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Abstract: 
 

Horan Dam H-2 is earth dam located 18 km NE of Al- Rutba city one each of Anbar government. 

Horan wadi is located in stable zone of Iraq. No major folded and faulted structures exists in this area. 

The aim of this research involve the analysis of the construction behaviour for the dam body because of 

its important in saving the rainfall which used in agriculture and resist the desert increment in west of 

Iraq . The soil parameters which used in Geo-Slope program obtain from geological study and soil 

investigation report by (NCCL). The finite element method applied in this study with elastic-plastic soil 

model. The results analysis show that the dam body is stable and the choose of soil shear strength 

parameters have great effect on dam stability. The purpose of this analysis to reduce the risk of use this 

earth structures when engineering construction build on it.   

باستخذاو  DAM H-2تحهيم انتصرف الانشائي نسذ حوراٌ في انصحراء انغربيت 

 صر انًحذدةطريقت انعنا
 

 احًذ حازو عبذ انكريى 
 

 كهيت انهنذست -جايعت الانبار

 

 سذ حوراٌ, يعايلاث انتربت, برنايج الانحذار الارضي. انكهًاث انًفتاحيت:

 
 7/6/2010تاريخ انقبول:                                                           11/11/2001تاريخ الاستلاو:

 

 

 انًستخهص:
 

كٛهٕ يٍ شًال ششق يذُٚت انشطبت ْٔٙ احذٖ يذٌ يحافظت الاَباس ْٕٔ  81ْٕ سذ حشابٙ ٚمع عهٗ بعذ DAM H-2 حٕساٌ سذ 

خمشة يٍ انُاحٛت انجٕٛنٕجٛت ٔانخانٛت يٍ انخصذعاث ٔانفٕانك انشئٛسٛت. ٚٓذف ْزا انبحث انٗ ححهٛم ضًٍ يُطمت يٍ يُاطك انعشاق انًس

انخصشف الاَشائٙ نجسى انسذ ٔرنك نًا نٓزا انًُشأ انُٓذسٙ يٍ اًْٛت فٙ خزٌ يٛاِ الايطاس نغشض اسخخذايٓا فٙ انزساعت ٔانخًُٛت 

طمت غشب انعشاق. حى انحصٕل عهٗ يعايلاث انخشبت انخٙ اسخخذيج فٙ بشَايج انًسخذايت نلاساضٙ انزساعٛت ٔيكافحت انخصحش نًُ

( يٍ حمشٚش انذساست انجٕٛنٕجٛت ٔححشٚاث انخشبت انز٘ اعذِ انًشكز انٕطُٙ نهفحٕصاث  Geo-Slope programحاسٕب ُْذسٙ) 

انهذٌ نهخشبت. ٔلذ بُٛج َخائج انخحهٛم اٌ  –م انًشٌ الاَشائٛت. حى اسخخذاو طشٚمت انعُاصش انًحذدة فٙ ْزا انبحث يٍ خلال اسخخذاو انًٕدٚ

جٛذاً ٔاٌ اخخٛاس يعايلاث يمأيت انخشبت نّ حأثٛش كبٛش عهٗ اسخمشاسٚت انسذ. اٌ اجشاء ْزا انخحهٛم ْٕ نخمهٛم انًخاطش  جسى انسذ يسخمش

 انخٙ يٍ انًحخًم اٌ ٚخعشض نٓا انسذ عُذ اسخخذايّ. 
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INTRODUCTION 
With increasing height of earth and 

rockfill dams the control of deformation 

becomes more critical, particularly with 

respect to zonal interactions and the 

prevention of cracking. The extension of 

experience to such situations is enhanced by 

making full evaluation of similar existing 

structures wherever possible[1]. 

Horan Dam H-2 is located 18 km north 

east of Al-Rutba city and 8 km from the high 

way Baghdad Jordan [12]. 

Soil investigation and geological studies 

were carried out by (NCCL)[12]. From the 

geological condition, Horan Wadi is located 

in stable zone of Iraq. No major folded and 

faulted structures exists in the area. The 

structure is U/S side slope 1V:3H, D/S side 

slope 1V:2.5H and approximately 14m high 

with a central core and shell shoulders. The 

soil of foundation dam consists of sand mixed 

with gravel which will be removed during 

construction. The weight of one cubic meter 

of saturated soil is assumed 20 kN/m
3
 and the 

saturated soil of core material weight is 

assumed17.5 kN/m
3
. More details foundation 

conditions have been reported by NCCL [12]. 

