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Graphical abstract

Abstract

A significant portion of the buildings constructed in Algeria is structural frames with infill panels which
are usually considered as non structural components and are neglected in the analysis. However, these
masonry panels tend to influence the structural response. Thus, these structures can be regarded as seismic
risk buildings, although in the Algerian seismic code there is little guidance on the seismic evaluation of
infilled frame buildings. In this study, three RC frames with 2, 4 and 8 storey and subjected to three
recorded Algerian accelerograms are studied. The diagonal strut approach is adopted for modeling the
infill panels and a fiber model is used to model RC members. This paper reports on the seismic evaluation
of RC frames with brick infill panels. The results obtained show that the masonry panels enhance the load
lateral capacity of the buildings and the infill panel configuration influences the response of the structures.
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Abstrak

Sebahagian besar daripada bangunan yang dibina di Algeria adalah bingkai struktur dengan panel terisi
yang biasanya dianggap sebagai komponen bukan struktur dan tidak diambil kira dalam analisis. Walau
bagaimanapun, panel batuan ini cenderung untuk mempengaruhi tindak balas struktur. Oleh itu, struktur
ini boleh dianggap sebagai bangunan yang berisiko akibat dari kesan gempa, walaupun dalam kod gempa
di Algeria terdapat sedikit panduan kepada penilaian gempa untuk bangunan dengan rangka terisi. Dalam
kajian ini, tiga kerangka konkrit bertetulang dengan 2, 4 dan 8 tingkat dan tertakluk kepada tiga rekod
accelerogram di Algeria telah dikaji. Pendekatan tupang pepenjuru diguna pakai untuk model panel terisi
dan model gentian digunakan untuk pemodelan kerangka konkrit bertetulang. Kertas kerja ini melaporkan
penilaian gempa kerangka konkrit bertetulang dengan panel terisi bata. Keputusan yang diperolehi
menunjukkan bahawa panel batu telah meningkatkan keupayaan sisi beban bangunan dan susun atur panel
terisi telah mempengaruhi tindak balas struktur.

Kata kunci: Panel terisi; analisis dinamik bukan linear; kerangka konkrit bertetulang; reka bentuk gempa
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1.0 INTRODUCTION

Structural systems consisting of RC frames with inter columns
totally or partially infilled with masonry panels are common in
many countries situated in high seismicity areas. Infill panels,
though considered as non structural elements, can drastically
modify the frame behavior undrer seismic loads by increasing
the lateral stiffness and strength. The interaction between the
infill and the frame has a dual effect: it may or may not improve
the seismic performance of the composite structure. During an
earthquake, the loss of infill walls has serious implications not
only for the safety but also for the functionality of the building.
The brittle disintegration of infill panels can seriously
compromise the life safety. Infill walls have been identified as a
contributing factor to structural failure in earthquakes

Frame/partial wall interactions can cause brittle shear failures of
reinforced concrete columns and short column effect. In
addition, infills can over strengthen the upper stories of a
structure and result in a soft story, which is potentially
dangerous from the safety point of view. Despite the fact that
shortcomings of this type of structure have been observed, there
is a strong laboratory and field evidence that masonry infills
may improve the seismic performance of a structure if they are
properly designed. The behavior of infilled frames under
seismic loads has been investigated by a number of researchers.
Most studies on infill wall behavior aimed to understand their
contribution in terms of strength in the assessment of the
resistant capacity of existing buildings. Extensive experimental
studies [Asteris.(2003), Buonopane, and White
(1999).Dhanasekar. and Page (1986). Liauw, and Kwan (1984).

61:3 (2013) 73-77 | www.jurnalteknologi.utm.my | elSSN 2180-3722 | ISSN 0127-9696



74 Cher-Siang Tan et al. / Jurnal Teknologi (Sciences & Engineering) 61:3 (2013) 73-77

Mehrabi et al. (1996), and Moghaddam (2004)] and semi-
analytical investigations [Page et al. (1985), Saneinejad, and
Hoobs (1995), Santhi et al. (2005), and Smith (1996)] have been
made.

