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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 FSs and overturning FS,) and safety (maximum stress of foundation
dmax » €Xit gradient FS,, , and uncracked section e) 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.
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|. 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 Il 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
I11 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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I1.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]:

l[Me] (0] <{Ue}>+[[ce] [O]l <{Ue})+[[f<e] [Kfs]l (1)

({{g}?) .......... (1)

(7] [mMe]f\{2}) " [10]  [CZII\{R.}) " LI0]  [KZ][\{P}
Also, it could be denoted easily as [11]:
MeB, + CeP, + KePo + py, QT (e +1iy) =0 oo, 2)

WhereMg, Cf, and K, are the fluid mass, damping and stiffness matrices, respectively, P, , ii,
and ii;, are the nodal pressure, relative nodal acceleration and nodal ground acceleration vectors,

respectively. The term p,, QT 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]:

Mii(t) + Cu(t) + Ku(t) = —Mig(t) + QDevevvvevvnennanin ?3)

Where: , 1 and ii are represent the vector of system relative displacements, vector of velocity
and vector acceleration with respect to base, respectively; M , C and K are represent the matrix of
system mass, matrix of damping and matrix of stiffness, respectively; termi, represent the
horizontal component of ground acceleration, and Qp, 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.

L S K

@

- Element coordinate
Y system (shown for @
v KEYOPT(1) = 1) i
(or axial) I e J

@ Ty (Triangular Option
X (or radial) not recommended)

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 Egs. (2 and 3) in an assembled form as:

M) [00] /0,  [IC] [011(0.\ . [IKs] [Kesl](uoy [ —MsUjg
.|+ S+ ( p ) = o I 4)
[Mrs] (M ]J\B ) T LI0 [GII\E) " Ll0] [k ]J\Ee/  \ =M U
Where K;s = —Q and —M;; = p,, Q"
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]:

M_ii, + Cotte + Kote = F(6) wovoneeeeeena, (5)

Where M., C., K. and F(t) are the structural mass, damping, stiffness matrices and dynamic load
vector, respectively.

I1l. 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:

X = [Xq1,X2, X3 ce .. B A (6)
And the constraints be represented as follow:

X <x; <% (=1,23,...0) i (7)
Where:

n is the design variables number;
X; is the constraint lower limit;

X; 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]:
X Mg

1. Against overturning, FS, = S > 1.5 (8)
o
Where: Mz= resisting moments; M,= overturning moments
2. Against sliding, FS, = g% > 1S 9)
D

Where: fr= forces resisting sliding; fp= 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 ie.e <

4. The maximum bearing capacity (g,,q4,) Should not exceed the allowable soil bearing capacity
(Gar)-

5. Exit gradient (seepage), FS,, = Ic _ G-1/1+e

. HJB
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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.
Min. A = f(xq,x3, X3, v ... JXn) e (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) e, (12)
Where : f(X) is the function of variables design.

IV. LOADSOFOPTIMIZATION 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.

Top of wall

DFE
w
fi » foot freeboard
fa A (min) BFE
vi =

%

Passive Pressure

Flood wall hydrostatic and
soll pressure

bouyancy
pressure

fbuoyf fbuaﬁ

g(min) - Qimax)
.!!!iiiiiiilil Soll bearing
pressure

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.

e The lateral force due to hydrostatic pressure from standing water above the surface of the ground
is illustrated as:

fota =5 VwH? oo (13)

where:
fsta= hydrostatic force from standing water (kN/m);
H = flood proofing design depth (m).

o The differential between the water and soil pressures, fy;r due to combined saturated soil and
water forces is illustrated as:

fair =53 =Vw)D? o, (14)

where:
fair =differential soil/water force (kN/m); S = equivalent fluid weight of submerged soil and water
(kN/m?); and D = depth of saturated soil from adjacent grade to the top of the footer (m).

e 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:

fdh = YWdh H (15)
_ Cav?
d, = 2g e (16)
where:

fan =equivalent hydrostatic force due to low velocity flood flows (kN/m); d; = equivalent head
due to low velocity flood flows (m); C,; =drag coefficient; V = velocity of floodwater (m/sec); and
g = acceleration of gravity (m/sec?).
For special structures and conditions, and for velocities greater than 3 m/sec, the basic equation for
hydrodynamic pressure is written as:

where:
f. =total force against the structure (kN); P, =hydrodynamic pressure (kN/m?); A = submerged
area of the upstream face of the structure (m?); and p =mass density of fluid (slugs/m?).

e Impact loads due to debris carried by the moving water is illustrated as:
f;: = WVCDCBCStT ............................ (19)

where:
f; =impact force acting at the DFE (kN); W = weight of debris (kN); Cp= depth coefficient; Cz=
blockage coefficient; and C,;,- = building structure coefficient.

