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ABSTRACT 
In this paper, soil – pore fluid behavior of a silo under an earthquake loading is investigated. To predict the 

response of the silo with the soil surrounding it, ‘the linear-elastic constitutive model’ is adopted with soil 

properties; shear modulus and damping ratio; are strains and cycle independent. 

A computer program using dynamic stiffness matrix analyses (DSMA) for predicting and analyzing the 

model was established using FORTRAN coding. The program is based on geophysical values (such as primary 

velocity (vp), shear velocity (vs), modulus of elasticity (E), mass density (�), shear modulus (G),….etc). The 

values were obtained from field test results for the soil under a silo located in Kirkuk, Iraq.  

To check and compare the obtained results, the computer program (MSC/NASTRAN) is used also for 

predicting and analyzing the same problem. This second program uses input values such as shear modulus (G), 

modulus of elasticity (E), mass density (�) and damping ratio (�) obtained from conventional laboratory tests. 

From the two aforementioned analyses, comparisons between the results of the relevant two programs are 

made. Though program “MSC/NASTRAN” visualizes a realistic behavior of the silo under dynamic loading, 

due to full response results are expressed for each node, the dynamic stiffness matrix analyses program (DSMA) 

gives only the maximum value for the horizontal and vertical displacements at that node. Despite of that, 

program DSMA relies on realistic values of geophysical tests obtained from the field directly. 

As a conclusion from this study, the soil-structure interaction zone for the silo at Kirkuk under investigation 

using both analyses show excellent agreement between the results. The agreement in this study turns out to be 

more than 95% close between the two algorithms. The easiness through which geophysical field tests are 

conducted, the simplicity of carrying out the required calculations and the reliability of the results makes the 

dynamic stiffness matrix analysis method (DSMA) highly recommended. It can give an excellent directive about 

the response of structures resting on soils and subjected to dynamic loads.  
 

Keywords 

Earthquake load, response analysis, Iraq soil, geophysical testing, dynamic stiffness matrix, 

MSC/NASTRAN. 
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Introduction 

For a satisfactory solution of any soil dynamic problem, one must:  

- establish the soil profile, including layering and depth of bedrock, physical characterization and 

classification of each layer, elevation of water table and ground water conditions and the extent of 

lateral homogeneity, and 

- determine (in the laboratory or in-situ testing) the material parameters of each soil layer needed in the 

constitutive models to be used in the planned dynamic analysis. 

The soil properties that exert the greater influence on the dynamic response of the soil masses and 

soil-foundation systems are those related to the shearing stress-strain behavior. For small amplitude 

vibrations including strains (� < 1/10
5
) in the soil, this behavior is best described through a linear 

hysteretic model of shear modulus (G�) and damping ratio (�). 

(G�) is the initial slope at the origin of the shearing stress-strain (�-�) curve. At large strains (1/10
5
< � < 

1/10
4
), soil behaviour can be best modelled as quasi-linear, described through a secant modulus (G) and 

a damping ratio (�). (G) is a decreasing function of (�). On the other hand, (�) increases with (�) and 

may take values up to about 0.07 at �= 1/10
4
. As strain amplitudes increase beyond (1/10

4
), nonlinear 

phenomena become increasingly important. 
 

Testing Techniques 

Field Tests 

Several types of field tests have been developed to measure shear modulus, damping, and 

Poisson’s ratio. These may include the cross-borehole propagation method, the up-hole and down-hole 

wave propagation methods and the surface wave propagation method. In this research, results from the 

first method are obtained and analyzed by the developed theory. 

The Cross-Borehole Wave Propagation Method 

In the cross-borehole method, the wave propagation velocity from one subsurface boring  to a 

another is measured (Stoke and Woods, 1972). 

At least two boreholes are required, one for the impulse and one or more for sensors. This is 

shown in Figure 1 below: 
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Fig� 1. Cross-borehole method 
 

The impulse rod is struck on top, causing an impulse to travel down the rod to the soil at the 

bottom of the hole. The shearing between the rod and the soil creates shear waves that travel 

horizontally through the soil to the vertical motion sensor in the second hole; the time required for a 

shear wave to traverse this known distance is measured. There are four sources of major concern in 

conducting cross-borehole shear tests: the borehole, the seismic source, the seismic receiver and the 

recording and timing equipment. 

Although a minimum of two boreholes must always be used, for extensive investigations and 

for increased accuracy, whenever possible, three or more boreholes are suitable. If boreholes are 

installed in a straight line, wave velocities can be calculated from the intervals of time required for 

passage between any two boreholes. Thus, the necessity for precisely recording the triggering time is 

eliminated. In addition, the boreholes must be vertical to properly measure travel distance. In general, 

any borehole (10m) or more deep should be surveyed using an inclinometer or another logging device 

for determining verticality (Woods, 1978). 

