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Abstract
In recent years, there have been numerous explosion catastrophes due to military and terrorist

activities. Such accidents lead to damage structures and human casualties in military and
urban areas. To protect structures and people against explosion accidents, more engineering
insight on the explosion effect is required to study buried structure performance. However,
the blast field test is expensive and risky to conduct.

In this study, the nonlinear numerical model is proposed to understand the buried structure
performance. The buried structure performance against impact of blast effect is analyzed
under three case studies. The response of the buried structure is studied using 2-D finite
element analysis (FEA) under the blast effect. The reviewed study cases are used to verify
the 2-D nonlinear numerical model. The parametric study is also conducted to choose the
suitable numerical model so as to improve the buried structure performance. Different TNT
explosive charges are used based on the different case studies.

The blast effects on the buried structure are expressed in terms of maximum displacement at
different points located at the numerical model and pressure-time history hitting the buried
structures. The results obtained by the three case studies have a good agreement with those
obtained by the 2-D numerical model of case study. Finally, the proposed 2-D numerical
model can be used to give a good estimate to study the performance of the buried structure
under the impact of blast loading.
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1. Introduction ICCAE-11-2016

The dynamic response of underground structures under the effect of blast waves is an
important study for military and civil engineering applications [1]. Underground fortified
structures provide relatively effective protection for human and equipment from being
injured and damaged by blast loads front to surface structures [2]. A ballistic attack affects a
buried structure and surrounding soil characteristics. The four basic features of structure
protection involve the establishment of a secure perimeter, the prevention of progressive
collapse, the isolation of internal pressures from occupied spaces, and the mitigation of
fragments resulting from the damaged facades [3]. Based on the progress of weapon
penetration, subsurface detonation posed hazard to the buried structures which were
considered safe decades ago. Based on a small standoff distance, the structures may
experience to major damage.
The pressure variation with time due to a blast wave is shown in Fig. 1 [4]. As the explosive
wave propagates in a radial direction from the initial charge, all structures and objects within
its pathway are exposed to damage.
The structure components are affected by the blast wave. While the intensity of the blast
reduced with distance from the source, the range of damage depends on the charge weight,
the relative position of the explosive device, and the design details [3]. From a structural
point of view, the blast scenario can be subdivided into three phases. In the first phase,
exterior walls, columns, and armored doors are affected. Floor slabs, roofs, and beams are
affected in the second phase. In the third phase, the lateral load is resisted by frame action.
Successful blast resistant design takes into account all three phases [3].
The finite element method is a powerful tool which could be used to analyze the soil
structure interaction problem[5]. Complex structural configurations could be modeled using
finite elements model and the response at any desired point of the structure can easily be
determined[5].
In this paper, the finite element analysis program COSMOS/M [6] is used. The finite element
analysis is adopted to study response of underground structure due to blast loading under the
shadow of different case studies. Elasto-plastic model is chosen to model the behavior of the
soil media and nonlinear model to model the concrete structure performance. The modeling
of a blast load is done represented as a short duration, high magnitude load acting around the
buried structure. The parametric study is also conducted to study the effect of varying depth
of burial, size of the structure, location of the loading point relative to the structure, and
charge weight on the structural response.
The main aim of this paper is to propose a numerical model to predict the performance of
underground structures subjected to impact blast load, using 2-D finite element analysis
(FEA). The 2-D FEA is used to estimate the vertical or horizontal displacements at different
locations and levels around the underground structure. The results obtained by the 2-D FEA
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are compared with those obtained by three case studies proposed by Baylot [7], Guoweli [8]
and El-khawanky [9] to evaluate the accuracy of the 2-D finite element analysis.

2. First case study
Baylot [7] studied the soil-structure interaction for a high explosive charge placed close to

the wall of a buried structure. The structure was buried in dry sand soil. The explosive source
consisted of seven-kg C4 explosive charge. The C4 charge was placed opposite to the middle
of the tested slab namely point (1) as shown in Fig. 2.

In these experiments, accelerometers and stress gauges were placed in the soil at various
ranges from the charge to provide motion measurements. Accelerometer records were used to
record displacements. Data were only reported within 20 msec. Surrounding soil and
underground structure had two different materials for concrete and dry sand soil around
underground structure. The dimensions of the first case study are shown in Fig. 2.

