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Abstract

Buildings in south of Iraq were designed for gravity loads only. Recent studies showed that the Badra-Amarah fault at the Irag-Iran
boarder is an active fault and could suffer a major damage. Hence seismic evaluation of existing buildings is getting more importance.
The objective of this paper is to assess the seismic performance of two reinforced concrete buildings with six floors each, one has a shear
wall and the other has not. The concentrated plasticity with nonlinear time history is adopted for the analysis. The spectrum matching
method is used to scale three time-acceleration records to the expected seismic level in the region. Three different codes are used for the
analysis, the International building code-2012, the Uniform building code-1997 and the Iragi seismic code-2017. Comparison of results
showed that IBC-2012 gave the most conservative results in displacements, number and performance of plastic hinges and base shear.
The Iragi code gave the least values within 60% for the base shear and 18-50% for drifts. As a conclusion, the analyzed buildings are a
little beyond the elastic level according to the Iragi code, beyond the immediate occupancy level according to the UBC-1997 and near the
collapse prevention level according to IBC-2012.

Keywords: concentrated plasticity; nonlinear time history analysis; performance levels; SAP2000 program; spectrum matching.

1. Introduction

The first Iragi seismic code [ was published in 1997 but it was
neither include a probabilistic seismic hazard assessment for Iraq
[28] nor mandated in the building industry, therefore most of the
buildings in south of Irag were designed without considering
seismic forces. Recent seismological studies in Irag showed that
the eastern border of Iraq is a seismically active zone and repre-
sent part of the convergent plate between the Arabian, Anatolian
and Iranian plates %1, Abdulnaby et al 2016 ! showed that the
Badra-Amarah fault which is located at the south east and extend
to the central east of Iraq as shown in figure 1 is an active fault ¥ M W At @ a o W i oW e
and it is part of a seismic zone of major damage with intensity of ~ Figure 1: Seismicity of Irag and adjacent areas taken from the Iranian
VIl (modified Mercaly magnitude). The Badra-Amarah fault Records of Seismic Catalogue IRSC (from 1/1/2006 to 1/10/2014) as given
represents the boundary to the Mesopotamian zone in Iraq that has ™ "¢"-[5]

an alluvial thick sediment soil and can be susceptible to liquefac-

tion during an earthquake shaking [®. In 2017 the new Iragi seis- 2. Nonlinear time history analysis for seismic
mic code [ was released, it is based on probabilistic seismic haz- evaluation of buildings

ard assessment (PSHA) for Iraq but it is not mandated yet. In the
last few years many seismic activities of different intensities were
felt by the people in the south of Iraq some of them were strong
enough to make the residents in multi stories buildings spent an
overnight in the streets afraid from aftershock earthquakes. These
events inspired engineers and landlords to evaluate the seismic
performance of some important existing buildings, and to include
the seismic loads in the design of new buildings.

Buildings designed primarily for gravity loads may not perform
well during earthquakes and represent a risk to life. Most of the
new building codes include nonlinear analysis methods (either
static or dynamic) for performance evaluation of existing build-
ings or design of new buildings 1. The availability of fast com-
puters and nonlinear structural analysis programs made it possible
for engineers to employ nonlinear analysis methods for seismic
evaluation of structures. In recent years, several nonlinear static
and dynamic analysis methods based on performance based engi-
neering have been developed and a greater attention to damage
control has been paid. All these analysis methods involve some
approximation to true behavior. Among all these methods, the
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most advanced and reliable method is the nonlinear response his-
tory analysis (NRHA) [¥1. The method required the use of recorded
acceleration-time histories as an input to represent the seismic
loads on the structures. The acceleration-time histories to be em-
ployed for the analysis should be consistent with the seismicity of
the building site and representative of the expected (design) earth-
quake (19 which is defined as a 10% (or 2%) probability of ex-
ceedance in 50 years depending on the importance of the building
[11], The seismicity of the building site includes earthquake magni-
tude, faulting mechanism, source to site distance and near fault
directivity conditions 112, Therefore the selection of a suitable
acceleration-time history records that reflect all the aforemen-
tioned seismicity requirements is not an easy task and in some
cases the records selection is more critical than the building mod-
eling 1131, The available data bases of recorded acceleration-time
histories are mostly for high seismicity zones and very rare rec-
ords available for low to moderate seismicity zones as the case of
Iraq especially in soft soils [, which requires a scaling of the
selected records to be consistent with the site characteristics.
Many scaling procedures have been proposed, however the most
suitable procedure is the spectrum scaling in which the accelera-
tion-time record is scaled to be compatible with the design spec-
trum of the building (5161718 |n this work and due to the non-
availability of recorded acceleration-time histories for the south of
Iraq area, and based on the minimum requirement of ASCE7-10
129 three motion records are selected from pacific earthquake en-
gineering research center (PEER) 2% database to be used for the
analysis. The selected records are then scaled to fulfil the seismici-
ty in the region of south of Iraq using a seismomatch 2016 com-
puter program 2. A 5% damped linear spectrum from 3 different
codes namely UBC-97 22 1BC-2012 % and ISC-2017 M are used
for matching to compare the difference in the codes evaluation of
the seismicity in the region. Finally the nine records are input to
the SAP2000 V18 program 24 for the analysis of two reinforced
concrete similar buildings one with a shear wall and the other
without.

