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 Seismic evaluation, an important way to validate the buildings to resist earthquake loads. In 
relevance, buildings can be divided into primary and secondary elements. The primary 
elements include the structural elements, while the secondary involve the non-structural 
elements. The comparative between ATC-40, FEMA-356 and FEMA-440 were investigated in 
the present study. The case study was introduced in this study of Thalassemia Center 
Hospital Building located at Baghdad, Iraq. The study conducted by using Iraqi Seismic Code 
(ISC-2017) response spectrum. The comparison of the results between the evaluation codes 
was carried out in terms of capacity curves and performance level. The comparison's results 
drew attention to important points. The results of the CSM method according to ATC-40 and 
an improved equivalent linearization procedure adopted by FEMA-440 differed because the 
equivalent linearization procedure relied on new expressions to assess effective period and 
effective damping. The results improved that the values of spectral response acceleration 
according to ISC-2017 were adequate and appropriate to use in the seismic analysis and 
design. Accordingly, it can be considered that the capacity spectrum method (CSM) based on 
FEMA440 produces results that are very conservative, whereas those obtained with the ATC-
40 are invariably underestimated.  

1.Introduction 

An elastic analysis is an important method to indicate the elastic 
capacity and first yielding of structures. The main drawback of this 
way, it cannot predict the failure technique and calculate the 
redistribution of the forces during progressive yielding [1]. For the 
seismic evaluation of the existing buildings as well as the design of 
new constructions, the engineers use inelastic analysis procedures. It 
helps engineers better understand how structures will behave when 
subjected to major earthquakes, where it is assumed that the elastic 
capacity of the structure will be exceeded [2]. Two methods for 
investigating inelastic seismic performance are available. One is the 
nonlinear time history analysis, and another is a nonlinear static 
analysis called "Pushover analysis". The nonlinear time history 
analysis can be divided into two methods. One is based on the dynamic 
response of an equivalent single degree of freedom system derived 
from a multi-degree of freedom (MDOF) system [3,4]. The other is based 
on the equivalent response directly obtained from the nonlinear 
dynamic response of a MDOF system [5]. Static pushover analysis has 
been the preferred method for seismic performance evaluation. 
Pushover hereinafter is not a recent development, and its genesis 
traced back to the 70's decade [6]. The static pushover analysis can also 
be divided into two methods. One is based on the first-mode pushover 
analysis [7]. The other is based on the modal pushover analysis (MPA), 
where higher mode effects are taken into account [8]. Pushover 
analysis is based on the assumption that the dynamic response of the 
structure is controlled by the elastic fundamental mode, which is the 
case for most regular buildings [9]. Many codes of seismic evaluation 
discussed in this study. It contains available simplified nonlinear 
analysis methods, referred to as nonlinear static according to ATC-
40[10] procedures, include the Capacity Spectrum Method (CSM) that 

uses the intersection of the capacity (pushover) curve and a reduced 
response spectrum to estimate maximum displacement. It also 
contains the Displacement Coefficient Method (DCM) according to the 
FEMA-356 [11] procedures that use pushover analysis and modified the 
linear elastic response to estimate maximum displacement; and 
improvement of nonlinear static seismic analysis procedures 
(improvement Capacity Spectrum Method(CSM) and Displacement 
Coefficient Method (DCM)) according to FEMA-440 [12]. There have 
been many research studies regarding the differences between the 
evaluation international codes. Mahaylov and Petrini [13] studied five 
codes for evaluating existing buildings (Italian Seismic Code [14], EC8 
[15], FEMA-356 [11], ATC-40 [10], and FEMA-440 [12] were analyzed by 
looking at the theoretical basis of the problems. It found that the 
dynamic P-∆ effect is not considered by the Italian seismic code and 
the EC8. According to FEMA440 [12], the procedures implemented in 
FEMA356 and ATC-40 [10] are not able to adequately capture the 
dynamic instability phenomenon. The non-linear static procedure in 
the Italian seismic code and EC8 is based on the Equivalent SDOF 
system's elastic-perfectly plastic nature. Degradation effects of 
strength and stiffness are not considered. This simplification may lead 
to underestimation of the target displacement. Cavdar and Bayraktar 
[16] included several performance evaluation procedures. Four main 
guidelines/codes describe the most common evaluation procedures: 
ATC-40 [10], FEMA 356 [11], FEMA 440 [12], and TEC-2007[16]. The static 
pushover and nonlinear time history studies analyze the nonlinear 
seismic behavior of a collapsed reinforced concrete (RC) residential 
building in Turkey. It found that the current structural structure of 
residential buildings did not meet the ATC-40 [10], FEMA 356 [11], 
FEMA 440 [12], and TEC-2007[17] predicted standards of performance 
(LS). According to both nonlinear static pushover analysis and time 
history analysis under earthquake loads, the building constructed 
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according to TEC-1975[18] presents the level of CO performance 
through two-direction results. Moshref et al. [19] used two main 
guidance documents, the New Zealand Guideline [20] and FEMA 440 
[12], on the evaluation of existing buildings currently available for 
concrete frame resistance. The main aim of the study was to trace the 
differences between the results provided by these two guidelines. 
Under the two guidelines, the Peak Ground Acceleration (PGA) values 
that cause the collapse are calculated and compared with their similar 
values, which are determined from a non-linear dynamic analysis. The 
outcome of the force-based approach suggested by the New Zealand 
Guideline was found to be more consistent with nonlinear dynamic 
analysis. Appropriate results were given by the New Zealand 
displacement method and FEMA440 [12], but their results are not 
conservative. Alwashali and Maeda [21] investigated the damage 
caused by the Great East Japan earthquake in Sendai City-Japan in 
2011 to many low-rise RC buildings. Using the Japanese Standard for 
Seismic Evaluation of Existing RC Buildings, the chosen building is 
assessed to have a high seismic capacity. On those buildings, pushover 
analysis was performed. The pushover analysis was found to predict 
the degree of damage well, but there were some variations in the 
position of the plastic hinge compared to the actual damage. Plastic 
hinges were expected to occur in beams and not in columns, but this 
wasn’t the case in the actual damage. The research methodology that 
will be adopted in this investigation is to detect the covert differences 
between the analytical and numerical techniques evaluation codes, 
ATC-40, FEMA-356 and FEMA-440. This comparative study has 
conducted by using pushover analysis on Thalassemia Center Hospital 
Building that located at Baghdad, Iraq under ISC-2017 response 
spectrum.  

2. Codes provisions 

It is widely recognized that ground shaking in existing buildings 
located in seismic regions may induce unacceptable levels of damage. 
Several reasons have been attributed to this vulnerability, such as 
insufficient strength and stiffness, weak detailing, plan and elevation 
irregularities, the dominance of brittle failure modes over ductile ones, 
etc. [5]. Various codes display the principle concepts for finding the 
performance level. 

2.1. ATC-40[10] 
Capacity Spectrum Method (CSM) has gained considerable popularity 
amongst pushover users and the ATC40 guidelines [6] included it as 
the recommended nonlinear static procedure to be used. The CSM 
was created to describe a structure's first mode response based on the 
assumption that the main response of the structure is the 
fundamental mode of vibration. The results obtained with the CSM 
may not be so accurate. The steps of the capacity spectrum method 
are described herein. 
Step (1): Seismic Data 

A MDOF model of the building must be developed including the 
nonlinear force-deformation relationship for structural elements 
under monotonic loadings, Figure(1a). An elastic acceleration response 
spectrum is also required corresponding to the seismic action under 
consideration, Figure (1b). 

 

        a)                                         b) 

Figure 1. a) MDOF model of the building; b) Elastic acceleration 
response spectrum [7]. 

Step (2): Seismic demand in AD (acceleration displacement) format. 