   

 

FINITE ELEMENT EQUATIONS  
The finite element equation used in the 

SIGMA/W formulation for a given time 

increment is,[5,8,10,11] 

         
A

T

v

TT

v
FndANpdvNbadvBCB

 
                                                           ...…(1)   

where: 

[B] = strain-displacement matrix 

[C] = constitutive matrix 

{a} =column vector of nodal incremental x- 

and y-displacements 

 A = area along the boundary of an element 

v = volume of an element 

b = unit body force intensity 

<N> = row vector of interpolating functions 

p = incremental surface pressure 

{Fn} =concentrated nodal incremental loads 
 

 

 

Summation of this equation over all 

elements is implied. It should be noted the 

SIGMA/W is formulated for incremental 

analysis. For each time step, incremental 

displacements are calculated for the 

incremental applied load. These incremental 

values are then added to the values from the 

previous time step. Using this incremental 

approach, the unit body force is only applied 

when an element is included for the first time 

during an analysis. 

For a two-dimensional plane strain 

analysis, SIGMA/W considers all elements to 

be of unit thickness. For constant element 

thickness, t, Equation 1 can be written as: 

 

        
A A L

TTT
dLNptdANbtadABCBt

  
                                                            …...(2) 

In an abbreviated form, the finite element 

equation is, 

 

          FnFsFbFaK   ….……..(3) 

where: 

[K] = element characteristic(or stiffness) 

matrix=
   A

T
dABCBt

 

{a} = nodal incremental displacements 

{F} = applied nodal incremental force which 

is made up of the following: 

{Fb} = incremental body forces 

{Fs} = force due to surface boundary 

incremental pressures 

         = 
 L

T
dLNpt

, for two-dimensional 

analysis 

{Fn} = concentrated nodal incremental forces  

SIGMA/W solves this finite element 

equation for each time step to obtain 

incremental displacements and calculates the 

resultant incremental stresses and strains. 

 

STRAIN-DISPLACEMENT 

MATRIX 
 

SIGMA/W uses engineering shear strain 

in defining the strain vector, 
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The field variable of a stress/ deformation 

problem is displacement which is related to 

the strain vector through: 

 

   












 B

  ...………………………….(5) 

where: 

[B] = strain matrix, 

 u, v  = nodal displacement in x- and y-

directions, respectively. 

 

SIGMA/W is restricted to performing 

infinitesimal strain analyses. For a two-

dimensional plane strain problem, Z is zero 

and the strain matrix is defined as: 

 

 




























































y

N

x

N

y

N

x

N

y

N

y

N
x

N

x

N

B

8811

81

81

0000

00

00









……..(6) 

 

ElASTIC CONSTITUTIVE 

RELATIONSHIP 

Stresses are related to strains as follows, 

within the theory of elasticity, 

 

     C ……….…….………………(7) 

 

where [C] is the constitutive (element 

property) matrix and is given by: 

 

 

 

 

 

 

 

 
  































2

21
000

01

01

01

211










E
C

                                               ……………(8) 

 

where: 

 E = Young‟s modulus 

 v = Poisson's ratio 

 

BODY FORCES 
SIGMA/W can model body forces applied 

in both the vertical and the horizontal 

directions. These forces are applied to all 

elements when they first become active. The 

body force in the vertical direction, bv, is due 

to gravity acting on an element. For a given 

material, the unit body force intensity in the 

vertical direction is given by its unit weight,s, 

which is in turn related to its mass density, : 

gs                …….....(9) 

where g is the gravitational constant. 

When the unit weight, s is non-zero, 

SIGMA/W evaluates the integral 

 
v

T

s dvN by numerical integration and 

applies a vertically downward (negative) 

force at each node of the element. 

Similarly, when the unit body force 

intensity in the horizontal direction, bh, is 

nonzero, nodal forces in the horizontal 

direction are computed using. 

 

LOAD AND  DEFORMATION 

ANALYSIS 

1. Dam Simulation 
A load/deformation analysis can be used 

to establish the initial insitu stress if K0 is less 

than 1.0. The reason for this limitation is that 

when there is no lateral movement, K0 is 

related to Poisson‟s ratio by the equation:[5] 








1
oK                                  ...………(10) 
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Since ν is limited to 0.49 in SIGMA/W, 

K0 cannot be greater than 1.0. 

