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Abstract

6 February 2023 earthquake which took place in Turkey
and spread to Syria was very destructive in many cities. However,
the most damaged city was Nurdag which is under Gaziantep
Governorate. It was the closest to the epicenter. Therefore, the
data of earthquake in Nurdag is analyzed in this paper in terms
of the Response Spectra. It is applied to typical buildings of the
same plan and different number of storeys; (one, two, three, five,
seven and ten storeys). Since most of the seismic resistant
buildings are designed as per UBC97 code, the analysis was
compared with UBC97 Response Spectrum. It is compared with
Kocaeli earthquake—1999 which was very destructive in Turkey
as well. All models were analyzed using Robot Structural Analysis
Program.

The results showed that the 5 storey building is the critical.
Therefore, the existing 5 storey buildings needs retrofitting. In this
paper five retrofitting methods were applied in order to find out
which one is the best. In terms of displacements and stresses.
Which are: adding core, shear walls, RC belt, steel belt, and steel
braces. All of them were added to the first storey only. The results

showed that adding a reinforced concrete belt to the first storey is
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the best. It showed a noticeable reduction in seismic force and

shear stress.

Key words: Response Spectrum, Dominant Frequency, Maximum Response,
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Introduction

Most of the buildings in Syria are designed as per Arab Syrian
Seismic Code, which adopted UBC97 response spectra. However,
in 6 February —2023 earthquake a lot of seismic resistant buildings
have been destroyed while others stayed stable. Hence, it is useful
to inspect one of the factors that played a role in the buildings’
behavior during this catastrophic earthquake. This factor is the
number of Storeys. Which can be defined by the natural period of
the building. In order to identify the critical storey number that
showed a maximum response, a symmetrical model was
dynamically analyzed by changing the number of Storeys under 6
February -2023 earthquake in terms of Response Spectrum. A
thorough comparison was made with UBC97 and Kocaeli

earthquake —1999 in Turkey as well.

. Research Aim

This research highlights the importance role that the number of
storeys of a building plays during an earthquake. Moreover, one
can say that there is a critical number of storeys that shows a

maximum response and deep damage. Hence, when identifying
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these critical buildings. They can be retrofitted to sustain such a
catastrophic earthquake.
3. Theoretical Background

3.1.Linear Response Analysis using Modal Superposition
The response results from superposition of appropriate
amplitudes of normal modes, for example the response u, is
represented by the multiplication of mode shapes vector ¢, and
the modal amplitude y ,(FEMA P1051, 2016).

Uy =,.Y, (3-1)
Then the total response would be:
u=¢1-y1 +¢2-y2 +¢3-y3 +.... + ¢N'yN (3—2)
In matrix form:
u=9oY (3-3)
By — P [ -~ ™1 [ 11
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Figure 1. Mode shapes, (J. Clough, R. P. 1995)

Therefore, mode shapes matrix @ transforms the vector Y from the
normal coordinates to a vector u in Geometric coordinates. In order to

identify any normal coordinate y, the equation should be multiplied by

T
¢, -m
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G mu=¢@  Mp.y, +d, MbY, +d. MNPy +.ook B M.V,
(3-4)
Due to the orthogonality of the vectors, all non—orthogonal values will

be zero. Then 4" kg =0,4"mg =0;m=n. Therefore, equation

(3—4) will be:
g, -mu=4."mg,.y, (3-5)
Then:
.
a zw,n=1,2,3,....N (3-6)
¢, Mg,

3.2. Analysis of Multi Degree Three Dimensional Buildings
Slabs and beams are modeled as rigid diaphragm which simulates the
real behavior of many types of slabs such as reinforced concrete slabs.
Since they are very rigid in plane and flexible out of plane. Then many
factors can be eliminated:

e Axial deformations in beams and columns.

e The effect of axial forces on columns’ stiffness.

Therefore, the so-called rigid diaphragm slab has three degrees of
freedom: the horizontal displacement in x direction U, the horizontal
displacement in y direction Uy, and the rotation about z Ujp- The
degrees of freedom of all nodes of the storey will be related to the three

degrees of freedom of the center of the storey, (Chopra, 2003).
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Figure 2. (3D) Building with rigid diaphragm degrees of freedom, (Chopra, 2003)

Equation of motion in general case will be:

m 0 0 |lu, Koo Ky Ky || Uy m.U,
0 m O u, +|k, k, kg,|{u, == mu, (3-7)
0 0 I,|u, Koo Ky Koo || Us I, Uy

