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Abstract: 
 2D (Plain strain) wall ‒ water ‒ foundation interaction problem is modeled via ANSYS 11.0 

to find the optimum shape of concrete flood walls considering the principle of fluid‒soil‒

structure interaction analyses. Concrete gravity and cantilever flood walls types are subjected to 

hydrodynamic and impact loads have been considered in this research. Hydrodynamic load are a 

function of a wave velocity and structural geometry. Low velocity hydrodynamic forces are 

defined as situations where floodwater velocities do not exceed 3 m/sec, while high velocity 

hydrodynamic forces involve floodwater velocities in excess of 3 m/sec. Impact loads are 

imposed on the structure by debris carried by the moving water. The optimization process is 

simulated by ANSYS /APDL language programming depending on the available optimization 

commands. The components of the optimization process are the objective function (OBJ) is to 

minimize the cross‒sectional area of the concrete flood walls, the state variables (SVs) are the 

factors of stability (sliding     and overturning    ) and safety (maximum stress of foundation 

     , exit gradient      , and uncracked section  ) of the flood wall, and the design variables 

(DVs) are the dimensions of the wall. The results showed that the optimum design method via 

ANSYS is a successful strategy prompts to optimum values of cross‒sectional area with both 

safety and stability factors as compared with ordinary design. For gravity flood wall the 

reduction percentage of safe section area is 17.64%; while for cantilver flood wall, the reduction 

percentage of both safe section area and reinforcement are 0.8% and 27.76%; respectively. In 

other hand, it has been taking various heights of gravity and cantilver flood walls as 0.90m, 

1.20m, and 1.50 m for gravity flood wall and 2.40m, 2.75m, and 3m for cantilever flood wall. 

The results showed that when the height of gravity flood wall is increased by 33.30% from (0.90 

to 1.20m), the optimum cross-sectional area increases in a percent of (52.6%). While,  in 

cantilever flood wall, the optimum cross‒sectional area is increased by 46.89% when the value 

of the height are increased by (25%) from 2.40 to 3m. Moreover, from studying several common 

sections of gravity flood walls which have been designated in this research as sections (1 to 4), it 

is found that section 2 is the most safe compared with other sections.  

Keywords: Concrete Flood Wall, Optimal Design, ANSYS Parametric Design Language 

(APDL), Soil-Structure-Interaction, Hydrodynamic Load. 
 

 صالمسحخل
الاسبط لإٚدبد انشكم الافضم ندذساٌ انفٛضبَبث ‒ انًبء‒ نؼًم يٕدٚم حذاخم اندذاس 11.0حى اسخخذاو بشَبيح اَسض

انًُشأ. حى فٙ ْزا انبحث اخخٛبس إَاع خذساٌ انفٛضبَبث ‒انخشبت‒انكَٕكشٚخٛت ٔببلاػخًبد ػهٗ يبذأ ححهٛم حذاخم انًبئغ

انثمبنٛت ٔانُبحئت ححج حأثٛش الاحًبل انٓٛذسٔدُٚبيٛكٛت ٔانصذيبث. حؼخًذ الاحًبل انٓٛذسٔدُٚبيٛكٛت ػهٗ سشػت يٕخت  انكَٕكشٚخٛت

انًبء ٔشكم انًُشأ. اٌ لٕٖ انٓٛذسٔدُٚبيٛكٛت انٕاطئت انسشػت ْٙ حهك انُبحدت يٍ انحبلاث انخٙ حكٌٕ فٛٓب سشع يبء انفٛضبَبث 

ٕٖ انٓٛذسٔدُٚبيٛكٛت انؼبنٛت انسشػت ْٙ حهك انُبحدت يٍ انحبلاث انخٙ حخدبٔص سشع يبء يخش/ثبَٛت، بًُٛب انم3لا حخدبٔص

يخش/ثبَٛت. اٌ احًبل انصذيبث ػهٗ انًُشأ ْٙ حهك انخٙ حُخح ػٍ انحطبو انًُمٕل بٕاسطت يٛبِ انفٛضبَبث. حى 3انفٛضبَبث ػٍ 
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ػهٗ أايش الايثهٛت انًخٕفشة فّٛ. حخًثم يكَٕبث الايثهٛت بذانت فٙ انبحث ًَزخت يسبنت الايثهٛت ببسخخذاو نغت الاَسض ٔببلاػخًبد 