Although both impulsive and steady-state seismic sources are in use, impulsive sources 

predominate. 

The major criteria for a seismic source are: 

• It must be capable of generating predominantly one kind of a wave. 

• It must be capable of repeating desired characteristics at a predetermined energy level.  

Velocity transducers (geophones) that have natural frequencies of 4 to 15 Hz are adequate for 

detecting (receiving) the shear waves as they arrive from the source. The receivers must be oriented 

in the shearing mode and should be securely coupled to the sides of the boring. 

Furthermore, the recording equipment should be able to resolve arrival times of up to (0.2) ms 

or (5) percent of the travel time. Storage oscilloscopes are often used for this as well. 

Laboratory Testing Techniques 
As in the field, several laboratory devices have been designed to obtain the dynamic properties of the 

soil. Of the most common tests are the resonant column, ultrasonic pulse, cyclic triaxial, cyclic simple  

shear and cyclic torsional shear tests. Table 1 below shows the dynamic moduli and material damping 

coefficients obtained from each one of the tests mentioned.  
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Table(1) Laboratory techniques for measuring dynamic soil properties (Al-Jumaily, 1988). 

 Shear modulus Young’s modulus Material damping 

Resonant column X X X 

Ultrasonic pulse X X - 

Cyclic triaxial - X X 

Cyclic simple shear X - X 

Cyclic torsional shear X - X 

 Notation: X indicates that the parameter is determined by the test. 

In this paper, only results obtained from field tests are employed to analyze the problems under 

consideration herein.  

 

ANALYSIS TECHNIQUES 

Dynamic Stiffness Matrix Analysis 

The dynamic stiffness matrix is described as shown by Equation 1 below. This equation is derived from 

the equation of motion by which a detailed description can be found in Salih (2005). The form of the 

equation is as follows:     
 

                                                                                                                                           … (1) 

where 

D=2(1- cos ksd cos ktd)+(st+(1/st)) sin ksd sin ktd                             

P1=-�xz1 , R1=-�z1 , P2= �xz2 , and R2= �z2 

In the above: 

                                                                                         

 

 

In Equation (1), the left part represents the stress effects at the selected depth of layer (d). These 

stresses are calculated by using the formulations enlisted after Equation 1. These formulations depend 

on values like (k, lx, mx, s, t, …etc.) which are calculated by using equations, depending on properties 
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of soil (G, �, �, E) obtained by field geophysical tests like the cross borehole method (Wolf, 1985 and 

Salih, 2005).  

The right hand side of Equation (1) consists of two parts: 

First: the matrix in which its parameters depend on calculations obtained from values extracted out 

from geophysical tests such as (G, �, �, E). From these values, the matrix is calculated. 

Second: the vector part representing the displacements (both horizontal and vertical) at the top and the 

bottom of the soil layer. From these displacements, the response of the model can be calculated. 

Programming the matrix shown in Equation 1 is done by using a personal computer and 

FORTRAN language. It is performed in such a way that the user can enter the input values and obtain 

the output smoothly and directly. The user enters the input values (G, �, �, E, 	) which are obtained 

from geophysical tests. After that, the program calculates the parameters of the Equation (1) (k, lx, mx, s, 

t, G
*
, Asv, Cx, Cy, 
, �) by using the suitable equations for each parameter. Finally, values of horizontal 

and vertical displacements are obtained ( w and u) and these values represent the output from the 

program. 
 

TRANSIENT RESPONSE ANALYSIS 
Transient response analysis is the most general method used for computing forced dynamic 

responses.  The purpose of a transient response analysis is to compute the behavior of a structure 

subjected to time-varying excitations. The transient excitation is explicitly defined in the time domain.  

All of the forces applied to the structure are known at each instant in time. Forces can be in the form of 

applied forces and/or enforced motions (Clough and Penzien, 1975).  

The important results obtained from a transient analysis are typically displacements, velocities, 

and accelerations of grid points, and forces and stresses in elements.  

Depending upon the structure and the nature of the loading, two different numerical methods 

can be used for a transient response analysis:  direct and modal.  The direct method performs a 

numerical integration on the complete coupled equations of motion.  The modal method utilizes the 

mode shapes of the structure to reduce and uncouple the equations of motion (when modal or no 

damping is used); the solution is then obtained through the summation of the individual modal 

responses.  The choice of the approach is problem dependent.  The direct method of analysis is 

performed herein.  
 

Direct Transient Response Analysis 
In direct transient response, structural response is computed by solving a set of coupled 

equations using direct numerical integration.  Begin with the dynamic equation of motion in matrix 

form (Clough and Penzien, 1975):                            

[M] { X�� (t)} + [C] { X� (t) } + [K] { x(t) } = { P (t) }               (2) 

The fundamental structural response (displacement) is solved at discrete times, typically with a fixed 

integration time step, delta t.  

