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Abstract. The location of temporary facilities on construction sites is essential to the enhancement of productivity and
safety, but it is complex due to the unique issues associated with construction. To positively contribute to the dynamic
construction site layout planning field, this paper proposes a new fuzzy multi-objective decision making model. The
proposed hybrid optimization model utilizes fuzzy numbers and logic to represent the closeness relationship between
temporary facilities. The two main phases presented represent a specific advance in knowledge in through: (1) an opti-
mization model that considers both uncertainty and dynamic elements; (2) the application of this optimization to a spe-
cial project. A multi-objective simulated annealing-based genetic algorithm (MOSA-based GA) is proposed to solve the
model and the case of Jinping-II hydroelectric station is studied to evaluate the model’s performance. The computational
study was carried out to demonstrate the practicality and efficiency of the proposed optimization method. The study is

applicable and useful to the profession.

Keywords: decision making model, dynamic facilities allocation, fuzzy, optimistic.

Introduction

Facility location planning management in large scale
hydropower construction is difficult in China, and often
suffers from a significant waste of the resources as the
real environment is complex, uncertain, and of long du-
ration and high cost (Gang, Xu 2010; Xu, Li 2012; Xu,
Zhang 2012). The transportation conditions are given and
the available land for temporary facilities is often lim-
ited and isolated. Further, the project duration is often
divided into several stages with the location of the tem-
porary facilities changing with each different stages. So
the model considered here is a discrete problem (Dom-
schke, Krispin 1997) and the dynamic problem (Ning
et al. 2010; Rosenblatt 1986).

Previous construction site layout planning research
has tended to concentrate on static problems (Yeh 1995;
Cheung et al. 2002; Li, Love 1998). However, due to
the constantly changing nature of construction sites,
this static layout becomes obsolete after any significant
progress in the project (Osman et al. 2003). Static layout
planning models ignore the possible reuse of site space
to accommodate different resources at different times, the
relocation of resources, and the varying space needs of

resources over time (Ning et al. 2010; El-Rayes, Said
2010). While models that deal with dynamic layout plan-
ning in construction have been limited (Elbeltagi, Hegazy
2004), there is an increasing number of studies focus-
ing on solving dynamic construction site layout plan-
ning problems (Zouein, Tommelein 1999; Baykasoglu
et al. 2006; Ning et al. 2010). They further developed
a computationally decision-making system to solve the
dynamic, multi-objective and unequal-area construction
site layout planning problems (Ning, Wang 2011).

In addition, subjective uncertainty leads to ineffi-
ciency in layout planning problems (Emre et al. 2009).
In practice, this uncertainty is caused by internal forces,
such as the decision makers’ perceptions and dissension.
Current research in construction site layout planning
problems deals with this subjective uncertainty using
fuzziness (Ning, Wang 2011; Soltani, Fernando 2004;
Mawdesley, Al-Jibouri 2003; Maravas, Pantouvakis
2012).

A further element to consider is that previous re-
search mainly considers only a single objective function,
e.g. Elbeltagi et al. (2001), Elbeltagi and Hegazy (2004),
El-Rayes and Said (2010), while, in fact, a good layout
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has a number of competing, and yet often conflicting de-
sign objectives (Xu, Li 2012). The complex nature of
decision-making in construction design and management
requires practitioners to make decisions based on a wider
variety of policy considerations in addition to cost benefit
analysis and pure technical considerations (Turskis et al.
2009).

However, each layout design application is unique
in nature as there are different attributes associated with
different applications (Yang, Hung 2007). So far, there
have been few studies comprehensively considering
multiple-objectives, and dynamic and fuzzy problems in
construction site layout planning (Nicklow et al. 2010),
and especially, in an application study on a large scale
hydropower construction project. From a realistic aspect,
construction site layout planning tends to be dynamic and
uncertain in nature and needs to fulfill conflicting ob-
jectives. Therefore, this paper proposes a multi-objective
dynamic construction site layout planning model under a
fuzzy environment with a representative case study.

The model incorporates dynamic and uncertain fea-
tures in its formulation. Here, the facility location plan-
ning problem is considered to be discrete and dynamic
on a given transportation network, which we have called
a Discrete Dynamic Temporary Facilities Location Plan-
ning Problem (DDTFLPP) (see Fig. 1). According to
Mawdesley and Al-Jibouri (2003), this study is a benefi-
cial exploration for research into site layout problems as
it develops a more suitable model, by adding uncertainty
and including dynamic layouts. Moreover, the presented
methodology is relatively similar to what practitioners
are using today, but is considerably more effective and
realistic in modelling.

The paper presents a new hybrid optimization
model for the problem of dynamic site layout planning.
The proposed model utilizes fuzzy numbers and logic to
represent the closeness relationship between temporary
facilities. The following summary is the organization
of our paper. In Section 1, we analyze the DDTFLPP
model and deal with the fuzzy factors that influence the
decision making process. In Section 2, we generate an
optimal site location planning model for each stage. To
improve the efficiency of complex design problems, a
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Fig. 1. The DDTFLPP

multi-objectives simulated annealing based genetic algo-
rithm (SA-based MOGA) is suggested. Then, we apply
the DDTFLPP to a problem at the Jinping-II hydropower
construction project and make some comparisons in Sec-
tion 3. The conclusions to our paper are also presented.

