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ABSTRACT

This paper presents the results of an experim@ntgram investigating the behaviour of frame witasonry
infill panels subjected to cyclic loadings. Two &gof masonry frequently used were tested. Thetsffe the
infill panels on the seismic response of frame dogs were evaluated. The experimental results haen
used to develop an analytical model for the deteation of the stress-strain relationship to pretfietinelastic
behaviour of each type of infill. A linear (spedfrand non linear (step by step) analysis have loaened out
on currently used prototype frames. The result@iobtl show that the infill has an effect on thesrsig
response of frame buildings and it should be cameitiin the analysis of such a type of structures.
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1. INTRODUCTION

Reinforced concrete frame buildings with masonrijllinvalls are a type of construction widely used i
Morocco .and throughout many countries. Hollow difg/blocks and hollow concrete blocks are usedrffill.
The masonry panels, which are required to buildptiéition and enclose the structure, are genecalhsidered
as non-structural components. Therefore, the cormnamtepted hypothesis in the design of frame &iras is
to neglect the structural role of the infill pan€eldis hypothesis does not seem to correspond tivélreality
when the structure is subjected to seismic lateeds. As a matter of fact, the behaviour of thacstires is
affected by these non-structural elements in eagke horizontal loads. Some skeleton failures oesker
during earthquakes have been, indeed, attributduetaction of the infill panels placed in the fesnThe goal
of this paper is to bring a contribution to the Wutedge of the effect of infill panels on earthquakeponse of
frame buildingsFrom the experimental point en view, two typesrdillipanels confined in frame have been
tested. The test results are used in theoretialysis. Experimental and numerical investigatiores lariefly
presented.

2. EXPERIMENTAL INVESTIGATIONS

Two different types of infill panels confined iname have been tested. Panels are made of hollgwtilela
blocks, and hollow concrete blocks. The tests hmen made under quasi static alternate loadindl{réfoads
were high enough to crack the masonry panels withielding the steel frame. Because of the limittyth of
the article the results of the experimental testshaiefly summarized.

2.1 Stiffness

Infilling panels are found to increase stiffnesstlod structure as observed in Figs. 1 and 2. Theedse in
initial stiffness, obtained for small strains, aaach 7 times that of bare frame. Experimental dataw that



after the first shear cracking, appreciable stgfelegradation occurs. This decrease continues wieen
displacement increases. However, the stiffnesh@firtfill frame remains higher than that of the ebfname
even after the collapse of the masonry panel asrsioFig. 3.
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2.2 Strength

The infill panel acts as a lateral load resistitgctural element and results in an increase iength of the
frame.The ultimate strength has increased to in@dithat of the bar frame as shown in fig. 2. Asait be
observed, there is no reduction in the strengttinefinfill frame, in spite of the degradation oétpanel. Load
levels depend on the type and thickness of thel pdmeasonry.
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2.3 Hysteretic modelling of infill panel

Dynamic inelastic analysis of frame buildings wittasonry infill walls requires realistic conceptumabdel of
these walls that can simulate there strengthnssl, and energy-dissipation characteristics. Xperanental
hysteretic load-displacement curves have been tasdevelop a model of the global behaviour of egpe of
infill panel. It's a set of rules that define theabches of loading, unloading, and reloading umeleersed cyclic
loading. Detail of the hysteretic model of eachetyy panels is given in ref (2). The two models sinown in
figs. 4. These models can be used in non lineanseianalysis.
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Figure 4: Hysteretic model of infill panel



3. NUMERICAL INVESTIGATIONS

The purpose is to illustrate the effect of infilnel on the overall structural response. The enparial results
have been used in the theoretical study. For cogehe range of short, medium and tall buildings, %, 10, 15
and 20 floors frames were selected. The locatidnisfil walls were changed in horizontal directiohhe full
details of member sizes and other specificationglomodels are given in ref. (3). Dynamic time tbiy
analyses were carried out, assuming a nonlineavi@lr of masonry panels, by using the proposetehgtc
model of each type of masonry. The computer progld@DYNA was used. The program contains the
proposed models of the types of the masonry paAtlsf the in filled frames were analyzed with $hprogram
and subjected to EL Centro and Taft ground motreesrds. The structures were analyzed for the fifisen
seconds of the records.