2. Description of the case study

3.1. Building description

A typical reinforced concrete building of six stories is used for the
analysis and evaluation in this work. The building analyzed in two
cases one with a shear wall and the other without. The building
has 5 bays at 4m center to center in X-direction and 5 bays at 5m
center to center in Y-direction (20 x 25m plan area). The height of
the first floor is 5m and all the other floors have a height of 3.5m
(22.5m total height). The shear wall location is around the perime-
ter of the central bay for the case of the building with a shear wall.
A frame element is used for the modeling of the beams and col-
umns while shell element is used for the modeling of the slabs and
shear walls in the buildings. In addition to the self-weight of the
building, 25% of the live load of 1.5kN/m? uniformly distributed
over the roof and 4.5kN/m? uniformly distributed over the other
floors are assumed permanent during the dynamic analysis. The
foundations of the building in the two cases are raft and assumed
fixed base in the analysis. Figure 2 shows the building details.

a- 3-dimensional model
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Figure 2: Building details
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The dimensions and reinforcement details of the structural mem-
bers of the buildings are given in table 1.

Table 1: Structural Members Details

Member Dimension | Longitudinal Rein- | Transverse Rein-
(cm) forcement forcement
Beams 30*60 6 #7 bars #3  stirrups  at
(all) 100mm
Columns 50*50 10 # 8 bars #3  stirrups  at
(all) 100mm
Shear 25 cmthick | # 8 barsat20cm center | #3 bars at 20cm
wall to center in two layers center to center

All slabs are 20cm thick; a rigid diaphragm option in the program
is used to represent the slab action.

3.2. Material properties
The material model used for the concrete is the Mander's model
[2526] a5 shown in figure 3. For steel reinforcement the Chai's

strain hardening model 21 shown in figure 4 is used. The proper-
ties of steel and concrete used in this work are given in table 2.

Table 2: Material properties used in the analysis

Material Property Value
Yield stress fy 420 MPa
Modulus of Elasticity Es 200 GPa
Tensile strength fsu 650 MPa
Steel rein- Nominal Yield Strain gy 0.0021
forcement Ultimate Tensile Strain esb 0.12
Reduced Ultimate Tensile Strain esu 0.087
On Set Strain Hardening esh 0.0115
Poisson's Ratio 0.3
Unconfined Compressive Strength fco 35 MPa
Unconfined Compressive Strain at the 0.002
Maximum Stress eco
Concrete Unconfined Ultimate Compressive (Spall- 0.005
ing) Strain esp
Poisson's Ratio 0.2
Modulus of Elasticity Ec 30 GPa
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Figure 3: Stress-strain curve of concrete — Mander model as given in ref.
[25,26]
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Figure 4: Stress-strain curve for steel reinforcement — Chai strain harden- Figure 6: The 5% linear spectrums used for matching
ing model as given in ref. [27]
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356 129 for the performance levels shown in figure 5 are used to
evaluate the plastic hinges performance levels during the earth-
quake. Where 10 stands for immediate occupancy, LS for life
safety and CP for collapse prevention performance levels.
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Figure 5: Force-deformation relationship for a typical plastic hinge

3.4. Codes and scaling of earthquake records.
Three actual acceleration-time records are selected from the PEER
ground motion database in the horizontal direction and applied in
both X and Y directions to the buildings. The details of the records
are given in table 3.

