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A review study on the effect of openings on the seismic performance of RC wall panels
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1. Introduction

RC walls often contain various types of openings for functional
requirements of buildings. The openings are usually in the form of a
doors, windows, or utility ducts. The seismic response of a perforated
wall panel is influenced by different parameters of the opening such
as opening area, opening aspect ratio and opening location. Several
experiments were conducted to investigate the effect of openings on
RC wall performance in past studies; however, each of the past
studies were conducted separately so an overall summary of the
influence of different opening parameters on seismic capacity is still
unclear. Therefore, the main objective of this study is to investigate
the effect of different opening parameters on the lateral behaviour of
RC walls based on available past experimental data. The
experimental results of these studies are then compared to the lateral
strength reduction factor due to openings obtained from existing
analytical methods.

2. Summary of opening parameters

Geometric parameters of walls with openings are illustrated in Fig.1.
Notations in / and / refer to the overall height and length of the wall
panel, respectively; %, and /o are the height and length of the wall
opening, respectively; Xece and yecc are the horizontal and vertical
distance from the opening center to the wall center, respectively.
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Fig.1 Key opening parameters
3. Effect of different parameters of opening
All test specimens of past studies analyzed in this study represent
single-storied RC walls with a maximum of three openings tested
under static lateral cyclic loading.
3.1 Effect of opening height ratio and opening length ratio
From Ono and Tokuhiro’s study [1], the effect of opening size on the
lateral strength of RC walls is shown in Fig. 2. In Fig.2, the square
opening (left) had an 11% area ratio and the rectangular opening
(middle and right) had a 21% opening area ratio (} /./o/hl). In case of
rectangular openings, the long opening (Fig.2, middle) had an
opening aspect ratio (%./1o) of 0.55 and the tall opening (Fig.2, right)
had 1.81. Omaxs, Omaxo indicate lateral strength of the solid wall and
the wall with an opening respectively. Omax.0 /Omaxs denotes the
lateral strength reduction factor due to opening. It is noticed from
Fig.2 that the lateral strength decreased as opening area ratio
increased, whereas a change in aspect ratio for the same opening area
ratio did not have much influence on the lateral strength based on
their study. From available past experiments [1-5], the effect of the
maximum value between opening height ratio ( X /,/h) and opening
length ratio ( £ 1,/1) on strength reduction factor is illustrated in Fig.3
for walls with a single opening. A general trend is observed that as
the maximum value between X1,/ and X ho/h increased, the lateral
strength decreased. However, there is also some strength reduction
variation for the same values of X 1,// and X h,/h (such as Ono and
Tokuhiro tests at value 21, // and X ho/h of 0.56), which indicates
that other wall openings parameters are also having a large influence.
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Fig. 2 Effect of size of opening from [1] study
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Fig. 3 Effect of opening dimension based on past experiments
3.2 Effect of opening area ratio (34, /Aw)
From available past experiments [1-5], the effect of opening area
ratio on the strength reduction factor for walls with a single opening
has been illustrated in Fig.4. 4o, Aw correspond to the opening area
and wall gross area, respectively. From Fig.4, it is observed that a
decreasing trend of lateral capacity was found with the increase in
opening area and strength reduction factor was found between 97% -
54% for opening area ratio of 2% -25%. The R? = 0.7 indicates a
stronger correlation of opening area ratio to strength reduction than
the maximum single dimension ratio (Fig.3, R? = 0.25).
® Ono &Tokuhiro 1992 A Massone et al 2019
X Lin & Kuo 1988 < Hosseini et al, 2019

¢ Bae, Choi , 2010
1.0

X
£0.8 % ®
< o
206 3
0.4 R?=0.7
0.2
0.0
0 5 10 15 20 25 30

YA /A, (%) for Single opening
Fig.4 Effect of opening area based on past experiments