1. DDTFLPP statement

Traditional management suffers from relocation waste,
and the unnecessary movement and handling of materi-
als. Tompkins et al. (1996) estimated that 20~50% of
costs are related to handling, so an optimum arrangement
might reduce the handling cost by 10~30%, thus assisting
the economic management of a project.

The DDTFLPP handling cost is caused by the value
streams, namely the material flows (MF), the informa-
tion flows (IF), the personnel flows (PF), the equipment
flows (EF) and the safety/environmental concerns (SE)
(Karray et al. 2000; Dweiri, Meier 1996; Deb, Bhattacha-
ryya 2005; Elbeltagi, Hegazy 2001). Because these flows
are difficult to estimate, there is often inadequate data or
imprecise information (Emre ef al. 2009). Further, con-
struction managers often perform decision making tasks
using previous experience, which leads to ambiguity and
inefficiency (Mawdesley, Al-Jibouri 2003; Maravas, Pan-
touvakis 2012). The value streams are vague and based
on fuzzy theory (Xu, Zhou 2010; Zadeh 1965). To over-
come this fuzziness, fuzzy measurement can be used to
safeguard against vagueness.

Fuzzy factors are useful as it is, more convenient
for managers to give a vagueness range for a decision
than to give an exact digital. By using fuzzy theory (Xu,
Zhou 2010; Zadeh 1965), historical data, the subjective
judgment of experts and the current available data can
be combined. For instance, a decision maker often uses
linguistic language such as “Medium” to describe the
level of the value stream for the MF. He means the value
stream is “between 3000 units and 6000 units, with the
most likely value range [3500, 5000]”. In this case, we
can use a trapezoidal fuzzy number (1600, 3000, 4500,
6000). Similarly, by interviewing different experienced
engineers (i.e., ¢ = 1, 2, ..., E, where ¢ is the index of en-
gineers), we can establish all the membership functions
for the value streams, i.e. (, a, b, m) (/ is the left border,
r is the right border, a and b is the most likely value
range). It should be noted that the (/, a, b, m) is different
for each decision maker because of different preference,
experiences and scanty data. Generally, the view of each
engineer can be denoted as a range, (i.c., [/, ,]) and a
most likely range of value (i.e., [a,, b,]). The minimal
value of all /, and the maximal value of all 7, is selected
as the left border (i.e., /) and the right border (i.e., r),
respectively. The minimal value of all 4, is regarded as
the left border of the mean range (i.e., ). The maximal
value of all the b, (for g = 1, 2, ..., E) is regarded as the
right border of the mean range (i.e., b).

The closeness relationship is a comprehensive selec-
tion routine to determine the location. In China, the nu-
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Fig. 2. The network of the DDTFLPP

merical ratings for the closeness relationship are usually
arbitrarily assigned for the relationship chart. This is a
typical extensive management type which seeks to imi-
tate the decision makers’ decision processes, but which
in practical applications are not precise because the fuzzy
decision system would need 5° = 3125 rules when the
closeness relationship is divided into five levels, i.e. “A”,
“E”, “1”, “O”, “U”. Thus, here, we have attempted to
make the closeness relationship defuzzification method
simpler and easier.

In contrast with the traditional method, we sought
another intuitive strategy. Each p(v) is assumed to have
a weight factor that affects the closeness relationship
(Saaty 1980). We use this weight w, as the coincidence
indicator, which can be obtained by the modification of
the defuzzification methodology (Gentile ef al. 2003):

J.V},ls (v)dv
d 5
W, :L’ZWS =1, (1)
> | e

pdv

s=1
where s = 1, 2, ..., 5 indicates MF, IF, PF, EF and SE
respectively, v is the cost value between each pair of fa-
cilities per day. Then, the function of the closeness rela-
tionship can be stated as:

5
() =2 e, (), 2
s=1
where r is the total score of the closeness relationship.
We use Zétényi’s (1988) method to calculate the crisp
rating of closeness relationship:

I+w w(ryrdr
R="—> 3)
Ij:: w(r)dr

where R is the final crisp rating.

/ Fabricatio
nPlant
[¢3))

As shown in Figure 1, there are  kinds of temporary
facilities and M, possible locations for each facility 7 in a
stage ¢ (T'is the number of stages, =1, 2, ..., 7). The de-
cision makers need to assign facilities to the correspond-
ing locations based on the requirements for the different
stages. From the physical model shown in Figure 2, we
can us x;,,(1) = {0,1}, i =1, 2, ..., I to represent the de-
cision variable. When x;,,;, = 1, this means the temporary
facility i moves from location m to k. dy j; is the distance
between location & of facility i and location / of facility
J- v is the cost value between facility 7 and facility /.

2. Modelling

To obtain the above statement and gain further insight
into the modelling of the DDTFLPP, preparation work
was conducted. First, previous research was investigat-
ed to determine the relationship between the DDTFLPP
parameters. Secondly, investigations and surveys were
made with experienced managers to collect relevant in-
formation. Thirdly, we statistically analyzed the data us-
ing SPSS 19.0. From this information we derived the
physical model in Figure 2 and from this the optimization
model evolved.

2.1. Assumption

Based on the network shown in Figure 2, we have the
following assumptions:

(1) We treat the locations of the facilities as dots, and
neglect the areas and the orientation.

(2) On networks, the distances correspond to real road
distances.

(3) The transportation cost is the main factor for the
choice of locations. It was assumed to be propor-
tional to the distances and intensity of the value
flows. Transportation, resource and handling costs
are assumed to be linear.

(4) We neglect the unpredictable impacts.