The seismic demand is defined with a response spectrum in the format 
acceleration- displacement (ADRS). For SDOF, the displacement 
spectrum can be computed from the acceleration spectrum using 
Equation (1): 

𝑆𝑆𝑑𝑑 = 𝑇𝑇2

4𝜋𝜋2
𝑆𝑆𝑒𝑒                                              (1) 

Where Sa and Sd are the values for the elastic acceleration and 
displacement spectrum, respectively. 

 

Step (3): Pushover Analysis 

A conventional non-adaptive force-based pushover analysis is 
performed, applying to the structure a monotonically increasing 
pattern of lateral forces. In CSM the lateral forces applied have a first 
mode proportional distribution. Lateral forces are applied in 
proportion to the story masses and the square height of the floor as 
per by using Equation (2): 

F𝑖𝑖 = mihi
2

∑  𝑛𝑛
j=1 mjhj

2                                       (2) 

where mi and hi are the mass and height of the ith floor. 

From the pushover analysis, one obtains the capacity curve that 
represents the base shear and the displacement at the center of mass 
of the roof. 

Step (4): Equivalent SDOF system 

The structural capacity curve expressed in terms of roof displacement 
and base shear is then converted into a SDOF curve in terms of 
displacements and accelerations, which is called the capacity 
spectrum. The transformations are made using the following 
equations: 

𝑃𝑃𝐹𝐹1 = �∑  𝑁𝑁
𝑖𝑖=1 (𝑤𝑤𝑖𝑖𝜙𝜙𝑖𝑖1)/𝑔𝑔

∑  𝑁𝑁
𝑖𝑖=1 �𝑤𝑤𝑖𝑖𝜙𝜙𝑖𝑖1

2 �/𝑔𝑔
�                                 (3) 

 

𝛼𝛼1 = �∑  𝑁𝑁
𝑖𝑖=1 (𝑤𝑤𝑖𝑖𝜙𝜙𝑖𝑖1)/𝑔𝑔�

2

�∑  𝑁𝑁
𝑖𝑖=1 𝑤𝑤𝑖𝑖/𝑔𝑔��∑  𝑁𝑁

𝑖𝑖=1 �𝑤𝑤𝑖𝑖𝜙𝜙𝑖𝑖1
2 �/𝑔𝑔�

                             (4) 

 

𝑆𝑆𝑎𝑎 = 𝑉𝑉/𝑊𝑊
𝛼𝛼1

                                          (5) 

𝑆𝑆𝑑𝑑 = Δroof 

𝑃𝑃𝐹𝐹1𝜙𝜙roof .1
                                      (6) 

Figure (2). It shows that the participation factor and modal mass 
coefficient differ according to the relative inter-story displacement 
over the height of the building. For example, for a linear distribution 
of inter-story displacement along with the height of the building α1 
≈0.8 and PF1≈ 1.4. 

 

Figure 2. modal participation factors and modal mass coefficients [6]. 
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To convert MDOF capacity curve to SDOF capacity curve in the format 
(capacity spectrum) of the Acceleration-Displacement Response 
Spectra (ADRS) format (Sa versus Sd), the modal participation factor 
PF1 and the modal mass coefficient α must first be calculated by Eq.3 
and Eq.4. Afterward, for each point of the MDOF capacity curve (V, 
∆roof) calculate the associated point (Sa, Sd) of the capacity spectrum 
according to Equation (5) and Equation (6). 

Step (5): Estimation of Damping and Reduction of the Response 
Spectrum: 

ATC-40 defines equivalent viscous damping to represent this 
combination; it can be calculated using Equation (7): 

𝛽𝛽𝑒𝑒𝑒𝑒 = 𝛽𝛽1 + 5                                         (7) 

ATC-40 introduces the concept of effective viscous damping that can 
be obtained by multiplying the equivalent damping by a modification 
factor k by using Equation (8): 

𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒 = 𝑘𝑘𝛽𝛽1 + 5                                        (8) 

Where 5% viscous damping inherent in the structure (given to be 
constant). 

The hysteretic damping represented as equivalent viscous damping 
can be calculated by using Equation (9): 

𝛽𝛽1 = 1
4𝜋𝜋
⋅ 𝐸𝐸𝐷𝐷
𝐸𝐸𝑠𝑠0

                                          (9) 

 

Figure 3. Derivation of Damping for Spectral Reduction. 

 

The physical meaning of both ED and ES0 is represented in Fig.3. ED is 
the energy dissipated by the structure in a single cycle of motion, that 
is, the area bounded by a single hysteresis loop. ES0 is the maximum 
strain energy related to that cycle of motion that is, the area of the 
hatched triangle. Figure (4). Show the derivation of energy dissipated 
by damping. 

 

Figure 4. Derivation of energy dissipated by damping, ED. 

Therefore, β1 can be written as in Equation (10): 

𝛽𝛽1 = 63.7�𝑎𝑎𝑦𝑦𝑑𝑑𝑝𝑝𝑖𝑖−𝑑𝑑𝑦𝑦𝑎𝑎𝑁𝑁�

𝑎𝑎𝑝𝑝𝑖𝑖𝑑𝑑𝑝𝑝𝑖𝑖
                                   (10) 

The effective damping can be written as             Equation (11): 

𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒 = 63.7𝑘𝑘�𝑎𝑎𝑦𝑦𝑑𝑑𝑝𝑝𝑖𝑖−𝑑𝑑𝑦𝑦𝑎𝑎𝑝𝑝𝑖𝑖�

𝑎𝑎𝑝𝑝𝑖𝑖𝑑𝑑𝑝𝑝𝑖𝑖
+ 5                               (11) 

The k-factor depends on the structural behavior of the building, which 
is related to the seismic resisting system quality and the ground 
shaking duration. ATC40 defines three categories of structural 
behavior: 

Type A represents stable, reasonably full hysteresis loops. 

Type B represents a moderate reduction of area. 

Type C represents poor hysteretic behavior with a significant 
reduction of loop area (severely pinched). 

Table (1). indicates the ranges and limits for the values of k specified 
to the three structural behavior types. 

Table 1. Modification factor k. 

Structural 

Behavior 
Type 

β1 k 

 

Type A 

≤ 16.25 1.0 

 

>16.25 
1.13−

0.51�𝑎𝑎𝑦𝑦𝑑𝑑𝑝𝑝𝑖𝑖 − 𝑑𝑑𝑦𝑦𝑎𝑎𝑝𝑝𝑖𝑖�
𝑎𝑎𝑝𝑝𝑖𝑖𝑑𝑑𝑝𝑝𝑖𝑖

 

 

Type B 

≤ 2.5 0.67 

 

>2.5 

0.845

−
0.446�𝑎𝑎𝑦𝑦𝑑𝑑𝑝𝑝𝑖𝑖 − 𝑑𝑑𝑦𝑦𝑎𝑎𝑝𝑝𝑖𝑖�

𝑎𝑎𝑝𝑝𝑖𝑖𝑑𝑑𝑝𝑝𝑖𝑖
 

Type C Any 
value 

0.33 

Step (6): Numerical Derivation of Spectral Reduction 

The spectral reduction factors are calculated as shown in Equation (12) 
and Equation (13). 

𝑆𝑆𝑅𝑅𝐴𝐴 = 3.21−0.68ln (𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒)
2.12

=
3.21−0.68ln �

63.7𝑘𝑘�𝑎𝑎𝑦𝑦𝑑𝑑𝑝𝑝𝑖𝑖−𝑑𝑑𝑦𝑦𝑎𝑎𝑝𝑝𝑖𝑖�
𝑎𝑎𝑚𝑚𝑑𝑑𝑝𝑝𝑖𝑖

+5�

2.12
≥ Value in Table(2)                             

(12). 