Table 3: ground motion records information

i)

Acawizgancl Vistzbed Neoxrd ]

Facoes 2 Valzhed 20 LECIT Duyg Spectrar
L 87 Ewi gy Spmtlrem

Record Event Year Station Magnitude | Mechanism
1 Northern 1954 Ferndale 6.5 Strike slip
California- City Hall
3
2 Irpinia 1980 Bisaccia 6.9 Normal
Italy-01
8 Imperial 1979 | El Centro 6.53 Strike slip
Valley-06 Avrray #13

Each of the above records is scaled by spectrum matching method
to represent the expected (design) earthquake at the south of Iraq
with a probability of exceedance of 10% in 50 years (a return pe-
riod of 475 years). a linear spectrum with 5% damping ratio from
three different codes namely the UBC-97, the IBC-2012 and the
ISC-2017 are input to the seismomatch 2016 program for the rec-
ords matching process. The three spectrums are shown in figure 6.
The records before and after matching to UBC-97, IBC-2012 and
ISC-2017 are shown in figures 7, 8 and 9 respectively. The
matched records are then input to the SAP2000 V18 program as
seismic forces for the analysis of the two buildings.
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Figure 7: Records matching to UBC-97 code.
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Figure 8: Records matching to IBC-2012 code.
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The main results of the case studied are given in the following:- —a—83-UBCe7

i. Maximum displacements at stories level in both directions X ——R1-I8C12
and Y for the two buildings are shown in figure 10. R2- IBC12

ii. Inter-story drift for the two buildings in both directions X and Hiwca
Y are shown in figure 11. ‘

iii. Plastic hinges numbers, their performance levels, total base SRS
shear, maximum inter-story drift and maximum structural drift —R2-1SC17
from three earthquake records and based on the three codes in X-
direction are given in table 4. ¢ 10 20 30 0 R3-18C17

. o . Displacement inem.
iv. Plastic hinges numbers, their performance levels, total base

shear, maximum inter-story drift and maximum structural drift
from three earthquake records and based on the three codes in Y-
direction are given in table 5. Max. Displacement at floors levels

v. Locations of the maximum plastic hinges performed in the buliding with Shear Well Y-Direction
buildings from the three earthquakes and their performance levels 7
according to each code in X- direction are shown in figure 12.
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Figure 11: Inter-story drifts from 3 earthquake records and based on the
three codes for the two buildings in X and Y directions.

Table 4: Number and performance of plastic hinges, base shear, and maximum drift in X-direction.

Earthquake direction X-Direction
Shear wall Without shear wall With shear wall
Record number 1 2 3 1 2 3
B-10 130 156 174 350 352 352
10-LS 210 240 128 0 0 0
LS-CP 0 0 0 0 0 0
CP-E 0 0 0 0 0 0
UBC 97 Total P.H 340 396 302 350 352 352
Base Shear (kN) 5242 4924 4583 21988 18918 19341
Inter-story Drift % 1.91 1.94 1.31 0.42 0.42 0.45
Structural Drift % 1.12 1.44 0.9 0.35 0.35 0.36
B-10 96 120 60 352 352 352
10-LS 156 120 238 0 0 0
LS-CP 120 156 96 0 0 0
CP-E 0 0 0 0 0 0
2820 Total P.H 372 396 394 352 352 352
Base Shear (kN) 5337 5186 5377 22442 19706 20801
Inter-story Drift % 2.37 2.48 2.35 0.48 0.45 0.42
Structural Drift % 157 1.74 171 0.38 0.36 0.34
B-10 180 166 174 100 42 38
10-LS 0 0 0 0 0 0
LS-CP 0 0 0 0 0 0
CP-E 0 0 0 0 0 0
B Total P.H 180 166 174 100 42 38
Base Shear (kN) 3377 2946 3052 11520 9814 9547
Inter-story Drift % 0.57 0.42 0.42 0.22 0.2 0.2
Structural Drift % 0.3 0.25 0.25 0.19 0.16 0.15
Table 5: Number and performance of plastic hinges, base shear, and maximum drift in Y-direction
Earthquake direction Y-Direction
Shear wall Without shear wall With shear wall
Record number 1 2 8 1 2 3
B-10 126 156 180 298 388 284
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UBC 97 10-LS 212 240 120 0 0 0
LS-CP 0 0 0 0 0 0
CP-E 0 0 0 0 4 0
Total P.H 338 396 300 298 392 284
Base Shear (kN) 5009 4830 4442 23013 26730 22749
Inter-story Drift % 2.05 2.02 1.37 0.4 0.48 0.34
Structural Drift % 1.22 15 0.9 0.31 0.38 0.29
B-10 126 116 60 290 340 288
10-LS 210 128 226 0 0 0
LS-CP 36 152 108 0 0 0
CP-E 0 0 0 0 0 0
IBC 2012 Total P.H 372 396 394 270 340 288
Base Shear (kN) 5382 5008 5395 23254 25109 22946
Inter-story Drift % 2.31 2.48 24 0.4 0.42 0.34
Structural Drift % 1.51 1.78 1.78 0.3 0.33 0.28
B-10 186 174 180 8 24 10
10-LS 0 0 0 0 0 0
LS-CP 0 0 0 0 0 0
CP-E 0 0 0 0 0 0
ey Total P.H 186 174 180 8 24 10
Base Shear (kN) 3254 2928 3102 8891 10952 9375
Inter-story Drift % 0.57 0.45 0.51 0.14 0.17 0.14
Structural Drift % 0.31 0.27 0.29 0.11 0.14 0.11
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Figure 12: Locations and performance levels of maximum plastic hinges in the two buildings in X-Direction a- based on UBC97 code , b- based on