انٓذف ٔانخٙ حٓذف انٗ اٚدبد اصغش يسبحت يمطغ ندذساٌ انفٛضبَبث انكَٕكشٚخٛت ، يخغٛشاث انحبنت ٔانخٙ حًثم ششٔط 

داث انؼظًٗ نلأسبط ٔيمٛذاث انخصًٛى ْٔٙ يؼبيلاث الاسخمشاسٚت ) ضذ الاَضلاق ٔالاَملاة ( ٔيؼبيلاث الايبٌ ) الاخٓب

ٔحذسج خشٔج انًبء ٔانًمطغ انًخشمك( نهدذساٌ انفٛضبَبث ، ٔببنًخغٛشاث انخصًًٛٛت ْٔٙ نخٙ حًثم ابؼبد اندذاس. بُٛج انُخبئح 

ببٌ انخصًٛى الايثم بٕاسطت بشَبيح اَسض ْٙ طشٚمت فؼبنت فٙ اػطبء يسبحت انًمطغ الايثم نهدذساٌ يغ ححمٛك يؼبيلاث 

شاسٚت ببنًمبسَت يغ انخصًٛى الاػخٛبد٘. ببنُسبت انٗ خذاس انفٛضبَبث انثمبنٛت فبٌ َسبت انُمصبٌ نًسبحت انًمطغ الايبٌ ٔ الاسخم

% ، بًُٛب ندذاس انفٛضبَبث انُبحئ فبٌ يمذاس انُمصبٌ فٙ كلا يٍ يسبحت انًمطغ الايٍٛ ٔانخسهٛح بًمذاس 17.64الايٍٛ بًمذاس 

 0.90ٛت اخشٖ حى اخز اسحفبػبث يخخهفت نهدذساٌ انفٛضبَبث انثمبنٛت ٔانُبحئت نخشًم ػهٗ انخٕانٙ. يٍ َبح%  %27.76 ٔ  0.8

يخش نهدذاس انفٛضبَبث انُبحئت. بُٛج انُخبئح ببَّ 3يخش 5ٔ..2يخش،  2.40يخش ندذاس انفٛضبَبث انثمبنٛت ٔ 1.50يخش ٔ 1.20يخش، 

يخش( فبٌ يسبحت انًمطغ الايثم  1.20‒0..0٘ يٍ اسحفبع )% ا 33.30ػُذيب ٚخى صٚبدة اسحفبع خذاس انفٛضبَبث انثمبنٙ بُسبت

%.ػُذيب  46.89%. بًُٛب نهدذاس انفٛضبَبث انُبحئ فبٌ يسبحت انًمطغ الايثم نهدذاس حضداد بُسبت  52.6نهدذاس حضداد بُسبت 

طغ شبئؼت ندذاساٌ يخش(. ٔاكثش يٍ رنك ٔيٍ خلال دساست ػذة يمب3‒2.40% ا٘ يٍ اسحفبع ) 25ٚخى صٚبدة الاسحفبع بُسبت

ْٕ الاكثش ايبَب ببنًمبسَت يغ بمٛت  2( ، حى انخٕصم ببٌ انًمطغ 4‒ 1انفٛضبَبث انثمبنٛت ٔانخٙ أشٛش نٓب فٙ ْزا انبحث ببنًمبطغ )

  .انًمبطغ
 

I. INTRODUCTION 
       Flood walls are one of the main hydraulic structures which acting as buffers against flooding, 

also to protect the buildings from unequalled hydrostatic and  hydrodynamic loading cases, and in 

some times, perhaps it repelled the debris and ice away from building. These structures are built by 

manmade materials being as concrete or masonry. The choice of the flood wall design depends 

fundamentally on the basis of the sort of expected flood wave at the construction site. The 

hydrodynamic and hydrostatic forces and impact loads can be produced from high water levels and 

velocities, and that must be representing in the floodwall design. To construct a flood wall must be 

concerned with three requirements which are overall stability of the wall identified with the external 

load, adequate strength as identified with the computed internal stresses, and ability to provide 

effective  Attachments to meet the flood waters [1]. 

      The most common types of flood walls are cantilever T-type and cantilever I-type walls. While, 

the less Commonly Used Types are buttress, counterfort, gravity, cellular, and cellular sheet pile 

[2]. Most flood walls are of the inverted T-type, the cross bar of the T serves as a base and the stem 

serves as the water barrier. 