𝑆𝑆𝑅𝑅𝑣𝑣 = 2.31−0.41ln (𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒)
1.65

=
2.31−0.41ln �

63.7𝑘𝑘�𝑎𝑎𝑦𝑦𝑑𝑑𝑟𝑟𝑖𝑖−𝑑𝑑𝑦𝑦𝑎𝑎𝑝𝑝𝑖𝑖�
𝑎𝑎𝑝𝑝𝑖𝑖𝑑𝑑𝑝𝑝𝑖𝑖

+5�

1.65
≥ Value in Table(2)                            

(13). 

Note that the SRA and SRv values should be greater than or equal to 
the values referred to in Table (2). 

Table 2. The minimum allowable SRA and SRv values 

Structural 

Behavior Type 
𝑺𝑺𝑹𝑹𝑨𝑨 𝑺𝑺𝑹𝑹𝒗𝒗 

Type A 0.33 0.50 

Type B 0.44 0.56 

Type C 0.56 0.67 

 

Step (7): Calculation of the target displacement: 

The calculation of the target displacement is an iterative process, 
where it is necessary to estimate a first trial performance point. For 
this purpose, there are several options one can use: 

1. The first trial performance point can be estimated as the elastic 
response spectrum displacement corresponding to the elastic 
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fundamental period. The response spectrum is defined for the viscous 
damping level considered (in buildings one usually considers 5%); 

2. Consider a first trial equivalent damping value, for example, 20%, 
and calculate the respective reduction factor. Multiply the elastic 
spectrum by this reduction factor and intersect the capacity curve 
with the reduced spectrum. The intersection corresponds to the first 
trial performance point. 

The capacity curve is then bi-linearized for this point, and new 
effective damping can be computed and hence a new reduction factor 
can be applied. The new intersection between the capacity curve and 
the new reduced spectrum leads to a new performance point. If the 
target displacement calculated is within a tolerable range (for example 
within 5% of the displacement of the trial performance point), then the 
performance point can be obtained. Figure (5). represents the process 
schematically. 

 

Figure 5. General CSM procedure to compute the target displacement. 

 

Step (8): Determination of MDOF response parameters in 
correspondence to the Performance Point (converted from SDOF to 
MDOF) 

At this stage of the procedure, one should go back to the MDOF 
pushover curve to the point consistent with the value of the SDOF 
target displacement (calculated in the previous step) multiplied by the 
transformation factor. For this step, one should take the building’s 
performance results, such as deformations, inter-story drifts, and 
chord rotations. 

2.2. FEMA/356 [11] 

The Displacement Coefficient Method (DCM) is the primary nonlinear 
static procedure presented in FEMA 356. The target displacement, δ, at 
each floor level shall be calculated by Equation (14): 

𝛿𝛿𝑡𝑡 = 𝐶𝐶0𝐶𝐶𝑙𝑙𝐶𝐶2𝐶𝐶3𝑆𝑆𝑎𝑎
𝑇𝑇𝑒𝑒2

4𝜋𝜋2
𝑔𝑔                                    (14) 

where: 

C0, modification factor to associate spectral displacement of an 
equivalent SDOF system to the roof displacement of the building MDOF 
system determined using one of the following procedures: 

The first modal participation factor at the level of the control node. 

 The appropriate value from Table (3). 

Table 3. Values for Modification Factor C0 

No.of 
stories 

Modification 
Factor 

1 1.0 

2 1.2 

3 1.3 

5 1.4 

+10 1.5 

 

C1, modification factor to associate with estimated maximum inelastic 
displacements to displacements calculated for linear elastic response: 

= 1.0 for Te  ≥ TS 

= [1.0+(R-1)Ts/Te]/R for  Te < TS 

C1 not greater than the values below, and no less than 1.0. 

𝐶𝐶1 = �1.5 for 𝑇𝑇𝑒𝑒 < 0.1s
1.0 for 𝑇𝑇𝑒𝑒 ≥ 𝑇𝑇𝑠𝑠

 

Te = Effective fundamental period of the building in the direction 
under consideration. 

𝑇𝑇𝑒𝑒 = 𝑇𝑇𝑖𝑖�
𝐾𝐾𝑖𝑖
𝐾𝐾𝑒𝑒

                                          (15) 

R= Ratio of elastic strength demand to calculated yield strength 
coefficient. 

𝑅𝑅 = 𝑆𝑆𝑎𝑎
𝑉𝑉𝑦𝑦/𝑊𝑊

⋅ 𝐶𝐶𝑚𝑚                                         (16) 

C2 = Modification factor to represent the influence of pinched 
hysteretic shape, stiffness, and strength degradation on maximum 
displacement response. Values for different framing systems and 
Structural Performance Levels shall be calculated from Table (4). 

Table 4. Values for Modification Factor C2 

Structural 
performance 
level 

T≤ 0.1 second T ≥Ts second 

Framing 
type 11 

Framing 
type 22 

Framing 
type 11 

Framing 
type 12 

IO 1.0 1.0 1.0 1.0 

LS 1.3 1.0 1.1 1.0 

CP 1.5 1.0 1.2 1.0 

1.Structures in which more than 30% of the floor shear at any level 
is resisted by any combination of the following elements, elements, 
or frames: ordinary moment-resisting frames, concentrically-
braced frames, frames with partially-restrained connections, 
tension-only braces, unreinforced masonry walls, shear-critical, 
piers, and spandrels of reinforced concrete or masonry. 

2. All frames not assigned to Framing Type 1. 

 

C3, modification factor due to dynamic P-∆ effects to represent 
increased displacements. For buildings with a positive post-yield 
stiffness (maintains its strength during a given deformation cycle, but 
loses strength in subsequent cycles, the effective stiffness also 
decreases in subsequent cycles (degradation of cyclic strength)) the 
value shall be set at 1.0. For buildings with negative post-yield 
stiffness(Note that the degradation happens during the similar cycle 
of deformation in which yielding occurs, resulting in a negative post-
elastic stiffness, (in-cycle strength degradation)), values of shall be 
calculated using Eq.17: 

𝐶𝐶3 = 1.0 + |𝛼𝛼|(𝑅𝑅−1)3/2

𝑇𝑇𝑒𝑒
                                    (17) 

Where α is the ratio of post-yield stiffness to elastic stiffness when the 
nonlinear force-displacement relation is characterized by a bilinear 
relation. 

2.3. FEMA440 [12] 

2.3.1 Improved procedures for displacement modification 

FEMA 440 (2005) [12] advises that the restrictions (capping) of the C1 
coefficient permitted by FEMA 356 be abandoned. A distinction 
between two different types of strength deterioration that have 
different effects on system response and performance is also 
recognized. This distinction gives rise to recommendations for the C2 
coefficient to account for cyclic strength and stiffness degradation. It 
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is also recommended that the coefficient C3 be removed and replaced 
with a limitation on strength (R). 

Maximum Displacement Ratio (Coefficient C1) 

FEMA 356 currently accepts the coefficient C1 to be restricted (capped) 
for relatively short-period structures. FEMA440 suggested that this 
limitation not be used. This may increase estimates of displacement 
for some structures. For most structures the following simplified 
expression may be used for the coefficient C1: 

𝐶𝐶1 = 1 + 𝑅𝑅−1
𝑎𝑎𝑇𝑇𝑒𝑒2

                                        (18) 

For periods less than 0.2 s, the value of the coefficient C1 for 0.2 s may 
be used. For periods greater than 1.0 s, C1 may be assumed to be 1.0. 

Degrading System Response (Coefficient C2) 

FEMA 356 suggested that the C2 coefficient represents the influences 
of stiffness degradation only. FEMA440 recommended that the 
displacement prediction be modified to account for cyclic degradation 
of stiffness and strength. It recommended that the C2 coefficient be as 
follows: 

𝐶𝐶2 = 1 + 1
800

�𝑅𝑅−1
𝑇𝑇
�
2
                                    (19) 

For periods less than 0.2 s, the value of the coefficient C2 for 0.2 s may 
be used. For periods greater than 0.7 sec. C2 may be assumed equal to 
1.0 for assumption would include buildings with modern concrete or 
steel special moment-resisting frames, steel eccentrically braced 
frames, and buckling-restrained braced frames as either the original 
system or the system added during seismic retrofit. 

