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Abstract

Infill walls in frame structures greatly influence the dynamic behaviour of buildings and con-
sequently their performance when under seismic loads. In building construction, unreinforced
masonry walls constitute one of the oldest and worldwide used materials. Despite of great
simplicity of their application due to their assemblage process, their behaviour under earth-
quake events is rather complex, and it is usually neglected in the design phase of building
structures. Numerous studies have been conducted over the years to model and assess the in-
fluence of non-structural infill walls in buildings. Micro-, meso- and macro-models are avail-
able in the literature, although the choice of one of these types of models depends on the
problem under consideration. For the current investigation, macro-models are more ade-
quate, in particular equivalent strut models. This kind of modelling has been evolving over the
years accounting for a large number of phenomena intrinsic to these elements: the failure
modes expected by the infill walls, the relative infill-frame lateral stiffness; the consideration
of openings in infills and partially infill walls; bounding frame columns’ shear failure; verti-
cal loading effect; out-of-plane behaviour of the infill and its interaction with in-plane behav-
iour, applicability to multiple degrees-of-freedom systems with multiple stories and bays, etc.
This study considers two well-known macro-modelling strategies of unreinforced infill ma-
sonry walls in reinforced concrete frame structures modified to improve the in-plane and out-
of-plane behaviour simulation under seismic actions. Results showed that these modifications
allowed for better reproduction of infill walls’ behaviour compared with experimental tests.
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1 INTRODUCTION

Infill masonry walls in frame structures are known for their relevant influence on the dy-
namic behaviour of building structures and consequently the influence on their performance
when subjected to seismic loads. In building construction, unreinforced masonry walls consti-
tute one of the oldest and worldwide used materials. Despite of great simplicity in the applica-
tion of these non-structural elements due to their assemblage process, their behaviour under
earthquake events is rather complex, and thus it is usually neglected in the design phase of
building structures. The interaction between the surrounding frame structure and the infill
panel is not straightforward, it depends on numerous factors such as brick materials, mortar
mechanical characteristics, brick geometry, workmanship quality, relative stiffness between
the frame and the infill panel, etc. [1], which contribute for uncertainties in the accurate mod-
elling of such non-structural elements.

Numerous studies have been conducted over the years to model and assess the influence of
non-structural infill walls in buildings. Micro-, meso- and macro-models are available in the
literature, although the choice of one of these types of models depends on the problem under
consideration [1, 2].

The current investigation deals with macro-models, particularly equivalent strut models,
which are more adequate for building structures with multiple stories and bays. This kind of
modelling has been evolving over the years and can now account for a large number of physi-
cal phenomena intrinsic to these elements [3 — 12].

Two well-known macro-modelling strategies of unreinforced infill masonry walls in rein-
forced concrete (RC) frame structures are considered and modified to improve in-plane and
out-of-plane behaviour simulation under seismic actions. The procedures are explained by
presenting the modelling choices and assumptions used. The accuracy of such models is veri-
fied against different experimental results found in the literature [13 — 15], by calibrating the
constitutive parameters of the infill wall elements with the subsequent use of a simplex and
genetic algorithm [16].

Results indicate that these modifications allowed for better reproduction of the in-plane
and out-of-plane behaviour of infill masonry walls when compared with different experi-
mental tests, being appropriate for the use in numerical models of RC building structures,
provided that the models’ parameters are adequately chosen and calibrated.

2 MODELLING STRATEGIES

Generally, the bare frame withstands the gravity loads, whilst the frame and infill walls
jointly carry the horizontal loads, e.g., winds or earthquakes, with a prevalent truss action
mechanism in the infills [1]. Under these conditions, the infills tend to react with the bound-
ing structure between the upper corner of the windward column and the lower corner of the
leeward column, resulting in a compression-only diagonal. Large deformations cause the
frame and the infill panel to interact at these corner regions (the contact lengths) and to sepa-
rate in the opposite corners due to the differences in deformation of these elements, producing
cracks at these interfaces.

Infill masonry wall macro-models generally consider equivalent diagonal strut elements.
The standard strut model usually considers two struts in each direction as represented in Fig-
ure 1, functioning in a compression-only fashion. However, this modelling approach has been
through an evolutionary process, in which different phenomenological features were added,
whether by changing the number and arrangement of the struts and/or attributing different ma-
terial laws to simulate different kinds of behaviour. Such features may include: the in-plane
(IP) failure modes of the infill walls [3, 4]; the relative infill-frame lateral stiffness [5]; open-
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ings in the infill panel and partially infill walls [6]; brittle failure of columns of the bounding
frame [7]; vertical loading influence [8]; out-of-plane (OOP) stiffness, strength and failure,
and its interaction with IP behaviour [9 — 11]; applicability to structural systems as buildings

with multiple stories and bay [12], etc.
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Figure 1: Standard equivalent diagonal strut model.