The damping matrix [C] is used to represent the energy dissipation characteristics of a structure.  

In the general case, the damping matrix is comprised of several matrices which are a function of 

viscous dampers and equivalent structural damping.  

Transient response analysis does not permit the use of complex coefficients.  Therefore, 

structural damping is included by means of equivalent viscous damping.  To appreciate the impact of 

this on the solution, a relation between structural damping and equivalent viscous damping must be 

defined.  

The viscous damping force is a damping force that is a function of a damping coefficient b and 

the velocity.  It is an induced force that is represented in the equation of motion using the [C] matrix 

and velocity vector.  

[M] { X�� (t)} + [C] { X� (t)} + [K] { X (t)} = { P (t) }                       (3) 
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The structural damping force is a displacement-dependent damping.  The structural damping force is a 

function of a damping coefficient G and a complex component of the structural stiffness matrix.  

[M] { X�� (t)} + ( 1 + i G) [K] { X (t)} = { P (t) }                              (4) 

Assuming constant amplitude oscillatory response for a single degree-of-freedom system, the two 

damping forces are identical if:  

    G k = b w                                                                                      (5a) 

  or  

    b = G k / w                                                                                     (5b) 

 Therefore, if structural damping G is to be modelled using equivalent viscous damping b, then the 

equality holds at only one frequency.  

Two parameters are used to convert structural damping to equivalent viscous damping.  An 

overall structural damping coefficient can be applied to the entire system stiffness matrix using the 

circular frequency (rad/sec) at which damping is to be made equivalent.  This parameter is used in 

conjunction with overall structural damping.  The default value for 	3 is 0.0, which causes the damping 

related to this source to be ignored in transient analysis.  

	4 is an alternate parameter used to convert element structural damping to equivalent viscous 

damping.  	4 is used in conjunction with structural damping on the material specification.  The default 

value for 	4 is 0.0 which causes the related damping terms to be ignored in transient analysis.  

Units for 	3 and 	4 are radians per unit time.  The choice of 	3 or 	4 is typically the dominant 

frequency at which the damping is active.  Often, the first natural frequency is chosen, but isolated 

individual element damping can occur at different frequencies and can be handled by the appropriate 

data entries. 
 

Version 4.4 Of  Program “Msc/Nastran 
 The dynamic response option of MSC/NASTRAN for Windows consists of the following 

capabilities:  

A. Frequency response which computes the steady-state response to a sinusoidal excitation. 

B. Transient response which computes the response to a general, time-varying excitation.  

 In this paper, only transient analysis is employed with Newmark's integration (Salih, 2005). 
 

Verification Problem 
 In this paper, the effect of dynamic loads on a structure and its surrounding soil is considered.  

Figure (2) shows a concrete structure resting on a soil medium. The analysis will be conducted on the 

concrete member alone first, then on the soil medium alone and on the combined soil structure system 

later. Analyses of results are done by two algorithms: 

*. The dynamic stiffness matrix analysis (DSMA) which depends on geophysical test results. 

**. MSC/NASTRAN analysis. 

After that, comparisons between these two algorithms are made. 
 

Earthquake Loading 
The El-Centro earthquake is applied. This earthquake was recorded at a site in El-Centro, California 

during the Imperial Valley, California earthquake of May 18, 1940. A digital form including 1559 data 

points covering 31.16 seconds with an intensity of (0.15g) is input to the programs (Chopra, 1996). The 

selected time step is 0.05 seconds. It is used to investigate the behavior of soil-structure interaction 

under earthquake loads. The chosen magnitude of this earthquake on the Richter scale is (4.5).  

 

Modelling The Problem 
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A. Soil medium alone: At first, the soil medium is taken alone under the earthquake load. This model 

is 29 meters long, 1 meter wide and 6 meters high. Its properties are given in Table (2). 
 

           Table(2). Material Properties for Soil Model. 

The above presented values are obtained from geophysical tests (cross borehole method) 

conducted by the National Center for Construction Laboratories and Research.  

A selected node was taken to show the response of the soil model under earthquake load. 
 

B. Concrete model alone: The selected earthquake is applied then onto the concrete model alone. The 

concrete model is 5 meters long, 0.25 meters wide and 0.3 meters high. Its properties are as follows:  

 

Table(3). Material properties of concrete model. 

Unit weight (�c) 24.00 kN/m3 

Elasticity modulus (E) 23500000 kN/m2 

Poisons ratio (�) 0.3 

Damping ratio (�) 0.05 

 

Again, a selected node was taken into consideration to show the response of the concrete model under 

earthquake load.  