       To manage the cost of the concrete flood walls under design constraints, the designer needs to 

change the dimensions of the wall a few  times, making design process rather repetitive and dull. 

Since it is greatly hard to get a design fulfilling all the safety requirements, it is valuable to give the 

issue a role as  an optimization problem. But, It is worth mentioning that the researches in the 

optimization design of flood wall are so little. 

      There are several manuals give specifications and limitation of flood walls. However, there are 

little research addressing this structure, so the idea of finding optimal shape under the influence of 

different loads has been considered as a subject of this research. Suraparb K. & Boonchai U. [3], 

Duncan J. M. & Brandon T. L. [4], Sudarshan A. & Chung R.   [5], Jian Hu., et al. [6], Amnarj Y. 

[7], and Huang W. C., Yu H. W., & Weng M. C. [8]. 

      In this research, the optimum design of concrete gravity and cantilver flood walls including 

fluid-soil-structure-interaction subjected to hydrodynamic and impact loads will be investigated.  

      In order to achieve the aim above, the research is organized as follows: Section II describes the 

numerical modelling of problem by finite element ANSYS programing which include  simulate 

wall-water-foundation problem and all caverning equations related with fluid-soil-structure 

interactions. The formulation optimization problem is distributed in tow sections, namely Sections 

III and VI to describe the formulation of optimization problem by ANSYS and applied of different 

loads. The numerical applications and discussions are presented in Section V. Finally, Section IV 

presents conclusions. 
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II.NUMERICAL MODELLING OF PROBLEM BY FINITE ELEMENT SOFTWARE ANSYS 
      The wall‒water‒foundation interaction based on principle of fluid‒structure and soil‒structure 

interaction [9]. The procedure for the dynamic analysis of wall‒water‒foundation interaction based 

on the coupling equation of fluid‒structure‒soil interaction. 
 

a- fluid-Structure interaction 
      The coupled fluid‒structure interaction could be written as[10]: 
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Also, it could be denoted easily as [11]: 
 

       ̈     ̇           ( ̈   ̈ )     ..……………… (2) 
 

Where  ,   , and    are the fluid mass, damping and stiffness matrices, respectively,    ,  ̈   

and  ̈   are the nodal pressure, relative nodal acceleration and nodal ground acceleration vectors, 

respectively. The term      is also often referred to as coupling matrix. 

      In ANSYS (APDL language programming), a four-node FLUID 29 element shown in Fig. 1, is 

used to discretise the coupled fluid‒structure interaction represented by Eq.(1). 
 

 
 

Fig. 1 FLUID29 Element Geometry [12] 

 

b- Soil-Structure interaction 
      The discretized structural dynamic equation including the structure and soil subject to ground 

motion can be formulated utilizing the finite‒element approach as [13]: 
  

  ̈( )    ̇( )    ( )      ̈( )     ……………………..(3) 
 

Where:  ,  ̇ and  ̈ are represent the vector of system relative displacements,  vector of velocity 

and vector acceleration with respect to base, respectively;   ,   and   are represent the matrix of 

system mass, matrix of damping and matrix of stiffness, respectively; term   ̈ represent the 

horizontal component of ground acceleration, and     represents the nodal force vector associated 

with the hydrodynamic pressure produced by the flood water.  

      A four‒nodes PLANE 42 element (structural 2D solids) plain strain, shown in Fig. 2 which 

available in ANSYS is used for both wall body and the soil of foundation modeling. 
 

 
 

Fig. 2 PLANE42 Element Geometry [12] 
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c- The Coupled Fluid-Structure-soil Equation 
      The total finite‒element discretized equations for wall-water-foundation interaction issue could 

be composed from both Eqs. (2 and 3) in an assembled form as: 
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, -      [  ]
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     ̈

      ̈

) …………….(4) 

 

Where        and            

      Eq.(4) expresses a second order linear differential equation having unsymmetrical matrices and 

might be settled by method for direct integration techniques. In general, the dynamic equilibrium 

equation of systems modeled in finite elements can be expressed as [13]: 
 

   ̈     ̇        ( ) ……………….. (5) 
 

Where   ,        and  ( )  are the structural mass, damping, stiffness matrices and dynamic load 

vector, respectively. 
 