Among a large number of choices of macro-modelling techniques using equivalent diago-
nal struts, two approaches were selected for their relevance in the literature: Kadysiewski and
Mosalam [9] model and Furtado et al. [10] model represented in Figure 2. Both models ac-
count for IP and OOP effects in the infill walls and can consider the collapse of individual in-
fills upon exceedance of certain threshold values of drift. However, and despite the common
disadvantage of not considering the possible shear failure of columns in the bounding frame
(a disadvantage not addressed at this time), Furtado’s model considers OOP linear behaviour
and Kadysiewski and Mosalam’s model does not properly captures the initial elastic and post-
yield softening behaviour of infill walls.
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(a) Kadysiewski and Mosalam model; (b) Furtado et al. model.

Figure 2: Adopted modelling strategies for modification.
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This study will address these points based on modifications carried out in these modelling
techniques [17, 18]. Numerical models are developed using the OpenSees software [19, 20],
and the calibration/optimization procedure and postprocessing of results are carried out using
MATLAB [21]. Scripts were developed in Python language comprising functions for each of
these models. The aim is to develop a model that could represent both the IP and OOP cyclic
behaviour of infill masonry walls in RC frame structures using real provided mechanical pa-
rameters (when available), and in the absence of these, derivations of such parameters based
on empirical assumptions. In addition, a Python function was developed to convert automati-
cally the OpenSeesPy commands written directly to a Tcl file. This Tcl file containing specif-
ic information about the model will work as a batch file to be interpreted by MATLAB and
used in parallel computing for model optimization and calibration purposes.

To model the RC beams and columns, force-based beam-column finite elements are used
[22] with finite-length lumped plasticity using the modified Gauss-Radau plastic hinge inte-
gration method [23] and the Paulay and Priestly [4] expression to calculate the plastic hinge
length in beams and columns. Linear geometric effects are considered by introducing the P-A
term in the equilibrium upon geometric transformation [24]. The uniaxial materials are as-
signed to the different fibres in the critical sections following the Kent-Scott-Park model [25]
for confined and unconfined concrete (respectively, Concrete(2 and Concrete(! uniaxial ma-
terials in OpenSees) and a hysteretic law for the steel reinforcement (using the Hysteretic uni-
axial material in OpenSees) that considers strength hardening and stiffness degradation. A
cyclic shear law is also aggregated as a uniaxial material to the critical sections of columns,
accounting for shear deformations and the possible shear failure in columns. All models are
developed in a three-dimensional environment, so that elastic torsion is also included by ag-
gregation to the element sections.

For both models a backbone curve of IP force-displacement as represented in Figure 3a is
defined considering cracking, yielding, maximum, and ultimate points. However, this back-
bone is applied and used differently for each model as will be explained in the further two
subsections.

Cracking and maximum IP forces are, respectively, calculated as follows [3, 4]

22t fsec(0) — ¢ 4
—z sec ,————1t d_

Ve = Min Lﬁ_/ L-u(h /L) " " |cos(6) (1)
%/—/

R, (Diagonal compression) Ry (Shearsliding)

V. =051t d_f cos(0) )

in which p is the coefficient of friction [26], z is the columns to infill contact lengths, and A [5]
is the frame-infill relative stiffness parameter, respectively,

nh E .t sin(20)
—— and A= (3)
2 % AE 1 h

ccow

z =

where fi is the masonry tensile strength, assumed as 5% of masonry compressive strength
along the mortar bed-joints [27], fmo, and f.0 depending on the direction of voids in the mason-
ry units is herein assumed to suffer an increase or reduction of 20% compared with the com-
pressive strength of masonry perpendicular to the mortar bed-joints, f.90. The Young’s
modulus of the masonry material along, Eng, and orthogonal to the bed joints, Eu90, were
computed in function of masonry compressive strength and the shear modulus, Go-9
(=0.4E,190), implicitly assuming the Poisson’s ratio, vio-90, as 0.25 [28]. A homogenous ortho-
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tropic behaviour is assumed for the masonry with directions coinciding with the horizontal
and vertical directions, the elastic properties can be derived along any direction (0 direction in

Figure 1) [29]
E. = {cos (0) +|:G1 ) 2\};0_90 :|cos2 (0)sin’ (0) + sir}z7 (6)} @

E

m0 m0-90 mo0 m90

The diagonal masonry compressive strength can now be found by assuming a linear pro-
portion between Young’s modulus and compressive strengths’ ratio [30]. Considering the
stress-strain relationship of unreinforced masonry in Figure 3b, the maximum IP displacement,
Xmax, can be calculated [31]
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Figure 3: Constitutive relations adopted for IP behaviour of infill masonry walls.