  

C. Combined concrete resting on soil medium: Finally, the earthquake load is applied to the base of 

the model (structure and soil) with properties as follows: 

 

Table(4) Combined problem material properties.  
 Structure Soil 

Unit weight (�s) kN/m
3
 24.00  19.80  

Elasticity modulus (E) kN/m
2
 23500000  150000  

Poisons ratio (�) 0.3 0.397 

Damping ratio (�) 0.05 0.05 

 

Node (754) (as shown in Figure 2) is taken as a representative point to study the response of the whole 

model under the dynamic load. 

 

 

 

 

 

 

 

Unit weight (�s) 19.80 kN/m
3
 

Elasticity modulus (E) 150000 kN/m
2
 

Poisons ratio (�) 0.397 

Damping ratio (�) 0.05 
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Figure 2 Front view of soil-structure interaction. 
 

Dynamic Stiffness Matrix Analyses Program (DSMA) 
The results obtained from DSMA are shown below. The input data for this program are taken 

from the geophysical tests (cross borehole method) conducted by the National Centre for Construction 

Laboratories and Research.  

Displacements At node (754) Using (DSMA) 
1. The given values (obtained from The National Centre for Construction Laboratories and Research) 

are listed in Table (5) below.  
 

Table(5) Geophysical Test Results (4.8 m) depth
*

. 

�s �p Depth 

(m) 

	 

(Hz) 

� E 

(kN/m
2
) 

G 

(kN/m
2
) 

� 

(kN/m3) 

Ap Bp Vs 

(m/sec.) 

0.05 0.05 4.8 10 0.373 2.2*10
8 

1.8*10
8 

1.98 0.13 0.13 378 

* Every parameter in this table is described in the list of symbols.    

 Node 34 

Node 16 

Node   754 
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Figure 3 Side view of soil-structure model.  
 

2. Calculation obtained by the program: 

Assume �s=20
° 

�p=11.31     lx=0.981     mx=0.9397     my=0.342     Cx=355.2     Cy =129.28     S=0.1978     t = 0.3639 

K=4.508*10
-4

 – 2.248*10
-5

 i      G
*
=2.7*10

8
 + 2.7*10

7
 i      Asv = Bsv = -0.1716 


 = - 1.378*10
3
 + 2.7066*10

5
 i      � = 1.7*10

3
 – 3.42*10

4
 i 

3. Displacements for this node: 

Horizontal displacement=-0.13m          Vertical displacement =0.58m 

It can be observed from displacements obtained that the maximum displacements have values 

of (13) cm horizontal and (58) cm vertical. 

 The calculated displacements are out of the range of allowable displacements according to the 

Iraqi code (Building Research Center, 1997) which is h/600; in which h = is the height of the building. 

Furthermore, the height of the model is 0.3 meters; therefore, 0.3/600 = 0.0005m. Hence, the 

displacements are out of the allowable displacement range. 
 

Msc/Nastran Algorithm Solution 
A-Soil Model Alone 

A 6-meter-high by 29 meter in length and 1 meter in thickness soil medium is modeled using 8-

noded three-dimensional finite elements as shown in Figures 4 and 5. Nodes at the top and the bottom 

of the model are selected (node 16 and node 766 as shown in Figure 4) to find the response and 

magnitude of displacements under an El Centro earthquake load. The nodes along the boundaries of the 

mesh are restrained against horizontal and vertical movements. The properties of the soil are given in 

Table (6) below. 
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Figure 4 Front view of soil model. 

 
Figure 5 Side view of soil model. 

 

 

 

 

Node 16 

Node 766 
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Table(6. Soil properties. 
Unit weight (�s) 19.80 (kN/m3) 

Elasticity modulus (E) 150000 (kN/m2) 

Poisson’s ratio (�) 0.397 

Damping ratio (�) 0.05 

 

Figures (6) and (7) show the displacements at selected nodes. 
 

            Maximum Displacement = 0.3 m                              Maximum Displacement = 0.53 m 

 
Fig( 6). The displacement response at the top of the soil model (node 16) in Figure 2. 
 

      Maximum Displacement = 0.13 m                          Maximum Displacement = 0.57 m 

 

Fig( 7). The displacement response at the base of the soil model (node 766) in Figure 2. 
 

It can be observed from the displacements figures that the maximum displacements have values 

of (0.36) m horizontal and (0.57) m vertical. 

Also, displacements decrease with time due to damping. 

 
B-The Concrete Model Alone 

An 0.3 meter high, 5 meters long and 0.25 meter wide concrete wall is modeled by the three 

dimensional finite element mesh of the serendipity type as shown in Figures 8a and b. 

In this model, 8-noded elements are used to represent the wall in the finite element mesh. The 

nodes along the right and left boundaries of the mesh are restrained against vertical and horizontal 

movements. 

