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Abstract —Although the reinforced concrete frame-infill systems are used throughout the world, they are rarely included in the calculations
of the natural period or the numerical analysis of the structures. Masonry infill (MI) walls confined by reinforced concrete (RC) frames play a
crucial role, either positive or negative, in altering the lateral capacity of buildings they are applied to. This research paper carries dual tar-
gets, the first is studying the effect of the infill walls on the natural period of RC buildings with M| walls. Several configurations of infill walls
are studied (considering the wall openings). The interaction between the masonry infill walls and the R.C shear walls in buildings is invistigat-
ed. Also, this study is intended with investigating the parameters of the equations presented by the Saudi Building Code (SBC) versus other
codes to calculate the natural period of shear wall buildings. The second target of this paper is carrying out a nonlinear numerical investiga-
tion on the lateral behavior of RC buildings with MI walls. Different configurations of MI walls, size of wall openings, absence of Ml walls in
the first storey are investigated. The application buildings are either moment resisting frames (MRF) or dual shear wall-moment resisting
frames (SW-MRF) buildings. Equivalent strut methodology is used and modified to model the behavior of infill walls taking into consideration
the effect of opening sizes. Nonlinear static push-over analysis is carried out for the applied case study buildings.

Keywords: Infill walls - period - lateral response - push-over analysis - wall openings - soft storey - seismic codes.

1 INTRODUCTION

Masonry infill walls are widely used in most existing RC
buildings around the world. This wide spread is related to the
economical mean they provide to divide and enclose spaces to
any required purposes. In regions with seismicity history or
even high wind speeds, the lateral loads due to earthquakes or
wind loads are the prevailing forces that require, rather than
the ordinary gravity loads, special attention in assessing the
behavior of such buildings. The structural contribution of ma-
sonry infill walls to the buildings they are implemented in is
seldom included in the analysis and design of such structures
[1] - [3]. This ignorance occurs although many experiments on
RC frame buildings confining masonry infill walls show that
infill walls have a high initial lateral stiffness and low deform-
ability. The contribution of masonry infills may change the
lateral load transfer mechanism of the structure from predom-
inant frame actions to predominant truss actions. [1], [4]. The
reality that the infill walls have significant contribution to the
lateral performance of RC structures, either in a positive or
negative way, and can highly alter the structural response of
buildings was highly supported and illustrated by the perfor-
mance of buildings in the recent earthquakes (e.g., 1985 Mexi-
co City, 2001 Bhuyj (India) and 1999 Kocaeli (Turkey) earth-
quakes) [5] , [6]. The fundamental period is an important de-
sign parameter that plays a significant role in the computation
of design base shear. The design codes provide approximate
empirical expressions to estimate the fundamental period.
Although the use of more accurate methods of mechanics is
permitted in the codes. It is specified that the value of natural
period obtained by such methods must not be overestimated
as this tends to underestimate the seismic forces. In the begin-

ning of the seismic excitation the undamaged structure will
have much higher stiffness than the considered (i.e. accepted
in the model) one. This means, that the structure should with-
stand loading that is several times larger than the design load-
ing to which it has been dimensioned. The overestimation of
natural period may mainly be related to uncertainties associ-
ated with the participation of nonstructural elements whose
effects may not have been considered in period determination
and on the seismic response [7], [8].

The periods of some actual concrete buildings were rec-
orded during past earthquakes in many places in the world
and compared to the code equations, distinct difference be-
tween the results was reported [7], [9]. Moreover, a recently
conducted field study revealed that buildings are often much
stiffer than that predicted by the computer analysis of the
skeletal frame due to the participation of infill brick walls [10].
Experimentally, the influence of the “non-structural” elements
was established in an illustrative way during an in-situ test of
two eight-storey buildings. While the first building is com-
pleted, only the main structure of the second one is completed,
for the first building (the stiffness is resulted from the interac-
tion between the main structural system and the masonry in-
fills) the fundamental period was 0.60 s. This value was rec-
orded as 0.95 s for the second building (the stiffness is ob-
tained only by the main structural system).