Whereas m represents a diagonal matrix of N degree, when an element
m; of the diagonal represents the lumped mass at the center of gravity
of slab j . |  represents a diagonal matrix of N degree, when an
element m; of the diagonal represents the rotational moment of inertia
of slab j.
4. 6 February-2023 Earthquake in Turkey— Nurdag Station:
The event took place in 6-February-2023. It was one of the most
destructive earthquakes in centuries. Spread to area about 1000 km?
between Turkey and Syria. Since Nurdag city (station: 2712) is the
nearest to the epicenter (about 21.27km) it had the most damage.
The soil shear velocity denotes 599 m/sec, (AFAD, 2023). which
means that it is Sc type. Table(1-1) contains the main parameters of
Nurdag-2(023 earthquake vs. Kocaeli -1999 Earthquake in terms of
response spectra. Both of the events were very destructive. However,

Nurdag is very close to Syria and the soil deposits is very close as
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well. Nurdag is located south of Turkey near the boarders of Syria,

and Kocaeli is Located in the north of Turkey south of Istanbul, With

soil shear velocity of 827 m/sec (Sg Type). Although Kocaeli is closer

to the epicenter (about 3.39km), the epicenter itself is deeper than

Nurdag (15.9 km vs. 6.2km). The PGA of NS component of Nurdag

event is the greatest (13.02 m/secz). However, the other components

PGA are very close.

Figure 3.

represents the Response Spectra of the three

components of Nurdag event. From which it is noticed that it is Multiple—

peaked, narrow banded, (Nourzadeh et.al, 2019).

Table 1. Nurdag event vs. Kocaeli event parameters, (AFAD, 2023)

PARAMETER NURDAG KOCAELI
EVENT_DATE: 06-02-2023 17-08-1999
LATITUDE_DEGREE: 37.304 40.756
LONGITUDE_DEGREE: 36.92 29.955
EVENT_DEPTH_km: 6.2 15.9
HYPOCENTER_REFERENCE: AFAD AFAD
STATION_CODE: 2712 4101

LOCATION: GAZIANTEP_NURDAG | KOCAELI_MERKEZ
Soil Shear Velocity
VS30_m/s: >93 827
EPICENTRAL_DISTANCE_km: 21.27 3.39
DATA TYPE: Acceleration Acceleration
E-W PGA_m/s?: 10.35 11.14
_ 2.
N-S PGA_m/s?: 13.02 7.04
H 2.
Vertical PGA_m/s*: 7.68 6.001

While Figure 4. Represents the Time History three components of the

event. It is about 10501 points. Lasted for 105.01 sec with maximum

acceleration of: NS 4.542 m/sec2—- EW 3.378 m/sec2 -V 3.592
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m/secz. Kocaeli event’s time history is about 5182 points— lasted for

51.77sec.
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Figure 3. Response spectra of Nurdag earthquake (2023): a- NS direction, b- EW
direction, c- Vertical direction



Dr. Khartash

Nurdag - NS direction

a
- - - a
s 0 w ®
:
b Nurdag- EW dwrection
3
f
5 w
i
»
4
Nurdag- V directson
C

Time [sec]

Figure 4. Ground time-histories of Nurdag earthquake (2023) : a- NS
direction, b- EW direction, c- Vertical direction

In order to make a useful comparison, and evaluate the condition of
the current buildings in Syria. UBC-97 Response Spectra is also
analyzed. Since most of the buildings in Syria were designed as per
Arab Syrian Seismic Code-Second commentary which adopted
Uniform Building Code response spectra, (UBC97). It is known that
UBC97 Response Spectra has a uniform—hazard of 10% in 50 year

—return period 475 years ground motions. Table 2. Represents the
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seismic zone parameters which was selected to be of most high
seismicity in Syria with Soil type Sc.
Therefore, the analyzed Response Spectra will be:

e Nurdag station 6 February— 2023, Sc Soil Type.

e Kocaeli station 17 August— 1999, Sg Soil Type.

e UBC97 : Zone 4, S¢ Soil Type.

