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ABSTRACT

Today, a large number of residential and commercial buildings in the urban areas include
one or several basement floors. The structural system and architecture of the basement floors are
generally different, in a way that leads to a significant increase in the stiffness of the basement lateral
load resistant system. to understand the impact of this change of stiffness on the seismic behavior
of the structures, the two-dimensional concrete rigid frames with 4 and 8 stories and 3 openings
are investigated. The performance of these frames was investigated both for no basement and 1, 2
and 3 basement floors conditions. In this study, SAP2000 is used for linear analysis of the models.
In order to analyze the response history, 7 ground motions scaled based on static base shear of a
frame with no basement were used. For modeling the change in concrete shear of the basement,
a concrete shear wall was used. The results of the spectral analysis and response history analysis
of this analytical study, was compared to the distribution of earthquakes in Earthquake loading
height regulations. The effect of underground story presence on the seismic load distribution in a 4
story frame is more significant. With increasing the number of frame stories (above the basement)
the presence of basement stories will have less impact on the distribution of shears in the frame
stories.

Key words: Base shear, Distribution of earthquake force, Concrete frame,
Irregular structures, Response history analysis.

INTRODUCTION

The studies on the distribution of mass,
stiffness and resistance of irregular structures, have
been carried out in heights much lower than the
ones used in research on the impact of torsional
irregularity in the plan. In previous studies, the
height irregularity caused by discontinuities in the
distribution of mass, is considered as stiffness and
resistance in the height. However, the results of
many studies and the regulations and terms in this
regard clearly show the importance of irregularity
impact on the seismic behavior of structures. The
research on the effect of discontinuities on any kind
of irregularity in plan and the height of the building.

Methods of modeling and applying the seismic
load is important in such buildings, furthermore,
Incremental analysis is used for estimation of
seismic parameters in buildings with irregularities
in plan(Chopra et al., 2004 ). some studies are also
conducted on structures with irregularities in stiffness
and yet with soft first story (Esteva et al., 1992), (Ruiz
et al., 1989), many researchers have investigated
the Seismic response in buildings with irregular
heights (Valmundsson et al., 1997), (Salawdeh et
al., 2009). In other studies, the laid down structures
have been investigated [(Pinto et al., 1995), (Wong
et al., 1994 ), (Aranda et al., 1984), (Shahrooz, B.
M et al., 1990),(Wood, S. L. et al., 1986 )].
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Due to restrictions on construction in urban
areas, the basement floors are commonly used.
Different uses (garages, warehouses, etc.), lack
of openings around the structure of the basement
floors compared to the upper parts of the structure,
and the presence of soil retaining systems around
the building leads to differences in the structure
of lateral load system and significant increase in
lateral stiffness of the basement floors. The Effects
of basement floors on seismic behavior have not
been studied very much. And the relationships
provided in the regulations of the distribution of
shear force in building height, are not associated
with changes in levels of stiffness. In addition, the
location of the ground level is qualitatively defined in
the Regulations, which in turn, has a direct impact
on the effective seismic weight, analysis and design
processes. In this study, the effect of basement floors
on the earthquake lateral load distribution at the
height of the structures is investigated.

Modeling of Structures and Characteristics of
Ground Motions

An analytical model of concrete two-
dimensional moment frames, with 4 and 8 floors and
3 openings was used to assess the effect of stiffness
changes on building height, were used. The frames
were investigated both without basement floors (as
basic models) and with 1, 2 and 3 basement floors.
These frames include 6 meter long openings, 4
meter high main stories, and 3 meter high basement
floors. The frames were analyzed, modelled, and
designed by means of SAP 2000 V15 software. The
Concrete frames with average flexibility for soil type
3, residential uses, and areas with high earthquake
risk were uploaded in accordance with 2800- 84
standard (Building and Housing Research Center,
2010) and designed based on the limit state method
stated in the ninth issue of the National Building
Regulations [(Chopra et al., 2004 ), (Ruiz et al.,
1989)].

Dynamic analysis and response history
analysis were carried out by means of spectral
analysis methods and 7 earthquake ground
motions compatible with seismic design spectrum,
respectively. Table 1 shows the characteristics of
ground motions. The ground motions were scaled
for frames without basement floors featuring different
numbers of stories and openings. According to the
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2800- 84 Standard (Building and Housing Research
Center, 2010), first the response spectra of 7 ground
motions are averaged for each frame, and then
compared with the standard designs within the 0.2
T and 1.5 T ranges of frequency. Scale factor is
determined in a way that the average values are
not lower than 1.4 times of their corresponding
values in the standard range. (T is the experimental
frequency period of the frame) then the obtained
scale factor is multiplied by another factor, So that
the base shear resulting from response history
analysis for each ground motions is equal to 85% of
the equivalent static base shear. The factors obtained
for each frame without basement and with a definite
number of floors, was also used for the frames with
basement floors. Figure 2 shows an example of
ground motions.