2.1 Finite element model

The numerical model should contain all necessary data of the different steps in the numerical
computation (geometry, elements, meshing, loads, boundary conditions, solution of
equations, and output of results). The study adopts the techniques and procedures used in
COSMOS/M program to create geometry model, to generate of finite element meshes, to
establish boundary conditions, and to select the type of analysis to be compared with baylot
[7] model. Thus, the basic steps in a finite element analysis are shown in Fig. 3. The vertical
boundaries of 2-D finite element model are restrained by roller supports to prevent a
movement normal to the boundaries. The horizontal plane at the bottom of the mesh
represented a rigid bedrock layer and the movement at this plane is restrained in all
directions. The movement at the upper horizontal plane is free to simulate a free ground
surface, as shown in Fig. 4. The 2-D Plane strain element is used to represent the behavior of
the concrete structure and surrounding soil as shown in Fig. 4.

2.2 Geometry building of numerical model

The finite element modeling is applicable to all practical geometry models. The 2-D finite
element mesh used in the analysis models is a soil block with width and height in X and Y
directions, respectively, as shown in Fig. 4. The suitable geometric boundaries (model width
and model height) are studied to reflect the performance of underground structure subjected
to blast effect. The study is also conducted to determine the optimum model width beyond
which no changes in stresses and vertical or horizontal displacements are occurred. The 2-D
FEA is used to choose suitable model width so as to realistically reflect the behavior of
underground structure subjected to blast load. The model width is varied from 7.25 meters
(5b) to 15.95 meters (11b) with the model depth (V) 4.35 meters (3b). The results show that
when the model width exceeds ten times concrete model width (b) there is no change in
displacement at point (1), which subjected to explosion as shown in Fig. 5. So different soil
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model depth (V) is also varied from 2.9 meters (2b) to 8.7 meters (6b) with the model width
14.5 meters (10b) is used to choose suitable model height to get the optimum displacement
value at point (1) as shown in Fig. 6.The ten times concrete width and the three times
concrete width model depth are used in the analysis to compare the results obtained by 2-D
FEA with the results obtained by Baylot [7]. The finite element model width is chosen to be
ten times the buried structure width. The finite element model height is chosen to be three
times the buried structure width underneath the invert of the buried structure.

2.3 Mesh size
The mesh size of 2-D FEM should be adopted to save time without sacrificing the result

accuracy [10].The suitable mesh size is discussed to reflect the accurate performance of the
underground structure subjected to blast load using the 2-D FEA. The element size is varied
from 0.3m, 0.6m, to1.2m along the outer boundary of the soil block. The element size is also
varied from 0.15m, 0.3m, to 0.6m along perimeter of concrete structure. Based on different
element sizes, the calculated maximum displacement at point (1) is presented in Table.1 .The
0.3 meter element size along the outer boundary of the soil block and 0.15 meter along
perimeter of concrete structure are chosen for the rest and the suitable result of the 2-D FEA.
as presented in Table.l which proved more accuracy performance of the underground
structure subjected to blast impact.

2.4 Material properties
The performance of the concrete structure is modeled using nonlinear model as shown in Fig.

7. The constitutive model for the soil analysis utilizes elasto-plastic materials. A yielding
function of the Mohr-Coulomb type and a plastic potential of function of the Drucker-Proger
type are employed. The materials properties of concrete are taken in the finite element model
(FEM) as follows: Modulus of elasticity E = 2.1 x 106 t/m2, Poisson’s ratio = 0.17, Mass
density = 0.255 t.sec2 /m4, the concrete ultimate strength, fc' (fc'=3000t/m2) and the ultimate
strain, €o (the strain at stress of fc' in the uniaxial compression test, €0=0.003).
The soil behavior is modeled by a Drucker-Prager model, in which, there are several
parameters required such as the friction angle (¢), the cohesion value (c), the modulus
number (m), and the exponent number (n). These parameters such as the modulus number
(m) and the exponent number (n) can be calculated by Janbu equation using the soil stress-
strain relationship obtained from the triaxial test under different confining pressure (© 3).
Janbu equation described the relationship between the soil modulus (Es) with the confining
pressure.