III. FORMULATION OF THE OPTIMIZATION PROBLEM BY ANSYS 
      In this section the optimization problem to be solved is explained. The design variables DVs, 

the parameters, the state variables SVs (constraints), the objective function OBJ and the optimum 

design process are presented. 
 

a- Design variables 
DVs represent  independent quantities that are varied in order to achieve the optimum design. 

Upper and lower limits are determined to serve as "constraints" on the design variables. These 

limits define the range of variation for DVs [12]. Also these design variables could be indicated by: 

  ,             -………………………………..(6) 

And the constraints be represented as follow: 

              (i=1,2,3,…,n) ………………………. (7) 

Where: 

n is the design variables number; 

   is the constraint lower limit; 

    is the constraint upper limit. 
  

b- State variables (constraints) 
The stability of the floodwall include different modes of failure as [14], overtopping, structural, 

overturning, sliding, and seepage failure. 

The factors of safety that should be realized for stability and safety of optimization process could 

be given as [1]: 

1. Against overturning,     
∑   

∑   
   ≥ 1.5    ……………….…………….(8) 

     Where:   = resisting moments;   = overturning moments 

2. Against sliding,     
∑   

∑   
   ≥ 1.5      …………………...……………..(9) 

    Where:   = forces resisting sliding;   = sliding forces (cumulative lateral hydrostatic, normal 

impact, and hydrodynamic forces) 

3. The tension crack should be avoided. The resultant force must passes through middle third of the 

dam width i.e.   
 

 
      

4. The maximum bearing capacity (    ) should not exceed the allowable soil bearing capacity 

(    ). 

5. Exit gradient (seepage),      
  

  
 

       

   
    …….……………..(10) 
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    Where G is the specific gravity of soil, and e is the void ratio. 

6. The moment capacity of any reinforced concrete wall section (stem, toe, or heel) should be 

greater than the design moment of the structure. 
 

c- Objective function 
An objective function OBJ is a mathematical expression that should be maximized or 

minimized in certain conditions and chosen as the volume, cost, weight, etc.in structural 

engineering. The aim of this optimization problem is to minimize the cross-section of the wall so 

area of the wall is considered as OBJ. 

                 (              )   ……………….(11) 
 

d- Optimization method 
The ANSYS optimization procedure offers a few methods and tools that in different ways 

attempt to address the mathematical problems. In this research, the first order optimization method 

is applied to minimized the objective function. 

In this method, it will be shown that the constrained problem will transform into an 

unconstrained one that is eventually minimized [12]. The OBJ is written as: 

Minimize                 f = f(X)………………………(12) 

Where : f(X) is the function of variables design. 
 

IV. LOADS OF OPTIMIZATION PROBLEM 
In the design of concrete gravity flood wall, it is essential to determine the loads required in the 

stability and stress analyses. There are two sorts of forces acting on the wall and its footing: lateral 

and vertical. These forces were are illustrated in Fig. 3. 

 
 

 
 

Fig. 3 Forces acting on flood wall [1] 
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1. Lateral forces: These forces which include hydrostatic, saturated soil, hydrodynamic, debris 

impact, and the saturated soil force on the toe side of the wall. 
  

 The lateral force due to hydrostatic pressure from standing water above the surface of the ground 

is illustrated as: 
 

     
 

 
     ………………………………(13) 

 

where: 

    = hydrostatic force from standing water (kN/m); 

H = flood proofing design depth (m). 
 

 The differential between the water and soil pressures,      due to combined saturated soil and 

water forces is illustrated as: 
 

     
 

 
(    )     ………………………(14) 

 

where: 

     differential soil/water force (kN/m); S = equivalent fluid weight of submerged soil and water 

(kN/m
3
); and D = depth of saturated soil from adjacent grade to the top of the footer (m). 

 

 Hydrodynamic forces due to velocity of flood water, in cases where velocities do not exceed 3 

m/sec, the hydrodynamic effects of moving water can be converted to an equivalent hydrostatic 

force, which is given as: 
 

                     ……………………….(15) 
 

             
    

  
       ……………………….(16) 

 

where: 

    equivalent hydrostatic force due to low velocity flood flows (kN/m);     equivalent head 

due to low velocity flood flows (m);    drag coefficient;    velocity of floodwater (m/sec); and 

g = acceleration of gravity (m/sec
2
). 

For special structures and conditions, and for velocities greater than 3 m/sec, the basic equation for 

hydrodynamic pressure is written as: 
 

                          ……………….……..…..(17) 

                      
  

 
 ………..……………….(18) 

where: 

   total force against the structure (kN);    hydrodynamic pressure (kN/m
2
);    submerged 

area of the upstream face of the structure (m
2
); and   mass density of fluid (slugs/m

3
).  