Most semi-empirical building codes use a building period
directly proportion to the magnitude of the force that should
be sustained by buildings at a specific stress level and provide
empirical formulas to determine the lower bound fundamen-
tal period in order to establish the proper design force level.

IJSER © 2015
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 6, Issue 6, June-2015 11

ISSN 2229-5518

However, such codes have not settled on a uniform method
for determining the period, because the required design force
level and characteristics of buildings constructed in each re-
gion are different.

To deal with the subject of MI walls, various national codes
can be broadly grouped in two categories of those that consid-
er or do not consider the role of MI walls while designing RC
frames. A very few codes specifically recommend isolating the
MI walls from the RC frames such that the stiffness of MI does
not play any role in the overall stiffness of the frame. As a re-
sult, MI walls are not considered in the analysis and design
procedure. The isolation helps to prevent the problems associ-
ated with the brittle behavior and asymmetric placement of MI
walls. Another group of national codes prefer to take ad-
vantage of certain characteristics of MI walls such as high ini-
tial lateral stiffness, cost-effectiveness, and ease in construc-
tion. These codes require that the beneficial effects of MI walls
are appropriately included in the analysis and design proce-
dure and that the detrimental effects are mitigated. In other
words, these codes tend to maximize the role of MI walls as a
first line of defense against seismic actions, and to minimize
their potential detrimental effects through proper selection of
their layout and quality control [11]. The Saudi Building Code
[12], [13] presented some general provisions related to the MI
walls (called in this code Non- structural elements NSE). No
provisions related to modeling of MI walls, effect of openings
or soft stories are presented in this newly edited code.

The subject of masonry infilled reinforced concrete frames
had attracted many researchers over the past five decades.
Their efforts have been paid in many areas related to this sub-
ject such as modeling and idealization of infill walls [14], [15],
experimental investigations [16], [17], modeling infill openings
as windows and doors [5], natural period of infilled frames
[18], [19] and numerical investigations [20]-[23]. Despite the
relatively large number of seismic reliability studies in the
literature, few deal with infilled frames and there is still a lack
in the knowledge of many aspects concerning this concept.
Among the research needs identified were (1) The effect of the
MI walls on the natural period of structures. (2) the influence
and interaction of some MI parameters (i.e., wall configura-
tion, opening size, wall thickness and existence of soft stories);
(3) the interaction between MI and RC shear walls. This paper
is intended to fulfill these mentioned needs.

2 CASE OF STUDY BUILDING

The first studied building is a typical moment resisting
frame (MRF) reinforced concrete administrative building
without shear walls. The dimensions of the building are 25.0
by 18.0 m. The typical bay width is 5.0 m in the longitudinal
direction and 6 m in the transverse direction, a plan of the
building is shown in Fig. 1. The building has six floors with
height from the ground of 19.5 m, the typical floor height is 3.0
m except the first floor which has a height of 4.5 m, no base-
ment is presented. The gravity load resisting system consists
of 0.12 m thickness two way solid slab supported by beams of
0.2 m width and overall depth of 0.6 m, the beams are mod-
eled with real reinforcement as specified by the design. The
loads of each floor are transmitted to the columns which are

modeled with different plan dimensions and reinforcement
according to the design of building, the dimensions and rein-
forcement of the columns vary with height. The lateral load
resisting system is the frame action between beams and col-
umns, the dimensions of the columns in the first storey are
shown in Table 1. The compressive strength of concrete used
for the building is 25.0 MPa while the used steel is high tensile
with yield strength of 420 MPa.
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Fig. 1: Plan of the studied building

Table 1: Dimensions of columns (m) in the first floor.

