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ABSTRACT

The infill walls may lose their positive effects during the first stages of earthquakes, either by
leaving their plane or through breakage. That is why it is commairéagthen these walls
before designearthquakes®r to repair and strengthen them after suffering slight or moderate
damage due to the occurrence of an earthquake. In this study, the effect of adding and
strengthening these walls on the structural behavioreinforced concrete structures was
investigated. For this purpose, the infill walls were strengthened with a single mesh of
reinforcement and covered wifilaster Five onestory, single bay and %2 scaled reinforced
concrete frames were cast, one wait buithout infill, the second with a bare infill wall, and

the other three with strengthened infill walls with anchorage of different diameters. All these
specimens were tested under aydbading type reverse. The tests resulted in important
relationshps and curves, including the lateral ldateral displacement, envelope curve
lateral load and lateral displacement, as well as stiffassral displacement and others.
Through these results, the effect of adding infill walls and the strengtheningdprecof

these walls on the structural behavior of the structures was discussed.
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INTRODUCTION

Concept of Strengthening

It is known that a majority of reinforced concrete buildings in Turkey and abroad do not have
enough capacity to resist even modesared earthquakes. The strengthening of these
buildings before a design earthquake or improvement, repair or strengtloéivem with

little or moderate damage after earthquakes is commonly performed in practical life.

For all or some of the structural membsystemwith or without damage by an earthquake,

the intervention procedures are generally called reinforcemeisth@ppened in the casé

the same or equivalent magnitude of earthquakes and when improvithgathearrying
capacity throughout their economic life

It is inferred that there are a significant number of buildings that need to be strengthened.
Many resarch studies present in the literature have expressed that the strengthening of so
many buildings to a required level is economically unfeasible. On the other hand, these
structures must be prevented from collapsing during possible design earthquakks o or
minimize the loss of life and property.

The development of economical and fast procedures that enable the strengthening of
structuresand industrial structures in use without hindering structural function and purpose

of the use is necessary.

Strenghening of Infill Walls

It is known that the infill walls of a building have a positive effect onstinecturalbehavior

of the building in terms of their properties. These properties include stifloasiarrying
capacity and structural viscous dangpiithe infill walls increase the horizontal stiffness of a
structure and reduce the horizontal displacements. Therefore, the -sedeneéffects (non

linear) decrease in a structure. Another effect is that the infill walls change the modal
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vibration charateristics of the system as it increases the stiffness of the structure and
accordingly, the natural vibration period of the system decréikdekkianie, 2006).

Some researchers and engineers consider that the infill walletead bearing elementfo

the building systems. Therefore, the infill walls are considered only as mass (weight) in
modeling and analysis of building systems and solutions are made in thi§ad@kkianie,

2006. However, for the reasons mentioned above, it is a shortcomintpehiatill walls are

not considered in the structural solution.

It is known to everyone that the brigkfill walls significantly increase both stiffness and
lateral strength of reinforced concrete structures as long as lateral deformations remain under
certain levels. However, when lateral displacement exceeds a certain threshold, the infill
walls lose their function by being crushedpiane or by toppling out of the plane. In such
cases, they cannot contribute to the behavior of reinforced concretigts throughout the

entire earthquake. The efforts to strengthen the partition walls are still in progress in order to
fully utilize them during the earthquake time history.

The first study on filled frames was performed by Whitney efVehitney etal., 1955).The

authors commenced an experimental study program for the US Army in 1949 and published
the results of the studies in 1955. It was observed that filling the gaps in the structures with
the infill wall significantly increased the lateistrength and stiffness of the frame. The study
determined that this increase could be between 10 to 20 times in comparison to the bare
frames. Smith(Smith, 1968) investigated the effect of the vertical load on the horizontal
stiffness and strength of thmasonry wall in the steel frame. The horizontal stiffness and
strength of the system when there was a small vertical load on the system was higher than
that of a system when there were no vertical loads on the system. The collapse mode of infill
wall, diagonal cracking and corner compression failure, was determined to be the same when
there was only a horizontal load on the structure. Ersoy and YEsegy and Uzsqyl971)

