a)), the RCF-4
frame have been reached a maximum load of 117.01 kN
and a displacement of 60.33 mm in the pulling direction.
When the pushing direction is examined, a maximum
load of 131.28 kN and a corresponding displacement of
30.16 mm have been reached. When the F/Fmax curve
is examined (Fig. 13(b)), the maximum loads decreased
by 15.4% in the pulling direction and 13% in the pushing
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Fig. 12 (a) Backbone curve of RCF-3, (b) F/Fmax Curve of RCF-3

direction in the second cycle. Compared to the reference,
the load carrying capacity decreased by 38.4% in the pull-
ing direction and 38% in the pushing direction. It has been
determined that the positions of the openings left in the
infill walls change the load carrying capacity. According
to these results, it is seen that the RCF-4 frame has a sim-
ilar load carrying capacity with the RCF-3.

4.1.5 RCF-5

When Fig. 14(a) is examined, the RCF-5 frame has reached
a maximum load of 118.46 kN and a displacement of
24.14 mm in the pulling direction, and a maximum load
of 101.7 kN and a displacement of 30.16 mm in the push-
ing direction. In the second cycle of loading, the maximum
loads decreased by 10% in the pulling direction and 7% in
the pushing direction (Fig. 14(b)). The ultimate decrease in
load was found at a drift ratio of about 1.38%. Compared to
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Fig. 13 (a) Backbone curve of RCF-4, (b) F/Fmax Curve of RCF-4

the RCF-1, it was determined that the load carrying capac-
ity decreased by 38% in the pulling direction and 52% in
the pushing direction. The RCF-5 frame, which has the
most opening area compared to the other frames, reached
the lowest load carrying capacity (Fig. 15 and Fig. 16).

4.2 Energy dissipation capacities

The total dissipated energies of the test specimens were
obtained by cumulative summing of the areas under the
load-displacement curve for each cycle (Fig. 17). The total
dissipated energies of the specimens are given in Fig. 18
and also the cumulative total dissipated energies are given
in Fig. 19 comparatively.

When Fig. 18 and Fig. 19 are examined, it is seen that
the openings left in the infill walls decrease the energy
dissipation capacity. The RCF-1 specimen showed the best
performance in terms of total energy dissipation. When
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the total amount of dissipated energy is compared with the
RCF-1, a decrease of 13%, 33.5%, 31.9% and 42.3% was
observed in the other specimens, respectively. Although
the opening ratios in the RCF-2, RCF-3 and RCF-4 sam-
ples were equal, the difference in the opening positions
changed their energy dissipation capacity.

4.3 Stiffness degradations

The stiffness degradations of the specimens were calcu-
lated according to Fig. 20 with the help of the slopes of
the curves drawn from the peak loads for each cycle in the
tensile and repulsive directions. The stiffness degradation
is important for interpreting the behavior of specimens.
In determining the behaviors, a certain drift ratio should
be determined in order to ignore the effect of local dam-
ages that may occur at the beginning of the test and can be
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Fig. 17 Calculation of dissipated energies for each cycle

misleading. It is thought that the evaluations made in this
way will give more reliable results. The drift ratios and
stiffness degradation values are given in Fig. 21. The load
capacities and stiffness of in-filled RC frames at different
drift ratios are given Table 5.

The order from highest to lowest in initial stiffness and
stiffness degradation is from RCF-1 to RCF-5, as in load
carrying and energy dissipation capacities.
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Fig. 20 Calculation of secant stiffness for each loading cycle

When Table 5 and Fig. 21 are examined, it has been
determined that the openings left in the infill walls signifi-
cantly decrease the stiffness. Comparative stiffness degra-
dation values relative to the reference specimen are given
in Fig. 22 and Table 6.

— RCF-1

Stiffness Degradation (kN/mm)

Drift Ratio (%)

Fig. 21 Stiffness degradation of the specimens

4.4 Displacement ductility

Ductility is the property of deformation or displacement
beyond the elastic limit without a significant change in
load carrying capacity. When determining displacement
ductility (u), load-displacement backbone curves are used.
In the backbone curve, the displacement corresponding to
the intersection of the line drawn from the maximum load
and the tangent drawn from the origin point is determined
as Ay, and the final displacement corresponding to the 20%
strength decrease is determined as Au Displacement duc-
tility was calculated according to Fig. 23 [30]. Calculated
displacement ductility is given in Table 7.

4.5 Failure patterns

In order to create crack maps, images of reinforced con-
crete frames with infill walls were recorded with high res-
olution cameras capable of recording 60 frames per sec-
ond video during the experiment. Afterwards, the images
were examined in detail and the resulting cracks and the
corresponding drift ratios were determined. The crack
map and failure pattern of the RCF-1 test specimen are
given in Fig. 24.