P-∆ Effects (Coefficient C3) 

Because of dynamic P-∆ effects, the displacement modification factor 
C3 is intended to account for increased displacements. FEMA 440 
proposed removing the current coefficient of C3 and replacing it with 
the maximum strength ratio, R, intended to calculate dynamic 
instability. Where the value for Rmax is exceeded, a Nonlinear 
Dynamic Procedures (NDP) analysis is recommended to capture 
strength degradation and dynamic P-Δ effects to confirm the dynamic 
stability of the building.  Nonlinear static procedures are not capable 
of distinguishing completely between cyclic and in-cycle strength 
losses.  However, insight can be obtained by separating the in-cycle P-
∆ effects from α2, Fig.6. 

 

Figure 6. Idealized Force-Displacement Curves. 

An effective post-elastic stiffness can then be determined as 

𝛼𝛼𝑒𝑒 = 𝛼𝛼𝑝𝑝−Δ + 𝜆𝜆�𝛼𝛼2 − 𝛼𝛼𝑝𝑝−Δ�                                (20) 

Where 0≤ λ ≤1.0 

FEMA 440 recommended that λ be assigned a value of 0.2 for sites not 
subject to near field effects and 0.8 for those that are. Displacement 
amplifications increase as the post-yield negative stiffness (caused by 
in-cycle strength degradation) ratio α decreases (becomes more 
negative), as R increases. Minimum strength (maximum R) required 

avoiding dynamic instability. The recommended limit on the design 
force reduction, Rmax, is as follows 

𝑅𝑅max = Δ𝑑𝑑
Δ𝑦𝑦

+ |𝛼𝛼𝑒𝑒|−𝑡𝑡

4
                                     (21) 

Where  

t=1+0.15lnT                                       (22) 

The structural model must appropriately model the strength 
degradation characteristics of the structure and its components. 

2.3.2 Improved procedures for equivalent linearization  

An improved equivalent linearization procedure as an adjustment to 
the Capacity-Spectrum Method (CSM) of ATC-40[6]. When equivalent 
linearization is used as a part of a nonlinear static procedure that 
models the nonlinear response of a building with a SDOF oscillator, the 
objective is to evaluate the maximum displacement response of the 
nonlinear system with an “equivalent” linear system using an 
effective period, Teff, and effective damping, βeff, Fig.7. 

 

Figure 7. Effective period and damping parameters of the equivalent 
linear system 

Effective damping 

The formulas herein presented apply to any capacity curve, 
independent of the hysteretic model type or post-elastic stiffness 
value (α) used. The effective damping is calculated using the Equations 
below depending on the structure’s level of ductility µ. 

For µ < 4.0: 

𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒 = 4.9(𝜇𝜇 − 1)2 − 1.1(𝜇𝜇 − 1)3 + 𝛽𝛽0                        (23) 

For 4.0 ≤ µ ≤ 6.5: 

𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒 = 14.0 + 0.32(𝜇𝜇 − 1) + 𝛽𝛽0                           (24) 

For µ > 6.5: 

𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒 = 19 �0.64(𝜇𝜇−1)−1
[0.64(𝜇𝜇−1)]2

� �𝑇𝑇𝑒𝑒𝑒𝑒𝑒𝑒
𝑇𝑇0
�
2

+ 𝛽𝛽0                          (25) 

Effective period 

The following equations apply to any capacity spectrum independent 
of the hysteretic model form or post-elastic stiffness value. The 
effective period depends on the ductility level and is calculated using 
the Equations below: 

For µ < 4.0: 

𝑇𝑇eff = {0.20(𝜇𝜇 − 1)2 − 0.038(𝜇𝜇 − 1)3 + 1}𝑇𝑇0                                                             
(26) 

For 4.0 ≤ µ ≤ 6.5: 

𝑇𝑇𝑒𝑒𝑒𝑒𝑒𝑒 = [0.28 + 0.13(𝜇𝜇 − 1) + 1]𝑇𝑇0                          (27) 

For µ > 6.5: 
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𝑇𝑇𝑒𝑒𝑒𝑒𝑒𝑒 = �0.89 �� (𝜇𝜇−1)
1+0.05(𝜇𝜇−2)

− 1� + 1� 𝑇𝑇0                       (28) 

Where α is the post-elastic stiffness and µ the ductility, calculated as 
follows 

𝛼𝛼 =
�
𝑎𝑎𝑝𝑝𝑖𝑖−𝑎𝑎𝑦𝑦
𝑑𝑑𝑝𝑝𝑖𝑖−𝑑𝑑𝑦𝑦

�

�
𝑎𝑎𝑦𝑦
𝑑𝑑𝑦𝑦
�

                                          (29) 

and 

𝜇𝜇 = 𝑑𝑑𝑝𝑝𝑖𝑖
𝑑𝑑𝑦𝑦

                                             (30) 

Spectral reduction factor for effective damping 

The spectral reduction factor is a function of the effective damping 
and is called the damping coefficient, B (βeff) and is calculated using 
Equation 

𝐵𝐵�𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒� = 4
5.6−ln 𝛽𝛽𝑐𝑐𝑒𝑒𝑒𝑒(𝑖𝑖𝑖𝑖%)

                                 (31) 

It is used to adjust spectral acceleration ordinates as shown in Eq.32:  

(𝑆𝑆𝑎𝑎)𝛽𝛽 = (𝑆𝑆𝑎𝑎)5%
𝐵𝐵�𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒�

                                        (32) 

 

3. Case study 

Thalassemia Center Building was built in 2016 for 195 patient beds. 
The center building is 6 story building having area about 1400m2. 
From architectural point of view, the first story includes the 
consultant, the second story contents laboratories, while the third 
floor involves the administration of the hospital, and the other floors 
are designated as corridors for patient’s admissions as shown in 
Figure (8). In addition, the hospital contains (3) elevators, two electric 
generators, central heating and cooling devices, a fire alarm system, a 
central radio, and a system for calling nurses. From structural point of 
view, the building is divided into 2 parts separated by expansion 
joints. Each individual block separated by expansion joints in more or 
less antisymmetric. The whole buildings outer dimension is about, 
50.4 x 32.4 m. The first part is rectangular in plan and has overall plan 
dimensions of 50.4 x 15.6 m and. The second part is L shape in plane, 
the first length is 21.6 m and the second length is 14.4 m, while the 
width is 32.4 m. The Thalassemia Center Building has 6 stories tall. The 
first story height is 6.7 m, the second and third story is 5.7m and the 
typical 4th,5th and 6th story height is 4 m.  

3.1 Structural system of thalassemia center building 

Thalassemia Center Building are resting on raft foundation with 
medium stiffens soil. The foundation has been designed at depth of 
1.37 m below original ground level. The thickness of the foundation 
slab is 0.9 m. A 50 mm thick lean concrete has been provided under 
the raft slab. The 1st, 2nd and 3rd story divided at 1.8 m from the 
bottom slab level by using slab steel frame, the secondary stories used 
to fix the mechanical components (ducts, e.g.). All structural weight 
and superimposed load on the building carried by a system of 
reinforced concrete slab and concrete beams supported by concrete 
columns. The slab system is two-way waffle slab; the concrete slab is 
70mm thick at all floors. The clear gap between two parts is 175 mm. 
Figure (9) shows the plan (for 1st story) with orientation of the columns. 

 

Figure 8. Thalassemia Center Building Interfaces. 

 

Figure 9. Floor Framing Plan. 