tested 9-reinforced concretéilled frames. The behavior of the singory frame vas
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simulated by applying a concentrated load in the middle of the frame. In the experiments, the
applied horizontal loading was uniformly increased. As a result, it was understood that the
horizontal load capacity of the frame increased by seven timasamnesulting displacement
capacity decreased. Klingner and Bert¢kdingner and Berterp 1978) conducted an
experimental study by applying a sestatic load to the 1/3 scale model on the first three
floors of an 1istory building. The structure considt®f three openings, and the outer
openings were constructed with infill walls. Simple and large scale mathematical models
have been created in order to model the behavior of the bare frames and infilled frames. The
horizontal dynamic loading testsr 4-storey steel frame structures with reinforced concrete
infill walls were conductedby Liauw (Liauw, 1979) Factors such as the interconnection
between the frames and infill walls and the effect of gaps in the infill were investigated for
the stiffness andtength of the models. Yuzugull@yazugulll, 1979) carried out the
strengthening works of a singdtory, singlespan structure. The strengthening process was
made of reinforced concrete prefabricated panels, and the results were published in a
technical eport. Govindan et a{Govindan et a).1986)investigated the differenas seven

story reinforced concrete frame with and without infill walls exposed to horizontal loads.
Al t(&Int ®90)conducted the tester 14 frame with infill walls undercyclic loadng

type reverse The frames within the doctoral thesis study were prepared from 1/3 scale,
singlespan and two stories models. Such factors as the strength of the frame elements,
reinforcement in infill walls, axial load level and infill weélame connection details were

used as parameters in the experimental study. The effect of masonry infill wall panels on the
seismic performance of reinforced concrete (RC) frames designed following the existing
code provisions were examined by Mehrabi et(&lehrabi et al. 1996) Two types of
frames were considered. One of the frames was designed for wind loads and the other for
strong earthquake accelerations. Twelve-sbale, singlday frames were tested. The
strengthening of brickilled reinforced cacrete structures with fibrous polymer composites

4
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(CFRP) was examined in experimental and analytical studies by Ozcebé stcabe et al.

2003) In the study, seven 1/3 scale, sing@n and twstory frames were tested. As a
result of the experimentsno significant improvement was observed in frame stiffness,
although there was an incredseframe strength with CFRP. Albanesi et(@lbanesi et al.
2006)conducted a thredimensional shake table experimémtonestory and onepan fult

scale renforced concrete frame. In the experiments, infilled wall models with and without
gaps were used. Kara and iAl{Kara and Alin, 2006)examined the behavior of reinforced
concrete frames reinforced with ndoctile and partial fill. The frames were subjected to a
horizontal cyclic load. Within the study, seven sirg@ans, twestory and 1/3 scale test
specimes were constructed and tektdn the test frames, it was accepted that there were
deficiencies widely encountered in the conc
(Guney and Boduroglu, 2006)ated in their study that the effect of the stiffness of the infill
walls on the struaral behavior was not taken into consideration during the analysis and
design phase. However, they stated that they affectedstituetural behavior under
earthquake forces with the symmetric or asymmetric plan due to the stiffness they had.
Ozdemir(Ozdanir, 2008) studiedthe reinforced concrete structures with brick infill walls
which were assumed to be produced insufficiently. The reinforced concrete frames were
strengthened by applying steel mesh reinforcement and plaster to the infill wall surface. In
the experimental study, ten 1/2 scale,-etagy and singlespan reinforced concrete elements
were produced. Different test elements were formed as a result of different strengthening

details made on the infill wall surface.
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EXPERIMENTAL STUDY
In experimental studyfive onestory, single bay and Y2 scaled reinforced concrete frames
were castThese reinforced concrete specimens represent damaged buildings designed and
manufactured practically with insufficient details. As a strengthening taohnigteel
reinforcement mesh is placed on the infill wall, and then plaster is applied following the
specifications. The geometric and physical properties of the specimens to be tested are given

in Table 1.The size of the anchorage diameter applied tostimecimens differs in the

experiments.

Table 1Physical and geometrical propertiesdesignedspecimens

. . Frames Infill wall
Specimen| Specimen . , . ) : .
no name Specimen properties dimensions | dimensions
mxm mxm
1 B Bare frame 2.10x1.45 1.70x1.20
2 I Brick infill + plaster 2.10x1.45 | 1.70x1.20
Brick infill + plaster + frame
I-FA30 anchorage distance 30cm and 8n
3 @8-WAS8- | diameter + 8 wall anchorage bargs 2.10x1.45 | 1.70%x1.20
Pl and 8mm diameter + plaster of
3.5cm per Earthquake Code
Brick infill + plaster + frame
I-FA30 | anchorage distance 30cm and 10r
4 @10-WA8- | diameter + 8 wall anchorage bar{ 2.10x1.45 | 1.70x1.20
P1 and 8mm diameter + plaster of
3.5cm per Earthquake Code
Brick infill + plaster + frame
I-FA30 | anchorage distance 30cm and 12
5 @12-WA8- | diameter + 8 wall anchorage bari 2.10x1.45 | 1.70x1.20
P1 and 8mm diameter + plaster of
3.5cm per Earthquake Code