3.1 The modelling of frame buildings

Based on the commonly accepted approach in thg@rdedi frame building, an analytical macro-model was
used. The panel is idealised by a compression dagarut opposing the lateral deformation of ttraciure as
shown in. Fig.5. When the building is subjectechtwizontal seismic forces the masonry panel isaegd by
two compression diagonal trusts as shown in. Rigu8 frames with masonry confined panels are medels
equivalent braced frames by assuming the frammbees and diagonal struts to be pin jointed as shiow
fig.7. This approach is simple and computationattyactive.
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Fig 5 Idealisation of masonry Bitpealisation of infill Figldealisation of in filled
Infill panel for dynamic analysis frame building

There are expressions for dimensions that shoeldcdnsidered for the equivalent diagonal strut. The
expression taken from ref (4) and the test reselt§1l) were used to evaluate the width W of thaiaent
strut replacing the masonry panel fig 5. This widtlgiven by the equation. 1.

W ==0.135Dp%* (1)
Where: Etsin® (2)
B=H4
4 EC IC H|

D is the length of the strut H. , H are the elastic modulus, the modulus of iaeatid the height of the column

panel respectivelyd ,t, H are the angle defining diagonal strut with theizwrtal, the thickness and the
height of the infill panel respectively. The elasti-plane stiffness of a masonry infill panel épresented with
a compression strut of width W. The initial lateséiffness K of a diagonal strut is given by the following
expression:

K= Ewtco® /D (3)



If the beam and column sections do not change idailgt from floor to floor and story heights thraugut
major part of the building are fairly constant, ttery lateral stiffness of a bare frame can bemiby the
following expression;

K=12EY(lc )/ H(1+2a) ) (4
a = LY(Ig)/HX(1b) ®)
Where H and L are the high of the column and thgtle of he beam respectively. The moment of inefitoe

column and the beam are denoted dgmid |} respectively. The initial lateral stiffness oéthuilding in each
story, denoted by K can be estimated by the following expression:

with

K=mK +Kp (6).

m is the number of infill panels in a stofihe ratio of the initial story panel stiffness teetstory equivalent
stiffness of the bare frame is denoted by:

r= K|/ Kb (7)

r is used as a parameter for evaluatiorthef effects of infill masonry on structural behari@f the frame
building subjected to seismic loading. Results reigg the fundamental period, the base shear, marim
displacement and the distribution of forces infthene elements are presented.

3.2 Hysteretic models of diagonal struts

The proposed hysteretic models of the global behawf each type of infill panel have been useddweelop a
hysteretic relationship stress-strain of the steplacing the panel. Each strut is characterizea Imysteretic
model, that can simulate strength, stiffness dediaw, and energy-dissipation characteristics Bigad
9.These hysteretic models have been implementtdteinon linear dynamic analysis program NOLIDARY. Fi
10 shows a comparison of experimental and analytsalts using the proposed hysteretic modelsagfahal
struts. The experimental curves correlate withahalytical curves obtained by using the proposestdngtic
models of diagonal struts..

20,

5

|w)

Stress(MPa)
S o
>
@
m
-
[
\ =
=z
Stress(MPa)
= oo

== 0 2 4 6

=
==
(w)

0 cGK2 i 6 B | Strain(10™)
C

Strain(10™%) Hollow concrete blocks

Hollow clay blocks

Fig 8 Hysteretic model stress-strain of diagonaitst

300
200

-300

-20 -10 0 10 20
10 0 .
Displacement (mm) Displacement (mm)

(a) Experimental curves (b) Numericairves
Fig 9 Load versus displacement curves



300

200
100
g 0
g -100
= -200|~

30055550 10 20 B0 50 0 0 20

Displacement (mm) Displacement (mm)
(a) Experimental curves (b) Numericairves

Fig; 10 Comparison of experimental and numernesiilts

3.2Fundamental period

The fundamental period is an important design patamthat plays a significant role in the compuotatof
design base shear. The first natural periods obtlieing are estimated using an eigenvalue arglggiplying
the initial elastic stiffness matrix. The inclusiohthe masonry panels rigidity in structural mdicel changes
the fundamental periods of the model by stiffening structure, and in turn affects considerably dterall
response of the building to earthquake ground motiig. 11 shows that when the stiffness providedhe
infill panels was included in the analysis, theisture periods decrease considerably. In some tiasgseriods
of frame buildings when the infilling panels argleeted are 2 to 3 times larger than the actuatlimgi periods
when panels are taken into account in the calculati
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Fig 11 Effect of infill panel on the fundamentakioel

3.3 Horizontal seismic base shear force.

Figure 12 illustrates the variation of computedebsisear forces with the amount of lateral brackessed in
terms of the ratio of infill panel stiffness to bdrame stiffness. The behaviour of infill panalsssumed linear
elastic. 28 buildings with tree spans and diffetengls, 5-10-15-20 floors, have been studied.