When Fig. 24 is examined, a symmetrical behavior is
observed in the reference specimen. At the beginning of
the experiment, minor local damages and settling cracks
occurred. When the 1% drift ratio is reached, diagonal
cracks are formed. In the later stages of the experiment,
shear cracks occurred at 2% and 3.5% drift ratios and the
plaster was completely separated from the surface at cer-
tain points. When all the cycles were completed and the
experiment was terminated, the wall did not collapse, and
the plaster and aerated concrete blocks continued to hold
at certain points.
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Table 5 Stiffness values at different steps of cycles

Specimen Cycle Push Cycle Pull
code number P (kN) A (mm) Stiffness (kN/mm) ~ Number P (kN) A (mm) Stiffness (kN/mm)
1 52.94 2.58 20.52 1 40.50 2.58 15.70
3 78.96 4.30 18.36 3 63.95 4.30 14.87
RCF-1 6 157.19 12.90 12.19 6 137.95 12.90 10.69
9 206.95 30.10 6.88 9 190.41 30.11 6.32
12 155.61 60.19 2.59 12 159.63 60.21 2.65
9(max) 206.95 30.10 6.88 9(max) 190.41 30.11 6.32
1 46.04 2.58 17.84 1 35.22 2.58 13.65
3 68.66 430 15.97 3 55.61 4.30 12.93
6 137.77 12.68 10.87 6 119.55 12.90 9.27
ReE2 9 179.95 30.10 5.98 9 165.57 30.11 5.50
12 135.32 60.20 2.25 12 138.81 60.21 2.31
8(max) 183.00 24.07 7.60 9(max) 165.57 30.11 5.50
1 50.67 2.53 20.03 1 31.03 2.58 12.03
3 71.69 4.30 16.67 3 54.28 4.31 12.59
6 95.73 12.86 7.44 6 101.84 12.87 7.91
REES 9 104.28 30.00 3.48 9 126.74 30.02 4.22
12 104.04 60.00 1.73 12 112.59 60.05 1.87
11(max) 116.34 47.15 2.47 10(max) 130.96 3774 3.47
1 32.02 2.58 12.41 1 31.14 2.58 12.07
3 56.53 4.30 13.15 3 51.66 4.31 11.99
6 118.70 12.93 9.18 6 100.62 12.93 7.78
Rer-4 9 131.29 30.16 435 9 107.80 30.17 3.57
12 242.29 60.32 4.02 12 117.01 60.34 1.94
9(max) 131.29 30.16 4.35 12(max) 117.01 60.34 1.94
1 33.26 2.58 12.89 1 21.34 2.58 8.27
3 51.44 431 11.94 3 37.05 431 8.60
6 90.48 12.93 7.00 6 86.60 12.93 6.70
REES 9 101.75 30.16 3.37 9 112.57 30.17 3.73
12 87.00 60.32 1.44 12 90.27 60.34 1.50
9(max) 101.75 30.16 3.37 8(max) 118.46 24.14 491
IZZ i, w10 s The crack map and failure pattern of the RCF-2 test
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specimen are given in Fig. 25.

When Fig. 25 is examined, it is seen that diagonal
cracks are formed at the 1% drift ratio, starting from the
column-beam and column-base connection and continu-
ing to the corners of the window opening. In the further
loading steps of the experiment, it is seen that shear cracks
started to form, and, in some areas, spills occurred in the
plaster (2% drift ratio and 3.5% drift ratio). After the 3.5%
drift ratio, the aerated concrete blocks above the window
space started to move together with the frame by form-
ing a separate band and behaved independently from the
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Table 6 Comparative stiffness degradation values of the specimens

Drift Rate (%) RCF-2 RCF-3 RCF-4 RCF-5
0 RCF-1 13.04 11.77 30.40 41.67
1 RCF-1 13.04 41.96 33.39 43.03
2 RCF-1 13.15 35.00 38.33 47.04
3.5 RCF-1 12.84 32.30 23.74 43.97
Lateral load, P
Pmax“—————l- 0.8Pmax HA= A"/AJ’
(B A E— [ i
R A ’ 7= A res/ A
AT xR
aee@ | f TN
Ay i ! E Average envelope curve
i 47 o
- Au Ai+ g
At e ateral displacement, A

5 Pr

v

Fig. 23 Ductility parameters of the specimens [30]

parts under it. The RCF-2 specimen continued its plane-
frame behavior after this point, as the wall's contribution
to energy dissipation disappeared. As a result of the exper-
iment, plastic hinge occurred at the bottom of the column.

