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Abstract

Reinforced concrete (RC) has a special advantage in the construction of
many buildings with open floors (without masonry walls). These storey
are called soft storeys, such as parking lots, hotels, halls, etc. The
behavior of buildings with soft storeys under the influence of dynamic
response is deemed to be of utmost significance ,as its location is not
limited to the ground storey only, Therefore Recently, researchers have
focused on studying the optimal location of the soft storey. The current
work aims to study the effects of the location of a single soft storey,
consecutive soft storeys, non-consecutive soft storeys, and partially soft
storeys, in addition to the effect of the presence of a basement with
concrete retaining walls and raft foundation, on the seismic response of
reinforced concrete buildings under the influence of earthquakes. A
parametric study was conducted using two RC buildings, each having ten
stories (G + 9) to investigate the effect of the location of soft storeys on
the seismic performance of two types of structures. The first building was
designed with equal spans; its plan dimensions are 18 x 30 m. The second
building was designed with unequal spans; its plan dimensions were 18 x
22 m. The nonlinear time history analysis was carried out using the
program SAP 2000 v23. The infill panels were modeled as an equivalent
diagonal strut with a width equal to 0.25 dm, where dm is the length of
the infill wall diameter. . In the current study, five axes were considered
for the locations of soft storeys and their effect on the nonlinear dynamic
response in reinforced concrete buildings. The first sections included the
effect of the presence of infill panels and their locations in the buildings.
The second sections included the effect of the presence of a single soft
storey in three different locations. The third sections included the effect
of the presence of consecutive and non-consecutive soft stories. As for
the last two axes, it included the effect of the presence of partially soft
storeys in different locations and the effect of the presence of a basement
and raft foundation in reinforced concrete buildings. The study included
the effects of successive and non-successive soft-story locations on the
variation of roof displacement, acceleration, base shear and the variation
of axial forces and bending moment in columns with time, in addition to
the formation of plastic hinges at different times at the maximum
displacement. as well as the time period for each building. The obtained
results showed that including infill panels in the analysis for buildings
decreased the value of the time period, reaching (77%) for the model
infilled in both directions, and infill panels caused an increase in the
values of base shear to reach 181.5%, and the values of displacement, the
displacement between storeys, and moments decreased by percentages



reaching (40.5%, 54.5%, and 44.97%), respectively, which leads to
reducing the formation of plastic joints in the building. The obtained
results showed that including consecutively and non-consecutively soft
storeys in the analysis for buildings in different locations having either
equal or unequal spans increased the time period, the increase in the time
period of the building with unequal spans by percentages of up to (56.3%,
136%, 91.4%) for models with a soft ground storey, a ground storey, a
first soft storey, a ground storey, and a fourth soft storey. As for the
acceleration values, they decrease by rates ranging from 2.61% to 35.9%,
and when including the soft storey or stories, the base shear ratio
decreases, reaching the highest percentage of decrease of 41.65% in the
model with a consecutive soft storey on the ground and first storey of the
building with unequal spans. The highest increase in the values of
displacement and drift ratio occurs when the soft story is included in the
lower stories. . In addition, there is an increase in the moments in the
column defining the building with equal spans by percentages of up to
(122.7, 93.78%, 117.21%) and for unequal spans (170.19%, 119.41%,
146.28%) for the models with soft ground storey, ground storey, first soft
story, ground storey, and fourth soft storey, this leads to an increase in the
plastic hinges in the soft story column. However, when infill panels are
included in the soft storey (the external walls are filled and the internal
walls are not filled), the time period decreases, as the time period
decreased from 27% (for the soft ground storey) to 6.1% (for the partially
soft ground storey), and the moments decreased by a percentage of
122.7% to 45% for a building with equal spans and from 170.19% to 47%
for a building with unequal spans. As for the model containing a
basement and a raft foundation, there was a decrease in the time period,
axial force, and bending moments in the specified column. For the
particular buildings under consideration, it may be said that compared to
consecutive and non-consecutive soft-storey locations, the building with a
consecutive soft-storey on the eighth and last storey and the building with
a non-consecutive soft-storey on the fourth and last level exhibits the best
dynamic performance compared with that having other soft-storey
locations. This leads to the conclusion that soft stories should be avoided
in the lower storeys of the building, preferably put in the upper stories of
the building, to avoid failure of the columns and the entire building as a
result of earthquakes. It can also be concluded that adding partial infill
walls to the building or adding shear walls increases the rigidity of the
structure and thus reduces seismic performance. This is considered one of
the ways to strengthen buildings.