E. —mP, [g] ....... (1)

P

a

Where (Es) is the soil modulus, (o 3) is the effective confining pressure, (m) is the modulus
number, (n) is the exponent number, and (Pa) is the value of atmospheric pressure expressed
in appropriate units. The results obtained from the triaxial tests give the relation between the
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stress difference and corresponding axial strain. Drucker-Prager model can be used to
simulate the behavior of soil materials such as sand, gravel, and clay. Regarding the
nonlinear behavior, a Drucker-Prager model with exclusively elastic-perfectly plastic
material response is chosen in this study because of number of reasons as simplicity and
straightforward numerical implementation. This model is simple to use where parameters are
obtained from the triaxial test under different confining pressure. The model parameters used
for dry sand soil are taken in the FEM as: Poisson’s ratio = 0.35, Mass density = 0.1936

t.sec’ /m*, Cohesion strength C = 0 and Friction angle ¢ = 24°,

2.5 The load effect on the buried structure
The loads effects on the buried structure response are blast load and the soil media. The blast

loads depend on charge weight (W), explosion depth (H), the depth of burial (DOB) and
standoff distance between the TNT charge and buried structure. Table.2 shows the input data
in CONWEP program [11] to obtain pressure time history affecting the buried structure.

2.6 Discussion
Displacement is calculated by the FEM due to different model width as shown in Fig. 5and

different model depth as shown in Fig. 6 .The finite element model width is chosen to be ten
times the buried structure width and the finite element model height is chosen to be three
times the buried structure width underneath the invert of the buried structure. Maximum
displacement at point (1) at 1.52 m from charge center obtained by the numerical analysis
with those measured by the numerical model proposed by Baylot [7] at the same point shown
at Table.3.The computed displacement time history at point (1) using the 2-D FEA as shown
in Fig. 8 agrees better with this obtained by Baylot [7] model .

3. Second case study
Guowei [8] studied the analysis of underground protective structures using analytical

technique based on TM5-855-1 and TM5-1300 [12]. A box-shaped underground buried
structure subjected to a shock load on one side of the structure made of reinforced concrete
(RC), and the dimensions of the wall or floor under consideration as shown in Fig. 9. The dry
sand is used to be the surrounding soil around the structure. The soil structure interaction
(SSI) is considered between the structural element and the surrounding soil. The explosion
scenario is a scaled distance (stand-off distance divided by the cube root of the TNT
equivalent charge weight) of 2 m/kg*®and TNT charge was placed opposite to the middle of
the tested slab namely point (3) as shown in Fig. 9. The burial depth is assumed to be
sufficient so that there is no wave reflection from the ground surface.

3.1 Finite element model
The study case adopts the techniques and procedures used in COSMOS/M program to create

geometry model, to generate finite element meshes, to establish boundary conditions, and to
select the type of analysis to be compared with Guowei [8] model. The vertical boundaries of
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2-D FEM are restrained by roller supports to prevent a movement normal to the boundaries.
The horizontal plane at the bottom of the mesh represented a rigid bedrock layer and the
movement at this plane is restrained in all directions. The movement at the upper horizontal
plane is free to simulate a free ground surface, as shown in Fig. 10. 2-D Plane strain element
has been used to represent the behavior of the concrete structure and surrounding soil as
shown in Fig. 10.

3.2 Geometry Building of Numerical Model
The finite element modeling is applicable to all practical geometry models. The 2-D finite

element mesh used in the analysis models a soil block with width and height in X and Y
directions, respectively, as shown in Fig. 9. The suitable geometric boundaries (model width
and model height) are studied to reflect the performance of underground structure subjected
to blast effect. The study is also conducted to determine the optimum model width beyond,
which no changes in stresses and vertical or horizontal displacements are occurred. The 2-D
FEA is used to choose suitable model width so as to realistically reflect the behavior of
underground structure subjected to blast load. The model width is varied from 65 meters (5b)
to 143 meters (11b) with the model depth (V) 39 meters (3b). The results show that when the
model width exceeds ten times concrete model width (b) there is no change in displacement
point (2), which subjected to explosion as shown in Fig. 10. So different soil model depth (V)
is also varied from 26 meters (2b) to 78 meters (6b) with the model width 130 meters (10b) is
used to choose suitable model height to get the optimum displacement value at point (2) as
shown in Fig. 12. The ten time concrete width and the three times concrete width model
depth are used in the analysis to compare the results obtained by 2-D FEA with the results
obtained by Guowei [8]. The finite element model width is chosen to be ten times the buried
structure width. The finite element model height is chosen to be three times the buried
structure width underneath the invert of the buried structure.