3.2 Materials properties 

Table (5) illustrates the materials properties obtained from the 
structural drawings. According to ACI 369 R-11 [23], the specified 
(default values) converted to ‘expected’ values by factor larger 
than one. Concrete exhibits a significant increase in both 
strength and stiffness and reinforcing steel in strength when 
subjected to increased strain rates, e.g. at stain rates that are 
expected during earthquake. 
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Table 5. Materials Properties 

       Concrete       Reinforcing Steel 

Member Specified 
cylinder 
strength 

(MPa) 

Expected 
cylinder 
strength 

(MPa) 

Specified 
yield 

strength 
(Mpa) 

Expected 
yield 

strength 
(Mpa) 

Beam 30 45 420 525 
Column 30 45 420 525 

 

3.3 Field ınvestigations                                                 

The investigation on the Thalassemia Center Building impacted by 
2017 Halabjah earthquake. It showed the damages in the building. 
Figure (10) illustrates the non-structural damages in the building 
under consideration. 

 

a) Moderate Damages in Partition Walls 
 

 

b) Light to very light Damages in Partition Walls 

Figure 10. Damages in partition walls. 

3.4 Description of 2017 halabjah earthquake 

One of the strongest earthquakes happened in Iraq-Iran region on 12th 
of November 2017 at 18:18:15 GMT. The earthquake magnitude was 7.3 
M according to U.S. Geological Survey [24]. Due to the epicenter was 
only 32 km south of Halabjah city, the earthquake name was attributed 
to Halabjah [24], that is a city in Kurdistan region of Iraq. The local 
depth of 18 km, even though the epicenter was in Iran near 
Kermanshah province at 34.840°N latitude 45.924°E longitude. 
According to data taken from Iraqi seismic network at the Iraqi 
Meteorological Organization and seismology (IMOS) [25], Figure (11) 
presents the accelerations records of Baghdad station for Halabjah 
earthquake. 
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a) X- Component Acceleration Records. 
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b) Y- Component Acceleration Records.           

Figure 11. Acceleration Records of Baghdad Station [25]. 

3.5 Building modelling  

The building was modeled as a three dimensional frame with a fixed 
base to calculate the response of the structure. The development of 
force- deformation curve for the critical sections of beams, columns 
and shear wall was developed due to use the nonlinear static pushover 
analysis to capture the performance level of the building. The 
computer model of the building was created in SAP 2000 [26]. The 
section stiffness was used as per FEMA-356 [11] for modeling the initial 
stiffness of the structural sections. Table (6) presents stiffness of the 
members used in the analysis. 

Table 6. Primary Stiffness of Elements 

 
Elements 

Flexural 
stiffness 

Shear 
stiffness 

Axial 
stiffness 

Beams 0.5EcIg 0.4EcAw EcAg 

Columns 0.7EcIg 0.4 Ec Aw EcAg 

 

3.5.1 Nonlinear modeling of beam-column frames 

Beams and columns are modelled as frame elements with the 
centerlines jointed at nodes. There are five beam column frames in the 
transverse direction, while there are seven beam column frames in the 
longitudinal direction. The steel frames in 1st, 2nd and 3rd story was 
calculated and distributed as a concentrated force on the columns. The 
two- way waffle slabs with ribs weight were distributed as triangular 
and trapezoidal segments to the surrounding main beams. 

3.5.1.1 Moment curvature analysis 

The beam column frames modelled as a nonlinear geometrical model 
by using Section Designer of SAP 2000 V 22 [26]. The yield moment and 
yield curvature used to define the plastic hinges for all sections. The 
moment-curvature analysis of beams and columns depended on the 
following assumptions: 

a.The compressive strength of confined concrete depended on 
expected values as per in Table (1). 

b.The yield strength of reinforced steel depended on expected values 
as per in Table (1). 

d.By using approximate component initial effective stiffness values 
according to ATC-40 [10]; 0.50EI for beams and 0.70EI for columns. 

 



Abass et al.  
 

PACE 2021- Ataturk University, Engineering Faculty, Department of Civil Engineering, Erzurum, 25030, TURKEY  20-23 June 2021 
  8 

 
 

3.5.1.2 Results of moment curvature analysis 

The moment curvature analysis of beams section generated by Section 
Designer in SAP 2000 [26]. Three regions have defined for positive and 
negative moment curvature of the beams, two at end span and one in 
the middle . The relationship of the moment curvature was linearly 
idealized [27,28]. Figure (12) shows the moment curvature of the beams. 
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Figure 12. Moment-curvature relationship of beams. 

 

3.5.1.3 Results of columns-ınteraction 

By using Section Designer of SAP2000 [26], the moment-curvature and 
columns interaction relationship defined to the building columns. 
Figure (13) presents the results of existing columns interaction curves. 
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Figure 13. Existing columns ınteraction diagram. 

3.5.2 Nonlinear modeling of shear wall  

In this study, multi layered shell element is considered to model shear 
wall and thus understand the seismic response of these elements. The 
multi-layer shell element is based on the principles of composite 
material mechanics. It can simulate the coupled in-plane/out of plane 
bending and the coupled in-plane –shear nonlinear behavior of 
reinforced concrete shear wall. The shell element is made up of many 
layers with different thickness. Concrete and steel rebar materials 
properties were assigned to various layers. Figure (14) shows the multi 
layered shell element in SAP2000 [25]. According to existing shear wall 
of the hospital building the reinforcement bars are smeared into two 
layers. The axial strain and curvature of the middle layer can be 
obtained in one element, during the finite element calculations. 
According to the assumption that plane remains plane. The strain and 
the curvature calculated of the other layers. The stress will be 
calculated through the constitutive relations of the material assigned 
to the layer. 
° 
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Figure 14. Multi-layered shell element in SAP2000. 

 

Shell element is not a lumped plasticity element in SAP2000 [26], it 
does not show any hinge formation like beams or columns elements. 
The nonlinear behavior can be tested by checking out the stresses in 
concrete and reinforcement layer by using the hereinafter method of 
representing the shell elements. The shell wall behavior understood 
from the stress diagrams [29,30]. 
 
3.5.3 Modelling of masonry ınfills 

Masonry infills were modelled as equivalent diagonal compression 
struts as shown in Figure(15). The equivalent width of the diagonal 
member is given as; 
 

𝑎𝑎 = 0.175(𝜆𝜆1ℎ𝑐𝑐𝑐𝑐𝑙𝑙)−0.4𝑟𝑟𝑖𝑖𝑖𝑖𝑒𝑒                                (33) 

Where, 

𝜆𝜆𝐼𝐼 = �𝐸𝐸𝑚𝑚𝑒𝑒𝑡𝑡𝑖𝑖𝑛𝑛𝑒𝑒sin 2𝜃𝜃

4𝐸𝐸𝑒𝑒𝑒𝑒𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐ℎ𝑖𝑖𝑛𝑛𝑒𝑒
�
1
4
                                                                           (34) 

Where: 

hcol = Column height between centerlines of beams. 
hinf = Height of infill panel. 
Efe = Expected modulus of elasticity of frame material. 
Eme = Expected modulus of elasticity of infill material. 
Icol =Moment of inertia of column. 
Linf = Length of infill panel. 
rinf = Diagonal length of infill panel. 
tinf= Thickness of infill panel and equivalent strut. 
θ= Angle whose tangent is the infill height-to length aspect ratio, 
radians 
λ1= Coefficient used to determine equivalent width of infill strut 

 

Figure 15. Compression strut analogy–concentric struts. 
3.5.3.1 Plastic hinge properties for ınfill strut 

The material nonlinearity of the brick masonry infill was considered 
by assigning the axial hinges (P) in the middle of the strut. The 
expected modulus of elasticity is 31528.56 MPa of frame material. The 
dimensions of the equivalent strut and the values of the maximum 
plastic displacement and yield force for the 8 brick masonry between 
A-B, B-C, and C-D respectively. The axial force-axial deformation curve 
for brick masonry infill is given; the values of LS and CP have been 
calculated from FEMA 356 for fair quality of masonry. 