In this study, the base shear and the
earthquake force distribution in different floors,
which result from time history analysis has been
compared with the values of the regulations. The
base shear force calculated through an equivalent
static analysis, is distributed across the building’s
height in accordance with Earthquake Resistant
Design of Buildings Regulations (2800- 84 Standard)
and according to the following equation:

wihy

A=V RE wh

(1)

Where Fi is the lateral force at the floori, V
is the shear force on the ground floor, and Ft is the
extra lateral force in the ceiling level of the n floor,
which is determined by the following equation:
F, = 0.07TV @)

Where T is the basic frequency period of
the structure. 59Ut force should not be considered
higher than 0.25V, and in cases where T is equal to
orless than. 0.7 seconds, it can be considered equal
to zero.

Analytical Model and Stiffness of the Basement
Floors

Given that one of the goals of this study is
to evaluate the effect of the basement floor stiffness,
here the method of basement floor stiffness change
modeling will be investigated. First, the flexural
stiffness of the first floor in moment frames was
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obtained, and the stiffness of the basement floors
was accordingly applied through addition of a shear
wall to the original model. The cross section of the
wall was determined so that its lateral stiffness in
3 modes of 2, 6 and 10, was equal to the stiffness
of the first floor in the original frames. In Figure 2
shows the sample results of the basement floors’
stiffness in the 4 story frame with 3 openings,
with considerations of 2 basement floors. Figure
3 shows the changes in story shear force across
the height of the building, with change in stiffness
of the basement floors, based on the average of
results obtained from 7 ground motions. Based on
the results obtained from different conditions of
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stiffness change in basement floors, an stiffness
degree 10 times greater than the one for the first
story of the original frame was considered for the
model with shear wall in the basement floors, to
facilitate comparison of analytical results and get
a more realistic analytical investigation, compared
to the stiffness of the basement floors in existing
buildings.

RESULTS

The Frames with and without basement
floors were analyzed using the spectral method
and linear response history. In response history
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Fig. 1: Profile of 4 and 8 story frames with 3 openings
Table 1: Characteristics of ground motions
No Year Earthquake Recording Station Distance Component PGA PGV
(km) (9) (cm/s)
1 1992 Big Bear Desert Hot Spr 401 090 0.23 191
2 1952 Kern county Taft 36.2 111 0.18 17.5
3 1971 Landers Boron Fire Stn 99.3 000 0.12 13.0
4 1994 Northridge Montebello 44.2 206 0.18 9.4
5 1994  Northridge Saturn Street School 26.9 S70E 0.43 43.5
6 1994 Northridge Terminal Island Fire Stn 57.5 330 0.19 121
7 1971 San Fernando Castaic, Old Ridge Route  23.5 291 0.27 25.9
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Fig. 3: Shear Distribution of different floors
across the height the 4 story frame

with 3 opening, with consideration of 1, 2, and
3 basement floors
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analysis, 7 earthquake ground motions were used in
accordance with table 1. According to the approach
of this research, the shear force distribution of the
floors, resulting from these dynamic analyses,
were compared to the distribution of earthquakes
Regulations (2800- 84 Standard).

In the array of results presented in this
section, the ground motions numbers are as shown
in Table 1. In this section, the results of the analysis
of the 4 story frame with 3 openings as well as the
8 story frame with 3 openings are presented.

Dynamic specifications of the Frames

The dynamical specifications, together with
the frequency period of the structures and the mass
participation percentage of three main modes for
the 4 and 8 story frames each featuring 3 openings,
both without basement floors and with 1, 2 and 3
basement floors are shown in Table 2. The presence
of basement floors with a stiffness degree 10 time
more than that for the moment frame’s first floor, has
little effect on the frequency period of structure’s 3
main modes. But, the presence of basement floors
causes the mass contribution percentage of higher
modes to increase generally.

The Results of the 4 Story Frame with 3
Openings

Figure 4 shows, in descending order, the
results of the dynamic analysis of 4 story frames with
3 openings, for the frame without basements and
with 1, 2 and 3 basement floors respectively. Here the
basement floor is marked with negative levels on the
vertical axis. in each case, the left diagram shows the
dynamic analysis results for 7 ground motions and
the average value of the response history analysis.
The middle graph of response history analysis shows
the average results, average + standard deviation,
and average — standard deviation. And the right
graph compares the shear changes in the average
floors of the ground motions with the spectral
analysis of the different floors’ shear distribution in
2800-84 Regulation.