3.3 Mesh size
The mesh size of 2-D FEM should be adopted to save time without sacrificing the result

accuracy[10]. The suitable mesh size is discussed to reflect the accurate performance of the
underground structure subjected to blast load using the 2-D FEA. The element size is varied
from 1m, 3m, to 5m along the outer boundary of the soil block. The element size is also
varied from 0.5m, 1.0m, to 1.5m along perimeter of concrete structure. Based on different
element sizes, the calculated maximum displacement at point (2) is presented inTable.4.
Thel-meter element size along the outer boundary of the soil block and 0.5- meter along
perimeter of concrete structure are chosen for the rest of the 2-D FEA, as presented in
Table.4 which proved more accuracy performance of the underground structure subjected to
blast impact.

3.4 Material properties
The properties of concrete and concrete model were discussed above in the first case study.
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The soil behavior is modeled by a Drucker- Prager model as described above. The model
parameters used for dry sand soil are taken in the finite element model as: Poisson’s ratio =

0.30, Mass density = 0.1835 t.sec2 /m4, Cohesion strength C = 0 and Friction angle ¢ =37,

3.5 The load effect on the buried structure

The loads effects on the buried structure response are blast load and the soil media the blast
loads depend on charge weight (W), explosion depth (H), the depth of burial (DOB) and
standoff distance between the TNT charge and buried structure.Table. 5, shows the input data
in CONWEP program [11] to obtain pressure-time history affecting the buried structure.

3.6 Discussion
Displacement is calculated by the FEM due to different model width as shown in Fig. 11 and

different model depth as shown in Fig. 12.The finite element model width is chosen to be ten
times the buried structure width and the finite element model height is chosen to be three
times the buried structure width underneath the invert of the buried structure. Maximum
displacement at point (2) at 4.31 m from charge center obtained by the numerical analysis
with those measured by the numerical model proposed by Guowei [8] at the same point
shown at Table.3. The computed displacement time history at point (2) using the 2-D FEA as
shown in Fig. 13 agrees better with this obtained by Guowei [8] model.

4. Third case study
El-khawanky [9] studied a high explosive charge effect placed close to the roof of a buried

structure. A box-shaped underground buried structure subjected to a shock load on one side
of the structure made of reinforced concrete (RC), and the dimensions of the third case study
are shown in Fig. 14. The structure was buried in dry sand soil. Fifty-kg TNT used to be
source explosive charge. The TNT charge was placed opposite to the middle of the tested
roof slab namely point (3) as shown in Fig. 14. In these experiments, accelerometers and
stress gauges were placed in the soil at various ranges from the charge to provide motion
measurements. Accelerometer records were used to record displacements. Data were only
reported within 40 msec. Surrounding soil and underground structure had two different
materials for concrete and dry sand soil around underground structure.

4.1 Finite element model

The numerical model should contain all necessary data of the different steps in the numerical
computation (geometry, elements, loads, boundary conditions, solution of equations, and
output of results). The study adopts the techniques and procedures used in COSMOS/M
program to create geometry model, to generate of finite element meshes, to establish
boundary conditions, and to select the type of analysis to be compared with El-khawanky [9]
model. Thus, the basic steps in a finite element analysis are shown in Fig. 3. The vertical
boundaries of 2-D finite element model are restrained by roller supports to prevent a

movement normal to the boundaries. The horizontal plane at the bottom of the mesh
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represented a rigid bedrock layer and the movement at this plane is restrained in all
directions. The movement at the upper horizontal plane is free to simulate a free ground
surface, as shown in Fig. 13. The 2-D Plane strain element is used to represent the behavior
of the concrete structure and surrounding soil as shown in Fig. 13.

4.2 Geometry building of numerical model

The finite element modeling is applicable to all practical geometry models. The 2-D finite
element mesh used in the analysis models is a soil block with width and height in X and Y
directions, respectively, as shown in Fig. 14. The suitable geometric boundaries (model width
and model height) are studied to reflect the performance of underground structure subjected
to blast effect. The study is also conducted to determine the optimum model width beyond
which no changes in stresses and vertical or horizontal displacements are occurred. The 2-D
FEA is used to choose suitable model width so as to realistically reflect the behavior of
underground structure subjected to blast load. The model width is varied from 17.5 meters
(5b) to 38.5 meters (11b) with the model depth (V) 10.5 meters (3b). The results show that
when the model width exceeds ten times concrete model width (b) there is no change in
displacement at point (3), which subjected to explosion as shown in Fig. 15. So different soil
model depth (V) is also varied from 7 meters (2b) to 21 meters (6b) with the model width 35
meters (10b) is used to choose suitable model height to get the optimum displacement value
at point (3) as shown in Fig. 15. The ten times concrete width and the three times concrete
width model height are used in the analysis to compare the results obtained by 2-D FEA and
the results obtained by El-khawanky [9]. The finite element model width is chosen to be ten
times the buried structure width. The finite element model height is chosen to be three times
the buried structure width underneath the invert of the buried structure.