360 J. Xu et al. A fuzzy multi-objective model and application for the discrete dynamic temporary facilities location ...

(5) Planners specify the start of the stages to coincide
with schedule milestones.

In order to make it easier to read, a precise explana-
tion of the symbols used in the description of the mathe-
matical model are introduced. According to the problem
statement mentioned above, the notations are as follows:

Sets and Subscripts
@: set of kinds of temporary facilities, i, j € @;
Y: set of possible locations of the temporary facili-
ties, [, k € Y;
Q: set of all kinds of temporary facilities, m, n € ®@;
V: set of all stages, t € V;

Parameters
dy - distance between location & of facility i and loca-
tion / of facility j, i, j € @, L,k € Y;
vi(#): cost value between facility i and /, i,j € D,
teVY;
a,,: variable cost when facility i is built in location
m,i € ®, me O,
¢;: fixed cost when facility i is located, i € @;

Functions

F(?): total value of interaction flow in period ¢, t € ¥;
C*(¢): the minimum cost for all periods up to ¢, t € ¥;
Decision Variables

1, move the temporary facility i from

X () =4 location m to k

0,otherwise

2.2. State equation

The state equation can explain the effect between the
different stages (Haidar 2009). This effect is reflects in
many aspects, such as the cost, safety, the environment,
and operations management. Combining Rosenblatt’s
(1986) model with our DDTFLPP, a recursive formula-
tion is developed as the total cost from the initial stage
to the 1 stage. We establish the state equation in the
following form:

I M M
C'(O)=min{C* (t=1)+ D D" D (@, + ) (D} +
i=l m=1k=1
F(),viteY, 4)
where a;,, is the variable cost when facility i is builded
in location m. c; is the fixed cost.

The rearrangement cost is zero, if no change is made
from one period to another. F(f) can be made a function
of the period of the total interaction flow value. F(¢) is
obtained as in Section 2.5. C*(¢) is the minimum cost
corresponding with the DDTFLPP for all periods up to .

2.3. Initial and terminal conditions

The key to finding the optimum solution for all phases
lies in identifying which phase to consider as the ini-
tial phase. Dynamic optimization should then proceed in
forward chronological order for succeeding phases and
backward chronological order for preceding phases.

At the beginning, i.e. = 1, none of the facilities
have been previously allocated to any of the locations.
Thus, the decision valuable and the initial condition can
be stated as:

X (1)=0,C"(1)=C,VieDd,meQ, keY, (5

where C,, denotes the initial cost at the beginning of the
whole period. Similarly, at the end of the whole con-
struction duration, i.e. ¢ = T, the final condition can be
stated as:

Cc'(T)=C,. (6)

C, is the cost value designed by the construction
designer at the last stage.

2.4. Constraint conditions

As the facilities are treated as discrete dots, we only con-
sider the department location restrictions (Meller, Gau
1996). If m = k in x;,,, the facility doesn’t move. The
following constraints guarantee one facility is assigned
to one location and one location can accommodate no
more than one facility because of the environmental con-
ditions:

M M
DD xim()=1, Vied,teV,
m=1k=1

M M
szjnl (t) =1, Vied,te¥,
n=1/=1

1
D i (£) <1,
i=1
1
j=1

(7
VmeQ,teV,

VneQ,teV.

2.5. Objective functions

The first objective function f; is to minimize the total
site location cost and handling cost between the facili-
ties. The cost for each single facility is composed of two
parts, the fixed cost and the variable cost.

It is not enough to just minimize the cost for each
single facility as there are MF, IF, PF, and EF operating
between the different facilities, so an optimum dynamic
site layout plan seeks to minimize this interaction.

In phase ¢, if facility x is located in location i, fa-
cility y is located in location j and there are interaction
activities between x and y. Based on the handing cost
function (Aiello et al. 2006) and the redinteraction flow
value from Ning’s et al. (2010) research, the function for
the DDTFLPP interaction flow in DDTFLPP is defined

as:
I I M MMM

FO =223 3 3 3y (1) i o

i=1 j=1 m=1 k=1n=11=1

Ximke (t)xjnl (t), VteY, (®)

where v;(?) is the cost value between facility / and facil-
ity j at stage ¢.
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Frequently, based on Eqns (4) and (8), the total cost
during the entire DDTFLPP can be obtained as:

min f; = (T):
I MM
min{C" (T-1) Z Z mTCi)s
i=lm=1k=1
X (T-1)}+ F(T). )

In the construction industry the risk of a fatality is
five times more than that in a manufacturing based indus-
try, and the risk of a major injury is two and a half times
higher (Gangolells ef al. 2010). Safety and environmental
issues are therefore extremely important when designing
construction site layout. A well-planned and well-run
project should be both safe and efficient to save lives and
money, and reduce injury and ill-health. From previous
studies it is known that the nearer two kinds of facilities
are, the greater the chance of serious accidents. Thus, for
safety is necessary to find a balance between the distance
and the closeness relationship. A distance-weighted flow
is often used to measure the cost term of the closeness re-
lationship (Fortenberry, Cox 1985). But such an approach
has poor practicability due to the difficulty of normal-
izing the variables and quantifying the weights (Aiello
et al. 2006). So, here, we modify the measurement into
the second objective f; to minimize the closeness rela-
tionship effect:

minf, =ZZ§: % AZI: AZ{: Riidi j1Ximk (t)xjnl (1),

t=1i=1 j=lm=1k=1n=11[=1 (10)

where R;; is calculated using Eqn (3). The intention is to
assign hlgher values to more critical temporary facilities
between which heavy material handling traffic will oc-
cur, thus there are more productivity or safety gains from
placing them closer together.

