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Abstract

Finding economical designs of cantilever retaining wall is a crucial task in civil engineering. This problem can be
formulated as a constrained nonlinear optimization problem in which the objective is to identify a design solution
having the lowest cost and satisfying all the required constraints. This study employs the Differential Evolution (DE)
metaheuristic coupled with feasibility rules proposed by Mezura-Montes, et al. [1] to tackle the problem of interest. To
enhance the applicability of the newly developed tool, a CHDE Excel solver incorporating the DE and Mezura-Montes
rules has been constructed in Excel VBA platform. Experimental result points out that the CHDE Excel solver can be
very potential to assist civil engineering in the task of designing cantilever retaining walls.
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Tém tit

Viéc tim kiém thiét ké t6i wu vé mat kinh té ctia twdng chan dét 1a mot nhiém vu quan trong trong x4y dung dan dung.
Van dé nay c6 thé dugc mod hinh héa nhu 1a mot bai toan tdi wru hoa phi tuyén bi rang budc trong d6 muc tiéu 1a xac
dinh mot giai phap thiét ké co chi phi thap nhat va dap tmg tat ca cac rang budc. Nghién ciru nay sir dung thuat toan tién
hoéa vi phan (DE) két hop v6i cac quy tic kha thi dwoc dé xudt boi Mezura-Montes et al. [1] dé t6i wu hoa thiét ké cua
két cAu tuong chin. Cong cu méi duge phat trién trén nén tang Excel VBA. Két qua thi nghiém chi ra ring cong cu
CHDE Excel solver 1a mot cong cu hiéu qua dé hd trg cac k¥ su trong viée thiét ké tuong chin dét.

Tir khéa: Tién hoa vi phan; quy tic kha thi cia Mezura-Montes; thuat toan tién hoa; thiét ké twdng chin.
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1. Introduction

In practice, soil retaining structures are
widely employed to retain slopes during the
construction phase of building foundations,
bridge abutments, and mountain roads. These
structures must be used to guarantee the
construction safety and structural stability
where a soil slope is not stable because of its
inherent angle of inclination [2]. Particularly,
the cantilever retaining wall is widely applied
because of various advantages [3]: (i) This
structure facilitates open excavation; (ii)
Cantilever walls do not necessitate installation
of tiebacks below adjacent areas; (iii) It is
required in a simple construction procedure.

The main focuses of retaining wall design
are geotechnical stability, structural strength,
and economic efficiency [4]. In conventional
method, the trial and error approach is often
employed to obtain a good design solution
iteratively. However, this traditional method is
time consuming and cannot ensure a good
design solution. To replace the trial and error
approach, various scholars have resorted to
modern metaheuristic algorithms including the
Charged System Search algorithm [5], Big
Bang Big Crunch [6], Biogeography-Based
Optimization [7], Firefly Algorithm [8], etc.
The employed metaheuristic algorithms are
shown to be capable of determining economical
design solutions with satisfaction of all the
required constraints.

Generally, to design a simplified case of
retaining wall structure, the objective function
can be the weight of the structure and the
constraints are established to ensure the
stability of the structure. The problem of
interest is complex because the decision
variables are search in continuous space with
nonlinear constraints. This study contributes to
the body of knowledge by constructing an

optimization tool based on the well-known
Differential Evolution coupled with feasibility
rules proposed by Mezura-Montes, et al. [1] to
optimize the design of a cantilever retaining
wall. This tool is developed in Excel VBA
platform to facilitate its application. The Excel
solver, named CHDE, is then used to solve a
design optimization problem presented in the
work of Xiao [2].

2. Constrained optimization problem

A constrained optimization task can be
generally stated as follows [9, 10]:

Find min. of an objective function f(x)
where f(x1, X2, Xd,...,.Xxp), d=1,2,....D 1)
Subjected to:

gq(X1, X2, Xd,....Xp) < 0, d = 1,2,....D,
q=12,....M 2
hr(Xx1, X2, Xd,....X0) = 0, d = 1,2,...,.D,
r=12,..N ©)
XE<xy <x5 (4)

where, f(x1, X2,...,xp) denotes the objective
function. X1, X,...,xp are design or decision
variables which are to be determined by the
optimization algorithm. gq(X1, X2,...,xp) and
hi(X1, X2,...,xp) denote inequality and equality
constraints; Xy, X5 represent lower and upper
boundaries of xq; D is the number of design
variables; M and N denote the numbers of
inequality and equality constraints, respectively.

For dealing with constrained optimization,
penalty functions are commonly employed [10-
15]. These methods are simple and easy to be
incorporated into metaheuristic. Nevertheless,
they often suffers from certain drawbacks such
as the selection of penalty coefficients [13] and
low performance when dealing with complex
constrained optimization problems. To obtain
better optimization performance, various
constraint-handling  strategies have been
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proposed including the rules of Deb [11], DE
with Deb’s rules [16], &€ methods [17, 18],
feasibility rules based approaches [1] etc.

3. Differential evolution (DE) with feasibility
rules

The DE aims at exploring and exploiting the
search space by first creating an initial
population of NP solutions. In each evolutionary
generation, this optimizer attempts to identify
the most desired values of decision variables by
employing a novel mutation-cross over
strategy. Subsequently, the newly created trial
vector (a product of the DE’s mutation-Cross
over strategy) competes with its parents via a
greedy selection operation. The mutation and
cross over operations of the DE algorithm are
presented in the equations 5 and 6:

V Xrl,g +F(Xr2,g _er,g)

i,g+1 =

©)
where rl, r2, and r3 are three random indexes
lying between 1 and NP. F denotes the mutation

scale factor.V, ., denotes the mutant vector.