The choice of points are made at the top and the base of the wall (node 21 and node 3 as shown 

in Figure 8) to show the response of these nodes when an El Centro earthquake excitation is applied to 

that wall of an intensity of 4.5 on the Richter scale..  
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Fig (8). The concrete model alone. 

 

The properties of the concrete wall are given in Table (7). 

 

Table(7) Concrete wall properties 
Unit weight (�c) 24.00 (kN/m

3
) 

Elasticity modulus (E) 23500000 (kN/m
2
) 

Poisson’s ratio (�) 0.3 

Damping ratio (�) 0.05 

 

Figs (9). and (10) show the results of displacements at selected nodes in the wall. 

 

           Maximum Displacement = 0.28 m                                        Maximum Displacement = 0.58 m 

 

 in Fig 6a. 

 

 

Fig(9). The displacement response at the top of the concrete wall (node 21) 

Node 3 

Node 21 
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Maximum Displacement = 0.5 m                                    Maximum Displacement = 0.66 m 
 

Fig( 10). The displacement response at the base of the concrete wall (node 3) in Figure 6a. 
 

It can be observed from displacements figures that the maximum displacements have values of 

(0.50) m horizontal and (0.66) m vertical. 

Also, displacements decrease with time due to damping. 

 The calculated displacements are out of range of the allowable displacements according to the 

Iraqi code (Building Research Center, 1997) which is h/600; in which h = is the height of the building. 

Also, the height of the silo is 0.3 meters. Hence, 0.3/600 = 0.0005 meter which implies that the 

displacements are out of the allowable range. 
 

C-Soil-Structure (Concrete) Interaction Model 

In this model; the interaction between structure (concrete) and soil is studied according to what 

is shown in Figures (2) and (3). Again, the earthquake load adopted is the El-Centro earthquake 

excitation. This load is subjected to the model. The properties of the soil and the concrete wall are the 

same as depicted in Tables (6) and (7) and gathered in Table (8) below. 

In this model, 8-noded three dimensional elements are used to represent the problem in the 

finite element mesh (Figures (2) and (3)). The nodes along the right and left boundaries of the mesh are 

restrained against vertical and horizontal movements. 

 After that, the displacements at the interaction nodes are calculated such as node number 34 

shown in Figure (2). Figure (11) shows the displacements for this node against time.  
 

Table (8) Material properties 
Property Concrete  Soil  

Unit weight (�) (kN/m
3
) 24.00 19.80  

Elasticity modulus (E) (kN/m2) 23500000 150000  

Poisson’s ratio (�) 0.3 0.397 

Damping ratio (�) 0.05 0.05 

                 Maximum Displacement = 0.2 m                                Maximum Displacement = 0.53 m 

Fig(11). The displacement response at node (34) in Figure 2. 
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It can be observed from the displacements figures that the maximum displacements have values 

of (0.2) m horizontal and (0.53) m vertical. Also, displacements decrease with time due to damping. 

  The calculated displacements are out of range of the allowable displacements according to the 

Iraqi code (Building Research Center, 1997) which is h/600; in which h = is the height of the building. 

Also, the height of the model is 0.3 meters. Hence, 0.3/600 = 0.0005 meter. Therefore, the 

displacements are out of the allowable displacement range. 

From Figure (2), node 754 is chosen to find the displacements of it and to further check these 

displacements with those obtained from (DSMA) program. These displacements are presented in 

Figure (12).   

            Maximum Displacement = -0.13 m                              Maximum Displacement = 0.58 m 

 

Fig( 12). The displacement response at the base of the soil-structure model (node 754) in Figure 2. 
 

Comparison of Results and Verification  

Finally, Table (9) compares the results from the two algorithms presented for nodal point (754) 

as shown in Fig (2).  

Table(9) Comparison of results from the two algorithms for node (754) as shown in Figure 2. 

Table (10) below depicts that only a small deviation is encountered when using the two 

algorithms under consideration. This gives confidence on the results obtained by the dynamic stiffness 

matrix analysis (DSMA) method which relies on geophysical test results. 
 

Table(10). Comparison between DSMA and MSC/NASTRAN. 

Ratio (DSMA / (MSC/NASTRAN)) 
Node No. 

Horizontal displacement (%) Vertical displacement (%) 

754 98.4 99.3 
 

 After establishing confidence on the results obtained by program DSMA, the forthcoming 

section presents an analysis of a realistic problem (a concrete silo resting on a clayey soil) by using 

both methods.  
 

Problem Description: Case Study (Kirkuk Silo) 

In this study, the effect of earthquake load on a certain structure in Iraq (a silo in Kirkuk) is 

taken into consideration. Kirkuk silo lies in Al-Ta'meem governorate to the north of the middle of Iraq. 

