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Abstract: - Masonry infills are built integral of RC frame, and are usually considered as non-structural
elements. Studies have shown that masonry infills can increase the stiffness, strength and energy dissipation
characteristic of framed structures. However, the ignorance of effect of masonry infills causes several
undesirable effects when lateral loads act on structures. Proper modeling of masonry infills is necessary to
account for its lateral resistance. Many researchers have proposed different analytical models in considering the
effect of infills into account which are broadly classified into two main groups, namely micro-models (local)
and macro-models (simplified). This paper deals with different modeling aspects of masonry infills.
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l. INTRODUCTION
Masonry infills have a very high initial in-plane lateral stiffness and low deformability. It contributes to
significant lateral stiffness, strength, overall ductility and high energy dissipation capacity; however under
seismic loading it can also cause some undesirable effects like torsion, short-column effect, soft-storey effect
and out-of-plane collapse. Therefore, under seismic loads, the whole lateral force transfer mechanism of the
structure changes from a predominant frame action to predominant truss action which is shown in fig 1.a & 1.b.

Fig. 1a: Predominant frame action Fig. 1b: Predominant truss action

1. FAILURE MODES OF MASONRY INFILLS
Based on both experimental and analytical results during the last five decades different failure modes
of masonry in-filled frames were proposed. These are classified into five distinct modes which are shown in
fig.2
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Fig. 2: Various modes of failure (El — Dakhakhni 2003)

P

Corner crushing mode (CC), represents crushing of the infill in at least one of its loaded corners.
Sliding shear (SS) mode represents the horizontal sliding shear failure through bed joints of a masonry infill.
Diagonal compression mode (DC), represents crushing of the infill within its central region. A crack is formed
across the compressed diagonal of the infill panel in Diagonal cracking (DK) mode. Plastic hinges are developed
in the columns or in beam-column junctions, which results in the Frame failure (FF) mode.

1. MODELING OF MASONRY INFILLS
Micro models

Micro-modeling is a complex method of analysis and it is always done by using finite element method.
The benefits of using finite element approach is that, all possible modes of failure i.e., all the local effects are
discussed in detail but its use is limited due to the greater computational effort and time-requirement. Mallick
and Severn[1] were the first one to use this FEM approach. The interface between frame and infill was modeled
by considering frictional shear forces in the contact region using link element. This element was able to transfer
compressive forces, but incapable of resisting tensile forces. They identified that the element was able to
transfer compressive and bond forces, but incapable of resisting tensile forces. Later two schemes i.e., exact and
constrained schemes were suggested by Axely and Barter[2] to find the stiffness of frame infill system. Liauw
and Kwan[3] proposed a plastic theory in which three different failure modes were identified, related to the
relative strengths of the columns, the beams and the infill. These models captured corner crushing with failure in
columns, beams and diagonal crushing of the infill. Dhanasekar [4] considered non-linear isotropic six-node
elements for both the mortar and the bricks and have developed a model of brick masonry wall considering
bricks and mortar joints separately. Ali et al.[5] proposed a model similar to Dhanasekar but with four-node
quadrilateral elements with a fine mesh near the loading point was used.

Asteris et al.[6] used the frame-infill separation criteria to find the geometrical equilibrium condition
for the composite structure of the in-filled frame under certain loading conditions. The infill/frame contact
lengths and the contact stresses were estimated as an integral part of the solution. Ghosh &Made[7] verified the
analytical procedures of the previous authors with the experimental results of a new model which included
interface elements at the frame-infill interface. The results obtained showed that the numerical model was not
only capable of predicting the load carrying capacities of infilled frames, but could also provide detailed
information on the failure mode, ductility, and cracking. Das & Murthy[8]performed a non-linear pushover
analysis on five RC frame buildings with brick masonry infill, designed as per Euro code, Nepal Building Code,
Indian Codes (IS 456, IS 13920) and by Equivalent Braced Frame (EBF) methods. From the different design
procedures as per various codes, the EBF method was found to be very beneficial.

Macro models

Macro-models are the ones in which the masonry infill is replaced by an equivalent pin-jointed
diagonal strut system. The basic parameter which affects the stiffness and strength of these struts is their
equivalent width which depends on the relative infill-frame stiffness. In the literature since then, a number of
macro-models have been proposed by other researchers.