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

fo == lkp(s = Yi) + YwIDE oo (20)

where:

fp = force of passive saturated soil over the toe (kN/m); D, = the soil depth over the floodwall toe
(m); and k,, =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.

e The buoyancy force, f},4,,, acting at the base of the footing is processed as follows:

fbouy = fbouyl + fbouyz ........................ (21)
foouy = Yw(VoD) oo, (22)
where:

frouy =Vertical hydrostatic force resulting from the displacement of a given volume of
floodwater(kN); f,ouy1=maximum buoyancy force at heel(kN); fpou,.= minimum buoyancy force
at toe (kN); Vol = volume of floodwater displaced by submerged object (m®).

e The gravity forces acting downward are:
1. The unit weight of floodwall (w,,;;),is calculated as:
Wwall = Awa”Sg ........................... (23)

where:
Wian =Weight of the wall (KN/m); A,,4;; =area of the wall(m?/1m); and Sg =unit weight of wall

material (kN/m?®).

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

where:
wg; =weight of the soil over the toe (kN/Im); A,= width of the footing toe (m).

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

Wep = AhDh (ys — VW) ............................. (25)

where:
wg, =weight of the soil over the heel (KN/Im);
A, =width of the footing heel (m); and D,;,= depth of the soil above the heel (m).

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

w,,, =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 ANSY'S 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.
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Fig.4 Locations of Chiuliao First gravity-type flood wall on Chokuo River[8].
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Table 1 Design parameters and variables

NO. Input Parameters Symbol | Unit | Value
1 Height H m 3.5
2 Unit weight of backfill soil Ysb kN/m® | 16.5
3 | Unit weight of in-site gravel layer Ysf kN/m°® | 19.0
4 Unit weight of concrete ve | kN/m®| 24
5 Unit weight of water yw | KN/m® | 9.81
6 Internal friction of back fill soil 0, degree | 30
7 Internal friction of gravel layer @, degree | 40
8 Cohesion of soil C kN/m* ' 0
9 Safety factor of sliding FS, - 1.5
10 Safety factor of overturning FS, - 1.5
11 | Allowable soil bearing capacity | gai. | kN/m* | 250
12 Coefficient of friction oF - 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 x,, top width stem x,, front buttress length xs,
length of toe slab x,, thickness of base foundation xz, 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

x1 (M) 0.30 0.435

x2 (M) 1.0 1.047

x3 (M) 1.50 0.649

x4 (M) 0.30 0.962

x5 (M) 0.50 0.508

f(x) (M%) 6.80 5.678
FS, 2.15>1.5 2.35>15
FS, 1.45<15 1.98>15

Omax (KN/M?) | 133.63 < (a,=250/1.5 | 124.00< (s, =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.

X3 J'xs

I)(1i X2 I I)(1i X2 I Im' i I ' 3! ‘ '

X2 X3 X1 X2 X3 X4 X5 !

Section1 Section2 Section3 Sectiond

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
(ys=16kN/m?), unit weight of water (v =9.81kN/m?®), Internal friction of back fill soil (¢1=30°),
Cohesion less soil (C=0 kN/m?), Unit weight of concrete (y; =23.5 kN/m®), coefficient of friction
(Ct =0.55), passive soil pressure coefficient (Kp =3.69), allowable soil bearing capacity (ga=95.76
kN/m?), safety factors for sliding and overturning (FS, and FS, = 1.5), expected flood velocity
(V=3ml/sec), and soil depth of toe and heel (D; and D,=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

x1 (M)
X, (M)
x3 (M)
x4 (M)
x5 (M)
X6 (M)
F(x) (M)
FS,
FS,

Omax
(kN/m?)
Omin (KN/m®)
e (m)

FS.q

Sectionl
Initial Optima
section* I
section
1.22 0.561
1.22 2.432
3.34 3.249
1.53 1.641
1.28<1.5 1.722
66.78 37.92
-19.50<0 3.72
0.74>B/6  0.41
=0.4 <0.48
1.54 1.88