Production of Specimens

A total of 5 reinforced concrete frame samples having a single story and a single bay are
produced. Strengthening is dad outby a steel mesh application on the infill walls. The
amount of reinforcement, crosectional details, and geometry used in the experimental
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elements represent the structures considered to be improperly produced. The samples are
built on a rigid bundation by assuming that the samples are fully fixed at the supports. The
test specimens are designed to have low concrete compressive strength and weak column
strong beam analogy. The foundations of the specimens have dimensions of 3.10 m x 1.00 m
and aheight of 0.50 m. The production tfe foundation is shown in Figure 1. The concrete

of the foundations of all samples is poured from the same concrete mixer and also at the
same strength of C25. After casting the foundation, divecretefoundation is ared as

shown inFigure 2. Then the molds of the frames greparedand concrete and beam

reinforcements are placed in the mold.
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Figure 2 Curing of concretéoundation
After the completion of the molds and the placement of the reinforcements, the concrete is
poured, as shown in Figure 3. Concrete pouring of all five specimens is performed at the
same time. In order not to cause any difference in the concrete comptesngth of the
test specimens, concrete is poured from the same mixer. As seen in Figure 4, plenty of
concrete samples acast The completed frame, once the concrete has set and the brick infill

wall has been put in place, is shown in Figure 5.

Figure 3Pouring of frame concrete
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Figure 4 Cylindrical samples
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Figure 5 Application of plaster on the outer face of the infill wall

Since the strength of the concrete used in the samples is desired to be low, curing is not done
sufficiently in amount and level. In the frame members, the ties are designed with 90° but
without hooks. Ribbed reinforcements are used in the experimental elements. The
confinement zones as per the earthquake cadenot formed, but the minimum
reinforcement is used ithe concrete members. The dimensions and reinforcement details of

the test samples are given in Figure 6.
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2000

Strengthening of the Specimens
Five sample tests with the same characteristics are performed. Four specimens are
constructed with infill walls, the first of which is not strengthened by any means. The
remaining three are strengthened, and all parameters are kept the same except anchor
diameter, and accordingly, the specimens are tested under the influence of horizontal loads.
The first of the specimens is coded as sample number 1 and is tested as a bare frame. This
specimen is named as sampladfshown ifrable 1. The sample no. 2tlee specimen with
the infill wall. The outer surface of the wall is plastered with 1.5 cm, and the inner surface is
plastered with a 1 cm thick plaster. The frame will be damaged as the infilled frame, and the
contribution of the infill wall to the behawieinder horizontal loads will be investigated. This
specimen is named as the saniple
The remaining samples are strengthened test specimens. In strengthening these samples,
anchorages are planted at certain distances to the foundation and frame ménuberage
bars are made of @8 ribbed reinforcement. In all samples, the depth of the holes where the

anchors will enter is ten times the diameter of the reinforcefi®al). The length of the
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anchor bars outside the frame is 40 times the diameter ofittiercement(40Q). Epoxy is

used to anchor reinforcemerits existing concrete members. The anchor holes are drilled
with a large diameter (@1@nd a depth of 8 cm (10d). The dust of the drilled hates

cleaned and then washed with water. The ancharsve c a |

t

o

t

he

wal

pl a

Each leg of these anchors is prepared to be 104, and anchorages are made over the mesh

reinforcement which rests against the wall. Figure 7 shows the first of three strengthened

specimens with reinforcement detailhe last two strengthened specimens are not shown

herebecause of the difficulty of taking a phatothis region due to the interference of the

mesh reinforementwith theanchorage bars.

10,30 30 30 30 30 10

30 15

30

30

310

50

40

40

40

175,
| Fa

45

45

45

175
s |

310

50

Figure 7.1-FA30 J8-WA8-P1 (Frame anchoragd 8 mm diameteand spacing distance (
30cm, the number of anchorages perpendicular to wall plane is gitdterthickness is
3.5 cm) &ccording to TurkislEarthquake Code007)

Experimental Setup

In the laboratory where the tests are carried out, there wasshaped RC to which the test

specimens are restrained. Tibading wall ¢etainingwall for hydraulic system to avoid the
effect of pull and push loading during the test) is lIength andb0 cm thick and a hard floor
covering of 60 cm thick. Figure 8 shows the loading wall and test setup, along with a

specimen placed.inear Variable Differential Transformer&é\(DTs) are used to measure

displacements in the experiments. The loading is applied with a jack, and the load values

read from the load cell in the front of the jack load transferred to the data collector. Data