H2.0 MODELING STRATEGIES

Modelling masonry infill panels requires a detailed description
of materials. Masonry is a brittle material that exhibits distinct
directional properties due to the mortar joints which act as plane
of weakness. Attempts at the analysis of unfilled frames since
Mid-1950 have vyielded several analytical models. These
analytical models can be classified as macro and micro models
depending on their complexity, the detail by which they model
an infill wall, and the information they provide concerning the
behaviour of the structure. A basic characteristic of a macro-
model is that it tries to encompass the overall global behaviour
of a structural element without modelling all the possible modes
of local failure. On the other hand, micro-models model the
structural element behaviour with great detail trying to consider
possible modes of failure. In the macro model, the effect of the
masonry infilling wall is considered as equivalent to a diagonal
strut, figure 1.a. This approach is simple and computationally
attractive but is theoretically weak, because it is not
straightforward to identify the equivalent nonlinear stiffness of
the infill masonry structures using diagonal struts especially
when there are openings and it is not always possible to predict
the damaged area of the masonry. Micro-models based on a
continuum model can provide an accurate computational
representation of both material and geometry aspects, if the
properties and the sources of nonlinearity of the masonry are
carefully identified, but they are computationally expensive.

¥ L
strut model continuum model

Figure 1 Infill panel models

In this study the strut model has been adopted, where the
elastic in-plane stiffness of a masonry infill wall is represented
with an equivalent diagonal compression strut of width W
given by eq. 1.

W, =0.175(1, H) " VH? + L2 &)
with A, given by :

E, t.sin260
4E I H

@

E;is the modulus of elasticity of the masonry infill

t; is the thickness of masonry the infill

0 is the angle of the diagonal strut with respect to the beams
E.l. is the bending stiffness of the column

H is the height of the infill panel

To simulate the inelastic response of RC elements under
seismic action, two different modelling philosophies are
commonly used: the concentrated plasticity and the distributed
inelasticity approaches. In the concentrated approach, the
inelastic deformations are lumped at the member ends, instead
of considering the spread of inelastic deformations along the
member length. The most widely nonlinear models used in most
analyses are : the one component model and the dual component
model.

The one component model which has been first generalized
by (Gibson 1967) has been developed on the assumption that
inelastic deformations concentrate at some critical locations. A
major feature of the model is that inelastic member-end
deformation is assumed to depend only on the moment at the
end. The model consists of a flexible line with one rotational
spring at its end and two rigid zones outside of the rotational
spring.

The dual component which has been first introduced by
(Clough 1966) assumes that every member consists of two
components, an elasto-plastic component which simulates the
yielding phenomenon and a completely elastic one which
represents the strain hardening acting in parallel
The sum of the two results in a bilinear moment-curvature
relationship for the member. The stiffness of the second
component pEI is a specified fraction of the total stiffness and
corresponds to the second slope of the bilinear moment-
curvature relationship. In practice p is taken as equal to 0.05.
The limitations of the concentrated plasticity models are
discussed in (Charney and Bertero 1982), and (Bertero et al.
1984).

The distributed inelasticity describes more accurately the
continuous structural characteristics of reinforced concrete
members, requiring simply geometrical and material
characteristics as input data, figure 2. The constitutive behaviour
of the cross-section can be either formulated according to the
classical plasticity theory in terms of stress and strain resultants,
or explicitly derived by discretising the cross section into fibres.
The latter approach known as fibre modelling represents the
spread of material inelasticity both along the member length and
across the section area, which permits an accurate estimation of
the structural damage distribution even in the highly inelastic
range. Further details concerning this approach can be found in
(Kaba and Mahin 1984), (Zeris and Mahin 1991). This model
has been adopted in this study.

Gauss node B
Seconb ()

Figure 2 Fiber model for RC members
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3.0 NONLINEAR ANALYSES

Since we are interested in obtaining the capacities of the
structure, it is essential to recourse to an incremental dynamic
analysis (IDA). In this method, the structure is subjected to a
series of nonlinear time-history analysis of increasing intensity
(peak ground acceleration is incrementally scaled from a low
elastic response value up to the attainment of a pre-defined post-
yield target limit state). The results of an IDA can be visualized
through an IDA envelope curve, which consists of a plot of peak
values of base shear versus maximum values of top, or other,
displacement, as obtained in each of the dynamic runs. The free
seismic analysis code, SEIISMO-STRUCT, has been used in all
analyses.