The crack map and failure pattern of the RCF-3 test
specimen are given in Fig. 26.

When the failure pattern of the RCF-3 specimen is
examined (Fig. 26), the aerated concrete blocks located
between the two windows at a 1% drift ratio were dam-
aged and completely separated from the wall. As a result,
a band independent of the wall formed at the top and began
to behave in the same way as the frame. Therefore, while
shear cracks occurred in the wall at a 2% drift ratio, bend-
ing cracks occurred in the column at the same time and
plastic hinge began at the bottom of the column. When the
3.5% drift ratio is reached, the plaster has spilled and there
has been an increase in bending cracks in the columns.

The crack map and failure pattern of the RCF-4 test
specimen are given in Fig. 27.

A,

e T e T TR e F T T 19 Drift Rate:
sy e JRCEF-1] 27 BB 2% Drife Rate ',
o T e =" 3.5% Drift Rate

@

O
Fig. 24 (a) Crack map, (b) Failure pattern of RCF-1

When Fig. 27 is examined, it is seen that local damages
started on the door opening, which was a weak section
in the first cycles, and plaster spills occurred. The part to
the right of the door opening was separated from the wall
at the beginning of the experiment and started to move
independently with the frame. While the crack widths
increased at the 2% drift ratio, plastic hinge started at the
bottom of the columns. In the following cycles, the wall
did not contribute to the load carrying capacity and the
load carrying capacity decreased with the hinging.

Table 7 Ductility parameters of the specimens

Push Direction Pull Direction

Specimen Failure Drift Maximum Load in Maximum Load in

Code Rate (%)* Push Direction (kN)  Pull Direction (kN) Ay(mm)  Au(mm) Au/Ay Ay(mm)  Aw(mm) Au/Ay
RCF-1 35 210.45 190.41 16.52 51.71 3.13 17.98 62.28 3.46
RCF-2 35 183.00 165.57 16.54 51.02 3.08 17.65 62.12 3.52
RCF-3 35 116.34 130.00 7.49 67.15 8.97 13.86 63.38 4.57
RCF-4 3.94 131.28 117.01 13.91 67.00 4.82 10.55 73.98 7.01
RCF-5 35 101.70 117.46 6.76 67.00 9.91 16.03 56.43 3.52

*(Drift corresponding to 0.8Fmax)
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Fig. 25 (a) Crack map, (b) Failure pattern of RCF-2

The crack map and failure pattern of the RCF-5 test
specimen are given in Fig. 28.

When Fig. 28 is examined, it is seen that the block
between the door and window opening in the RCF-5 frame
is separated from the wall at the beginning of the experi-
ment due to the sliding movement, as in the RCF-3 exam-
ple. After this point, the band remaining on the window
and door opening started to slide, moving together with
the frame. As a result, bending cracks occurred in the col-
umns at a 2% drift ratio. Hinging started at the bottom of
the column and the frame continued its plane movement
until the end of the experiment.

5 Conclusions

The main results obtained in this study, in which the
behavior of RC frames with in-filled walls with different
opening ratios and positions are examined, are reported
below.

Aykanat et al. | /I O/I 3
Period. Polytech. Civ. Eng., 67(4), pp. 1001-1015, 2023

-
k‘; ..b K

i

T

A

{ " M 1% Drift Rate’
~. WM 2% Drift Rate |
B 3.5% Drift Rate

(b)
Fig. 26 (a) Crack map, (b) Failure pattern of RCF-3

It has been observed that the positions and dimensions
of the openings left in the infill wall significantly alter
and decrease the load carrying capacity.

RCF-1, RCF-2, RCF-3, RCF-4, and RCF-5 samples
showed the best performance in load carrying capac-
ity, respectively.

When the energy dissipation capacities were com-
pared with the RCF-1, a 13%, 33.5%, 31.9% and
42.3% decrease was observed for the other specimens,
respectively.

Although the opening ratios in the RCF-2, RCF-3 and
RCF-4 samples were equal, the difference in the open-
ing locations changed their energy dissipation capacity.
RCF-1 showed the best performance in initial stiff-
ness and stiffness degradations, as well as in load-car-
rying and energy dissipation capacities.

Location of the wall openings completely change the
failure mode of the RC frame.
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Fig. 27 (a) Crack map, (b) Failure pattern of RCF-4

The test results show that the openings left in the infill

walls significantly change the frame behavior. It has been

observed that the increase in the opening ratio also decrease

important parameters such as energy dissipation capacity

and load carrying capacity. It has been determined that
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