 

Figure 16. Idealized component load versus deformation curves for 
depicting component modeling and acceptability [11]. 

3.5.3.2 Diagonal compression failure of masonry ınfill 

The diagonal load at failure is given, as follows, for infill wall; 

𝑅𝑅𝑑𝑑𝑐𝑐 = 0.5ℎ𝑡𝑡𝑒𝑒𝑎𝑎
cos𝜃𝜃

                                       (35) 

where, fa is the allowable compressive strength, which is reduced from 
fc considering the slenderness, t is the thickness of brick masonry 
infill, h is the height of brick masonry infill. ACI 530 [31] gives the value 
of fa the masonry wall as follows. 

For 𝑟𝑟inf /𝑡𝑡 ≤ 29 

𝑓𝑓𝑎𝑎 = 𝑓𝑓𝑐𝑐 �1 − �𝑟𝑟inf 

40𝑡𝑡
�
2
�                                   (36) 

For 𝑟𝑟inf /𝑡𝑡 > 29 

𝑓𝑓𝑎𝑎 = 𝑓𝑓𝑐𝑐 �
20𝑡𝑡
𝑟𝑟inf 
�
2
                                     (37) 

where 𝑟𝑟inf is the diagonal length of brick masonry infill. 

3.6 Properties of nonlinear plastic hinges 

The properties of plastic hinges can be determined using Fully user 
defined hinge properties used in this modelling. Several points must 
be input into SAP2000 [26] to define the plastic deformation curve. 
Figure (17), no deformation at B will be occur and only plastic 
deformation beyond B will be exhibited by the hinge. Point C defined 
as ultimate capacity and point D represent the residual strength. Point 
E represents total failure. Beyond E, the hinge will drop the load to zero 
force/ moment as shown in the figure. 

 

Figure 17. Actual rigid-plastic deformation curve used for hinges. 

Beside to the main points required for defining the curve of the plastic 
deformation backbone. It must to specify the deformation values at 
Immediate Occupancy (IO), Life Safety (LS) and Collapse Prevention (CP) 
levels that used for performance–based design. 

3.7 Implementation of moment- rotation relationship in model 

SAP 2000 [26], implemented the plastic deformation curve for hinges. 
The points A, B, C, D, and E require to be points on a moment-rotation. 
The curvature must be considered to act over a chosen plastic hinge 
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length, Lp, where plasticity is expected to occur in the member. The 
plastic hinge length was assumed according to Equation (38).  For all 
section types expected shear wall, the plastic hinge length was 
assumed to be half the member depth.  

𝐿𝐿𝑝𝑝 = 0.5 ∗  𝐻𝐻                                                                     (38) 
Where H, is the section depth. 

the rotation of the members was computed by multiplying the 
curvature by the plastic hinge length. The moment and rotation values 
put into SAP2000 model were normalized by the reference yield point 
for beams and columns, so the actual yield point moment and rotation 
values were assigned as scale factors. 

3.8 Elastic response spectrum and ground motions 

The building under investigation in the study is located at Baghdad 
city. Response spectra used to predict the acceleration or displacement 
values over a range of natural periods for single degree of freedom 
oscillators located at that site. It also used to determine seismic forces 
that a structure with a particular period will be designed for. Updated 
Iraqi seismic code 2017 [32] based on that the response spectra 
associated with the design basis earthquake (DBE) and the maximum 
considered earthquake (MCE). The purpose for determining the 
response spectra according to updated Iraqi seismic code (ISC-2017) in 
this thesis was to use it as a reference for checking Halabjah ground 
motion records. These process used through pushover analysis, which 
will be presented in this section. 

3.8.1 Design of elastic response spectrum of ISC-2017 procedures 
The MCE and DBE response spectrum were determined based on ISC-
2017 [32]. To obtain the target MCE response spectrum,the design 
spectral accelerations, Sa, found as above were multiplied by 1.5. The 
response modification factor (R), over strength factor, deflection 
amplification factor (Cd) and importance factor (I) are equal to 4.5, 2.5, 
5 and 1.5 respectively under the assumption that the building 
represented as dual system with special moment resisting frame 
capable resisting least 25% of the seismic forces.  Figure (18) shows the 
DBE and MCE elastic response spectrum of Baghdad city according to 
ISC-2017, the calculations to export the response spectrum presented 
in Appendix B. 
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Figure 18. DBE and MCE elastic response spectrum of Baghdad city 

according to ISC-2017 [32]. 
 

3.8.2 Response spectra of halabjah earthquake 

According to Figure (19), the data of accelerations records of Halabjah 
earthquake taken from Iraqi seismic network at the Iraqi 
Meteorological Organization and seismology (IMOS). Two components 
were considered in this thesis, X and Y components represented the 
plan axis of the building under consideration. By using PRISM 
software [33], the two components were analyzed and conducted the 
response spectra. 
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a) X- Direction Pseudo Acceleration Response Spectra. 
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b) Y- Direction Pseudo Acceleration Response Spectra. 

Figure 19. Halabjah response spectra.  
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Figure 20. Response spectrum used in the study. 

Figure (20), all the response spectrum will be used in this study. 
Halabjah response spectrum was in term the values of ISC-2017 
response spectrum. This means that the values of spectral 
acceleration (DBE and MCE) of ISC-2017 were more conservative 
compared to ISC-1997.   

3.9 Lateral load distributions 

The pushover analysis defines the levels of building lateral forces and 
corresponding roof displacements that are linked to the development 
of yielding in building members at different stages. According to the 
Equation (39), lateral forces are applied in proportion to the story 
masses and the square height of the floor. 

Fi = mihi
𝑘𝑘

∑  n
j=1 mjhj

𝑘𝑘                                         (39) 

where, mi, and hi, are the mass and height of ith floor. For each 
direction, the initial load distribution was used in the analyses. 
Pushover analyses in both the X and Y directions use the same lateral 
load distribution Figure (21).  
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Figure 21. Lateral load distribution for pushover analysis. 

3.10 Pushover analysis 

In the present study, in order to determine compliance with a given 
performance level, the probable maximum global displacement of the 
structure when exposed to: 

a. Maximum Considered Earthquake (MCE) 

• Iraqi Seismic Code (ISC)-2017 

b. Design Basic Earthquake (DBE) according to  

• Iraqi Seismic Code (ISC)-2017 

c. Halabjah Earthquake-2017 

Two methodologies for determining this displacement, Capacity 
Spectrum Method (ATC-40, FEMA-440) and Displacement Coefficient 
Method (FEMA-356 and FEMA-440). Are presented in the following 
sections. The building has been first analyzed under the action of the 
dead load, super imposed dead loads and 0.25 of the live loads acting 
on the structure. The dead loads include the self-weight of the 
building, weight of the slab that distributed as a triangular and a 
trapezoidal load to the surrounding beams as per ACI-318-02 [33], 
weight of the brick masonry that distributed as a uniform loads on the 
beams and the weight of the steel frame slab on the 1st, 2nd and 3rd 
story. In addition, to consider the uncertainties in the dead load 
estimation, the dead loads were multiplied by a factor of 1.1 [34]. It is 
assumed that the live loads present at the time of earthquake will be 
taken care of by the 10% increase in the dead load. 

3.10.1 Static pushover analysis general steps 

ATC-40 [10], offers the following general steps for performing 
pushover analysis: 

• Develop the nonlinear structure analytical model. 

• Set the performance parameters, such as drift at particular floor 
levels, restricting the rotation of the plastic hinge at specific plastic 
hinge points, etc. 

• Apply the load of gravity and analyze the internal forces. 

• Assign incrementally to the structure the corresponding static 
seismic lateral load. 

• Select a control point to see the displacement. 

• Using the incremental iteration technique to apply the lateral load 
gradually. 

• Draw the curve for “Base Shear vs. Controlled Displacement”, called 
the “pushover curve”. 