! _{Vji,gﬂ, if rand; <Cr or j=rmmb(i)
jig+l T

X if rand; >Cr and j = rnb(i)

(6)
where Uij,ig+1 IS a trial vector. rand; is a uniform
random number ranging between 0 and 1. Cr is

the crossover probability. rnb(i) denotes a
randomly chosen index of {1,2,..., NP}.

Jiig?

The standard DE is only designed to solve
unconstrained optimization problems. To deal
with constrained ones, Mezura-Montes, et al. [1]
put forward the following feasibility rules for
coping with constrained optimization problems:

(i) Between two feasible solutions, the solution
with the lower cost function value wins.

(i) If the first solution is feasible and the second
one is infeasible, the first solution wins.

(iii) If both solutions are infeasible, the one
with less constraint violation wins.

4. Application of the CHDE-Excel solver

Since the spreadsheet in Microsoft Excel is a
helpful tool for civil engineering design and the
available Excel solvers have not employed these
two aforementioned computational methods for
coping with constrained optimization problems,
this research develops the CHDE Excel solver
which implements the DE algorithm and the
feasibility rules proposed by Mezura-Montes, et
al. [1]. This section of the article presents the
application of the newly developed CHDE Excel
solver with a case study adopted from the
previous work of Xiao [2].

The graphical user interface of the tool is
presented in Fig. 1 and can be opened by
clicking on the button ‘Open CHDE Solver’
The user also can define the decision variables,
upper bounds, lower bounds, type (real, integer,
or binary), constraints, and the cost function of
the optimization problem. It is noted that the
default optimization problem is minimization
and all of the constraints are given in the
following form:

G(x)>0 (7)

A case study presented in Fig. 2 is used to
demonstrate the usefulness of the newly
developed Excel solver. There are 7 decision
variables needed to be searched by the CHDE
solver (refer to Fig. 3). The type of the
variables is real value (denoted as 1). The
problem parameters including the information
regarding soil layers are provided in Table 1.

CHDE Solver X

Constraint Handling Differential Evolution
Version 1.3

Dedision Variables

Getvaribles | setis |

Optimization Problem

Obiective Function |

Set Type ‘ Set UB | Set Constraints | Open CHDE Solver

0.15

Duy Tan University

1

F mean
0.5
Run DE
F std
Cr

Nhat-Duc Hoang
hoangnhatduc@dtu.edu.vn

Fig. 1 The CHDE-Excel Solver’s graphical user interface
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Retaining wall
parameters

Fig. 2 Graphical presentation of the case study

P A B C D E
1 Decision variables Lower Bound Upper Bound Type
2 Hdv= 0 5 8 1
3 Ddv= 0 1 1.5 1
4 AB dv= 0 0.2 2 1
5 |AH dv= 0 0.2 2 1
6 HE dv= 0 0.2 2 1
7 |GF dv= 0 0.2 2 1
8 ED dv= 0 2 8 1

Fig. 3 The decision variables

Table 1 Problem parameters

Y1 1810  kN/m®

o'l 052  Rad
c'l 0.00

v2 1730 kN/m®

02 035  Rad
c2 38.30 kPa
o 0.17 Rad

v (Concrete) 2356  kN/m?

D 1.20 m

For more details of the computing process
needed to obtain the resisting moment, the
overtuning moment, the factor of safety against
overtuning, the factor of safety against sliding,
and the factor of safety for bearing capacity, the

readers are guided to the previous work of Xiao
[2]. The cost function of the problem is the total
structure weight; the constraints are constructed
by forcing the factors of safety to be greater
than certain thresholds. For instance, the
thresholds for overtuning, sliding, and bearing
capacity are 2, 1.5, and 3, respectively.
Moreover, the condition of eccentricity must be
satisfied. In addition, HE must be longer than
GF. Thus, in total, there are 6 constraints. The
optimization results of the CHDE after 30
generations are presented in Fig. 4. The cost
function is 63.3 kN/m and all of the six
constraints are satisfied. As can be observed
from the results, the Excel Solver based on DE
and feasibility rules is able to identify good
values of the decision variables.
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A B C D E F |G H | J K
1 | Decision variables Lower Bound Upper Bound Type Objective Function
2 Hadv= 6.247 5 8 1 MIN f= 63.30 kKN/m
3 D dv= 1.001 1 1.5 1
4 |AB dv= 0.201 0.2 2 1 Constraint 1 10.09 >= 0
5 |AH dv= 0.234 0.2 2 1 Constraint 2 0.10 >= 0
6 |HE dv= 0.215 0.2 2 1 Constraint 3 1.09 >= 0
7 |GF dv= 0.201 0.2 2 1 Constraint 4 0.01 = 0
8 |[ED dv= 6.671 2 8 1 Constraint S 2.66 >= 0
9 Constraint 6 0.01 >= 0
Fig. 4 Optimization results of the CHDE-Excel Solver
4. Conclusion [6] C. V. Camp and A. Akin, "Design of Retaining

This work develops a CHDE-Excel solver
based on the DE algorithm and the feasibility
rules proposed by Mezura-Montes, et al. [1] to
tackle the constrained optimization problem of
cantilever retaining wall design. The CHDE-
Excel solver has been programmed in Visual
Basic with Application. Users can further
implement the tool for optimizing similar
retaining wall structures and the other structure
design optimization problems.

Supplementary material

The Excel solver can be downloaded at
https://github.com/NhatDucHoang/CHDE-Solver
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