Model C1 C2 C3 C4 C5
Dim. 0.30 x 0.30 x 0.40 x 0.60 x 0.30 x
0.30 0.50 0.40 0.60 0.90

In this analysis, the infill walls function mainly as building
cladding positioned at all four sides of building plus, in some
specified configurations, internal partitions in some consid-
ered places. The different configurations of infill walls, con-
sidered in this study, mainly depend on two parameters. The
first parameter is the number of cladding sides at which open-
ings can be applied due to the site conditions, whether this
side faces a street or adjacent to another building. The open-
ings are applied to the considered external cladding walls only
according to the configuration while all the internal walls are
solid. The openings are applied with almost large size, each
opening occupies about 18.5 % of the wall at which it is ap-
plied. The second considered parameter of wall infills is the
existence of internal walls. In this study the internal walls are
applied only at some selected places, these internal walls are
used as partitions without any openings. Relying on those two
parameters, eight different configurations are considered to
determine the effect of possible infill walls applications on the
structural response. A plan of the different eight configura-
tions of masonry infill walls used in this study along with the
specified notation for each configuration are illustrated in
Fig. 2.
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Fig. 2: Different configurations of infill walls

The notations presented in Fig. 2 can be described as:
2S: Only 2 walls of the four external walls have openings, no
internal walls.
3S: Three walls of the external walls have openings, no inter-
nal walls.
4S: All the four external walls have openings, no internal
walls.
4SN: None of the external walls has openings, no internal
walls.
251, 39I, 4SI and 4SNI: The same external wall configurations
as 25, 3S, 4S and 4SN, respectively, but with the consideration
of internal walls.

3 IDEALIZATION OF INFILL WALLS AS DIAGONAL STRUT

Investigations to model the behavior of masonry infill
walls, experimentally and analytically, have been conducted
over the past decades. Different types of analytical macro-
models, based on the physical understanding of the overall
behavior of an infill panel, were developed to model the be-
havior of infilled frames. The single strut model is the most
widely used of the available models, though this model is the
simplest one, it is unable to capture the local effects occurring
to the frame members, but, it is evidently the most suitable
one for analysis of large structures. Thus, R. C frames with
unreinforced masonry walls are modeled as equivalent braced
frames (EBF) with infill walls replaced by "equivalent struts".
The early versions of this equivalent strut model included a
pin-jointed strut with its width taken as one-third the infill
diagonal. Using the theory of beam on elastic foundation, a
non-dimensional parameter was defined as the relative lateral
stiffness of the infill. This method was further extended to
predict the lateral stiffness and strength of multi-storey in-
filled frames [1]. Another model for representing the brick
infill panel by equivalent diagonal strut was proposed by
Mainstone [15] and widely used by many researchers. For this

model, the strut area, Ae, was given by the following expres-
sion:

Ae = w, t

w, = 0.175(AH)°* \[(H? + L?)

- 4 |E;tsin(26)
"~ | 4E.LH,

H and L are the height and length of the frame, respective-
ly, Ec and Ei are the elastic moduli of the column and of the
infill panel, respectively, f is the thickness of the infill panel, 6
is the angle defining diagonal strut, Ic is the moment of inertia
of the column and Hi is the height of the infill panel.

Although infill walls usually have oversized openings, recent
research has focused mainly on the simple case of infill walls
without openings, research of the infill wall with openings is
still limited. Recently, Asteris [5] investigated the influence of
the masonry infill panel opening in the reduction of the
infilled frames stiffness by means of finite element technique.
The values of the stiffness reduction factor relying on the per-
centage opening and the position of opening are presented in
the form of diagrams. His study found that the effect of open-
ings can be estimated by multiplying the value of w, in Eq. (2)
of Mainstone [15] by the value of the reduction factor repre-
sented by Asteris [5]. A schematic diagram of modeling infill
walls as equivalent strut is shown in Fig. 3.
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Fig. 3: Modeling of reinforced concrete frame with masonry infill

4 EFFECT OF INFILL WALLS ON THE NATURAL PERIOD

The 3-D modal analysis of the studied MRF building with dif-
ferent prescribed eight cases of infill wall configurations is
carried out. The modal analysis is carried out over masonry
infill wall stiffness ranges between 2.0 MPa and 8.0 MPa. The
obtained results of the fundamental natural period are com-
pared with those obtained from the SBC equations (T=0.1 N,
where N is the number of stories or T= C; h ¥ in which & is the
total building height, C and x are parameters depends on the
structural type of the building).