It should be noted that this latter procedure of calculation of the masonry material elastic
properties is only used when it is considered that enough real parameters are provided to ade-
quately characterize such properties along the compression-only strut direction.

The infill wall’s initial lateral stiffness, kow, can be estimated by considering double the ra-
tio between the Vmax and xmax. The IP displacement at the cracking point is computed with the
values of Verack and kow. The yield IP displacement, xy, is computed as an intermediate point
between the cracking and maximum displacement [10]. The yield IP force, Vy, is determined
by assuming that the initial stiffness is modified by a factor of a (assumed 0.05),

v, =, -ak,x,)/(1-a) (6)

max Ow” max

The ultimate lateral IP force, Vui, and ultimate IP displacement, xur, are assumed based on
the observation of the experimental results. However, values of the force are assumed to range
between 20% to 50% of the Vmax, and displacements are considered to vary between 3 and 10
times the Xmax.

The modifications to the above-mentioned modelling strategies are briefly expounded in
the next two subsections.

2.1 Modification of Furtado et al. model

Besides the different approach to the IP behaviour previously explained, a further modifi-
cation to this modelling strategy is considered, being focused on the attribution of a non-linear
OOP bending moment—curvature law (instead of an elastic one) to the infill wall elements’
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sections at the middle of the infill panel as illustrated in Figure 4a. This backbone curve
shown in Figure 4b is defined by four points (uniaxial material pinching4 [32] in OpenSees):
cracking, maximum, softening, and residual points similar to the one adopted by [11].
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(a) Schematic representation of the model; (b) OOP moment-curvature backbone curve.

Figure 4: Modified Furtado et al. model.

The maximum point, corresponding to the maximum bending moment, is computed by
adopting a similar procedure presented in [9]. This procedure follows the idea of an equiva-
lent beam-column element spanning diagonally (derived from an original base system, i.e., a

simply-supported element spanning vertically), which possesses an equivalent moment of in-
ertia, In,eq,

3
dW
L. :1.644(}[—] I (7

w

implying the first-mode effective mass (the OOP masses in Figure 4a) of 81% of the total
mass of the infill. Parameter / is the moment of inertia of the original infill panel cross-section,
assuming half of this value to account for cracked infill. Hence, from the equivalence between
the original and equivalent systems, the maximum bending moment can be calculated by the
following expression

dw
Mmax,eq = 1570[7} Mmax (8)

w

in which Mmax 1s the maximum moment at mid-span of a simply-supported beam (original
system) with a transverse uniform distributed applied load, that can be determined as follows

CIoopdwhvzv
- 9
max 8 ( )
The OOP strength or capacity of the infill wall, goop, is computed as follows
p 2
0.85f .6 [hi] if SLand 2F,
9oor = ! (10)

2 2
0.85f,, [z—j 1085/, [;—j if (WL or ML)and 4E.

w w
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The terms WL, ML and SL are referred to as weak layout, moderate layout and strong lay-
out infill wall leaves, respectively, and 2E and 4E mean the infill supported on two edges and
four (all) edges, respectively. These terms and corresponding equations in Equation 10 were
herein chosen based on the definitions provided by Di Domenico [15]. The first expression in
the system of equations (top equation) is based on the one provided by Eurocode 6 [28] (alt-
hough the author in [15], modified it according to McDowell et al.’s model [33] to include the
term 0.85), being more appropriate to strong infills (SL) that may develop one-arching mech-
anism being thus supported on two edges.

Di Domenico [15] considered the Eurocode 6 [28] formulation to estimate the OOP
strength of infills supported on four edges (4£) by summing the contributions of the two arch-
ing mechanisms expected to occur in WL and ML infills. Then by performing non-linear re-
gression analysis, the established regression coefficient values on this formulation were
determined for different deformed shapes, load shapes and boundary conditions, revealing
good results in predicting the OOP strength of such infills. In this study, the second expres-
sion (bottom expression) simply assumes the sum of the two arching mechanisms’ contribu-
tions, by considering the same value for the stress block (0.85f, of stress distribution at the
ends of the arching mechanism parts [33]) for both contributions and adjusting the definition
of slenderness ratio (inverse in Equation 10) depending on the arch direction. The choice of
one or another expression is herein simplified to the value of the slenderness ratio of the infill,
i.e., if the slenderness value is less than 15 the first expression is used, otherwise the second
expression holds.