11
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from the channels to which the LVBRreconnected aralso transferred to the data logger

and from there to the computer. A total of 13 LVDTs are used in the tests. Figure 9 shows
the position of LVDTs. Four of them are used to measure roof displacements. Diagonal
readings are taken wittwo LVDTs placed on he inner side of the wall at an angle of
39.13°.FourLVDTs are connected to the lower end of the column where the measurements
are taken, and two readings are obtained therein. LVDTs are also connected and readings are
obtainedto check if there is any tmdation displacemermtr rotations.These readings were
neglected because they were very small.

It is thought that the infill walls strengthened with mesh reinforcement and anchorage bars
could cause movement out of the RC specimens during the applichtiateral force. In

order to prevent this movement, a steel frame system is built around the frame elements.

The experiments are carried out with displacement control. Data from the data acquisition
devices placed on the test elements are simultanecolgted on the computer. Push and

pull cycleis applied in double cycles. At the end of the second cycle, the experiments are
halted for a short time, and the cracks and damage of the elements are determined and

recorded.

Figure 8 Loadingwall and tet setup of sample B

12



Journal of Engg. Research Online First Article

— | REINFORCED WALL

\
\

\§\\/\
ﬁ.‘.\ / > )
‘\“_ . V4 /
:7 v/ % It
L) | |

; 2800

Figure 9: Positionof LVDTs on the frames

RESULTS AND DISCUSSION
For the first of the specimens, sample B,trget or requestadisplacement is computed by
multiplying the displacement ratio with 1330 mm, which is the distance between the level of
LVDTs where the displacements are measured and the foundation. The test is initiated at the
displacement ratio of 0.000%a(get or regesteddisplacement 0.665 mm) and is terminated
at the displacement ratio of 0.0fArget or requestedisplacement 93.1 mm). The specimen
is pushed and pulled twice at same displacement level up to the target displacement. In the
second cycle of push amll, the experiment is interrupted for a short time and the damage
is recordedAt the same time, photographs are taken, which are not shown herettiee to
interferenceproblem. The forcalisplacementurvefor the bare frame obtained at the end of
the push and pull cycles is given in Figure 10. In the infill walled frame (sample 1), the
measured LVDT distance is 1330 mm for the target displacement. The displacement ratio is
started at 0.0005 (the target displacement at 0.665 mm), and the displacemerg rat
terminated at 0.01 (the target displacement at 13.3 mm). Thedispldcementcurve
obtained after the push and pull cycles for the brick filled reference frame is presented in

Figure 11.
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Figure 10 Load-displacement curvi®r bare Figure 11 Loaddisplacement curvi®r the
frame frame (1) with brick infill wall

The same loading protocol is applied for the strengthened RC frame with infill vi=AB0
@8-WAB8-P1). The displacement ratio is started at 0.0005 (the target displacement at 0.665
mm), and the displacement ratio is terminated at 0.01 (the target displacement at 13.3 mm).
In this experiment, the specimen is subjected to a total of 32 cyclese Higuisplays the
load-displacement curve obtained at the end of these cycles. The same method for loading is
extended to the reinforced sampleFA30 @10-WA8-P1). A maximum of 32 cycles are
applied to the experiment. Figure 13 displays Itheed-displacenent curveproduced as a
product of these intervals. Figure 14 shows the-ttiadlacement curve for the specimen (I

FA30 J12-WA8-P1).
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Figure 14 Load-displacement curve of the reinforced frame (FABQR)

The horizontal loadlisplacement envelope curfa bare frame ishownin Figure 15 (those

of the other four are not shown for brevity). According to the above data, the maximum load
values of the samples in push and pullilimstratedin Table 2. It is noticed that a capacity
increase of 92.1 / 35.5 = 2.6 fold is calcathtwith the bare frame turned into thefilled

frame. This conclusion illustrates that the effect of the infill wall is thoughtfully displayed.
However, during a possible earthquake, the plain wall will most likely be tilted out of the

wall plane, and tis contribution of the infill wall will be lost without the full utilization.
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Table 2The maximum load values in push and pull cycles of test specimens

Frame Maximum Load (KN)