Kirkuk silo is a concrete structure for storing grain materials. Its dimensions are (62.8) meters long, 

(17.6) meters wide and (45) meters high (Figures 13 and 14). The soil under the silo is a clayey one. 

Program  Node No. Horizontal displacement (m) Vertical displacement (m) 

DSMA 754 -0.128 0.576 

NASTRAN 754 -0.13 0.58 
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Figure (15) shows the contact zone between the concrete silo and the soil medium. The properties of 

concrete and soil are shown in Table (11). The properties of soil are defined from geophysical tests 

conducted by The National Center for Construction Laboratories and Research. The geophysical 

method employed for these tests is the cross borehole one. The applied earthquake is the El-Centro 

earthquake with an intensity of (0.15g). This earthquake is applied to the base of the model. After the 

material properties were obtained, the analyses were done by the two algorithms:- 

1. Dynamic-stiffness matrix analyses (DSMA).  

2. MSC/NASTRAN program analysis. 

Finally, the discussion of the results obtained from these two algorithms is presented. 
 

Table(11) Properties of concrete and soil. 

 

.  

The model shown in Figures (13) and (14), where three-dimensional eight node elements are 

used, is subjected to this earthquake load. 
 

(DSMA) Program: 
 

1- Displacements at depth (8.33 m) from ground surface (node 637 in Figure 15): 

1. The given values from geophysical test results (obtained from the National Centre for Construction 

Laboratories and Research) are presented in Table (12). 
 

Table(12) Geophysical Tests Results (8.33 m) depth
* 

 

* Parameters in this table are all defined in the list of symbols.    

.Calculations adopted for the program: 

Assume �s=20
° 

�p=3.08     lx=0.998     mx=0.9397     my=0.342     Cx=331.711     Cy =120.733     S=0.1425     t = 0.3663 

K=3.65*10
-4

 – 1.822*10
-5

 i     G
*
=4*10

8
 + 4*10

7
 i     Asv = Bsv = 0.0076     
 = - 6.87*10

3
 + 1.388*10

5
 i 

� = - 4.39*10
3
 + 8.66*10

4
 i 

 

3. Displacements for this node: 

Horizontal displacement=-0.12m          Vertical displacement =0.56m 
 

-Displacements at depth (8.33 m) from ground surface (node 666 in Figure 15) 

1. The given values from geophysical test results (obtained from the National Centre for Construction 

Laboratories and Research) are the same as those presented in Table (12). 
 

. Calculations adopted for the program: 

Assume �s=20
° 

�p=9.46     lx=0.986     mx=0.9397     my=0.342      Cx=331.711     Cy =120.733      S=0.1691   t = 0.3639 

K=6.396*10
-4

 – 3.19*10
-5

 i     G
*
=1.3*10

8
 + 1.3*10

7
 i     Asv = Bsv = 0.0076 

Property Concrete Soil 

Unit weight (kN/m
3
) 24.00  19.80  

Elasticity modulus (kN/m
2
) 23500000  150000  

Poisson’s ratio 0.3 0.397 

Damping ratio 0.05 0.05 

�s �p Depth(m) 	 (Hz) � E 

(kN/m
2
) 

G(kN/

m
2
) 

� Ap Bp Vs 

(m/sec.) 

0.05 0.05 8.33 10 0.397 1.5*10
8 

1.3*10
8 

1.98 0.58 0.58 353 
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 = - 5.91*10
3
 + 1.186*10

5
 i     � = - 70.68 + 1.03*10

3
 i 

3. Displacements for this node: 

Horizontal displacement=0.173m     Vertical displacement =0.48m 
 

-Displacements at depth (8.33 m) from ground surface (node 642 in Figure 15) 

1. The given values from geophysical test results (obtained from the National Centre for Construction 

Laboratories and Research) are the same as those presented in Table (12). 
 

. Calculations adopted for the program: 

Assume �s=20
° 

�p=5.1     lx=0.996     mx=0.9397     my=0.342     Cx=331.711       Cy =120.733      S=0.0897                    

t = 0.3639      K=6.461*10
-4

 – 3.22*10
-5

 i          G
*
=1.3*10

8
 + 1.3*10

7
 i           Asv = Bsv = 0.0076 


 = - 6.038*10
3
 + 1.21*10

5
 i             � = - 50.95+ 1.048*10

3
 i 

 

Displacements for this node: 

Horizontal displacement=-0.208m                Vertical displacement =-0.3m 

 

 

 
 

Fig(13). Front view of silo. 

Node 1034 
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Fig( 14). Side view of silo. 
 

-Displacement at depth (33.32 m) from ground surface (node 1034 in Figure 13)  

1. The given values from geophysical test results (obtained from the National Centre for Construction 

Laboratories and Research) are presented in Table (13). 
 

Table�13 ��  Geophysical Tests Results (33.32 m) depth
*
. 