The cracking OOP moment on the OOP backbone curve is calculated by assuming
0.70goop 1n the calculation of the respective bending moment. The softening moment is con-
sidered as a 5% reduction of the Mmax.e; and the residual moment is taken as 15% of the
Mmaxeq for simulation convergence purposes (a smaller value can be considered).

The cracking and maximum curvatures are computed using the respective moments and
bending stiffnesses. The softening and residual curvatures are assumed three and fifteen times
the maximum curvature, respectively (although these values can be adjusted depending on the
experimental result and numerical application).

The calculation of these parameters (excluding the maximum point parameters) was car-
ried out based on a limited study with few experimental results. Further research should estab-
lish proper relations that can characterize the OOP behaviour of a wider range of infill
masonry walls.

2.2 Modification of Kadysiewski and Mosalam model

This modelling strategy considers at the centre of the infill panel, sections with fibres along
the orthogonal direction to the infill wall plane. The area and position of each fibre govern the
IP and OOP behaviours of the infill wall. These parameters’ values are obtained by satisfying
the forces interaction limit curve shown in Figure 5 and certain geometric conditions of the
corresponding sections derived from the actual infill wall geometric characteristics. Further
details can be found in [9].

The main modification to this modelling strategy is in the constitutive relation assumed for
the fibres. The original model considers a bilinear or elastoplastic behaviour assigned to each
fibre of the infill wall. In the current study, a pentalinear constitutive relation is assumed for
each fibre by using the uniaxial material pinching4 [32] in OpenSees. In contrast with the
original modelling formulation, expressions to calculate the IP and OOP capacity, respective-
ly, represented by Equations 1 and 10 are used instead in the current modified model.
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Figure 5: Interaction curve in terms of forces. Figure 6: Pentalinear backbone curve and identification

of scalar parameters.

From the sixteen parameters defining the pentalinear backbone curve (four stresses and
four strains, positive and negative), twelve will be multiplied by a scalar to adjust both the IP
and OOP behaviour of the infill wall. In reality, only six scalars will be needed since the re-
sponse will be considered symmetric. This adjustment allows for the consideration of the ini-
tial elastic stiffness and post-yield softening behaviour verified in the infill masonry walls
response while satisfying the interaction curve in Figure 5. Figure 6 shows the backbone
curve and the identification of the scalar parameters for the stress-strain fibre response ad-
justment. It is seen that every parameter is derived from the maximum stress, Gmax, and strain,
€max, calculated for each fibre using the procedure in [9]. The strain values are always calcu-
lated concerning the stress and the masonry Young’s modulus (&€max = Em Gmax)-

Parameter b will account for the strength hardening response, which in this case is assumed
a very small value (nearly zero) to respect the referred interaction curve. Parameters P; to Ps
account for the stress-strain adjustments shown in Figure 6. However, parameters P; and P>
are always set to 0.55 and 0.50, respectively.

As an example, Figure 7 shows an application of this model by using the elastoplastic ma-
terial behaviour for the fibres as in the original Kadysiewski and Mosalam model. As can be
verified, the use of such an approach may not be appropriate for replicating the cyclic re-
sponse of frame structures with infill walls. However, in this example, the collapse-removal
algorithm was not used, which could have added a steep softening branch to the response.
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Figure 7: Kadysiewski and Mosalam model using an elastoplastic material for each fibre to replicate the cyclic
response of specimen M2 in Pires and Carvalho’s [13] experimental campaign.

3473



Pedro P. Folhento, Rui C. Barros and Manuel T. Braz-César

The modified approach also allows for the further calibration of the intervenient parame-
ters in the fibres’ material constitutive relation, which can thus account for stiffness and
strength degradation, and pinching effects.

Values for the remaining scalar parameters (P; to Ps) will be calculated (among the targets
for optimization/calibration) in the next section for the different experimental results consid-
ered.

3 MODELS VALIDATION AND RESULTS

As evident in the previous brief description of the modified models, whether the original or
modified Furtado et al. model [10] does not account directly for IP and OOP interaction of
forces, i.e., it does not enforce this condition in the same way as the original Kadysiewski and
Mosalam model [9], where the force response point would travel along the force interaction
curve in Figure 5 when intersected. Instead, it includes based on the original Kadysiewski and
Mosalam model, an interaction curve in terms of drifts that when reached signifies collapse,
activating the element removal algorithm, which removes the collapsed infill wall elements
from the model for further time-steps of the analysis.