The advantage of this method is that the 

ground surface can have any shape. The 

limitation is that the method can only be used 

for a particular value of K0. 

 

2. Constitutive Models 
The elastic-plastic constitutive soil model 

is a very attractive model because it is so 

simple and easy to understand. The soil is 

deemed to behave in a linear-elastic fashion 

up to the point where it reaches its strength 

and after that the soil is deemed to be 

perfectly plastic as shown in Fig.(1) [11]. 

Describing this soil model requires only four 

common parameters. These are the elastic 

modulus E, the Poisson's ratio, , the friction 

angle () and the cohesion (C) [6]. These are 

parameters that used in the study shown in 

Table (1). 

 

 

 

Figure- 1: Elastic-Perfectly Plastic    Constitutive 

Relationship 

 

Table -1: The parameters that used in the elastic-

plastic soil model. 
 

Type of 

Soil 

Elastic 

Modulus 

E 

MN/m2 

Poisson's 

ratio, 

 

 

Friction 

Angle 

o 

 

Cohesion 

C KN/m2 

Shell 45 0.45 32 10 

Foundation 20 0.4 31 50 

Core 20 0.35 15 20 

 

3. Total and Effective Stresses 
Material properties can be specified in 

SIGMA/W. Using either effective stress 

parameters for analyses of drained soils, or 

total stress parameters for undrained soils. In 

materials specified using total stress 

parameters, undrained pore-water pressure 

changes can be computed from total stress 

changes using pore-pressure parameters A 

and B. 

The pore-pressure parameters A and B 

are defined using functions. B is defined as a 

function of the pore-water pressure and A is 

defined as a function of the deviatoric stress. 

The B function can be defined for both 

positive and negative pore-water pressures, 

which makes it possible to analyze both 

saturated and unsaturated soil conditions. 

Example functions of these parameters are 

shown in Figures 2 and 3 

 

 

 

 

 

 

 

 

 

 

 

 
Figure-2: Example of Pore Pressure B Function. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure (3): Examples of Pore Pressure A Function 
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4. Finite Element Implementation 

• Isoparametric quadrilateral finite elements. 

Isoparameteric quadrilateral finite 

elements are implemented and each may have 

various numbers of optional secondary nodes 

to provide higher order interpolation of nodal 

values within the element. 

 

• Infinite elements. 
Infinite elements can be used at the 

boundaries of the problem domain that are for 

practical purposes unbounded. An example of 

an unbounded problem is the analysis of 

stresses and displacements beneath Dam. 

Without infinite elements, many regular 

elements have to be used in the problem 

domain until the influence of the problem 

domain boundary becomes negligible. Using 

infinite elements allows the problem domain 

size to be decreased. 

 

FINITE ELEMENT STRESS 

METHOD 
SLOPE/W provides an alternative method 

of analysis using the stress state obtained 

from SIGMA/W. These are GEO SLOPE 

program for static and dynamic finite element 

stress  analyses respectively. The following 

sections outline the theoretical basis and the 

solution procedures used by the SLOPE/W 

Finite Element Stress method [143]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

1. Stability Factor 
The stability factor (S.F.) of a slope by the 

finite element stress method is defined as the 

ratio of the summation of the available 

resisting shear force along a slip surface 

 rS
to the summation of the mobilized 

shear force along a slip surface mS
. In 

equation form, the stability factor (S.F.) is 

expressed as: 





m

r

S

S
FS ..

            ……….(11) 
 

The available resisting force of each 

slice is calculated by multiplying the shear 

strength of the soil at the base center of the 

slice with the base length. Therefore, from the 

Mohr-Coulomb equation for a saturated soil. 

The available resisting force is: 
 

 )tan)((  wnr CSS
…….(12) 

 

where: 

 S = effective shear strength of the soil at the 

base center of a slice 

  = base length of a slice 

 n = normal stress at base center of a slice 
 

Similarly, the mobilized shear force of 

each slice is calculated by multiplying the 

mobilized shear stress (m) at the base center 

of the slice with the base length. 

 mmS 
………………………………(13) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table-2: Material properties of Earth Dam H-2.[12]  

Material  
USCS

*
 

System 
Description of Soil 

Unit 
Weight 
t kN/m

3
 

Strength 
Parameters 

C  
kN/m

3 
o 

Dry Shell GW Well graded gravel with sand 19 0 35 

Partially Sat. Shell GW Well graded gravel with sand 20 0 33 

Saturated Shell GW Well graded gravel with sand 21 0 32 

Saturated Foundation GW Well graded gravel with sand 22 50 31 

Core SM Poorly graded sand-silt mixture 20 20 15 
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A local stability factor of a slice can also 

be obtained when the available resisting shear 

force of a slice is compared to the mobilized 

shear force of a slice[7,4,10]. 