• Convert the curve of a pushover to the Acceleration-Displacement 
Response-Spectra (ADRs) format. 

• Based on the performance level predicted, obtain the equivalent 
damping. 

• Get the Response Spectra design for different damping levels and 
adjust the nonlinearity spectra depending on the damping in the 
Capacity Spectrum. 

• When represented in the ADRS format, the capacity spectrum and the 
design response spectrum can be graphed together. 

• The performance level is defined by the intersection of the capacity 
spectrum and the response spectrum. 

3.10.2 Implementation of pushover analysis and results 

The lateral pushover analysis in the two directions X, and -Y was 
performed under displacement control after the gravity pushover. The 
structure is pushed to the side until it develops a collapse mechanism. 
the model implement in the pushover analysis, the first with 
unreinforced masonry (URM). 

3.10.2.1 Pushover analysis of part-1 

In reality situation of the Thalassemia Center Building, the 
implementation of pushover analysis in two parts of building has 
performed. Figure (22) shows the Part-1 of the Thalassemia Center 
Building. 

 

Figure 22. 3D Computer model of part 1. 

3.10.2.1.1 Capacity curve results 

For the first part of the building, the pushover analysis shows that the 
building as shown in Figure (14) has the base shear in X –direction 
equal to (73086.07) KN, the base shear in the Y-direction was (67953.80) 
KN. A roof displacement in the X-direction was (35.77) mm, while the 
roof displacement in the Y-direction was (45.55) mm, according to the 
analysis results. As shown in Figure (23), the percentage of the base 
shear was 7.02 percent higher in the X-direction than in the Y-
direction, while the percentage of the roof displacement was 8.50 
percent higher in the X-direction than in the Y-direction.  
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Figure 23. Base shear and roof displacement. 
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3.10.2.1.2 Performance level results according to capacity 
spectrum analysis 

With 5% initial damping, Figure (24) shows the building's performance 
level according to the capacity spectrum technique based on ATC-40 
[10]. 
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(a)Capacity Spectrum for Push-X (DBE, ISC-2017) 
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(b)Capacity Spectrum for Push-Y (DBE,ISC-2017) 
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(c)Capacity Spectrum for Push-X (,MCE, ISC-2017) 
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(d)Capacity Spectrum for Push-Y (,MCE, ISC-2017) 
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(e)Capacity Spectrum for Push-X (Halabjah-2017) 
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(h)Capacity Spectrum for Push-Y (Halabjah-2017) 

Figure 24. Capacity spectrum for Push-X and Push-Y (DBE,ISC-2017, 

MCE,ISC-2017,Halabjah-2017). 

 

Table 7. States of performance oints 
 

Direction   and 
Earthquake 
level 

Spectral 
Accel. 
Sa/g 

Effective 
Time 

Period 
Teff(sec) 

Spectral 
Dis. 

Sd (mm) 

Effective 
Damping 
βeff 

X DBE 
ISC-2017 

0.62 0.42 27.31 19.12 

MCE 
ISC-2017 

0.84 0.43 39.23 27.4 

Y DBE 
ISC-2017 

0.60 0.54 43.11 31.95 

MCE 
ISC-2017 

0.89 0.54 63.90 47.36 

X Halabjah 
2017 

0.35 0.42 15.26 10.69 

Y Halabjah 
2017 

0.44 0.54 31.62 23.43 

 
3.10.2.1.3 Safety of part-1 

The safety of the existing structures as a whole building has been 
checked under dead load as well as under earthquake loads. Table (8) 
shows the base shear and roof displacements at performance for all 
direction and earthquake level. 
 

Table 8. States of performance points according to ATC-40 
Direction   and 

Earthquake 

level 

Vb 

(kN) 

Roof 

Drift 

Ratio 

Roof Dis. 

(mm) 

X DBE 

ISC-2017 

31792.3 0.0006 19.12 

MCE 

ISC-2017 

43422.3 0.0009 27.4 

Y DBE 

ISC-2017 

21161.6 0.001 31.95 

MCE 

ISC-2017 

31372.0 0.0015 47.36 

X Halabjah 

2017 

17759.3 0.0034 10.69 

Y Halabjah 

2017 

15521.9 0.0007 23.43 

 

From Figure (24) and Table (8), according to the DBE and MCE response 
spectrum of ISC-2017, the base shear increased 44.14 percent, 64.25 
percent, 59.10 percent, and 50.52 percent more than the Halabjah 
earthquake spectra in the X and Y directions, respectively. The roof 
displacement values based on Halabjah earthquake spectra in the X 
and Y directions increased by 44.13 percent, 19.4 percent, 64.6 percent, 
and 50.52 percent, respectively. 
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3.10.2.2 Performance level results according to equivalent 
linearization analysis 

With 5% initial damping, the performance level of the building 
according to equivalent linearization analysis based on FEMA440 [12] 
are presented in Figure (17). 
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(a)Capacity Spectrum for Push-X (DBE, ISC-2017)     
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 (b)Capacity Spectrum for Push-Y (DBE, ISC-2017) 

00 2020 4040 6060 8080 100100
Spectral Displacement (Sd, mm)Spectral Displacement (Sd, mm)

00

0.40.4

0.80.8

1.21.2

Sp
ec

tra
l A

cc
elr

at
ion

 (S
a,g

)
Sp

ec
tra

l A
cc

elr
at

ion
 (S

a,g
)

    
(c)Capacity Spectrum for Push-X (MCE, ISC-2017)   
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(d)Capacity Spectrum for Push-Y (MCE, ISC-2017) 
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(g)Capacity Spectrum for Push-X (Halabjah-2017) 
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(h)Capacity Spectrum for Push-Y (Halabjah-2017) 

Figure 25. Capacity spectrum for Push-X and Push-Y (DBE,ISC-2017, 

MCE,ISC-2017 and, Halabjah-2017). 

 

Table 8. States of performance points according to FEMA-440 

 

3.10.2.2.1 Safety of part-1 

The safety of the existing structures as a whole building has been 
checked under dead load as well as under earthquake loads. The whole 
building is found to be safe with in IO level. Table (9) shows the base 
shear and roof displacements at performance for all direction and 
earthquake level. 

Table 9. States of Performance Points According to FEMA-440 
Direction   and 
Earthquake level 

Vb 
(kN) 

Roof Displacement 
Δroof(mm) 

Roof Drift 
Ratio 

X DBE 
ISC-2017 

 
16121.88 

 
9.71 

 
0.0032 

MCE 
ISC-2017 

 
24182.83 

 
14.55 

 
0.00048 

Y DBE 
ISC-2017 

 
10731.03 

 
16.20 

 
0.0005 

MCE 
ISC-2017 

 
159098.8 

 
24.01 

 
0.0008 

X Halabjah 
2017 

 
9005.72 

 
5.44 

 
0.0001 

Y Halabjah 
2017 

 
7871.167 

 
11.88 

 
0.00039 

Direction   and 
Earthquake 
level 

Spectral 
Accel. 
Sa/g 

T 
sec 

Effective 
Damping 
βeff 

Spectral 
Dis. 

Sd (mm) 
X DBE 

ISC-2017 
0.31 0.42 0.05 13.85 

MCE 
ISC-2017 

0.46 0.42 0.05 20.77 

Y DBE 
ISC-2017 

0.30 0.54 0.05 21.86 

MCE 
ISC-2017 

0.44 0.54 0.05 32.40 

X Halabjah 
2017 

0.17 0.42 0.05 7.73 

Y Halabjah 
2017 

0.22 0.54 0.05 16.03 
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Figure (25) and Table (9), according to the DBE and MCE response 
spectrum of ISC-2017, the base shear increased 44.14 percent, 64.25 
percent, 59.10 percent, and 50.52 percent more than the Halabjah 
earthquake spectra in the X and Y directions, respectively, while the 
increasing in the roof displacement was 44.13% ,19.4%, 64.6% and 
50.52% more than the roof displacement values based on Halabjah 
earthquake spectra in X and Y directions respectively. 