* Parameters appearing in this table are all defined in the list of symbols 
 

. Calculations adopted for the program: 

Assume �s=25
° 

�p=28.957 lx=0.874 mx=0.906 my=0.422 Cx=527.47 Cy =245.96 S=1.108         

t = 0.3663 K=1.96*10
-4

 – 9.77*10
-6

 i G
*
=5.8*10

8
 + 5.8*10

7
 i Asv = Bsv = 0.2476 


 = - 7.07*10
3
 + 1.435*10

5
 i  � = - 4.869*10

3
 + 4.438*10

4
 i 

 

Displacements for this node: 

Horizontal displacement=-0.127m  Vertical displacement =0.327m 
 

- Displacement at depth (8.33 m) from ground surface (node 781 in Figure 15) 

1. The given values from geophysical test results (obtained from the National Centre for Construction 

Laboratories and Research) are the same as those presented in Table (12). 
 

. Calculations adopted for the program: 

Assume �s=20
° 

�p=3.039 lx=0.998 mx=0.9397 my=0.342 Cx=331.711 Cy =120.733 S=0.1425                    

t = 0.3663 K=3.653*10
-4

 – 1.8219*10
-5

 i  G
*
=4*10

8
 + 4*10

7
 i     Asv = Bsv = 0.0076 


 = - 6.897*10
3
 + 1.373*10

5
 i  � = - 4.154*10

3
 + 8.4827*10

4
 i 

3. Displacements for this node: 

Horizontal displacement=-0.255m  Vertical displacement =0.575m  

�s �p Depth(m) 	 (Hz) � E (kN/m2) G(kN/m2) � 

(kN/m3) 

Ap Bp Vs 

(m/sec.) 

0.05 0.05 33.32 10 0.422 6.7*108 5.8*108 2.1 0.58 0.58 582 
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Program Msc/Nastran Version 4.4 
The same concrete silo in Kirkuk is discretized using three-dimensional finite elements. The 

model and its dimensions are shown in Figures (13) and (14) while Figure (15) shows the interaction 

zone of the model.  

The nodes at the top, bottom and interaction area are taken to find the displacements when the 

El-Centro earthquake excitation is subjected to the base of the model. The properties for concrete and 

soil are listed in Table (11). 

 
Fig(15). Soil-structure interaction zone. 

 

In this model, 8-noded three-dimensional finite elements are used. The nodes along the 

boundaries of the mesh are restrained against horizontal and vertical movements. 
 

          Maximum Displacement = 0.125 m                                 Maximum Displacement = 0.57 m 

 

Fig( 16). The displacement response at node 637 in Figure 15. 

It can be observed from the displacements figures (Figure 16) that the maximum displacements 

have values of (0.125) m horizontal and (0.57) m vertical. Furthermore, displacements decrease with 

time due to damping. 

  The calculated horizontal displacement is out of range of the allowable displacements according 

to the Iraqi code (Building Research Center, 1997) which is h/600; in which h = is the height of the 

building. The height of the silo is 45 meters.  Therefore, 45/600 = 0.075 meters. Hence, the 

displacement is out of the allowable range. 

It can be observed from the displacements figures (Figure 17) that the maximum displacements 
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                     Maximum Displacement = 0.26 m                          Maximum Displacement = 0.58 m 

 

Fig( 17). The Displacement Response at node 781 in Figure 15. 
have values of (0.26) m horizontal and (0.58) m vertical. Furthermore, displacements decrease with 

time due to damping. 

  Again, the displacement is out of the allowable range specified by the Iraqi code. 

Maximum Displacement = 0.125 m                                             Maximum Displacement = 0.33 m 

Fig( 18). The Displacement Response at node 1034 in Figure 13. 

It can be observed from the displacements figures (Figure 18) that the maximum displacements 

have values of (0.125) m horizontal and (0.33) m vertical. Furthermore, displacements decrease with 

time due to damping. 

Again, the displacement is out of the allowable range specified by the Iraqi code. 
 

Maximum Displacement = 0.175 m                                           Maximum Displacement = 0.48 m 

 

Fig(9). The Displacement Response at node 666 in Figure 15. 
 

It can be observed from the displacements figures (Fig.19) that the maximum displacements 

have values of (0.175) m horizontal and (0.48) m vertical. Furthermore, displacements decrease with 

time due to damping. 

Again, the displacement is out of the allowable range specified by the Iraqi code. 

It can be observed from the displacements figures (Figure 20) that the maximum displacements 

have values of (0.21) m horizontal and (0.306) m vertical. Furthermore, displacements decrease with 

time due to damping. 

 Again, the displacement is out of the allowable range specified by the Iraqi code. 
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Maximum Displacement = 0.21 m                               Maximum Displacement = 0.306 m 

 

                                      Fig( 20). The Displacement Response at node 642 in Figure 15. 
 