Table 2. Seismic parameters of UBC97 Response Spectrum

Seismic Parameters UBC97
Zone 4 Na, Ny 1
z 0.4 I 1
Ca(/g) 0.4 R 5
C (/) 0.56 To 0.112
Site Class C Ts 0.56

Figure 5. contains the Response Spectra of each of Kocaeli , Nurdag,
UBC97. From which it is noticed that Nurdag— NS component is the
only one that exceeds UBC97 Response Spectrum. In order to figure
out the frequency of the building that has the most response one should
analyze the Fast Fourier Transform (FFT) of the event. Figure 6.
Represents the (FFT) of Nurdag event. Fast Fourier Transform
decomposes an accelogram into its constituent frequency components.
The seismic waves observed in earthquake records includes wide
frequency content but just a few of them are dominant. a very narrow
range of frequency has the greatest spectral amplitude while the others’

spectral amplitudes are small.
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Response Spectra

Figure 5. Response Spectra of Nurdag, Kocaeli , UBC-97

It is noticeable from Figure 6. That the critical frequencies are in range
between (1.9-2.5 Hz) this should be very important when evaluating

structures that has natural frequency within this range.

Frequency Content of Nurdag - FFT

Figure 6. FFT of Nurdag event, (AFAD, 2023)

5. Research Methodology

A symmetrical model of shear walls seismic resisting system was
dynamically analyzed using Robot Structural Analysis, (RSA, 2019).
the number of storeys was changed by: (1-2-3-5-7-10) under each
of the above mentioned Response Spectra, i.e. Nurdag—Ns, Nurdag-
EW, Kocaeli-NS, Kocaeli-EW, UBC97. In terms of horizontal
displacement in the NS and EW directions and shear stress of shear
walls, the critical number of storeys that gave an excessive response

under Nurdag earthquake that exceeded UBC97 values. Then several

10
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choices of retrofitting methods were applied to identify the best way to

improve its seismic resistance. These methods can be described as:

e Adding peripheral shear walls.

e Core shear walls of 25cm thickness and C28 material.

e Concrete Belt beam of 25x50cm dimensions and C28 material.
e Steel Belt beam of IPE400 and S275 material.

e Peripheral Braces of 120mm square section with S275 material.
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Figure 7. The analyzed model
6. Analysis and Results

6.1.Analysis of different Storey’s Models

The analyzed model’s plan is depicted in Figure §. It is symmetrical
with 24mx24m the slab thickness is 160mm, beams dimensions are
40x60cm whereas the Columns dimensions are 45x45cm and the
shear walls are of 25cm. the materials are C28 for concrete, i.e.
characteristic strength of concrete is 28 MPa, 420MPa longitudinal
reinforcement, i.e. yield stress 420MPa and 300MPa transverse

reinforcement, i.e. yield stress 300MPa.
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Figure 8. Model Plan

Modal analysis was applied for all models and about 95% of mass ratio
participation was applied. Ritz vectors were adopted-block Lanczos
algorithm, number of iterations=4(0. Mass matrix: lumped with rotations.
5% damping ratio. About 10 modes were included in dynamic response
specifications. Method of solving equations: Sparse Matrix. DSC
algorithm used for bar releases. Table 3. and Table 4. Contain the first

five periods and frequencies of each model as respect.

Table 3. The first five natural periods of each model

Period (sec)

1 2 3 5 7 10
Storey | Storeys | Storeys | Storeys | Storeys | Storeys

No. | D

1 X | 0.080 0.153 0.246 0.471 0.728 1.146

2 Y | 0.080 0.153 0.246 0.471 0.728 1.146

3 6 | 0.043 0.082 0.134 0.274 0.451 0.763

12
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X | 0.030 | 0.042 0.064 | 0.117 | 0.181 0.296
Y | 0.030 | 0.042 0.064 | 0.117 | 0.181 0.296

From table 4. One we can see that the five storeys model’s natural

frequency lays within the critical range of the FFT chart of Nurdag

earthquake, Figure 6.

Table 4. The first five natural frequencies of each model

Frequency (Hz)

No 1 2 3 5 7 10

' Storey Storeys | Storeys Storeys | Storeys Storeys
1 12.50 6.53 4.07 2.12 1.37 0.87
2 12.50 6.53 4.07 2.12 1.37 0.87
3 23.11 12.14 7.45 3.65 2.22 1.31
4 33.27 23.78 15.67 8.58 5.52 3.38
5 33.33 23.78 15.67 8.58 5.53 3.38

As a result of the analysis the maximum displacement of each model
under the specified Response Spectra was obtained and they are
depicted in Figure 9, i.e. U,—displacement for EW-direction, U~
displacement for NS— direction and U, displacement for Ubc-97 due to
the symmetry of the model.

From which it is noticeable that the only curve that exceeds the UBC97
maximum values is of Nurdag— NS direction for 5 storeys while it is

lower for other number of storeys.