In this way, the two objectives numerically assess
the efficiency of the layout sequence by minimizing the
cost and maximizing safety. These objectives are com-
plementary rather than contradictory and guarantee that
the project is carried out successfully and efficiently, with
maximum advantage taken of all the facility resources.
Consequently, both economic and resource aspects con-
sidered.

To ensure a comprehensive understanding of the
optimization in the DDTFLPP, the state equation (see
Eqn (4)), initial and terminal conditions (see Eqns (5)
and (6)), constraint conditions (see Eqn (7)) and objec-
tive functions (see Eqns (8), (9) and (10)) have been pre-
sented subsequently in the above statement. From this,
we can then formulate the mathematical optimization
model for the multiple objective multistage DDTFLPP
under a fuzzy environment. Therefore, the DDTFLPP
model can be proposed as:

minf; = C" (T )
T I I MMMM

minfy = 3.3.2, 2,2 22 Rydi jixim (1) % (1)

t=1i=1 j=lm=lk=1n=1/=1

s.t M M
YD X (1) =1L Vied, 1eY;

ijnl( )<l neQ,te¥,leY,
J=1

where X, (t),xjnl (r)efo.l}, @ ={1,2,---,1},

Y ={,2,.K}, Q={1,2,---,M} and ¥ ={L,---,T}. As
we have introduced, dy, ; is the distance between location
k of facility i and location / of facility j. v;(?) is the cost
value between facility i and j. F(f) is the function of the
total value of the interaction flow. C*(¢)is the minimum
cost corresponding with the DDTFLPP for all periods
up to ¢.

The model establishes the feasibility of an individ-
ual layout by satisfying the requirements of all resources
while ensuring that all hard constraints between them are
met.

2.6. SA-based MOGA algorithm

For the solution methods, a new hybrid SA-based MOGA
is first integrated to optimize the DDTFLPP model in our
paper. The hybrid SA-based MOGA adopts the basic ex-
ponential acceptance probability of simulated annealing
(SA) as the criterion for testing and acceptance or rejec-
tion. The following 3 parts are inspirational and different
from the pre-existing SA-GA hybrid algorithm.

Firstly, the proposed SA-based MOGA adopts the
characteristics of chromosome which is the divided by
level. As Figure 3 shows, each chromosome can be di-
vided into four levels. First, the chromosome is divided
by stage, with T stages. Based on the first level, the sec-
ond level is divided by the type of the facilities, with /
parts. The third level is divided by the candidate loca-
tions for each facility, with M parts. The genes are put
in order according to the index of facilities candidate
locations. Thus, there are also M genes in each subpart
of the last level. Totally, there are /xM xM xT genes
in one chromosome. Each chromosome C, represents a
sequence of genes x;,,(¢) for the DDTFLPP model, as
in Figure 3. As the variables in our DDTFLPP are 0 and
1, they are suited for the gene sections of the GA, and
we omit the encoding and decoding procedure. In this
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way, we build the parallel structure for the chromosome
representation in the SA-based MOGA algorithm. This
kind of parallel structure can reduce the dimensionality
of the solution thereby reducing the difficulty computing
complexity. It should be noted that when initializing the
first generation of the chromosome randomly, we can
make sure that the solution is feasible by combining the
constraints with each chromosome level separately, as
shown in Figure 3. This also saves time in searching for
the route and in the computation.

Secondly, there has not been any research that has
adopted the concept of a fitness ranking matrix (Goldberg
1989) using the SA-GA hybrid algorithm to solve a mul-
ti-objectives problem. To reduce the difficulty of mea-
suring the different objectives and avoiding subjective
predilection to obtain the weights, we adopt the F fitness
ranking matrix (Goldberg 1989) to deal with the multi-
objectives in the SA-based GA algorithm. This kind of
aggregation allows for alternative schemes, which proves
to be more effective as it cannot be dominated by one
decision maker. The proposed hybrid SA-based MOGA
exhibits a better convergence speed but is not always sta-
ble. However, compared to the weight-sum method, the
solutions in this study are more practical.

Further, to make it more suitable for the DDTFLPP
and to avoid an unfeasible solution, the proposed algo-
rithm checks the solution three times: at initialization, in
the neighborhood of the SA and when the new population
of the GA is determined after the crossover and mutation,
as shown in Figure 4.

The SA-based MOGA algorithm procedure is shown
in Figure 4. In Figure 4, we used the SA parameters p
(Bennage, Dhingra 1995) and T (Kirkpatrick et al. 1983).
For the GA parameters, we used the uniform crossover
technique (Back ef al. 2000) and the jump mutation to
break the stagnation in improvement (Nicklow et al.
2010). Additionally, to try to find a suitable algorithm re-
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Fig. 4. The SA-based MOGA algorithm proceeding

quired a kind of advanced computer language or database
management software to write program and on machine
debugged basic technical ability. It should be noticed that
the pre-existing GA package provided by the Matlab was
not used as it is only able to solve some simple problems
and cannot be combined with the SA. Therefore, the pro-
posed algorithm was implemented on a new program in
Matlab 7.0 and on a Pentium 4, 2.40 GHz 17 clock pulse
with 1024 MB memory. The actual case study project
was conducted on the system to test its wide applicability
and to demonstrate the system capabilities.