The effect of considering the masonry infill walls on the
values of natural period can be observed clearly from Figs. 4
and 5. It is found that excluding the effect of these walls from
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the modal analysis can lead to highly overestimated natural
period values. In comparison with code equations, the bare
frame results in natural period values about twice the value
suggested by the SBC. This high overestimation can lead to
high reduction in the seismic forces the structure is supposed
to be designed to resist, and hence unsafe seismic design. The
great problem of high variation between the natural vibration
results obtained from modal analysis software, when ignoring
the effect of infill walls, and the values suggested by the code
equations almost faces researchers and designers. This high
variation can be highly reduced by considering the effect of
infill walls in the modal analysis. The reduction in the values
of natural vibration of the building, considering the effect of
infills, relative to the bare frame ranges between 25% and 67%.
Although there is a wide range of wall stiffness considered in
this study, the results of natural period for all studied eight
cases with infill walls are scattered around the suggested val-
ues of the equations suggested by the SBC. For all the studied
cases, the maximum upper difference related to this code does
not exceed 49.5% while the maximum lower difference related
to the same codes does not exceed 41%. The excess in the val-
ues of the maximum lower differences are resulted from the
cases when ignoring the openings of the external walls.
Frames with infill walls having stiffness ranges between 4.0
and 6.0 MPa, result in values of natural period with maximum
difference related to the code does not exceed 31%, the maxi-
mum lower difference is about 35%.

The effect of changing the types of brick infills through
changing their stiffness on the obtained results of fundamen-
tal period is studied. It is clear that the values of the funda-
mental period are reversely proportional to the masonry infill
wall stiffness. The effect of stiffness on the obtained values of
natural period is more remarkable with small stiffness values
and decreases as the wall stiffness increases. The stiffness of
the infill walls has almost the same effect on the different stud-
ied configurations. The difference between the maximum and
minimum fundamental period, for each configuration, relative
to that of the bare frame ranged between about 15.6 % and
21.0 %.
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Fig. 4 : Natural vibration of cases: 2S, 2SI, 3S and 3SI

12 _
n
§ | A4S i
s t 5
o —
§ - © 45V
®
S 98 4 .
R A IN
N L A A i
».6 o X R A A
8 ge ¢ SO £ " - i -
R o
AN L © ° [¢] o 4
L]
s RN TR AT S R AT SRS SN T
2 3 4 5 6 7 8
. . . 1ifi) s stiffy G
Fig. 5 : Natural vibration of cases: 4S, 4Sf, L{Wand z@ﬁf %)

5 MODAL ANALYSIS AND COMPARISON WITH SBC

The effect of the interaction between RC shear walls and MI
walls on the natural period of shear wall-moment resisting
buildings (SW-MRF) is investigated. The case of study build-
ing described in Figs. 1 and 2 is modified and redesigned to
have 5 different heights (6, 9, 12, 16 and 20 floors). The lateral
resisting system of all buildings consists of shear walls plus
moment resisting frames. The thickness of all shear walls are
kept constant and equal 0.20 m. The effective total lengths of
shear walls in the first floor in each orthogonal direction (Lw)
is designed to meet the seismic requirements and is taken as a
ratio of the total height of building (H). This ratio (Lw /H) is
0.20 for walls along the short direction and 0.165 for walls sit-
uated in the longitudinal direction. The position of shear walls
for building with different heights represented by the number
of floors are shown in Fig. 6. For brevity, only the results of
case 25 configurations are presented.