S

S

S
FSLocal

m

r ..

…………………..(14) 
 

2. Normal Stress and Mobilized 

Shear Stress 
To do stability analysis using the Finite 

Element Stress method, you need to start by 

performing a finite element stress analysis 

(SIGMA/W). The information required from 

the stress analysis is the stress state as 

describe by x, y, and xy at each Gauss 

point within each element. These stress values 

are used to compute the normal stress and the 

mobilized shear stress at the base center of 

each slice [8].  

 

MATERIAL PROPERTIES 
Soil investigation and geological studies 

carried out (NCCL) [9]. The material 

properties which used in Dam 2-H are shown 

in Table (2). 

 

FINITE ELEMENT COMPUTER 

PROGRAM USED 
A Geo-Slope program (SIGMA/W and 

SLOPE/W) was used in the finite element 

analysis carried out during this study. 

SIGMA/W program used to perform stress 

and deformation analysis of earth dam. The 

type of element considered in this work was 

the two dimensional quadrilateral element. 

The model which is considered in this work, 

is the elastic-plastic soil model.  

Simulation of construction sequence could 

be achieved using incremental solution  

technique[5]. 

SLOPE/W program used to compute the 

factor of safety of earth dam slope by finite 

element stress method. 

 

PROBLEM GEOMETRY  
The basic problem chosen for this study 

shown in Figure (4), involves the construction 

of earth dam (14m) height  and U/S side slope 

is 1V: 3H while D/S side slope is 1V: 2.5H. 

 The soil of foundation dam consists of 

sand mixed with gravel. [12]. 

The finite element mesh used in the 

analysis of the earth dam-H2 shown in Figure 

(4) consists of 254 nodes and 186 two 

dimensional quadrilateral elements.  

The mesh allows five lifts when consi-

dering the construction stage [14]. 

The nodal points along the bottom 

boundary of the mesh were assumed to be 

fixed both horizontally and vertically, while 

the nodes on the right and left ends of the 

mesh were fixed in the horizontal direction 

while they were free to move in the vertical 

direction. All interior nodes were free to 

move horizontally and vertically. 

 

RESULTS OF FINITE ELEMENT 

ANALYSIS 
The finite element method of analyzing 

earth dam is a very powerful tool in the 

assessment of the expected behavior of the 

dam with regards to its deformation and the 

stresses, generated within structure. 

The results of finite element analysis of 

earth dam are shown in Figures (5) to (9). The 

deformed shape of the earth dam is illustrated 

in Figure (5). The results in this Figure have 

no appreciable effect on the observed earth 

dam deformed shape. 

From Figure (6), it can be found that the 

maximum shear stresses concentrate near the 

core. Figure (7) presents the excepted vertical 

displacements of the earth dam, while the 

contours of Figure (8) show the horizontal 

displacement of the earth dam body.  

The stability of this case, is well assured 

since the minimum factor of safety is (5), 

Figure (9).  

The earth dam is found to assure high 

degree of stability since: 

 Minimum factor of safety=5 

 Maximum vertical displacement =3.4cm 

(at the D/S side slope of earth dam) 

 Maximum horizontal displacement= 

2.04mm (at the D/S side slope of dam) 

 Maximum shear stress= 8.6 kPa    

(at the center of core zone) 
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Figure (4): The finite element mesh used in the analysis of the earth dam-H2.  
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Figure (5): Deformed shape of the earth dam. 
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Figure (6): Contours of shear stress for earth dam. 
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Figure (7): Contours of vertical displacement for earth dam. 
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Figure (8): Contours of horizontal displacement for earth dam. 
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CONCLUSIONS: 
The following conclusions are derived 

from the results presented: 

1) The stability of earth dam H2 is  found 

high stability.   

2) The finite element stability analysis 

method provides detailed information 

and an independent approach for 

determining the overall safety factor 

of the earth dam base on either total 

and effective stress. 

3) The case study presented reduces  the 

risk of dam failure during use it. 
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