 

 Impact loads due to debris carried by the moving water is illustrated as: 
 

              ……………………….(19) 
 

where: 

   impact force acting at the DFE (kN); W = weight of debris (kN);   = depth coefficient;   = 

blockage coefficient; and      = building structure coefficient. 
 

 The saturated soil force over the toe is calculated as: 

   
 

 
,  (     )    -  

  ……………(20) 

where: 

    force of passive saturated soil over the toe (kN/m);     the soil depth over the floodwall toe 

(m); and    passive soil pressure coefficient. 
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2. Vertical forces:  
The vertical forces are buoyancy and the different weights of the wall, footing, soil, and water 

acting upward and downward on the floodwall. 
  

 The buoyancy force,      , acting at the base of the footing is processed as follows: 
 

                          ……………………(21) 

              (   )      ……………………(22) 

    where: 

           vertical hydrostatic force resulting from the displacement of a given volume of     

floodwater(kN);       =maximum buoyancy force at heel(kN);       = minimum buoyancy force    

at toe (kN);      volume of floodwater displaced by submerged object (m
3
). 

 

 The gravity forces acting downward are: 
  

1. The  unit weight of floodwall (     ),is calculated as: 
 
 

                    ………………………(23) 
     

    where: 

           weight of the wall (kN/m);       area of the wall(m
2
/1m); and    unit weight of wall 

material(kN/m
3
). 

 

2. The weight of the soil over the toe (   ), is computed as follows: 
 

                …..……………………(24) 
     

    where: 

         weight of the soil over the toe (kN/lm);   = width of the footing toe (m). 
 

3. The weight of the soil over the heel (   ), is calculated as: 
 

             (     ) ………………………..(25) 
     

    where: 

         weight of the soil over the heel (kN/lm);  

        width of the footing heel (m); and   = depth of the soil above the heel (m). 
 

4. The weight of the water above the heel (   ), is calculated as: 
 

                …………………………….(26) 

     where: 

          weight of the water above the heel (kN/m). 
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V. NUMERICAL APPLICATION PROBLEMS 

1. Gravity flood wall 
     To validate the efficiency of ANSYS programing in real world optimization design problem, the 

first-order optimization method by ANSYS is applied on a flood wall of  Chiuliao First gravity-type 

which is located in Kaoshu village in Pingtung County [8], as shown in Fig.4. The configuration of 

this wall is shown in Fig.5 and all necessary parameters are presented in table 1. 
 

 
 

Fig.4 Locations of Chiuliao First gravity-type flood wall on Chokuo River[8]. 

 

Table 1 Design parameters and variables 
 

N0. Input Parameters 
 

Symbol Unit Value 

1 Height H m 3.5 

2 Unit weight of backfill soil γsb kN/m
3 

16.5 

3 Unit weight of in-site gravel layer γsf kN/m
3
 19.0 

4 Unit weight of concrete γc kN/m
3
 24 

5 Unit weight of water γw kN/m
3 

9.81 

6 Internal friction of back fill soil    degree 30 

7 Internal friction of gravel layer    degree 40 

8 Cohesion of soil C kN/m
2 

0 

9 Safety factor of sliding     - 1.5 

10 Safety factor of overturning     - 1.5 

11 Allowable soil bearing capacity qall. kN/m
2
 250 

12 Coefficient of friction Cf - 0.55 

       

The optimum design of gravity flood wall is picked up by getting the optimum values of five 

design variables (DVs) which are: length of heel slab   , top width stem   , front buttress length   , 

length of toe slab   , thickness of base foundation   , where Fig. 5 shows the DVs of flood wall. 
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Fig. 5 Cross section of the flood wall of Chiuliao First gravity-type [8] 

     

The optimum values of design variables for case along with the corresponding values of 

ordinary design [8] are reported in Table 2: 
 

Table 2 Comparison results between ordinary design and optimal design methods by ANSYS 
 

Design Variables 

 

Variables Value 

Ordinary Design [8] Optimal Design 

   (m) 0.30 0.435 

   (m) 1.0 1.047 

   (m) 1.50 0.649 

   (m) 0.30 0.962 

   (m) 0.50 0.508 

 ( ) (m
2
) 6.80 5.678 

    2.15< 1.5 2.35< 1.5 

    1.45< 1.5 1.98 < 1.5 

qmax (kN/m
2
) 133.63 < qall.=250/1.5 124.00< qall.=250/1.5 

        

 The results given in Table 2 show that there are differences in design variables values between 

ordinary design and optimal design. The optimal section is more stable than ordinary section and 

the optimum area F(X) is lesser by 17.64% than of ordinary design. 