T T
[1 1
6 floors 9 floors
| | | |
] 0
12 floors 16 floors
1
20 floors
Fig. 6: Positions of SW for buildings with different heights
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The influence of the effective total lengths of shear walls rela-
tive to the height of building (L,,/H) on the obtained period
using the equations presented by the UBC 97 and SBC for
buildings with RC shear walls is investigated. The equations
are shown in the appendix. This is carried out in comparison
with the corresponding values of modal analysis, applying
two shear walls in the considered direction. The obtained re-
sults are shown in Fig. 7. In this figure the values obtained
from the SBC and UBC 97 are represented using thick contin-
uous and dashed lines, respectively, while the results obtained
from the modal analysis are given symbols.
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Fig. 7 : Effect of (L,,/H) in the first storey on the obtained natu-
ral period

It is found that all the values suggested by the investigated
two codes equations are, in contrary to the usual trend, higher
than the values obtained from the modal analysis of the stud-
ied buildings, although ignoring the effect of infills. According
to the SBC, buildings with (L,,/H) equal 0.2 yields extremely
high values of natural period, ranges from about 1.75 to 7.5
times the values suggested by the same code for the same
building without shear walls. Very high values of fundamen-
tal period still also be obtained using either of the studied
codes at (L,,/H) ratio of 0.3 and 0.40. It can be noted that there
is high difference in the values of natural period obtained us-
ing the two studied codes. This variation in the results de-
creases as the (L,,/H) ratio increases. The variation in the re-
sults obtained from the modal analysis for the same ratios of
wall lengths to height rations using ETABS software [24] are
much less than those obtained from the studied codes equa-
tions, especially those obtained using the SBC. The variation in
the values decreases as the (L,,/H) ratio increases.

6 LATERAL RESPONSE OF RC BUILDINGS WITH MI

The nonlinear push-over analysis of the 6 floor buildings
with either lateral load resisting systems, moment resisting
frame (MRF) and dual shear wall-frame system (SW-MRF), is
carried out to assess the effect of the considered infill parame-
ters. The case of study 6 floors building shown in Fig. 2 is
modified and redesigned to consider the interaction between
RC and MI walls. The modified building is shown in Fig. 8.
The following notations are used:

OBEF: The original bare frame without MI walls.

R33, R44 and R66: The number of bays occupied with MI to
total bay numbers in the lateral direction (Ni/ Nt) is equal to
33.33 %, 44.44 % and 66.67 %, respectively.

R44-20, R44-40 and R44-60: Buildings with (Ni / Nt) equal to
44.44 %, the MI walls have openings result in stiffness reduc-
tion factor A of 20%, 40% and 60%, respectively.

R33-40S, R44-40S and R66-40S: Soft first storey buildings hav-
ing MI walls with openings yield A of 40 %, (Ni/ Nt) equal
33.33 %, 44.44 % and 66.67 %, respectively.

Fig. 8 : The configuration of SW and Ml

The effect of different MI solid walls, without openings, con-
figurations represented by (Ni /Nt) values equal 33.33 %,
44.44 % and 66.67 % is studied. The nonlinear push-over anal-
ysis curves for both MRF and SW-MRF buildings are shown in
Figs. 9 and 10. It can be observed that comparing the nonlinear
behavior of the OBF buildings with the normalized (V/W)
design values obtained from the Saudi Building Code leads to
that the first yield (V/W) value of the OBF is about 2.06 times
the code design value for the MRF while it is about 1.59 for the
SW-MREF buildings. Existence of RC shear walls influences an
increase in the slope of the push-over curve for SW-MRF
building in comparison with the MRF building which exhibits
push-over curve with almost horizontal slope. This behavior
results in at failure (V/W) value about 3.8 times the design
one for MRF building, while it is about 4.06 for SW-MRF
building.
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Fig. 9 : Effect of MI wall configurations (MRF building)
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The MI walls have a pronounced effect on the lateral re-
sponse of the studied frames. Generally, the presence of MI
walls increases the stiffness of the building, represented by
(V/W), relying on the infill configuration and type of build-
ing. MI walls applied to MRF building could increase the max-
imum normalized base shear relative to the values of the cor-
responding OBF with ratios equal to 113.23 %, 80.25 % and
50.12 % for different (Ni / Nt) values equal 66.67 %, 44.44 %
and 33.33 %, respectively. Similar trends could by observed
for SW-MREF buildings but with percentage increase of 84.11
%, 60.55 % and 55.28 % for the same preceded configurations,
respectively.