Ki: Infill panel stiffness

Kb: bare frame stiffness
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Fig 12 Effect of infill panels on the seismic basear force



To evaluate the base shear force when the infile[sadevelop nonlinear behaviour, time-history gsed have
been carried out on 20 frame buildings which wengjected to ElI Centro N-S 1940 and Taft 1950 rezord
Figures 13 and 14 show the results of typical stinecof ten stories and tree bays The central bdifled by
hollow clay blocks panels The initial stiffnesstbe building is 1.7 times more than that of baserfe. The
peak horizontal ground acceleration was takenherttvo records (0.20g). The hysteretic model ofdiagonal
strut, presented above, was used. The members fsehw/iour remains linear. As shown in the fig.itli3
clear that the presence of the infill panels rasultincrease of the base shear. The maximum lbese sccurs
under the EI Centro earthquake record. The sheee fa filled frame is 1.53 times that in bare fearithought
the used value of peak ground acceleration wasahe for the two ground motion records, the shaaefin
the building subjected to Taft record was only 1tiges that of the bare frame. This is becauseffd#rdnce in

frequency continents of the records. Thus maximwasebacceleration is not necessarily a represeatativ
measure of the intensity of an earthquake.
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3.4 Lateral displacement

The maximum floor displacements at different leyelben the behaviour of the confined masonry panel
linear elastic are depicted in Fig. 14. for diffgrealues of the factor = K;/ K, . It can be seen that the

displacements decrease with the presence of thenmapanels in the frame. In some cases the displant
can be reduced by 40%.
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In order to evaluate the displacement when thdl jpdinels develop nonlinear deformations, the $tmgcwas
subjected to El Centro and Taft ground motion résoihe hysteretic model of diagonal strut replgdime
panel mad of hollow clay blocks was used. Two @ahipanels stiffness ratios were used ( Ki/Kb = 1aid 3.3).
As shown in fig 15, the waveforms are not similayt depend on the initial stiffness. It was fouhat tthere is
a reduction in the top level displacement of tliecttire for Taft ground motion record In the cab&loCentro
record, the amplitude displacement was close tbdhaare frame. It was reduced by 10% with a ratiof
1.70 fig. 15 (a) and increased by 7% when the natis of 3.3, fig. 15 (b). This small change in top level



displacement can be explained by the increasearhtrnizontal seismic forces due to the increasmitial
stiffness of the structure and because as thexeti$f change, the frequencies of the structure ehand may
fell into the vicinity of the frequencies of thecoeded data. Hence, the structure may be closesttte of
resonance.
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3.5 Modification of frame member forces.

The presence of infill panels transform the rigignfie into braced frame. Therefore the structurbbbeur is
different from that assumed by the analysis. Flakaffects will decrease substantially. Fig.17 sh@learly a
typical example of the drastic changes in bendiognents and axial forces obtained when a masonrgl jpjgn
included in the analysis of a frame or when iteglected. Obviously, the design of the frame eldmesith the
moments and forces obtained without the paneletess. Because of this modification of frame meniberes
some damage may be expected when the structubjected to earthquake. This damage usually tedmeph
the angular columns adjacent to the panel dueg@addlitional shear forces from the diagonal stsugleown in
Fig 18. It may also happen that the failure ofpgtheel leads to the creation of short columns whaises shear
failure of them selves, Fig, 19.
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4. CONCLUSION

The experimental results show that infill panety@ases the lateral stiffness and strength of dine ttame. The
increase in initial stiffness, can reach 7 times tf bare frame. This stiffness decreases whediiptacement
increases but it still remains higher than thathef bar frame in spite of the degradation of theanay. The
increase of the lateral strength can reach 1.9tim&t of the bare frame. The test results werd tspropose a
hysteretic model of diagonal strut for each typandifl that can simulate initial stiffness, strehg stiffness
degradation. The numerical analyses show thatrtbiesion of the masonry panels reduces the fundehen
periods of the structures. There is a significastéase in the horizontal base shear forces duedtaction of
fundamental period. The displacement may be redocedcreased depending on the frequency cont&hts.
equivalent diagonal representing the confined gatnahsform the rigid frame into trussed frame, tade is a
definite change in the form in which the frame wilsist lateral loads; flexural effects will degea
substantially. There is a drastic change in bendingnents and axial forces. Then the presence iifshbuld
be considered in the design of the frame structuresder to profit from its positive contributida the strength
of the structure and to avoid the possible harrmefigcts.
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