3. Practical application

As for the further implementation of the decision making
model, it requires three parts of preparation work. The
first part is that the manager needs to systemize the close-
ness relationship and the geographical relation of the fa-
cilities in the DDTFLPP corresponding to practical case
from the model formulation. The second part is to collect
the information of the certain variables in the decision
making model. These two parts could be done by the
help of using the Engineering Sciences Data Unit, con-
sulting the Certified Energy Manager program and com-
municating with the local project contractor. The third
precondition is to do some computer technology work in
the algorithm debugging and algorithm test which is to
adjust the suitable algorithm parameters to the specific
practical case. It requires the participation of the actual
operation manager whose experience in the measurement
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of the results was very important. The specific prepara-
tion time is various with the scale of the actual project.
Generally, this systematization work costs about one or
two days. The second part spends about 2 to 3 days and
the last part needs about 1 day. For the following case
study, the setup time spent us a total of 5 days.

An actual DDTFLPP construction project was stud-
ied as a practical application for the proposed optimiza-
tion method. The “Jingping Bend’” is the main stream
of the Yalong River, in southwest of China 28.12833° N
101.79083° E, as shown in Figure 5. The length of the
“Jingping Bend” is 150 km but downstream the opposite
side is only separated by 16 km. Between that distance,
there is an elevation drop of 310 m, creating an excellent
situation for hydroelectric production. Two projects are
planned for the bend, the Jinping I and Jinping II hydro-
power stations with a combined capacity of 8,400 MW.
Located at 28° 07°42”’N 101° 47°27”’E, the Jinping-II
Hydropower Station is the largest-scale constructions
for the West-East Electric Transmission Project of China
and has the largest hydraulic tunnel in the world. The
hydropower construction total installed power is 4.8 mil-
lion KW. The generated energy is 242.3 billion kwh a
year. Once completed, it will have a powerful regulating
ability with a normal pool level of 1646 m and reservoir
capacity of 14.01 million m3. The construction project
began in July 2007 and the total duration of the construc-
tion is expected to be 8 years and 3 months.

The main permanent structures of the Jinping-II
project are the Maomaotan Sluice Dam, the diversion
system and the power house. The Maomaotan Sluice
Dam on the west-side of the Jinping bend will divert
water into a 16.6 km long headrace tunnel towards the
Jinging-II Power Station. From the left sub-figure in Fig-
ure 5 we can see the Maomaotan Sluice Dam and the
power house are separated by mountains. There is no real
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road between them except for the Jinping Highway along
the Jinping Bend. There are 10 principal areas of the Jin-
ping-1I large-scale water conservancy and hydropower
construction project. They are the Songlinping Area, the
Dabenliu Stockpile Area, the Maomao Bank Sluice Dam,
the Yinbazigou Area, the Jingfeng Bridge Stockpile Area,
the Daping Area, the Santan Droping Area, the Muofang-
gou Area, the Zhoujiaping Area and the Muosagou Area.
The Songlinping Area is the work area and excavation
treatment area on the slope of the west bank. The Dab-
enliu Stockpile Area and the Jingfeng Bridge Stockpile
Area are the reservoir areas in the western area. The
Maomao Bank Sluice Dam is the retaining dam. The Yin-
bazigou Area is the concrete pouring system for the west
bank diversion and the diversion tunnel area. The Dap-
ing Area is the river closure, cofferdam and excavation
treatment areas for the river bed. The Santan Dropping
Area is spoil dumping site for the west work areas. The
Muofanggou Area is a navigation structure excavation
treatment with a steel tube fabrication plant in the eastern
areas. The Zhoujiaping Area is a concrete pouring system
in the eastern area, as well as being used for servicing the
plant construction the installation of the metal structures
for the generating system and the electrical installation.
The Muosagou Area is used for the water diversion, the
tailrace system in the underground powerhouse, the flood
system and the ship lift system. When we enlarge the left
sub-figure of Figure 5 to 5 times, we can see the detailed
candidate locations which are chosen because of they are
along the Yalong River and the traffic lines. In the top left
corner of Figure 5 is the blueprint for the Jinping-II sta-
tion. The middle-upper area of Figure 5 shows concrete
pouring site for the Jinping-II station. The entrance to the
diversion tunnel on the west bank can be seen in the top
right hand corner of Figure 5.
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By investigating the natural environment and the
location of the main structures, our work is to provide a
proper alternative construction location planning which
includes the warehouse, the affiliated companies, the sta-
tionary facilities and other areas.

3.1. Data collection

Table 1. The list of temporary facilities and the corresponding
variables

.. Loca- Fixed Variable cost
No. - Facility tions  cost (in RMB)
M ¢ a; ap  ag

py  Conerete 3779546 11.74 15.63 43.89
system

F2 MEC 2 12991 19.56 27.24 1000
installation

p3 Fabrication g 300 08 6 053
plant synthesis
Steel

F4  fabrication 3 1.775 .12 0.89 1.34
yard
Sandstone

F5 fabrication 3 39.74 476 10.33 6.36
plant

Fg Maintenance 2 243 032 073 1000
shop

p7 Camentry 3 1449 019 089 0.16
shop

F8 Storage plant 2 3.26 0.28 1.89 1000
Cement/Sand/

F9 Aggregate 3 4.38 0.57 026 1.03

storage yard
F10 Machine room 2 5.67 0.65 1.47 1000

Fil dE:I},’g?Sive 2> 1674 012 054 1000
F12 Oil depot 2 193 065 028 1000
F13 Utility area 3 16236 34.69 1331 15.52
F14 Office area 3 5936 6.88 9.56 1045
FI5 Parking lot 3 78 174 068 LI5
Fle Refuse 30 1118 136 152 3.13