The Results of the 8 Story Frame with 3
Openings

Figure 4 shows, in descending order, the
results of the dynamic analysis of 8 story frames with
3 openings, both for the frame without basements
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and with 1, 2 and 3 basement floors respectively.
Here the basement floor is marked with negative
levels on the vertical axis. Description of Figure 4
are similar to those in Figure 3.

DISCUSSION

For the 4 and 8 story frames with different
number of basement floors, the distribution of
different floors’ shear based on the response history
analysis across the height of the building in Figures
4 and 5 is compared with the spectrum analysis and
static analysis in accordance with 2800-84 standard.
The comparison of Dynamic Analysis shear with the
distribution of shear in the regulations, shows that:
according to the regulations, the distribution of shear
across the height of the structure is slightly different
from the analytical and experimental frequency
period, which can be neglected. According to
dynamic analysis, the degree of shear on the upper
floors of structures, which is beyond the degree of
shear stated in regulations and this difference is
reduced in the lower floors. The results of shear
in lower floors of the 4 story structure are closer
to those of distribution in accordance with the
regulations. The response of the 4-story structure
is mainly due to the first mode, while the effects of
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higher modes of participation is much more evident
in the response of the 8-storey structure.

To investigate the effect of the basement
and the number of basement floors on the earthquake
load distribution across the height, Figure 5 shows
the distribution of the mean shear force of 7 ground
motions for the 4 and 8 story structures respectively.
However, in the 4-story frame in Figure 6, the
presence of basement floor has a greater impact
on the change of shear distribution in different
floors of the moment frame. The effect of 1, 2 and
3 basement floors on the amount of increase in the
shear of the concrete 4-story frame’s first floors
is 3, 5 and 13 percent, compared to the frame
without basement floors. Assuming conservatively
that the effective weight of moment frame floors
and basement floors is equal, then the total weight
of the structure in the 4-story frame with 1, 2 and
3 basement floors, will undergo a 27, 48 and 70
percent increase respectively. The impact of 1, 2
and 3 basement floors on the shear change in the
concrete 8-story frame’s first floor, compared to
the frame without basement floors, is -5, -4 and +3
respectively. Assuming that the effective weight of
moment frame floors and basement floors is equal,
with presence of 1, 2 and 3 basement floors in the

Table 2: Characteristics of dynamic frames with and without basements

A) 4 story frame with 3 openings

Modal Participating Mass Ratio

B) 8 story frame with 3 opening

Modal Participating Mass Ratio

Mode Step

Basement Period Sec UX
NO 1 1.719567 0.81
NO 2 0.551644 0.101
NO 3 0.309024 0.039

> 0.95
1 1 1.791217 0.733
1 2 0.567244 0.091
1 3 0.314365 0.035
> 0.859
2 1 1.779591 0.713
2 2 0.568304 0.09
2 3 0.318998 0.035
> 0.838
3 1 1.824883 0.61
3 2 0.57484 0.083
3 3 0.320049 0.038
> 0.731

Mode Step

Basement Period Sec UX
NO 1 1.1677 0.842
NO 2 0.367918 0.107
NO 3 0.205885 0.039

> 0.988
1 1 1.209108 0.684
1 2 0.380722 0.083
1 3 0.212065 0.028
> 0.795
2 1 1.218196 0.573
2 2 0.383615 0.074
2 3 0.213704 0.028
> 0.675
3 1 1.234022 0.5
3 2 0.389604 0.0775
3 3 0.218632 0.04868
S 0.62618
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Fig. 4: Distribution of shear force across the height of the 4 story frame with 3 opening
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Fig. 5: Distribution of shear force across the height of the 8 story frame with 3 openings
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8-story frame, the weight of the entire structure will
undergo a 13, 28 and 40 percent of increase.

Based on the above cases, the presence
of basement floor with considerable lateral stiffness
compared to the upper floors, (more than 10 times)
will not have much effect on the shear change of
the upper floors. This difference is negligible in the
8-story frame, in a way that the basement floors will
not have any effect on the shear of upper floors. In
other words, the base level in the 8-story frame can
be taken as the above the basement level (ground
level). For the 4-story frame, change in the base level
can lead to a 14 percent shear of different floors. It
is expected that this error would decrease with any
increase in the number of frame’s floors. This is
confirmed to be true for the 12-storey frame, in the
following sections.

CONCLUSION

Analytical results are summarized as
follows:

1. The basement floor will have a slight effect on
the frequency period of three main modes in
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