      In other hand,  several cross-sections of gravity concrete flood walls have been selected in this 

research as shown in Fig. 6.the best section among them will be determined that achieve the 

requirements of safety and stability with minimum area. 
 

 
 

Fig. 6 Cross-sections of concrete gravity flood walls. 
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According to input parameters [1] which are height of the wall (H=1.8m), unit weight of soil 

(γs=16kN/m
3
), unit weight of water (γw =9.81kN/m

3
), Internal friction of back fill soil (φ1=30⁰), 

Cohesion less soil (C=0 kN/m
2
), Unit weight of concrete (γc =23.5 kN/m

3
), coefficient of friction 

(Cf =0.55), passive soil pressure coefficient (Kp =3.69), allowable soil bearing capacity (qall=95.76 

kN/m
2
), safety factors for sliding and overturning (             1.5), expected flood velocity 

(V=3m/sec), and soil depth of toe and heel (Dt and Dh=0.9m), the final results of the initial and 

optimal design for all cross-sections (sections 1 to 4) are given in Table 3. 

 

Table 3 Initial and optimal design results for all cross-sections of gravity flood wall 

Design 

Variables 

Section1 Section 2 Section 3 Section 4 

Initial 

section* 

Optima

l 

section 

Initial 

section 

Optima

l 

section 

Initial 

sectio

n 

Optima

l 

section 

Initial 

section 

Optima

l 

section 

   (m) 1.22 0.561 1.22 0.304 1.22 0.988 0.65 0.305 

   (m) 1.22 2.432 1.22 2.386 0.9 0.305 0.36 0.478 

   (m) - - 0.6 0.305 1.82 2.176 0.35 0.305 

   (m) - - - - - - 0.70 0.869 

   (m) - - - - - - 1.52 1.106 

   (m) - - - - - - 0.46 0.457 

F(x) (m
2
) 3.34 3.249 3.71 3.102 4.45 3.451 5.75 4.220 

    1.53 1.641 1.58 1.57 1.73 1.69 2.03 1.87 

    1.28>1.5 1.722 1.41 1.66 1.87 1.78 2.61 2.10 

qmax 

(kN/m
2
) 

66.78 37.92 77.16 43.30 43.10 40.89 76.39 69.44 

qmin (kN/m
2
) -19.50>0 3.72 -18.59>0 2.20 1.31 0.049 11.37 3.50 

e (m) 0.74<B/6

=0.4 

0.41 

>0.48 

0.66<0.41 0.40 

 0.43 

0.62 

>0.65 

0.57> 

0.58 

0.44> 

0.59 

0.46 

>0.47 

     1.54 1.88 1.54 1.69 2.50 2.19 2.26 1.93 

* Initial sections have proposed by researchers 
 

From this table, it is founded that the reductions in area from initial design are (2.86%, 16.5%, 

22.6%, and 25.6%); respectively. Also, it is found that the section2 has less optimum section among 

other sections with achievement all requirements of safety and stability. For including a parametric 

study in this research, several heights of optimum section (i.e., section2) have been chosen as 0.9, 

1.2, and 1.5m [1]. The results of optimization process are given and shown in Table 4 and Fig. 7; 

respectively. 
 

Table 4 Results of several heights for section 2 

Design Variables H=0.9m H=1.2m H=1.5m 

   (m) 0.305 0.305 0.306 

   (m) 1.347 1.703 1.788 

   (m) 0.438 0.477 0.745 

F(x) (m
2
) 1.176 1.794 2.496 

    1.559 1.508 1.500 

    1.717 2.613 2.496 

qmax (kN/m
2
) 30.87 23.40 30.44 

qmin (kN/m
2
) 0.04 16.59 22.64 

e (m) 0.274 0.057 0.015 

     2.084 1.900 1.586 
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Fig. 7 Relation between height of wall and min. area for section 2 

       

 From Table 4 and Fig.8, the results showed that when the height of gravity flood wall is 

increased by 33.30% from (0.90 to 1.20m), the optimum cross-sectional area increases in a percent 

of (52.6%). Which means that the height is an effective parameter for getting the optimum section 

(min. area). 
 