dumping area

For the current study, the data was obtained from
three sources: the database of the Sanxia Lt. Company,
observation of the Jinping-II Power Station managerial
practice and interviews with relevant managers and per-
sonnel. As a further note, the investigation of the close-
ness relationship between the facilities in the project
management practice can ascertain the validity of the
measurement techniques proposed in Section 1. Inter-
views were conducted face to face with construction
managers to provide an opportunity for us to improve
data precision. The construction managers’ project expe-
rience can assists in the comprehension of the specific na-
ture of the facilities. In this way, the data is gathered for
each the resource dimensions, weights, and constraints.

The closeness relationships and the value flows between
the facilities are showed in Tables 2 and 3 respectively.
The distances between the locations dj; are also known,
as shown in Tables 4 and 5.

As we have stated the enlarged drawing of the Jin-
ping-1I Hydropower Station in Figure 5 includes some
possible construction zones and available location dots
for the temporary facilities. We can see that the Jinping-11
construction main sub-projects and the site of these sub
-projects change over time. Thus, based on the plan for
each construction section, the principal part of the Jin-
ping-II hydropower construction project can be divided
into 3 stages: excavation, concrete pouring and MEC
installation. Further, there are 16 kinds of temporary fa-
cilities involved in the principal part of the Jinping-II
hydropower construction project. These facilities as well
as their corresponding constant variables are listed in Ta-
ble 1. It should be noted that, as in the last stage, i.e., t =
3, some facilities do not need to relocate or are closed,
so the a;; of these facilities is set at a very high level. A
gradual decline in resources can thus be modeled by in-
troducing a sequence of dummies of very short duration.

Based on the project information obtained from the
contractor, the research team independently generated a
site layout plan. The site plan was then presented to the
contractor and the consultant for verification and com-
ments.

3.2. Results’ discussion

Using the proposed method, the processing time to ob-
tain the optimum or near-optimum site layout was about
1 min on a Pentium 900 Mhz personal computer. The
SA-based GA parameters were set from the results of the

Table 2. The closeness relationship between facilities

No. F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14F15 F16
F1
F2
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F4
F5
F6
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F12
F13
F14
F15
F16
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Table 3. The value flow v;(#) between facilities (in 10 thousand RMB)

No. F1 F2 F3 F4 FS F6 F7 F8 F9 F10 F11 12 F13 F14 F15
Stage t = 1

F1 -

F2 14.67 -

F3 1.36 98.94 -

F4 1.9 297.73  947.96 -

F5 6.09 0 711.76 0.8 -

Fo6 0.4 0.28 0.46 0.29 0.62 -

F7 1.16 1.46 1.47 0.96 0 0.08 -

F8 6.68 0.35 8626.78 1002.95 232.89  0.35 2.81 —

F9 1194.56 0 7605.75 3.24 8854.07 0 0.49 0 -

F10 7.8 6.21 6.21 3.58 3.75 6.21 0.41 8.17  280.73 -

F11 0 0.1 0.26 0.01 0 0 0 0 0 0 -

F12 6.6 0.16 0.95 1.77 1.69 0.06 0.08 0 0 5.96 0 -

F13 1.76  264.62 87.57 36.04 7.56 0.85 0.87 0.54 10443 74.67 36.56 0.52 -

Fl14 2.64 19.85 3234 2432 5.15 0.57 0.69 0.38 88.68 49.78  28.69 0.34 538.93 —

F15 49.6 6.7 454.49 1128.9 10456.26 3.41 4.17 23659 13.6 49.72 0.31 6.67 557.08 371.39 -

Fl6 2632 4.93 14.54 8634 290.75 0.04 0.07 0 1.96 0 0.01 0 0 17.61  45.79
Stage t = 2

F1 -

F2 142.23 -

F3 12.13 1.46 -

F4 16.78 1741.37 543.57 -

F5 2643.79 0 417.56  0.67 -

Fo6 113.21 75.84 2424 1653 2542 -

F7 711.34  8.54 33.81 35.52 1.87 1.32 -

F8 1.36  1198.34 10675.29 1741.29 10014.27 122.15 107.15 -

F9 3381.11 0.02 3539  74.52 37762689 0 18.13 0 -

FI10 893.52 2129 1460.98 118.47 576.78 260.82 16.54 13.06 864.19 -

F11 0 0.18 0.26 0.34 0 0 0 0 0 0 -

F12 5.03 0.94 3291  69.03 78.39 2.76 3.36 0 0 781.62 0 -

F13 27472 36.26 2152.53 400.35 209.96 17.43 39.15 5.67 11595 47596 7247 18.72 -

F14 100.03 3429 1891.51 280.14 139.48 1.22 14.94 3.76 28.96 266.54 61.65 11.23 1297.26 -

FI15 1163.92 1747.52 2752.89 2090.46 378628.16 4.32  140.31 25.23 1163.78 341.31 14.26 264.66 487.93 29.36 -

F16 372776 4544 1541.56 64.74 12094.41 6.86 8.57 61.75 11263.38 0 0.02 0 1979.63 322.58 1959.76
Stage t = 3