4.3 Mesh size
The mesh size of 2-D FEM should be adopted to save time without sacrificing the result

accuracy [10]. The suitable mesh size is discussed to reflect the accurate performance of the
underground structure subjected to blast load using the 2-D FEA. The element size is varied
from 0.5m, 1m, to 2m along the outer boundary of the soil block. The element size is also
varied from 0.25m, 0.5m, to 1.0m along perimeter of concrete structure. Based on different
element sizes, the calculated maximum displacement at point (3) is presented in Table. 7.
The 0.5-meter element size along the outer boundary of the soil block and 0.25- meter along
perimeter of concrete structure are chosen for the rest of the 2-D FEA, as presented in Table.
7 which proved more accuracy performance of the underground structure subjected to blast
impact.

4.4 Material properties
The properties of concrete and concrete model were discussed above in the first case study.
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The soil behavior is modeled by a Drucker- Prager model as described above. The model
parameters used for dry sand soil are taken in the finite element model as: Poisson’s ratio =

0.30, Mass density = 0.193 t.sec2 /m4, Cohesion strength C = 0 and Friction angle = 28,

3.5 The load effect on the buried structure

The loads effects on the buried structure response are blast load and the soil media the blast
loads depend on charge weight (W), explosion depth (H), the depth of burial (DOB) and
standoff distance between the TNT charge and buried structure. Table 8 shows the input data
in CONWEP program [11] to obtain pressure-time history affecting the buried structure.

3.6 Discussion
Displacement is calculated by the FEM due to different model width as shown in Fig. 16 and

different model depth as shown in Fig. 17. The finite element model width is chosen to be ten
times the buried structure width and the finite element model height is chosen to be three
times the buried structure width underneath the invert of the buried structure. Maximum
displacement at point (3) at 3 m from charge center obtained by the numerical analysis with
those measured by the numerical model proposed by El-khawanky [9] at the same point
shown at Table. 9. The computed displacement time history at point (1) using the 2-D FEA as
shown in Fig. 8 agrees better with this obtained by El-khawanky [9]model.

The result

e A 2-D nonlinear numerical model is an applicable model to analyze and predict the
detailed performance of the buried structure subjected to blast load.

e The suitable geometric boundary is studied to reflect the accurate performance of
buried structure subjected to blast load.

e The study is conducted to determine the optimum dimensions beyond which no
changes in horizontal displacements time histories occurred for different case studies.
The suitable width (X) of the 2-D model can be set at ten times buried structure width
in 2-D FEA and the suitable depth (V) of the 2-D model under structure can be set at
third times buried structure width in 2-D FEA .

e The displacements-time histories calculated by the 2-D FEA are less than recorded
displacements at points (2, 3) for the two studied cases and the displacements-time
histories calculated by the 2-D FEA are more than recorded displacements at points
(1) for the first case study. The predicted displacements underestimate by up to 1.1 %
for case study compared to the field blast test records at baylot [7] model values, and
the predicted displacements underestimate by up to 4 % for case study compared to
the field blast test records at Guowei [8] model values and the predicted
displacements underestimate by up to 3.7 % for case study compared to the field blast
test records at El-khawanky [9] model values.
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The 2-D FEA is a good numerical model to predict accurate performance of underground
structure subjected to blast load. Finally, the 2-D FEA is applicable to use in engineering
application so as to study behavior of underground structure subjected to blast impact.
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Mesh
Size

(m)

Element
size
along
outer
boundary
of soil
block
mesh

0.3*

0.6

1.2

Element
size

Along
inner
boundary
of
concrete
block
mesh

0.15| 03 | 06 | 015] 03 | 06 | 0.15 | 0.3

0.6

Maximum
displacement at
point (1)[mm]

3.540
3.715
3.751
3.206
2.877
3.119
2.672
2.449

2.266

Table. 1: Estimated maximum displacement-time history

at point(1)considering different element sizes for the first case study.
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Fig. 7 : Stress-strain curve for concrete model.
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f (Coupling factor) 1

C(Seismic velocity) 550 m/s
n(Attenuation coefficient) 2.5

p (Density of soil) 1900 kg/m3
R(horizontal range to target) 1.52m

W ( charge weight) 10 kg

H ( depth of burial) 1.56m

D ( depth of target ) 1.56m

Table. 2: The input data to CONWEP [11] for the first case study.