3.3 Effect of eccentricity of opening

3.3.1 Horizontal eccentricity (xccc)

The effect of horizontal opening eccentricity on the positive and
negative wall strength is shown in Fig.5 for two studies. From Ono
and Tokuhiro’s study [1] in Fig.5a it is observed that compared to a
centrally located opening, a wall with an eccentric opening would
have a higher peak strength in the loading direction that puts the
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opening in tension and a lower peak strength when the opening is in
compression. For 22% opening horizontal eccentricity, the specimen
yielded 10% decrease in lateral strength for positive loading whereas
for negative loading it exhibited a 15% increase in strength compared
to a central opening case. Generally, as seismic demands are of cyclic
nature, it appears that a centrally located opening would result in the
least strength reduction.

In a study by Hosseini et al. [5], the structural performance of RC
walls with cut out door openings of different horizontal eccentricity
were investigated. For specimens with 6.3% and 12.5% horizontal
eccentricity of opening, although the same trend in peak load
asymmetry was observed as in Fig 5b, the change in peak lateral
strengths for both positive and negative loading varied only by 2%
from the central opening case, as shown in Fig.5b. Therefore, based
on their study, small opening eccentricity (less than 12%) was found
to have an insignificant effect on peak lateral capacity.
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Fig.5 Effect of horizontal eccentricity by Hosseini et al [4]

3.3.2 Vertical eccentricity (yecc)

From Ono and Tokuhiro’s study [1], the effect of different vertical
position of opening on the lateral strength is shown in Fig.6. It is
observed that walls with a 32% vertical opening eccentricity, located
at the top edge of wall (Fig.6, right), lateral strength decreased by
10% whereas for an opening at the bottom edge of wall (middle) with
the same 32% vertical opening eccentricity, the wall exhibited 21%
increase in lateral strength comparing to center opening case (left).
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Fig.6 Effect of vertical opening eccentricity from [1] study

4. Validation of existing analytical methods with experiments
From Ono and Tokuhiro’s study [1], a lateral strength reduction
factor due to opening was calculated analytically considering
compression field area (4.) as shown in Eq. (1) and strength reduction
factor in the AlJ guideline [7] is shown in Eq. (2). The comparison
of the lateral strength reduction obtained from available past test
studies [1-6] (up to three openings considered) with the reduction
factor calculated as per AlJ [7] and Ono and Tokuhiro’s study [1] are
shown in Fig.7a and 7b respectively. It is observed that the Ono and
Tokuhiro method resulted in a good match to experimental data, with
the exception of walls with three openings. AlJ reduction factors are
consistently conservative comparing to Ono and Tokuhiro’s as would
be expected from a design standard. From Fig.7a-b, it is observed that
for walls with three openings [6], the calculated peak strength
reduction from both methods (Ono and Tokuhiro and AlJ code) is
larger comparing to test results.
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Fig.7 Comparison of strength reduction factor between experiment
and analytical methods by (a) AlJ [7] (b) Ono and Tokuhiro [1]

5. Conclusions

The following conclusions have been made from the present study:

e  Opening area was found to have a stronger correlation to the
lateral strength reduction of RC walls than the opening
dimension ratio based on coefficient of determination R? values.
A lateral strength reduction of 3%~46% was observed for
opening area ratios of 2% ~ 25%.

e  Horizontal opening eccentricity below 12% had an insignificant
influence on peak lateral strength (less than 2%) compared to a
central opening. Larger opening eccentricities of 22% reduced
the peak lateral strength by 10% compared to a central opening.

e  Wall opening vertical eccentricity towards the bottom of the
wall showed a smaller strength reduction than the same
openings at the center or upper location.

e  The strength reduction calculation method by Ono and Tokuhiro
exhibits better correlation with experimental results comparing
to AlJ guideline. However, AlJ reduction factors are found to be
conservative comparing to Ono and Tokuhiro’s method. For
multiple opening cases, both methods exhibit poor correlation
with experimental results.

Therefore, further investigation is required to understand the effect

of multiple openings on the seismic performance of RC wall.
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