Comparison of Results 
 Tables (14) and (15) below show the comparison of the results of the displacements obtained by 

the two methods. As can be seen, very close results are obtained. 
 

CONCLUSIONS 
The dynamic stiffness method of analysis depends on results obtained from field geophysical tests. 

A computer program coded in FORTRAN language, namely DSMA, was developed. To assure the 

reliability of the results obtained from this program, the MSC/NASTRAN Version 4.4 algorithm was 

adopted from literature for comparison purposes. A verification problem was analyzed first by the two 

methods. Later on, a realistic structure was considered for analysis purposes. The structure being a 

concrete silo in Kirkuk, Iraq subjected to an El-Centro earthquake excitation of magnitude of 4.5 on the 

Richter scale. From the analyses conducted, the following conclusions have been reached:- 

1/ By using the method of analysis which relies on geophysical testing (DSMA), it gives results very 

close to those obtained by the direct integration dynamic finite element method (MSC/NASTRAN). 

2/ The deviation in results between the two algorithms is small as shown in Table (15) below. 

3/ As presented in the results, the finite element method (MSC/NASTRAN) is more flexible in showing 

the response of each node in the model under dynamic loads when calculating the vertical and 

horizontal displacements at that node. On the other hand, (DSMA) gives the displacements only at the 

surface of contact between the two adjacent layers. However, geophysical tests are much simpler to 

conduct in the field than conventional testing procedures and results of maximum displacements can be 

obtained with confidence rapidly. 

4/ At any rate, both algorithms show that the structure will render unstable when using both methods of 

analysis. The load applied is of an expected magnitude in the region. Therefore, it is necessary to study 

means of converting the structure into a safe one by a separate study. This study also shows the 

importance of abiding by codes and their provisions, the Iraqi code in this case, when designing 

structures.   
 

Table(14). Comparison between the two algorithms for horizontal and vertical displacements 
D.S.M.A MSC/NASTRAN 

Node No. Horizontal 

displacement (m)  

Vertical 

displacement (m) 

Horizontal 

displacement (m) 

Vertical 

displacement (m) 

637 -0.12 0.56 -0.125 0.57 

781 0.225 0.575 0.26 0.58 

1034 -0.127 0.327 -0.125 0.33 

666 0.173 0.48 0.175 0.48 

642 -0.208 -0.3 -0.21 -0.306 
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Table(15). Comparison of Results between DSMA and MSC/NASTRAN Algorithms  
Ratio of (DSMA / (MSC/NASTRAN)) Results  

Node No. 
Horizontal displacement (%) Vertical displacement (%) 

637 96 98.2 

781 99.5 99.1 

1034 98.4 99 

666 98.8 100 

642 99 98 

Average  98.34 98.86 

The adoption of damping in finite element analyses decays away the results of displacements with 

time. 

The easiness through which geophysical field tests are conducted, the simplicity of carrying out the 

required calculations and the reliability of the results makes the dynamic stiffness matrix analysis 

method (DSMA) highly recommended. It can give an excellent directive about the response of 

structures resting on soils and subjected to dynamic loads.    
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List of Symbols 
AP                 Amplitude of a wave whose displacement vector cosincides with the direction of propagation 

ASH                Amplitude of the horizontal component of the displacement vector of the S-wave 

ASV               Amplitude of the vertical component of the displacement vector of the S-wave 

b                   Constant of integration                  

[B]                Damping matrix 

[C]                Damping matrix 

Cx                     Component of Phase velocity in x-direction 

Cy                Component of Phase velocity in y-direction 

d                  Depth of the selected layer  

E                   Modulus of elasticity  

E                   The amount of earthquake energy released  
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G                  Shear modulus 

G0                 Initial slope at the origin of the shearing stress-strain curve  

[k]                 Static stiffness matrix 

K                  Wave number 

Lx                              The scalar which may be considered as the direction cosines of a straight line in x-direction 

[M]                Mass matrix 

mx                             The direction of propagation in x-direction 

my                            The direction of propagation in y-direction 

P                   Primary wave 

[S]                Dynamic-stiffness matrix 

s                   Distance between geophones  

t                    Time 

u                   Amplitude of horizontal displacement 

vc                  Compression wave velocity   

vs                  Shear wave velocity  

X                  Displacement 

w                  Amplitude of vertical displacement 

x�                   Velocity 

x��                   Acceleration 

�                   Shearing stress-strain 

�                   Damping ratio 

�p                 Angle of inclination in primary wave 

�s                 Angle of inclination in share wave  

�                   Poisson's ratio 

�                   Mass density 


z                          Stress amplitude 

�xz                 Shear stress amplitude 

	                  Angular velocity 
 