  

2. Cantilever flood Wall  
     A first order optimization method by ANSYS programing is applied on an section taken from 

[1], as shown in Fig. 8. The optimum design of cantilver flood wall is picked up by getting the 

optimum values of seven variables which are: heel slab length   , top width of stem   , length of 

toe slab   , base foundation thickness   , steel reinforcement required to resist moment at stem slab 

   , steel reinforcement at heel slab     and steel reinforcement at toe    .All necessary parameters 

of this section will be occupied in the optimization process could be given in Table 5. 
 

 

 
 

Fig. 8 Cantilver flood wall geometry dimensions and design variables [1] 
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Table 5: The values of design parameters of example [1] 
 

N0. Input Parameters 
 

Symbol Unit Value 

1 Height H m 2.10 

3 Unit weight of soil γs kN/m
3 

16.0 

4 Unit weight of water γw kN/m
3 

9.81 

5 Internal friction angle of back fill soil    degree 30 

6 Cohesion of soil C kN/m
2 

0 

7 Unit weight of concrete γc kN/m
3
 23.5 

8 concrete compressive strength     Mpa 20.0 

9 reinforcement yield strength    Mpa 413.6 

10 Safety factor of sliding     - 1.5 

11 Safety factor of overturning     - 1.5 

12 Allowable soil bearing capacity qall. kN/m
2
 95.76 

13 equivalent fluid pressure of soil S kN/m
3
 12.25 

14 coefficient of friction Cf - 0.47 

15 passive soil pressure coefficient    - 3.69 

16 Expected flood velocity V m/sec 1.52 

17 Area of potential normal impact loading CB - 0.2 Continue… 

18 moderate upstream blocking CStr - 0.8 

19 Toe soil depth Dt m 1.22 

20 Heel soil depth Dh m 1.52 
 

The results of this case are tabulated in Table 6: 
 

Table 6: Comparison results between ordinary design method of case [1] and optimal design 

method by ANSYS 

Design Variables Variables Value 

Ordinary Design Optimal Design 

 1 (m) 1.219 1.025 

 2 (m) 0.305 0.305 

 3 (m) 0.609 0.768 

 4 (m) 0.305 0.305 

As1 (m
2
/lm) 3.597*     3.012*     

As2 (m
2
/lm) 6.771*     4.843*     

As3 (m
2
/lm) 1.904*     1.021*     

 ( ) (m
2
) 1.207 1.197 

    1.788 1.746 

    1.506 1.5060  

qmax (kN/m
2
) 32.23< qall.=95.76 28.96< qall.=95.76 

qmin (kN/m
2
) 4.51 < 0 5.97 < 0 

e (m) 0.28 < B/6=0.35 0.23< B/6=0.35 
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In this case, the optimization was performed for minimum cross-sectional area of cantilver 

flood wall. The results indicated that the optimal design method by ANSYS is a viable technique 

prompts to optimum estimations of cross-sectional area and safety factors compared with ordinary 

design. Also, the results showed that the area of optimum section is less by 0.86% than  ordinary 

section; while, the reinforcements area is less by 27.76%. Additionally, several heights which are 

2.40, 2.75, and 3.0m have been selected as parametric study for this case. The results are given in 

Table 7 and shown in Fig. 9; respectively. 
 

Table 7 Results of several heights for cantilver flood wall [1] 

Design Variables H=2.40m H=2.75m H=3.0m 

   (m) 1.032 1.345 1.297 

   (m) 0305 0.367 0.554 

   (m) 2.409 2.138 1.795 

  (ft) 0.305 0.305 0.305 

As1 (m
2
/lm) 4.819*     7.201*     1.023*     

As2 (m
2
/lm) 5.413*     1.004*     1.015*      

As3 (m
2
/lm) 1.771*     2.038*     2.404*      

F(x) (m
2
) 1.792 2.068 2.633 

    1.560 1.839 1.580 

    1.514 1.544 1.507 

qmax (kN/m
2
) 15.51 20.18 28.92 

qmin (kN/m
2
) 10.95 13.24 9.88 

e (m) 0.107 0.133 0.298 

     1.77 1.62 1.38 

 

 
 

Fig. 9 Relation between height of wall and min. area for cantilver flood wall 
      

The results from Table 7 and Fig. 9 showed that the optimum cross‒sectional area of cantilver 

flood wall is increased by 46.89% when the value of the height increases by (25%) from 2.40 to 3m. 