13
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Figure 9. Maximum displacement vs. number of storeys
Therefore, it is necessary to analyze the stresses of each model under
the specified Response Spectra one by one. The results of maximum
shear stress S, for shear walls are tabulated in table 5. From which it
is obvious that the 3 and 5 storey models under Nurdag earthquake
are the models that there stresses exceeds the maximum values of
UBC97. Which means that these buildings — presumably designed as
per UBC97- will be damaged severely. However, the 5 storey model’s
frequency is within the dominant range of Nurdag frequency content.
Therefore, the 5 storey model is the critical one. Therefore, this 5 storey
model will be analyzed after applying several retrofitting methods that
are easier to construct for an existing building in order to identify which

one would help. All of them are applied only on the first storey only.

Table 5. The maximum shear stress Syy (MPa) for shear walls of each model

No. Nurdag- | Nurdag- | Kocaeli - | Kocaeli-

Storeys NS ° EWg NS EW UBC-97
1 2.25 1.75 0.93 1 2.81
2 5.17 3.74 2.08 3.49 6.56
3 9.14 8.14 4.55 6.12 8.5
5 16.61 14.02 5.17 6.33 14.14
7 13.2 7.7 6.52 6 17.8
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Figure 10. Maximum stress vs. number of storeys

6.2. Analysis Of 5 Storey Model Retrofitted With Different

Methods

The critical 5 storey model was analyzed under Nurdag earthquake
NS component, after applying 5 methods of retrofitting for the first
storey only which was:

Adding shear walls.

Core shear walls of 25cm thickness and C28 material.

Concrete Belt beam of 25x50cm dimensions and C28 material.
Steel Belt beam of IPE400 and S275 material.

Peripheral Braces of 120mm square section with S275 material.
The maximum displacement and forces in addition to the weight

are shown in table 6.

Table 6. Values of each model

Model Displacement Force Weight | Frequency | Period
Uy (mm) Fy (kN) W (kN) (Hz) (sec)
Original
83.494 17753.33 | 30986.78 | 2.12379 | 0.47086
Model
Core 79.879 18194.05 | 31362.78 | 2.29183 | 0.43633
Shear wall 80.243 17964.59 | 31362.78 | 2.27145 | 0.44025

15
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RC Belt 83.506 16608.95 | 31174.78 | 2.13325 | 0.46877
Steel Belt 83.477 16559.22 | 31028.39 | 2.13061 | 0.46935
Braces 82.085 17522.54 | 31087.15 | 2.21581 0.4513

The resulted forces are figured in the bar chart in Figure 11. One

can see that the best choices was the RC belt and the Steel belt.
Maximum Force (Fy)

18500

13000

17500

17000

Force (kN)

16500

16000

15500

Original Core Shear wall RC Belt Steel Belt Braces
model

Retroditting Type

Figure 11. Maximum seismic force
However, the stresses showed a slightly different results. They are
tabulated in table 7. And figured in contours in Figure 12. It is
obvious that the best method was adding RC belt in the middle
storey height of the first storey.

Table 7. The maximum shear stress Syy for shear walls of each model

Model Stress (MPa)
Original Model 16.61
Core 17.6
Adding Shear wall 18
RC Belt 14
Steel Belt 16.65
Braces 15.92
b

16
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a  Smwm=1TAWE

Figure 12. Maximum stresses contours of each model: a— Core, b— Shear wall,

c—RC belt, d- Steel belt, e— Braces
These stresses are figured in the bar chart in figure 13. Furthermore,
one can find from figure 14. That the minimum Force/Weight value is
belonging to the RC belt method. Which validate that choice that it is

the best for stress reducing and it is the most economical.
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Figure 13. Maximum stresses of each model bar chart
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Figure 14. Maximum Force per unit weight of each model bar chart
7. Conclusion
e The Nurdag earthquake FFT showed a dominant
frequency range between (1.9-2.5 rad/sec).
e The dynamic analysis of different number of storeys models
showed that the 5 storey model has the maximum response in

terms of shear stress of shear wall.

18
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Nurdag earthquake exceeded Kocaeli earthquake in terms of
displacement and shear stress of shear walls for all cases, i. e.
one, two, three, five, seven and ten storeys.

The maximum displacement under Kocaeli earthquake was for
the 3 storeys model with a ratio to UBCO7 of EW:70%,
NS:52%. While the maximum displacement under Nurdag
earthquake was for the 5 storeys model with a ratio to UBC97
of EW:92%, NS:109%.