Polyakov [9] was the first in replacing the masonry infills by an equivalent pin-jointed diagonal strut
by experimenting it on steel frames. Holmes [10] proposed that the effective width of equivalent strut found to
be 1/3rd of the diagonal length of infill panel. Smith [11] studied that the effective width varies from d/4 for a
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square infill to d/11 for an infill having a side’s ratio of 5 to 1, where‘d’ is the length of the masonry infill.
Stafford Smith[12] discussed about the interaction between frame and infill, and developed a set of empirical
curves that relate the stiffness parameter to the effective width of an equivalent strut.

By using Smith’s relative stiffness parameter, Mainstone [13] proposed an empirical relation between
the effective width of an equivalent strut and Stafford Smith's stiffness parameter. This relation results in a
lower value of effective width of diagonal strut than that given by Stafford Smith’s model. Liauw and
Lee[14]extended the study of diagonal strut for the masonry infilled frames with and without openings, and
concluded that the position of opening greatly affected the strength and stiffness of the infills. Hendry[15] also
presented the equivalent strut width as half the width proposed by Smith. Liauw and Kwanstudied both
experimentally and analytically the behaviour of non-integral infilled frames considering the nonlinearities of
the material and the structural interface.
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Fig.3a Six-strut model for masonry-infill in frame Fig.3b Proposed masonry infilled steel frame model
structures (Chrysostomou 2002) (El — Dakhakhni 2003)

Paulay and Preistley[16] pointed out that a high value of strut width will result in a stiffer structure, and
therefore a higher seismic response. And they proposed the width of diagonal strut as 0.25 times the diagonal
length of the strut. Mehrabi et al.[17] had found that Mainstone& Weeks model significantly underestimates the
lateral stiffness of the uncracked RC sections. Chrysostomou et al.[18]proposed a model with six compression
inclined struts as shown in fig 3.a Three parallel struts in each diagonal direction, and the off-diagonal ones
were positioned at critical locations along the frame members. These locations are specified by parameter a,
which represents a fraction of the length or height of a panel.

Table 1: Formulae for width of equivalent diagonal strut

Author Year Formulae for width of equivalent diagonal strut
Holmes 1961
= Where,
3
Smith 1962 t = Thickness of
Smith & Carter | 1969 Masonry Inill
L = Length of
Masonry Infill
Hy, = Height of
_ Masonry Infill
Mainstone 1971 e D.lﬁdm().a )‘“-3 .
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Author Year Formulae for width of equavalent diagonal strut
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Fig 3c Proposed multi strut model

Crnisafulli & Carr (2007)

El- Dakhakhni[19] proposed a simple nonlinear macro-model in which each masonry panel was replaced by
three struts (one diagonal and two off-diagonal) as shown in fig 3.b. with nonlinear force-deformation
characteristics. Crisafulli& Carr [20] proposed a new macro-model for the evaluation of the global response of
the structure based on a multi-strut formulation. For compressive and shear behavior of masonry model, four
node panel element was implemented and a shear spring in each direction as shown in fig 3.c. Amato et al [21]
proposed that equivalent strut, when modeled as a concentric element did not give evidences of the local effects
and hence evaluated it eccentrically. The various formulae given by researchers to calculate the width of
equivalent diagonal strut is given in table 1. Rodrigues et al.[22] proposed an improved, equivalent bi-diagonal
compression strut model with a central strut element as shown in fig. 3.d. Samoila[23] applied the various
expressions of width of equivalent diagonal strut given by researchers to a single-bay, single-storey frame for

six different modeling possibilities.

Fig 3d Macro-model Rodrigues et al. (2010)

Recent Advances in Structural Engineering, RASE2013

Page 62




American Journal of Engineering Research (AJER) 2013

The

V. CONCLUSIONS
review of the current practice as applied in modeling of masonry infills has led to the following broad

conclusions by various researchers.
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The masonry infills, although do not interfere in the vertical load resisting system for the RC frame
structures, they significantly affect the lateral load-resisting system of the same.

Formulation given by Paulay and Priestley® for equivalent diagonal strut is the simplest of all the methods.
Indian code does not consider the position or amount of infill present in the structure, whereas Euro code
gives importance to the masonry in the first storey but the results of the Indian code are better compared to
Euro code.
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