F1 -

F2 96.71 -

F3 7.3 1.22 -

F4 11.45 1253.53 91.82 -

F5 1770.81 0 284.74  0.26 -

F6 184.13 13144 6026 1592 11.21 -

F7 7.88 5.38 19.94  30.76 0.16 0.12 -

F8 170.08 1924.42 225.19 121237 40.73  68.57 46.77 -

F9 399348 0.01 195.37 1497.54 1536.23 0 12.89 0 -

F10 842.74 244.65 198.89 149.04 5334 6344 1825 8.71  562.25 -

F11 0 0.17 0.24 0.32 0 0 0 0 0 0 -

F12 3.34 1.15 11.43 4485 7212 3.12 0.73 0 0 197.78 0 -

F13 147.23 18548 1048.87 521.34 8.98 17.97 16.84 2.56 9442 3173 71.58 13.48 -

F14 7757 9643 12569 187.67 2.16 4.67 3.54 0.77 1523  17.76  59.43 3.13 64.89 -

F15 370.52 472.65 552.43 1385.56 1577.39 2.93 84.85 22.09 1261.25 573.54 4589.46 19.63 609.91 280.32 -

Fl6 4434 1271 16.16  87.76  57.77 3.84 8.74 66.84 260.47 0 0.23 0 109.38  22.86 472.22
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Table 4. The distance d;; ; between different possible locations of the facilities (a)

No. F1 F2 F3 F4 F5 F6
m 1 2 3 1 2 1 2 3 1 2 3 1 2 3 1 2
- 1 33 1.6 185
2 203 19 1.8
1 37 82 881 7 87.1
F3 2 887 932 33 922 14
3 974 102 1003 6.8
1 3 8 886 58 877 0.6 863 932
F4 2 903 949 28 926 1 84 12 78
3 96.6 1009 42 1002 65 932 79 04
1 95 1005 35 997 62 928 75 0.7 933 6.6 32
Fs 2 924 978 12 969 3.1 90 49 38 905 38 09
3 4 05 966 13 954 83 937 1007 7.6 912 963
1 875 929 32 914 2 839 0.8 89 845 12 86 82 44 925
Fo 2 38 06 959 06 946 75 93 1004 7 904 100.1 99.7 97.1 02
1 9.1 949 35 916 17 842 04 86 848 09 83 79 23 945 03 922
F7 2 265 934 2 97.7 38 908 55 27 908 46 24 2 0.8 93 62 983
342 09 94 09 951 78 933 7.3 90.7 976 05 926 03
1 63 8 96 3 972 10.1 954 1027 95 929 1024 102 972 84 947 24
s 2 31 1.5 988 03 944 73 927 1003 67 92 100 99.6 100 09 92 0.3
1 23 22 946 1 93.1 6 914 984 57 919 981 977 958 18 917 1.6
FO 2 199 986 04 961 22 992 4 4.6 89.8 3 4.3 39 08 982 47 977
3 952 1008 3.7 100.1 57 923 7 12928 65 09 05 27 1004 7.7 101.7
1 7 2 993 32 973 106 96.1 103 10.1 956 102.7 1023 1005 24 954 26
F1o 2 907 951 25 934 05 89 17 73 87 0.5 7 6.6 1.3 947 24 94
1 48 05 971 18 955 85 942 1013 7.85 914 101 1006 983 05 935 12
i 2 955 996 26 986 52 91.7 67 05 941 8 0.2 1.5 1.4 992 75 992
1 6 1 982 28 967 96 949 1022 9 924 1019 101.5 994 14 942 12
k2 2 9 4 952 58 998 127 981 104 122 96 103.7 1033 964 44 974 52
1 86.1 091.6 5 89.6 32 826 2 10 882 25 97 93 38 112 13 90.2
FI13 2 25 75 898 58 8.2 1.1 8.6 937 05 871 934 93 91 7.1 859 64
312 7 1041 88 102.7 154 100.7 108.7 147 988 1084 108 1053 7.4 100 82
1 13 68 905 51 8.9 18 873 944 12 877 941 937 917 64 8.6 57
F14 2 951 846 52 1012 7 938 87 41 942 76 38 34 4 84.2 8 101.8
3 115 6 1036 7.8 1022 149 100.2 1083 143 983 108 107.6 1048 6.4 995 72
1 28 22 951 05 936 65 919 99.1 6 894 988 984 963 1.8 912 1.1
F15 2 59 04 976 21 96.1 9 944 101.7 82 919 1014 101 998 0.8 937 15
3 96.1 905 4 99.6 57 925 75 34 93 6.3 3.1 27 28 901 82 1002
1 11 57 1033 7.2 101.8 145 999 107.8 139 98 1075 107.1 1045 6.1 992 6.6
Fe 2 967 914 45 1002 63 931 &1 4 93.7 7 3.7 33 33 91 8.8 100.8
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Table 5. The distance d; ; between different possible locations of the facilities (b)
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No.

