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ABSTRACT:

Seismic strengthening of brick masonry structuseghimajor priority because of their high vulnetipito
earthquakes. An acceptable strengthening techrshoeld provide both the stiffnessich ductility for the
structure. There are so many conventional techsigged to retrofit masonry structures in the wnkt mor
or less improve the performance of these structuresstill there is a need of much more investigatc
clearly understand the influence of these methadseismic behavior of masonr@ne of the most popu
strengthening methods forick masonry buildings in Iran is coating the wakllith reinforced concrete laye
This way of retrofitting provides good strength ashattility for the masonry structure and also colstthe
crack propagation in the walls, bbecause of the lack of experimental and analyiitfarmation on thi
method, retrofitting procedures are always donedhasn empiricatfecommendations. This research is an ¢
to study the seismic performance of the masonuogctires retrofitted with this methoHBor this reason a noy
approach is proposed to investigate the in-plafavier of retrofitted masonry wall with RC concrééger.
The reliability of the numerical results is confedhthrough a comparison between numerical aralable
experimental results.
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LINTRODUCTION

Existing unreinforced masonry buildings constitute a gigaint portion of existing buildings around the \at
This indicates the urgent need of retrofitting thesiildings. For this reason, during the past desdifferen
evaluation procedures have been proposed for semmiluations of masonry buildings. Aldwte are a larg
number of methods for retrofitting masonry strueturthat are intended to improve theirplane an
out-of-plane seismiperformance. Some conventional methods are sutfaagment (Ferrocement, FRP la
Shotcrete layer [1]), grout and epoxy injection fternal reinforcement [Znd confining masonry walls a
post-tensioning.

Although a variety of techniques are used to feergjthening the masonry buildings, and many rebear(e.¢
[1]) have discussed the advantages and disadvantdgbese techniques, there is little information
technical guidelines with which an engineer carggithe relative merits of these metho#llso there are r
reliable analytical methods to evaluate the seigesistance and performance of retrofitted massetinctures
In the past years many rese@rs have been tried to analytically investighgegeismic behavior of retrofitt
masonry with different techniques of retrofittingmong them we can say, Elgawady [gioposed &
analytical method to study the global behavior eifofitted masonry with FRP layer, or Abrams {Bgd tc
experimentally and analytically study the behawbrmretrofitted masonry with different retrofittingnethod
like shotcrete.

One of the most popular methods used in farstrengthening the masonry structures is codatie
walls with reinforced concrete layers but becau$ethe lack of experimental and analyt
information on this method, rehabilitation procezkiare being done based on empirical judgménts.
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this method a mesh of reinforcing bardiist placed in the face of the wall and then it@vered wit|
a concrete layer. This procedure can be done fdn bo just a single side of the wall. Also
concrete Iger and reinforcing bars would be anchored to tladl @ assure the consistency of
deformations of the wall and concrete layer.

In this paper simple novel method is used to pteiiie behavior of masonry walls retrofitted v
concrete layer. In teimethod the shear and flexural behavior of thé arel predicted separately :
then they are coupled so that the shear displadetnere of the wall will be calculated with regan
the governing behavior.

2.ANALYSISOF RETROFITTED WALL

In this section the procedure for analyzing theoféted wall with concrete layer is discussddhe aim of thi
analysis is to produce a simple method of calauigtine sheadisplacement curve of a retrofitted masonry
under a constant axial force that is applied tomiasonry part of the wall. As it is shown in Figléformatiol
behavior of a wall under shear force is composetvofparts: flexural deformation and shear deforomatSc
for exact calculating the shear-diapément curve of a wall, we should compute theuflexand she
deformation parts of the wall. Then by couplingnthin each step, the displacement of the watiagectly
estimated.