Section 2 Section 3
Initial Optima = Initial = Optima
section | sectio |
section n section
1.22 0.304 1.22 0.988
1.22 2.386 0.9 0.305
0.6 0.305 1.82 2.176
3.71 3.102 4.45 3.451
1.58 1.57 1.73 1.69
1.41 1.66 1.87 1.78
77.16 43.30 @ 43.10 @ 40.89
-18.59<0 2.20 1.31 0.049
0.66>0.41  0.40 0.62 0.57<
<0.43 @ <0.65 0.58
1.54 1.69 2.50 2.19

* Initial sections have proposed by researchers

Section 4
Initial = Optima
section |
section
0.65 0.305
0.36 0.478
0.35 0.305
0.70 0.869
1.52 1.106
0.46 0.457
5.75 4.220
2.03 1.87
2.61 2.10
76.39 69.44
11.37 3.50
0.44< 0.46
0.59 <0.47
2.26 1.93

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

x1 (M)
x; (M)
x3 (M)
F(x) (m?)

FS,

FS,
Omax (KN/m®)
Omin (KN/m?)

e (m)
FSeq

H=0.9m
0.305
1.347
0.438
1.176
1.559
1.717
30.87

0.04
0.274
2.084

150

H=1.2m
0.305
1.703
0.477
1.794
1.508
2.613
23.40
16.59
0.057
1.900

H=1.5m

0.306
1.788
0.745
2.496
1.500
2.496
30.44
22.64
0.015
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 x;, top width of stem x,, length of
toe slab x5, base foundation thickness x,, steel reinforcement required to resist moment at stem slab
Agq, steel reinforcement at heel slab A, and steel reinforcement at toe A,5.All necessary parameters
of this section will be occupied in the optimization process could be given in Table 5.

DFE As1
v e
3l inches —|
DN
M,
As2 /_ As3
X4l g_i
f f f I
X1 )(2 X3

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]

NO. Input Parameters Symbol | Unit | Value
1 Height H m 2.10
3 Unit weight of soil vs | kN/m°| 16.0
4 Unit weight of water yw | kN/m®| 9.81
5 Internal friction angle of back fill soil 0, degree | 30
6 Cohesion of soil C kN/m* | 0
7 Unit weight of concrete ve | kN/m®| 235
8 concrete compressive strength f'e Mpa = 20.0
9 reinforcement yield strength fy Mpa | 413.6
10 Safety factor of sliding FS, - 1.5
11 Safety factor of overturning FS, - 1.5
12 Allowable soil bearing capacity arl. kN/m®  95.76
13 equivalent fluid pressure of soil S kN/m® | 12.25
14 coefficient of friction Cs - 0.47
15 passive soil pressure coefficient k, - 3.69
16 Expected flood velocity \Y% m/sec | 1.52
17 | Area of potential normal impact loading Cs - 0.2 | Continue...
18 moderate upstream blocking Cstr - 0.8
19 Toe soil depth Dy m 1.22
20 Heel soil depth Dy, 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

x1 (M) 1.219 1.025
x7 (M) 0.305 0.305
x3 (M) 0.609 0.768
x4 (M) 0.305 0.305
Ag1 (m?/Im) 3.597*10~* 3.012*10~*
As; (m?/Im) 6.771*10* 4.843*10~*
Agz (m?/Im) 1.904*10~* 1.021*10~*
£(x) (m?) 1.207 1.197
FS, 1.788 1.746
FS, 1.506 1.5060
Omax (KN/m?) 32.23< a1 =95.76 | 28.96< Gy =95.76
Qmin (KN/m®) 451>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

x; (M) 1.032 1.345 1.297
x, (M) 0305 0.367 0.554
x5 (M) 2.409 2.138 1.795
x4 (ft) 0.305 0.305 0.305

Aq (M?/Im) 4.819%10~* | 7.201*10~* | 1.023*1073
A, (m*/Im) 5.413*10~* | 1.004*1073 | 1.015* 1073
Ass (m*/Im) 1.771%10~* | 2.038*10~* | 2.404* 10~*

F(x) (Mm% 1.792 2.068 2.633
FS, 1.560 1.839 1.580
FS, 1.514 1.544 1.507

Omax (KN/m®) 15.51 20.18 28.92
Qmin (KN/m?) 10.95 13.24 0.88
e (m) 0.107 0.133 0.298
FS,, 1.77 1.62 1.38
: e F(x) |
E 2.5 /
i 12 //Vﬁ/x
g 0.5
2 2.1 2.2 2.3 Hze?gh:E)H)Z(:n) 2.7 2.8 2.9 3

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.
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