In contrary to the gain in the stiffness associated with the
consideration of MI walls, there is a notable reduction in the
ductility, relative to OBF for MRF building. The accounted
reduction in peak nonlinear displacement relative to the corre-
sponding value of OBF is not less than 35.5 % and almost in-
dependent of the configurations. This high reduction in lateral
displacement could negatively alter the lateral response of
building by shifting the building performance points or may
lead to the incapability of the building to meat appropriate
performance point when subjected to high lateral loads. It is
evident from the shown figures that the existence of shear
walls could highly control the reduction of ductility expected
to the masonry infilled SW-MRF building, the reduction in
maximum displacement capacity of these cases relative to the
same OBF building does not exceed 7.91 %. For these SW-MRF
buildings, the peak displacement capacity is so close for the
different studied configurations.

As it is practical to have openings in the MI walls with dif-
ferent sizes, the lateral response of the case study buildings
with openings having different sizes is analyzed. For brevity,
only the results of configuration R44 with different opening
sizes are displayed in comparison with the same configuration
with solid MI walls as shown in Figs. 11 and 12. It is clear that
the existence and size of openings have an importance on both
strength and ductility of masonry infilled MRF buildings. The
peak building displacement capacity increases as the opening
size increases. The percentage increase relative to the same
configuration without openings are 7.75 %, 21.62 % and 43.68
% for opening sizes corresponding to stiffness reduction fac-
tors of 60 %, 40 % and 20 %, respectively.
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Fig. 11 : Effect of MI walls opening sizes (MRF building)
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On the contrary, for SW-MRF buildings, the opening size
has minor effect on the building displacement capacity. The
percentage increase in peak building displacement capacity
for buildings with different opening sizes relative to corre-
sponding configuration with solid MI does not exceed 5.85
% .Related to the maximum normalized base shear, it is found
that the influence of opening sizes is close for both building
types, MRF and SW-MREF, and is inversely proportional to the
opening size. The percentage reduction in the stiffness, related
to same configuration with solid MI walls ranges between 14.6
% and 27.6 % for MRF building while this ratio ranges be-
tween 12.17 % and 27.6 % for SW-MRF building.

The influence of the absence of MI walls in the first storey,
which is commonly used in residential and commercial build-
ings, forming what is called (first soft storey) is studied. The
results of different configurations with (Ni / Nt) equal to 33.33
%, 44.44 % and 66.67 % having opening size generates a stiff-
ness reduction factor of 40 % for the two considered building
types are shown in Figs. 13 and 14. It can be found that the
absence of walls in the first storey while applying them in the
rest of stories, can negatively alter the lateral response of MRF
buildings. Compared to the reference OBF case, MI walls
could increase the peak shear wall capacity of the mentioned
MREF building by values range between 2.67 % and 16.90 % for
the different configurations, arranged from R33-40S to R66-
40S, respectively. This minor increase in the building normal-
ized base shear capacity is associated with a drastic reduction
in the nonlinear displacement capacity and hence building
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ductility. The reduction in nonlinear displacement relative to
the reference OBF sample case ranges between 39.47 % to
49.55% for cases R33-40S and R66-40S, respectively. For more
illustration, a comparison could be made also between sample
cases with and without regular infills as cases R44-40 and R44-
40S, for example. This comparison results in that there is a
reduction in both maximum normalized base shear and non-
linear peak displacement of 21.6 % and 24.0 %, respectively
due to the absence of MI walls in the first storey.
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Fig. 13 : Effect of absence of Ml walls in the first storey (MRF
building)
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Fig. 14 : Effect of absence of Ml walls in the first storey (SW-
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Discussing the results of the preceded sample cases but for
SW-MREF buildings yields that, again, it is clear that the existence
of uniform RC shear walls has a great influence in controlling the
nonlinear displacement capacity when applying irregular MI
walls lead to first soft storey. The maximum reduction in the non-
linear displacement associated with any of the masonry infilled
building cases relative to the reference OBF building does not
exceed 9.5 %. Carrying out a comparison between two cases of
building type SW-MREF with regular and irregular infill walls as
cases R44-40 and R44-40S, its found that the values of nonlinear
displacement is almost the same while the percentage reduction
in normalized base share does not exceed 3.5 %.