M4.0 DESCRIPTION OF THE STRUCTURES

Three reinforced concrete building with two, four and eight
storey have been used in this study. To assess the influence of
the masonry infills, two structural configurations have been
used: totally and partially infilled frames. The reinforcement of
the beams and columns was determined according to the
Algerian seismic code, (RPA 2003)

Structure 3 Structure 2 Structurel

Bare frames

Infilled frames

Partially Infilled Frame

Figure 3 Structures used in the study
The materiel properties adopted in this study are shown in tablel.

Table 1 Material properties

material Modulus  of  elasticity Compressive
(KN/m2) strength (KN/m?)

concrete 32000000 25000

masonry 1100000 1000

W50 GROUND MOTIONS

The accelerograms used in this investigation are the horizontal
components of the Dar El Beida ,Chenoua and Hussein Dey

records (Boumerdes 2003), figure. 4. These records are believed
to be representative of a strong earthquake in Algeria. The
duration of the earthquake used in this analysis was primarily
limited to the first fifteen seconds of the earthquake. The peak
ground acceleration of the horizontal component of Dar El
Beidha is 0.499 g, that of Chenoua is 0.213 and that of Hussein
Deyis 0.25¢g
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Figure 4. Earthquake records

M6.0 RESULTS AND DISCUSSIONS

A series on incremental dynamic analyses have been conducted
on the three structures under the three earthquakes records. The
results obtained in terms of IDA curves are shown in figures 5-
12

For structure 1, the strength capacity of totally infilled
frames is increased compared to that of the bare frame by a
factor of 3.24, 5.65 and 5.8 for the Dar El Beidha, Hussein Dey
and Chenoua earthquake records, suggesting an influence of the
frequency content of the earthquake, see figures 5,6 and 7..
For the partially infilled frame, the curve in the elastic range
follows that of the totally infilled frame but its strength capacity
is reduced. The ductility of infilled frames is greatly reduced
compared to that of the bare frame

The presence of masonry infill panels reduces considerably
the global lateral displacement of the frames.
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Figure 5 IDA curve structure 1 Dar El Beidha record
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Figure 6 IDA curve structure 1 Hussein dey a record
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Figure 7 IDA curve structure 1 Chenoua record

For structure 2, the factor of increase of strength capacity
when the frame is totally infilled is equal to 3.67, 5.65, and 6.39
for the Dar El Beidha, Hussein Dey and Chenoua earthquake
records respectively. These results are comparable to those of
structure 1 since the dynamic characteristics of the two
structures were found to be close.
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Figure 8 IDA curve structure 2 Dar El Beidha record
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Figure 9 IDA curve structure 2 Hussein Dey record
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Figure 10 IDA curve structure 2 Chenoua record

For structure 3, the strength capacity of totally infilled
frames is increased compared to that of the bare frame by a
factor of 3.16, 4.72 and 4.84 for the Dar El Beidha, Hussein Dey
and Chenoua earthquake records, indicating an influence of the
dynamic characteristics of the structures., see figures 11,12 and
13.For the partially infilled frame, the curve in the elastic range
follows that of the totally infilled frame but its strength capacity
is reduced. The ductility of infilled frames is greatly reduced
compared to that of the bare frame.
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Figure 11 IDA curve structure 3 Dar El Beidha record
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Figure 12 IDA curve structure 3 Hussein Dey record
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Figure 13 IDA curve structure 3 Chenoua record

HW7.0 CONCLUSIONS

In this study the seismic assessment of reinforced concrete
frames with and without masonry infills has been numerically
investigated through a non linear analysis. The results of the
incremental dynamic analysis show an increase in the initial
stiffness, strength of the infilled frame compared to the bare
frame. To assess the seismic response of reinforced concrete
frames it is advised to consider the contribution of the masonry
infill panels. Regular configurations of masonry infill panels
have beneficial effect on the global seismic behavior of infilled
frame structures and tend to reduce drastically the global lateral
displacement. The strength capacity of partially infilled frames
is reduced due to the formation of the so called soft story
mechanism. The macro modeling using struts can capture the
global behavior of infilled frames and does not permit detailed
study of local effects
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