3.10.2.3 Target displacement results according to displacement 
coefficient method 

The target displacement δt has also been calculated by using 
Displacement Coefficient Method (DCM) as per FEMA-356 [11]. Table (10) 
refers to the target displacement and correction factors values. 

 
Table 10. Target displacement and correction factors values. 

 
Direction   
and 
Earthquake 
level 

Correction Factors Te 
(sec) 

Target Dis. 
(mm) by DCM C0 C1 C2 C3 

X DBE 
ISC-2017 

0.85 1 1 1 0.42 11.93 

MCE 
ISC-2017 

0.80 1 1 1 0.42 16.66 

Y DBE 
ISC-2017 

0.89 1 1 1 0.54 19.75 

MCE 
ISC-2017 

0.85 1 1 1 0.54 27.89 

X Halabjah 
2017 

0.91 1 1 1 0.42 7.12 

Y Halabjah 
2017 

0.92 1 1 1 0.54 14.90 

 

According to the Halabjah earthquake, the increasing in the target 
displacement according to (DBE) and (MCE) of ISC-2017 was 
approximately 40.33 percent, 24.58 percent, 57.25 percent, and 46 
percent more than the target displacement based on ISC-1997 in the X 
and Y directions. These comparisons give an impression that the 
values of spectral response acceleration at 0.2 and 1 sec of ISC-2017 
are more conservative and logic to adopt in the seismic design of the 
buildings. 

3.10.2.4 Story drift ratios of part-1  

Figure (26) shows the story drift at center of mass of each floor 

corresponding to performance point under different earthquake 

directions.  
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Figure 26. Story drift of part-1. 

 

3.10.2.5 Mechanism of plastic hinges for thalassemia center 
building (Part-1) 

Figure 27 shows the Mechanism of Plastic Hinges for Thalassemia 
Center Building (Part-1) 

 
a)X-Direction (DBE).            

 
b)X-Direction (MCE). 

 
c)Y-Direction (DBE) 
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d)Y-Direction (MCE) 

 

Figure 27. Plastic hinge at performance point. 

 

4. Conclusions 
Based on the limitation of evaluation codes and testing program, 
it can be concluded that: 
» The improvement of capacity spectrum method (CSM) and 
displacement coefficient method (DCM) in FEMA 440 focused on 
the effect of stiffness degradation and changes in dynamic 
properties associated with progressive damage but doesn't take 
the effect of irregularity in the plan or elevation into account. 
 
» ATC-40, FEMA273/356, FEMA440, and ASCI 41-06 are 
considered the most important than Euro code 8 – Part 3 and 
Italian Seismic Code, Italian seismic code and EC8 do not consider 
the dynamic P-∆ effects. Also, according to FEMA440, the 
procedures implemented in FEMA273/356 and ATC-40 are not 
able to adequately capture the dynamic instability phenomenon. 
 
» The values of spectral response acceleration at short and 1 sec 
period according to ISC-2017 were adequate and appropriate to 
use in the seismic analysis and design. In addition, the Design 
Basic Earthquake (DBE) and Maximum Considered Earthquake 
(MCE) response spectrum were proved to be effective in the 
seismic analysis, design, and assessment of the building in Iraq. 
 
» The results of the CSM method according to ATC-40 and an 
improved equivalent linearization procedure adopted by FEMA-
440 differed because the equivalent linearization procedure 
relied on new expressions to assess effective period and effective 
damping. 
 
» ATC-40 procedures overestimate effective damping in both 
elastic and inelastic ranges, while FEMA-440 measures it very 
accurately. The effective damping relied on the hysteretic 
behavior definition, FEMA-440 used coefficients to determine the 
effective damping based on the different strength and stiffness 
characteristics for each element of the building. 
 
» FEMA-440 used coefficients to determine the effective period, 
these coefficients for the actual building and are subject to the 
same limitations for effective damping. FEMA-440 new concept 
of modified ADRS, as well as the innovative methods for 
computing effective damping, effective period, and demand 
spectrum reduction factors, appear to have more practical results 
than ATC-40 procedures.   
 
» The CSM-FEMA440 produces results that are very similar to the 
time history analysis, whereas those obtained with the ATC-40 
are invariably underestimated, according to many studies. 
 
» The results illustrated that the plastic hinges formed in the 
Unreinforced Masonry infill wall (URM). It would be reflected the 
realistic situation of the building. 

 
    » Nonlinear static analysis (Pushover analysis) Procedures are 

deemed to be a very practical tool to assess the nonlinear seismic 
performance of structures. It introduced in this context is a 
powerful tool for performance evaluation. 

 

Nomenclature 

A list of symbols should be inserted before the references if such 
a list is needed 

CSM Capacity Spectrum Method. 
DCM Displacement Coefficient Method. 

Te 
Effective fundamental period of the 
building in the direction under 
consideration. 

Ti 

Elastic fundamental period (in 
seconds) in the direction under 
consideration calculated by elastic 
dynamic analysis. 
 

Ki 
Elastic lateral stiffness of the building 
in the direction under consideration 

Ke 
Effective lateral stiffness of the 
building in the direction under 
consideration.                             
 
 

TS 

Characteristic period of the response 
spectrum, defined as the period 
associated with the transition from the 
constant acceleration segment of the 
spectrum to the constant velocity 
segment of the spectrum. 
                

R Ratio of elastic strength demand to 
calculated yield strength coefficient. 

Sa Response spectrum acceleration. 

S1 
Response spectrum acceleration at 
period,1 sec. 

Vy 

Yield strength calculated using results 
of the NSP for the idealized nonlinear 
force-displacement curve developed 
for the building. 

W Effective seismic weight. 

Cm Effective mass factor. 

α 

The ratio of post yield stiffness to 
elastic stiffness when the nonlinear 
force-displacement relation is 
characterized by a bilinear relation. 

αe 
Effective negative post-yield slope 
ratio. 

α p-∆   Negative slope ratio caused by P-∆ 
effects. 
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λ Near field effect factor. 

PF1 Modal participation factor for the first 
natural mode. 

α1 
Modal mass coefficient for the first 
natural mode. 

V Base shear. 

∆ 
roof 

Roof displacement (V and the 
associated ∆roof make up points on the 
capacity curve). 

βeq Equivalent viscous damping. 

βeff Effective viscous damping. 

k Damping modification factor 

β1 
Hysteretic damping represented 
 as equivalent viscous damping. 

ED Energy dissipated by damping. 

ES0 Maximum strain energy. 

ES0 Maximum strain energy. 

𝑆𝑆𝑅𝑅𝐴𝐴 Spectral Acceleration Reduction. 

𝑆𝑆𝑅𝑅𝑣𝑣 Spectral Velocity Reduction. 

T* Elastic Period.  

𝑅𝑅𝜇𝜇 Reducing Factor. 

Tc Characteristic Period. 

α2 Negative post-yield slope ratio. 

∆d Displacement at maximum base 
shear. 

∆y Displacement at effective yield 
strength. 

Teff Effective period. 

µ Ductility factor. 

βeff Effective damping. 

β0 
Initial viscous damping (5% - 
concrete buildings). 

T0 
Fundamental period in the direction 
under consideration. 

api Trail Spectral Acceleration. 

dpi Trail Spectral Displacement. 

ay 
Bilinear curve yielding spectral 
Acceleration. 

dy 
Bilinear curve yielding spectral 
Displacement. 

dy 
Bilinear curve yielding spectral 
Displacement. 

SDOF Single Degree of Freedom. 

MDOF Multi Degree of Freedom. 

RC Reinforcement Concrete. 

ATC Applied Technology Council. 

FEMA Federal Emergency Management 
Agent. 
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