This element removal algorithm is also included in the present modified versions of the
models, although it is not activated in the process of optimization to be carried out for analy-
sis purposes.

An optimization procedure is used similar to the one used in [16] and presented in Figure 8.
This procedure makes use of a simplex algorithm where boundaries are applied [34]. Then,
subsequently, a genetic algorithm (built-in function in MATLAB [21]) is implemented, which
uses as an initial guess the previous solution obtained with the simplex algorithm.

S ; Use simplex algorithm Compare with
ta_rt‘pr(')cess N (fmisearchbnd) with experimental data and
optimization boundary conditions compute NRMSE

Use of ga:
@selectiontournament
mutationadaptfeasiblg
@crossoverscattered

b

Compare with
experimental data and
compute NRMSE

No

Save optimized
parameters from:
fmisearchbnd

and

ga
procedures. @

Figure 8: Flowchart of the optimization procedure used in this study.

Tol.<1x10®
or
Gen.=200

Certain parameters are allowed to vary depending on the response to be replicated. In this
sense, different experimental results are considered in this study for model validation: Pires
and Carvalho [13] which considers the quasi-static cyclic analysis of RC portal frame struc-
tures with and without infill masonry walls exclusively loaded in the IP direction (Specimens
used: M2 and M6); Di Domenico [15], that tested numerous portal frame specimens loaded in
the IP and OOP direction in a quasi-statically manner (Specimens used: 120 OOP 4E,
120 IP+OOP_L, 120 IP+OOP_M, 120 IP+OOP H, 120 OOP_4E cyclic); and Negro et al.
[14] which performed pseudo-dynamic tests on a full-scale RC building without infill walls
and with infill walls in different configurations (Specimens used: Full-infilled wall RC build-

ing).
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From here on the modified model of Furtado et al. will be named “modified model 1” and
the modified model of Kadysiewski and Mosalam as “modified model 2”. The results of the
optimization procedure are presented in Figures 9 to 15. For the modified model 1, 9 parame-
ters are considered for optimization, whose results are presented in Table 1. Modified model 2
has 10 parameters for optimization. Its results are presented in Table 2. These parameters are
related to the definition of the uniaxial material pinching4 [32] in OpenSees [19, 20].

Figures 9a and 10a show the optimized response for specimens M2 and M6. These pa-
rameters shown in Table 1, correspond directly to the pinching4 parameters defining the
backbone curve in Figure 3a (always assuming from now on that the limit degradation param-
eters are equal to unity — gKLim, gDLim), except for the last two parameters (dP, fP), that
scale the values of the last point in the backbone curve (displacement and force, respectively).

Figures 11a and 12a represent the results of the optimization of the backbone curve param-
eters in Figure 4b, 1.e., related to the OOP behaviour of the infill using the modified model 1.

Figures 9b, 10b, 11b, 12b, 13, 14, and 15 are related to the optimization procedure using
the modified model 2, thus considering the pinching4 material parameters associated with the
backbone curve in Figure 6. Table 2 shows the outcomes of the optimization, in which the last
three parameters are scalars defined in the previous section (P3, P4, and Ps). Having the ad-
vantage of possessing only one constitutive law shared by both IP and OOP behaviours.

150 T T T 150

Lateral shear force (kN)
Lateral shear force (kN)

-150 : : : -150 : : :
-100 -50 0 50 100 -100 -50 0 50 100

Lateral top displacement (mm) Lateral top displacement (mm)
(a) Modified model 1; (b) Modified model 2.

Figure 9: Results of optimization related to specimen M2.
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(a) Modified model 1; (b) Modified model 2.

Figure 10: Results of optimization related to specimen M6.
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Figure 11: Results of optimization related to specimen 120 OOP_4E cyclic.
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Figure 12: Results of optimization related to specimen 120 _OOP_4E.
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Figure 13: Results regarding OOP response with previous low IP damage of specimen 120 _IP+OOP_L.
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Figure 14: Results regarding OOP response with previous intermediate IP damage of specimen 120 IP+OOP_M.
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Figure 15: Results regarding OOP response with previous high IP damage of specimen 120 IP+OOP_H.

Figures 16 and 17 show an application of the modified models to full-scale buildings with
infill walls that are only subjected to IP loads. Model parameters were manually calibrated.