Push Pull
Bare frame (sample B) 35.5 37.6
Frame with infill wall (1) 92.1 91.2
Strengthened frame-HA30 @8-WAS8-P1) 173.6 145.1
Strengthened frame-AA30 @10-WA8-P1) 143.7 173.2
Strengthened frame-HA30 @12-WA8-P1) 166.5 166.2

However, after the strengthening, the contribution of both the wall and the strengthening to
the load carrying capacity will be preserved due to the anchorages provided. In the
experiments, the owdf-plane movement of the frame is prevented, and thigibatibn of

the infill wall is seen in a serious sense. The horizontal-t@aying capacity of the
specimen by strengthening the infill wall frame with mesh reinforcement and pisister
increasd by 173.6 / 92.1 = 1.88 times in comparison to the loadying capacity of the
infilled frame. For thed10 and@12 anchor barghe increasingatio is 143.7 / 92.1 = 1.56

and 166.5 / 92.1 = 1.8tespectively In other words, by strengthenitige infill wall frame
according to the specification in earthqualagle with mels reinforcement and plaster, the
horizontal loaebearing capacity increagdy 88%, 56% and 81% fa@8, @10 andd12
anchoragerespectively. Figure 16 shows the effect of the partition wall and strengthening on

theload-displacement curvesf@ll the frames tested.
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Figure 15Load-displacement envelope curv  Figure 16 Horizontal loaddisplacement envelope
for bare frame curves for the bare frame, infilled frame and
strengthened frames

The initial stiffness of the frames can be calculated by averaging the pull and push
stiffnessesThe initial stiffnessfor bare frame (B) is 6.5KN/mm, for infilled frame (I) is
57.94 KN/mm, for strengthened frame with infill wall i{(FA30- @8-WA8-P1) is 95.97
KN/mm, for strengthened frame with infill wall (FA30- @10-WA8-P1) is 84.64KN/mm
and forstrengthened frame with infill wall (FA30- @12-WA8-P1) is 88.97KN/mm. By
turning the bare frame (B) into the infilled frame (), an increase in the istifiless of 9
times is obtained. A tfold stiffness increase is observed when the empty frame (B) is
compared with the strengthened wall frameFA30- @8-WAS8-P1). With the infill wall
being strengthened, the initial stiffness increlabyg 1.66 fold. Inother words, a stiffness
increase of 66% is achieved. With the diameter of the frame anchorage bar being increased
from @8 to @10, a 12% reduction in stiffness is observed. With the diameter of the frame
anchorage bar being increased fr@® to @12, a 7%reduction in stiffness is observed. The

stiffnessdrift curves of all frames are presented in Figure 17.
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Figure 17 The stiffnesdrift envelopecurves for the bare frame, infilled frame and
strengthened frames
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CONCLUSIONS

In this study, the effect of wall strengtheniagcording to Turkish Earthquake CodéE(C)

2007 is investigated~or this purpose, five singigtory, singlespan and ¥%ized frames are

cast The first specimen is the unfilled (bare) frame, the seconctibribk filled frame and

the other three are the strengthened wall frames. The frame column and beam dimensions
and reinforcement details have been chosen to represent frames produced practically in the
defect. The difference between the three strengthBaetes is the diameter of the anchor
bars. The distance between anchorage bars is 30 crthexidmetes are 8, 10 and 12 mm.

The horizontal loagtarrying capacity of the bare frangincreasedy 2.6 timesusingthe
infilled frame In addition to the infill wall, the strengthening performed through anchorage
bars with aspacingdistance of 30 cm an@8 and the application of plastéithe capacity of

the strengthened frame is 4.9 times of the bare frame and 1.9dintes infilled frame.
Whenthe bar diameter increased to 10 mm and 12 mm, the horizontabdéaaithg capacity
decrease In other words, increasing the diameter does not make a positive contribution to
the designed concrete frameRhe altering of the anchor diameter doeot cause any
changes in the pull or push capacity of the reinforced concrete frames.

If a comparison is made in termstbk stiffness of thérame the stiffnesdor bare frame is
increased by 9 timesf the infilled frame.In addition with the wal strengthening this
increase becomes l1bnes With the infilled frameand strengthened wall and anchorage
bars, the determined stiffness incredsel1.66 times By changing the diameter of the
anchorage bar frol@8 to @10, a 126 decrease is observed. Wia change in anchorage bar
diameter fromd8 to @10, a decrease of 7% is computed. The stiffness of the strengthened
infill wall frames with high initial stiffness decreases rapidly with a horizontal displacement
ratio.

18
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No axial loading on the frame elenis has been applied. In future studies, this factor needs

to be taken into account in order to achieve more accurate results.
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