[mm]

Parameter Baylot Proposed model
[55]
Maximum displacement at point (1) 35 35.40

Table. 3: Comparison of maximum displacement-time history

at point (1) for the first case study.
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Fig . 9 : Buried structure model subjected to explosion Guowei [8].
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Fig. 10 : 2-D Finite element model for the second case study.
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Guowei Ma|[2010]
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Fig . 11: Calculated displacement-time history
at point (2) due to blast load at different model widths.
Guowei Ma|[2010]

8.4

8.2 =& Different Model depth A
T s —
E 78 —%—Second case Study
E 76
S 74 Jﬂ}&”r
g 72
2 7 e s o *
= 638 ‘r/’
X 66 /
E 6.4 ////,

6.2

v 4
24.00 37.00 50.00 63.00 76.00 89.00
Model depth [m]

Fig. 12 : Calculated displacement-time history
at point (2) due to blast load at different model depths.
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Mesh
Size

(m)

Element
size
along
outer
boundary
of soil
block
mesh

1*

Element
size
Along
inner
boundary | 0.5* 1 1.5
of
concrete
block
mesh

0.5

1.5

0.5 1

1.5

Maximum
displacement at
point (1)[mm]

6.720
5.652
4.243

6.607

5.599

3.948

6.573
5.454

3.922

Table. 4: Estimated maximum displacement-time history

at point (2) considering different element sizes for the second case study.

f (Coupling factor) 0.99

C (Seismic velocity) 305 m/s
n (Attenuation coefficient) 2.75

p (Density of soil) 1633 kg/m3
R(horizontal range to target) 4.31m

W ( charge weight) 10 kg

H ( depth of burial) 16.4m

D ( depth of target ) 16.4m

Table. 5 : The input data to CONWEP [11] for the second case study.
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| Cs |

4

Parameter

GUOWEI [8]

Proposed model

Maximum displacement at point (2)

[mm].

7mm

6.72mm

||||||||||

Table. 6: Comparison of maximum displacement-time history
at point (2) for the second case study.

Fig. 13 : Computed displacement-time history at point (2).
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Fig. 14: Buried structure model subjected to explosion El-khawanky [9].
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Fig. 15 : 2-D Finite element model for the third case study.
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El khawanky [2005]
6 ——
_58
Ess
E54
552 /
25
oag /
- . .
4.6 —&— Different Model Width |
y /
4n l =—4— Third case Study
il
1400 1750 2100 2450 2800 3150 3500 3850
Model Width [m]
Fig. 16: Calculated displacement-time history
at point (3) due to blast load at different model widths.
. Mazek [2005]
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Fig. 17 : Calculated displacement-time history
at point (3) due to blast load at different model depths.
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4

Mesh
Size

(m)

Element
size
along
outer
boundary
of soil
block
mesh

0.5*

Element
size
Along
inner
boundary | 0.25* | 0.5 1 | 025
of
concrete
block
mesh

0.5

025 | 05

Maximum
displacement at
point (1)[cm]

5.779
5.767
5.762
5.737

5.722

5.710

5.627
5.593

5.580

Table. 7: Estimated maximum displacement-time history

at point (3) considering different element sizes for the third case study.

f (Coupling factor) 0.99

C (Seismic velocity) 305 m/s
n (Attenuation coefficient) 2.75

p (Density of soil) 1633 kg/m3
R(horizontal range to target) Om

W ( charge weight) 50kg

H ( depth of burial) 3.0m

D ( depth of target ) 6.0m

Table 8: The input data to CONWEP [11] for the third case study.
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Parameter

El-Khawanky [9]

Proposed model

[mm].

Maximum displacement at point (3)

60mm

57.79mm

Table. 9 : Comparison of maximum displacement-time history
at point (3) for the second case study.
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