= = = TIndeformed

Deformed (flexure)

— Deformed (flexure = shear)

Figure 1 Load versus axial strain curves

Firstly, a moment-curvature analysis is done toaimbthe moment-curvature curve of the retrofittedll
(Fig.2). The method of calculating moment-curvattgtationof the wall is discussed in the following sec
(sec. 3). After calculating the momerurvature diagram, the shear displacement curtbeotvall with regar
to flexural deformations can be computed.
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Figure 2 Moment-curvature curve of a sample retesfiwall

In each step the shear can be calculated accamlihg Eqn.2.1 from the value of moment in thap ste

v=M (2.1)

whereV is shearM is moment anth is the height of the wall.
For calculating the displacement, we should fiedtulate the rotation of the wall, which can be ebased on
the general relation between the rotation and ¢urgas:

h
K.X
6= f =2 dx (2.2)
5 N
where 8 is the rotation of the wallx is the curvature of the wall in each stejis shown if Fig.3 anti as

previously defined is the height of the wall. Se #hear-displacement curve of the wall with regaritexural
deformations can be extracted from moment-curvaturee of the wall.

Ix
A A M | KW

M k

Figure 3 Determination of the wall rotation

Secondly, the shear-displacement curve of the watler pure shear loading is calculated. Eu®pte:
procedure for analysis of retrofitted masonry paneider pure shear loading is discussed in sea¥ing
calculated the sheaisplacement curves of the wall according to flakand shear behavior separately, t
two curves will be coupled as shown in Fig.4.

As it is shown in Fig.4 the total displacement ko tvall, dt, in each step is calculated by addthg flexura
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displacementdf, to the shear displacemeds, of the wall in that step. This procedure is coméid unless ti
peak point of the lower curve is reacheg)( From this point forward the shear displacemdrthe wall will
be the same as the governing behavior curve (lowet) in which the displacemewill be increased by tl
value ofdfp.

Shear-displacement

curve (Flexural) .
Shear-displacement

/ curve (Shear)

\

' ' Shear-displacement
! E curve (Shear+Flexure)

shear

of ds dt dp
displacement

Figure 4 calculating the total shear-displacemante

The aforementioned procedure has been includedrortaan code. This software code, MPV, carubed ti
predict the sheadisplacement curve (pushover curve) of bare masmatly RC wall and retrofitted masor
wall with concrete layer (rectangular or | shapdlsyavith any governing behavior (shear or flexure)
considering all probabl failure modes in masonry and concrete (bed jeliaing, diagonal tension, t
crushing, rocking).

3.Calculating the M oment-Curvatur e diagram of retrofitted masonry wall

For the creation of the inelastic moment-curvatueves of the retrofittesvall there will be two main stej
First defining the wall geometry and material pmtigs and second is the momentvature analysis. In t
first step the geometry of the wall is defined &nei it is divided into some cells (fibers), aswhan Fig. §
and then the appropriate material properties sig@ead to each cell. Also we need the nonlineassstrair
behavior of each material (concrete and masonrgdmpression and tension.

Fibers

Figure 5 Section and fibers defining

In the second step, by knowing the constant amiaf, we should assume a strain distribution @igver th
wall section that the resulting stresses in fibei satisfy the equilibrium equations in the secti The
equilibrium equation that should be satisfied i1 BdL.
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> oA=N (3.1)
where 0, is the stress in each fibe#\ is the area of each fiber ahts the constant axial force applied to the \

This procedure should be done with an iterativehioibto obtain the appropriate strain distribution otlee wal
section that satisfies the Eqn.3.1. Then the morembe calculated according to Eqn.3.2.

Y TAY =M (3.2)

where Y, is the fiber distance to the neutral axis of thetiea. The curvature of the section is also computih
Eqn.3.3.

K=—1t—¢ (3.3)

where K is the curvature of the sectiorg, is the first layer strain .. is the last layer strain arids the length of tt

section. This procedure shall be done for diffesgrdin distributions and then the momeantvature diagram of tl
wall will be obtained.