Shear stress of shear walls under Nurdag earthquake exceeded
shear stress under UBC97 for the 5 storey model. Where the
stress ratio to UBC97 was 117%.

Adding RC belt to the peripheral of the first storey as a
retrofitting method gave the minimum shear stress with a
reducing stress ratio of 16%. Which made it the best choice.
Adding a steel belt to the peripheral of the first storey as a
retrofitting method has reduced the shear stress of the shear

wall with a 10% ratio.

8. Recommendations

Considering adding a reinforced concrete belt to the
peripheral of the first storey as a retrofitting method.

5 storey buildings need more attention when designing.
Where UBC97 Response Spectra is not enough.
Therefore, ASCE7-10 Response Spectra is recommended

for example or any higher acceleration.
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9. Future Research

e Analyzing the effect of soil type under 6 February

Earthquake.

e Analyzing the effect of slab type as a diaphragm under 6

February Earthquake.
e Analyzing the effect torsional irregularity under

February Earthquake.

e Finding the best structural system under 6 February

Earthquake.

References

1.

2.

Chopra, A. (2003). Dynamics of Structures. Prentice-Hall, INC.

Code, A. S. (2012). Seismic commentry. Damascus: Engineering
Syndicate.

Dan Nourzadeh, e. a. (2019). SPATIAL COMBINATIONS OF SEISMIC
RESPONSE SPECTRUM AND TIME-HISTORY ANALYSIS RESULTS FOR
DESIGN OF NUCLEAR STRUCTURES. Charlotte, NC, USA: SMiRT-25.

Disaster and Emergency Management Autority (AFAD). (n.d.). Turkey:
2023.

H. Jarallah, e. a. (2016). A Comparative Study on the Design Spectra

Defined by Several Codes of Practice on RC Building Located in Baghdad

City. Baghdad: Al-Nahrain Journal for Engineering Sciences (NJES).

Huerta-Lopez, C. I. (n.d.). TIME-FREQUENCY ANALYSIS OF EARTHQUAKE

RECORDS. 12WCEE20.

I. A. Karnovsky, O. L. (2010). Advanced Methods of Structural Analysis.
Springer.

20



R. J. of AL-Furat Univ. Basic Science Series No.65 2024

8. J. Clough, R. P. (1995). Dynamic of Structures. Berkelry. USA: Computers
and Structures, INC.

9. Khose, V. e. (2011). A Comparative Study of Design Base Shear for RC
Buildings in Selected Seismic Design Codes. Research Gate.

10. P-1051, F. (2016). 2015 NEHRP Recommended Seismic Provisions Design
Examples. Washington, D.C.: BUILDING SEISMIC SAFETY COUNCIL.

11. Robot Structural Analysis. (2019). USA: Autodesk.

12. UBC97. (1997). UNIFORM BUILDING CODE.

21



Dr. Khartash

o 65 3 2023— bLs 6 I w5t o 4l bl b4
skl sue AU
A a2

Chall daala (A8 Luiaal) duigl 2 e Lae M (ALY dunigl) acd

Dade OIS Lyser ) iy LR (8 03$0e oIS (53 2023— Lbi 6 J1Y ¢
G Gl gle Ablae ) Ll glayes culS ] pm SSY) Al o) L aS as )
a3 LD Llanea¥) A 5 Gandl a8 BN 3S5e ) ) clS Gun (LS
sy e Saolipall Qi b 23 AlaiaY) Clgda (K0 E1ys8 3 DY by 53
ot ¢l 1 ag daeed)l il JaY Cabisg @ik sae Ll ailshll saxia i
Al Ay gilly —gysull ol 20 I Bale pe G5 L gl S Y
38 kel Bl Cab ae A3l s Gl (UBCO7 assd) slill o<
1999 ale LS5 5 hlasS I Blaial) (il e 33l a5V Gl .UBCO7
Ladl 50 £ jpedi dia 4l clS (5l

Lad) zlas QA L5yshad SSYI sa sk Geedl g3 oLl o i) el
Boi b Ohan Ailal ay o) dlgw 0S5y b )Y Gl gl Cusy
YUY (e (Ao dalaill 5 Cum L awi jualic 5 ¢S alia ¢ i alia cduigin
sl ahall danla cag Bkl sda e Jeadl) ddpkll waan 5 dlgills L clalea)s
coaill Chlga) s ALY 86l 3 Laaless) cudael Gam

Gk 2023 Lalas I3l ¢ oadiad) Llaia) ¢ slascedl) sl cAlaiaY) il tAealice clalS
gl g Jigat el

22