In general, by graphical observation, tabled results in Table 3, and verification of the Cor-
relation Coefficient [18] and Normalized Root Mean Square Error (NRMSE) in Figure 18,
both modified models performed very well in replicating cyclic and monotonic behaviour of

infill masonry walls in RC frame structures.
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Figure 16: Response of the full-scale full-infilled wall building structure using the modified model 1.
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Figure 17: Response of the full-scale full-infilled wall building structure using the modified model 2.
Specimen | rDisp | rForce | uForce | gKI gK3 gDl gD3 dP FP
M2 0.44 0.54 -0.12 0.71 0.37 0.82 1.10 5.30 0.50
M6 0.43 0.53 -0.10 0.70 0.03 0.98 1.59 5.83 0.42
12000P4E| 0.20 0.37 -0.54 1.94 0.06 0.47 0.05 22.50 0.15

Table 1: Results of the calibrated parameters for the modified model 1.

Specimen | rDisp | rForce | uForce | gKI gK3 gDl gD3 Ps Py Ps

M2 0.25 0.39 | -0.01 0.88 0.07 1.95 1.24 | 2520 | 0.48 | 35.00
M6 0.35 045 | -0.23 0.60 0.24 1.13 1.94 | 2480 | 0.37 | 42.00
12000P4E| -0.06 | 042 | -0.33 0.05 0.05 2.00 1.46 3.10 0.25 7.60

Table 2: Results of the calibrated parameters for the modified model 2.

Model M2 M6 12000P4E Cyclic
Modified 1 4.47 % 4.67 % 6.92 %
Modified 2 | 3.81 % 4.94 % 3.69 %

Table 3: Normalized Root Mean Square Errors of the different calibrations performed.

Modified model 1 is straightforward and it can represent well the IP and OOP behaviour.
However, it does not enforce directly any interaction of forces between these behaviours, and
hence it cannot properly consider prior damage in one direction influencing the other. Fur-
thermore, it needs five elements in its definition, while modified model 2 only needs one. The
modified model 2 can account for this interaction directly by the sequential yielding of each
fibre. Figures 12 to 15 demonstrate this phenomenon very well, where previous IP loading
affects the OOP behaviour by reducing it since some fibres have already yielded.

Correlation coefficient (%)
NRMSE (%)

NRMSE (%)
Correlation coefficient (%)

\ 2 > X
o < %@d %\od %\Gd %,\Oﬁ o

\ 2 > &
5 %\od %\od %\od %\od
@ RO ¢ ¢ &% B &% &% s ¢

(a) Modified model 1; (b) Modified model 2.

Figure 18: Correlation between the numerical and experimental results of story displacements and base shear
force time history responses.
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Nevertheless, calibration of the modified model 2 may be difficult, as two-in-one behav-
iour is considered, which may lead to a solution fitting one behaviour and disfavoring the oth-
er. The possibility of increasing the number of fibres at the expense of computational effort
can be a possible solution, even when converging problems arise. In addition, it was verified
that due to the sequential yielding of fibres in this model by adopting the constitutive relation
in Figure 6, may cause the infill wall to begin the softening phase without ever reaching the
maximum response, i.e., without touching the interaction curve.

4 CONCLUSIONS

Two different modelling strategies were developed based on existing models, to replicate
the in-plane and out-of-plane behaviour of infill masonry walls in reinforced concrete struc-
tures when subjected to horizontal loading. Generally, all responses were well predicted with
either model. Nonetheless, the modified model based on Kadysiewski and Mosalam allowed
for the interaction between in-plane and out-of-plane behaviour. This made it possible to sat-
isfactorily predict the out-of-plane behaviour with prior in-plane damage, due to the sequen-
tial yielding feature of the fibres constituting the sections of the equivalent strut defining the
infill panel. However, calibration can be difficult and an ideal solution may not be found due
to the two-on-one behaviour defined by only one constitutive relation.

In conclusion, results showed that these modifications allowed a better reproduction of the
in-plane and out-of-plane behaviour of infill masonry walls when compared with different
experimental tests, being appropriate for the use in numerical models of reinforced concrete
building structures, provided that the models’ parameters are adequately chosen and calibrat-
ed.

Further studies should include more experimental results to aid the search for model pa-
rameters’ values that better characterize the response of RC frame structures with infill ma-
sonry walls. The drawbacks of each modified model must be addressed to improve
performance, stability and less computational effort for application in large structural systems
subjected to different kinds of dynamic actions.
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