IBC2012 code and c- based on ISC2017 code.

Results clearly show the large difference in evaluating the seismic
response of the buildings between the Iragi seismic code and the
other two international codes. It looks like the Iragi code is under-
estimate the seismic forces in the region (the base shear are within
60%, the inter-story drift within 25% and the structural drift with-
in 18% compared to the other codes for the building without shear
wall and the base shear, inter-story drift and structural drift are
within 50% for the building with shear wall compared to the other
codes). Tables 4 and 5 show that the buildings respond differently
to each earthquake record and the response of the building with
shear wall in Y-direction is slightly higher based on the uniform
building code than the international building code. The two build-
ings perform very well according to the Iragi code (in both direc-
tions) as the inter-story drift and maximum drift are both below 1%
which is the limit for immediate occupancy level according to
ATC-40, this means that the buildings behave in nearly elastic
behavior. The higher effects of the studied earthquakes were due
to IBC2012 code. The building without shear wall is more affect-
ed than the one with shear wall, it has a considerable number of
plastic hinges exceeded the immediate occupancy to the life safety
level, but still its maximum structural drift is less than 2% which
is the limit for life safety performance level according to ATC-40.
Also figure 12 clarifies that both of the buildings behave in weak
beams strong columns manner as the hinges started in the beams
of the second, third and fourth floors where the inter-story drifts
are higher, extended then to the beams of the higher floors and
finally to the columns at the base . As a result, the building with-
out shear wall will perform well under the expected earthquake
according to the Iraqgi seismic code while it requires retrofitting to
increase its seismic resistance based on the UBC97 and IBC2012
codes. The building with the shear wall expected to perform well
according to all codes.

5. Conclusion

The following conclusions can be drawn from the analysis re-
sults:-

i. The buildings respond differently to each earthquake records,
which confirm the requirement of good selection and scaling of
the records (the maximum results of 3 records or the average of 7
records as required by ASCE/SEI-7-10).

ii. The seismicity given by the IBC2012 code for the region is the
highest while the given by the Iragi seismic code ISC2017 is the
lowest. In general, results based on the Iragi seismic code are
within 50-60% in the base shear and within 18-50% for the drift
comparing to the two international codes. This requires more stud-
ies to check the efficiency of the Iragi seismic code.

iii. Maximum base shear developed in the building without shear
wall is about 20% in average of the maximum base shear devel-
oped in the building with shear wall.

iv. Both of the buildings behave in weak beams strong columns
which is preferable during earthquakes.

v. The building with a shear wall responds well to the design
earthquake in approximately linear behavior based on the three
codes as its plastic hinges up to immediate occupancy level and its
structural drift less than 1% of the immediate occupancy level.

vi. The building without shear wall is more fragile to earthquake
especially based on the UBC-97 and IBC-2012. More than 60%
of the plastic hinges developed in the building exceeding the im-
mediate occupancy to the life safety level in both directions ac-
cording to the UBC-97 code while about 40% of the plastic hinges
developed exceeding the life safety level to the collapse preven-
tion level according to the IBC-2012 code. No plastic hinges ex-
ceeded the immediate occupancy level according to the Iraqi
seismic code ISC-2017.

vii. The building without shear wall need to be retrofitted if it is
required to continue working after the expected earthquake based
on the two international codes.
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