N

P n

cross section

assumed strain £
distribution
E:

calculated stress o,
distribution

Tc

Figure 6 assumed strain distribution in the watties

4.Shear behavior analysis of theretrofitted masonry wall

For analysis of the retrofitted wall under shear, itassumed that the masonry and concrete layer ex
together and their deformations are the same. Byidganto account the mentioned assumption, thelproli
to calculate the shear stress for the increasihgesaof shear strain in each step by satisfyingetpglibriurr
equations:

o,to,,=0 (4.1)
Op,+0,,-0,;=0 (4.2)
€ = Exm (4.3)

Ep = Em (4.4)

Here an iterative procedure (modified Newton's medh is employed to iterate on the unkn
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quantitiesgx,e‘y, and satisfy the equilibrium equations, Eqn.4.d Bgn.4.2, for a given shear strain.ddifferen
approaches are used to compute the stresses ofitpasml concrete layers as discussed in the settioand 4.2.

Figure 7 Definition of the strains in retrofittettment

4.1.shear analysis of masonry

In the proposed method fdhe analysis of the masonry part of the wall, thaiss are translated to -
principle planes, assuming the stress and straitiple planes are same, and then the stresség iprincipl
planes will be computed accamg to biaxial behavior models of masonry and thewvill be translated again
the local planes. The appropriate failure critena biaxial stresstrain relations are considered for mas
here. In compression-compression range the sttesn-selation and failure criteria proposed by gay6] is
used, in compression-tension and tension-tensiogesathe Maekawa concrete modelf’ised and in she
the Mohr-Coloumb criteria is used to determineghear cracking. For the post cking behavior of mason
in shear the Li's contact density model [7] is usAd the Li's contact density model has origindliger
developed for concrete, it was modified for masonry

The proposed method of analysis of masonry waléble to predict all kinds of probable failuresnrasonr
like toe crushing, rocking, bed joint sliding, doamal tension and also stair-stepped bed joint rejidA
comparison between analysis result and Atkinsoremental result [8] is shown in Fig. 8.
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Figure 8 comparison of the analysis with experirakergsult

4.2.shear analysis of reinforced concrete

The procedure used for nonlinear analysise@riforced concrete is based on fixed smeared appkoach ar
the nonlinear models of concrete in compressiomsio® and shear for reinforced concrete elemendel
biaxial stress states proposed by Okamura [7].

In this method the response of RC elements is ctedpoased on the relation betweendlierage strains a
the average stresses mobilized in RC domain, duldanteraction of concrete-reinforcing bars aties
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transfer across cracks i.e. aggregate interloak @i
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Figure 9 local and principle stresses in concriziment planes and crack surface [9]

The results obtained by this method show very gapéement with experimental results with well pcédg
the post cracking behavior of the RC elements.

5.STRUCTURAL COMPARISONS

In this section, the results of the produced safvaae compared with the experimental resultsptdion the
reliability of the proposed method for analysisndisonry and concrete waled also masonry wall retrofitt
with concrete overlay. Firstly Ganz W4 masonry wWal] and Vecchio B2 reinforced concrete wall [Ht}
analyzed. The comparison of the results with expental results is shown in Fig. 18hd the good agreem:
between them is obvious.
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Figure 10 Ganz W1 masonry wall and Vecchio RC Wetification

Abrams [5] tested a masonry pier retrofitted wiiffiedent techniques. One of the retrofitting teahmes useth
his study is RC concrete layer (Fig. 11). The fpi€rs bare pier without any retrofitting and pié&r 4 that he
been retrofitted with reinforced concrete layere3é two piers have been analyzed with the prepsafédare
MPV, and the results are shown in Fig.12.
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Figure 11 Masonry pier tested by Abrams[5]
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Figure 12 Comparison of analysis results and erparial results

6.CONCLUSIONS

In this paper a novel analytical model has beesgmted for studying the response of retrofittedangswalls
with RC concrete layer.his analytical method uses an iterative proceduatisfy the equilibrium equatio
For the masonry the biaxial strestsain relations and failure criteria is used athdh& possible failure mod
are taken into account. For the RC part of the dmallfixed smeared crack approach is used. The taa
model was validated by comparing the results wiikting experimental results.
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