7 CONCLUSIONS

Relying on the investigations and discussions presented in this
study, the following conclusions may be drawn out.

1) Ignoring the effect of masonry infill walls from the modal
analysis of moment resisting reinforced concrete frame
buildings results in very high overestimation of the fun-
damental period in comparison to the values obtained
from the SBC equations. This high overestimation will, in
turn highly reduce the seismic forces the building should
be designed to resist. Considering the effect of infills, es-
pecially with medium stiffness, in the modal analysis
yields values of fundamental period very close to those
suggested by the SBC.

2) Using the period equations specified for shear wall build-
ing in the SBC to determine the period of shear wall
buildings yields extreme variation in the results due to
changing the (L,,/H) ratio. The results obtained from the
SBC are completely different from the corresponding UBC
97 equations or the results obtained from the modal anal-
ysis using ETABS software even with bare frame.

3) The influence of MI walls on the lateral response of build-
ings should not be simply neglected. MI walls can signifi-
cantly change the lateral response of RC framed buildings
to which they are applied. Solid MI walls regularly distrib-
uted over the building height can highly increase the peak
base shear capacity to values up to 113.0 % and 84.0 % for
MRF, and SW - MREF buildings, respectively.

4) Although MI walls have relatively similar contribution to
lateral stiffness of either MRF or SW-MRF buildings, its in-
fluence on peak nonlinear displacement capacity is signifi-
cantly affected by the type of building. While they can
drastically reduce the displacement capacity of MRF build-
ings to values up to 50.0 %, the existence of uniform RC
shear walls can highly restrict the reduction of peak dis-
placement capacity to less than 8.0 %.

5) The most influential MI wall parameter is where a soft first
storey is generated in MRF buildings due to omitting the
MI walls from the first storey while applying them to the
rest of stories. While a tiny gain could be achieved in stiff-
ness, a drastic reduction could occur to displacement ca-
pacity. For an example case, an increase in base shear ca-
pacity of less than 3.0 % was associated by a reduction in
peak displacement capacity of about 40.0 %.

6) The effect of masonry wall configurations represented by
the number of bays occupied with MI to total bay numbers
in the lateral direction (Ni / Nt) along with the opening
size were the second important parameters affecting in-
filled frames. These two parameters could significantly al-
ter the building capacity for both MRF and SW-MRF build-
ings and negatively affect the ductility of MRF buildings.

7) The new edition of the SBC renewed some general provi-
sions related to the matter of MI walls. Detailed provisions
need to be included about some MI wall aspects as model-
ing methodology, effect of infill parameters as soft first sto-
rey and openings in infill walls.
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APPENDIX

The approximate fundamental period, T, in seconds for ma-
sonry or concrete shear wall structures in the SBC shall be
permitted to be determined as follows:

_ 0.0062
a \/’a n

where 11, is the height of the building and Cw, is calculated as

In The UBC 97 code, The value of Ta, for for structures with
concrete or masonry shear walls may be taken as:

Ta=Ct11n%

C, = 0.075/\/K
A, = ZA;(02+(D; /h,)?)

Where:

Aj = the base area of the structure m?
A; = the area of shear wall "i" in m?2
D; = the length of shear wall "i" in m
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