Which means that the height is an effective parameter for getting the optimum section of cantilver 

flood wall also.  
 

VI. CONCLUTION  
1. The ANSYS / APDL is efficient tool to simulate wall-water-foundation interaction problem and 

optimization process. 

2. Through the collection of optimization module (/OPT) and APDL, the optimal recycle analysis is fast and 

the results are reliable and reasonable. 

3. The optimum design method by ANSYS is a viable technique prompts to optimum values of cross‒

sectional area with both safety and stability factors as compared with ordinary design. 

4.  from several common sections of gravity flood walls which have been designated as sections (1 to 4), it 

is founded that the section2 is the most safe and economic section compare with other sections. 

5. The cross‒sectional area of gravity flood wall more effect by increasing height than cantilver flood wall. 

  



Journal University of Kerbala , Vol. 15 No.1 Scientific . 2017 
 

154 

 

REFERENCES 
[1]     Federal Emergency Management Agency P-259, “Engineering Principles and Practices for 

Retrofitting Flood- Prone Residential Structures” 3
rd

 Edition, January, 2012, U. S. Department 

of Homeland Security.                                                                                            

[2]    United State (US) Army Corps of Engineers, “Retaining and Flood Walls”, EM 1110-2-2502, 

29 Sept 1989. 

[3]     Suraparb K. and Boonchai U., “Finite Element Analysis of Undrained Stability of Cantilever 

Flood Walls” International Journal of Geotechnical Engineering, DOI: 10.1080/19386362, 

August 2016. 

[4]   Duncan J. M. and Brandon T. L., “Stability of I-Walls in New Orleans during Hurricane 

Katrina” Journal of Geotechnical and Geoenvironmental Engineering 134(5), May 2008.  

[5]    Sudarshan A. and Chung R. Song, “2-D Numerical Simulation of I-Wall for Retrofitting 

Design of Flood Protection Systems in New Orleans”, MAESC 2009 Conference, May 5, 

2009, Christian Brothers University, Memphis, Tennessee. 

[6]    Jian Hu., Zhi-liang W., Faiz M., C. Y. Chang, Kent H., and Neil S., “Numerical Studies of I-

Shaped Levee Flood   Wall at St. Paul, Minnesota Site” Geo-Congress, Technical Papers, 

GSP 234, ASCE, pp.3163-3177, 2014 

[7]   Amnarj Y. ,“Design of New Flood Protections System For Bangpa-in Industrial Estate”, 
Geotechnical and Foundation Engineering Conference, Bangkok, 29 - 31 May 2013. 

[8]    Huang W.C., Yu H.W., and Weng M.C., “Levee reliability analyses for various flood return 

periods – a case study in southern Taiwan”, Civil Engineering, National Central University, 

Taoyuan, Taiwan, 15, 919–930, 2015. 

[9]    Berrabah, A., T., "Dynamic Soil‒Fluid‒Structure Interaction Applied for Concrete Dam", PhD 

thesis, University of Aboubekr BelkaïdT lemcen, Algeria, 2012. 

[10]  Mohsin A. Z., Omran H. A., and Al-Shukur Abdul-H. K., “Optimum Design of Low Concrete 

Gravity Dam on Random Soil Subjected to Earthquake Excitation”  IJIRSET, Vol. 4, Issue 9, 

September 2015.      

[11]  Khosravi, S., Salajegheh, J., and Heydari, M. M.,"Simulating of Each Concrete Gravity Dam 

with Any Geometric Shape Including Dam-Water Foundation Rock Interaction Using 

APDL", World Applied Sciences Journal, Vol.17, Issue03, pp.1818-4952, 2012. 

[12]  ANSYS. ANSYS User’s Manual, 2007 “ANSYS Theory Manual”. Version 11.0.         

[13]  Kutanis M. and Elmas M., “Non Linear Seismic Soil Structure Interaction Analysis Based On 

The Substructure Method In The Time Domaine“. Turk Journal Engineering Environ Sci25, 

pp. 617-626, 2001.   

[14]  FDG2-Ch9 “ Fluvial-Design-Guide- structure”, Environment Agency, 07 Aug. 2009.   

 

 

    