F7

F8

F9

F10

F11

F12

F13

1

2

3

1

1 2

F8

95

98

2.1

92.3 100.8

0.6

F9

91

96.6

29 38

1.3

4.4

1.6

96

214 964

7.3

2.2

102

96.4 100.4

F10

95.7 101.1

2.3

06 29 47 99.7 102

R —|w o=~z

2.1

2.1

94.3

922 937 924 29 6.1

F11

1 938 99.2

09 63

1.5 25 97.5100.1 6.8 0.7

72 0.6

99.5

97 989 97.6 22

1.2 975 5.7

F12

1 945 100.2 0.9

05 25 3.1

98.6 101 1

96.2 3.40 92.90

2 977 972 49

10.5 55 638

95.6 102.8 10

99.3 6.40 96.50

F13

1.6 4.6 905

87.6 809 9.7

54 88 88.1

3.7 90.20 3.00

87 90.2

86.2 918 6.7 4

6.1

4.8 902 925 45

88.7 6.40 87.60

35 6.6

100.2106.1 7.9

53 85 78

105.5107.5 4.8

103.2 9.40 99.30

58 3

F14

— | W[ N

86.2 92.5

6

28 54 4.1

90.9 932 33

89.4 5.70 88.20

23 54

84.4 0.8 8.1

7.7 3.2 102.1

96 101.5100.2 4.8

29 971

7.5 101.80 8.10

96 99.2

11.2 92.6 101.9

99.8 105.6 6.9

48 75 92

104 107.1 4.3

102.7 8.40 98.80

53 25

975 14

0.5

F15

— | W[ N

91.5 96.9

1

43 08 05 955 979 48

94.1 1.10 89.90

38 69

89.1 53 9.6 4.5 100.1 9.1

94 1006 1.2 1

1.7

3

98

100.5 1.5

96.6 2.70 92.40

05 3.6

916 84 63 76

108.8 5.8

7.9

2

100.5

97.6 999 98.6 3.6 22 981

6.2 100.20 6.80

97 100.2 9.9 93.6 102.9 944 5.2 102.4

F16

— | W[ N

99.5 105.3 6.3

45 69 87 103.7106.6 4

102.3 7.80 98.50

5 21

97.1 135 0.8

12.7 108.5 0.3

8.8

5.5 103.2

NS}

8.5

2.5 101.1 98.2 100.5 99.2 4.1

2.8 98.7 6.8 100.80 7.50 98

100.9 10.5 94.2 103.5 95

5.7 103 102.8 91.8 0.6

Table 6. Sensitivity analysis for parameter selection of SA-based GA

Crossover

Mutation  Acceptance Cooling

No. Size Weight possibility possibility probability  rate Fitness value Convergence Computing
N b ok op P P, P A yuan) o MRNON gy
1 30 12 12 0.7 0.05 0.95 0.95 35,627 674270 3646.20 2 61.969
2 30 12 12 0.8 0.05 0.95 0.95 33,481 422060 3928.00 1 57.219
330 1.2 12 0.7 0.2 0.95 0.95 24,803 728700 3240.00 1 60.187
4 30 12 12 0.7 0.05 0.9 0.95 36,871 886170 3210.47 3 50.468
5 30 1.2 12 0.7 0.05 0.95 0.9 32,948 836030 3240.00 2 60.391
6 50 12 12 0.7 0.05 0.95 0.95 51,253 616670 5271.33 2 107.812
7 50 12 12 0.8 0.05 0.95 0.95 63,327 289080 7756.68 3 106.391
8 50 12 12 0.7 0.2 0.95 0.95 62,660 698950 9000.12 3 106.922
9 50 12 12 0.7 0.05 0.9 0.95 64,673 686150 9026.89 4 104.188
10 50 12 1.2 0.7 0.05 0.95 0.9 34,506 687120 5677.23 5 108.234
11 30 1.8 1.2 0.7 0.05 0.95 0.95 39,171 791702 7972.00 2 65.562
12 30 1.8 1.2 0.8 0.05 0.95 0.95 29,347 726610 9614.00 3 65.329
1330 1.8 1.2 0.7 0.2 0.95 0.95 29,145 855620 8488.00 1 66.328
14 30 18 1.2 0.7 0.05 0.9 0.95 36,120 843920 7469.00 2 66.484
15 30 1.8 1.2 0.7 0.05 0.95 0.9 37,222 824750 5973.00 2 66.156
16 30 12 1.8 0.7 0.05 0.95 0.95 58,217 724780 8030.00 3 66.453
17 30 12 1.8 0.8 0.05 0.95 0.95 59,956 529410 9157.00 1 66.641
18 30 12 1.8 0.7 0.2 0.95 0.95 53,294 518360 8210.00 2 66.265
19 30 12 1.8 0.7 0.05 0.9 0.95 56,508 746080 5043.00 1 66.062
20 30 1.2 1.8 0.7 0.05 0.95 0.9 50,908 704590 5207.00 4 64.922
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preliminary experiments that were conducted to observe
the behavior of the algorithm at different parameter set-
tings. To reduce potential statistical errors, the conver-
gence iteration number and computing time of the algo-
rithm was also calculated. By comparing several sets of
parameters, the most reasonable parameters were chosen:
N=100,p.=0.8,p,=02,P,=0.95and p=0.95 We
ran the DDTFLPP program 30 times and chose the best
result as our solution for which the first objective was
72,422 million yuan and the second was 706,654. The
total fitness value was 7574.8. The detailed information
is shown in Figure 6. We can see some of the facilities
were relocated at each stage, while some had no change
over several stages. This difference is not only related to
the cost balance for the DDTFLPP program model but
can also be explained from the practical experience.

We may get different results from different runs of
the program. The project management can select the most
suitable solution by considering the real environment,
such as the local residents, the transportation condition
and the safety. Hydropower stations are often located in
mountainous area with a severe environment. So, some
candidates that may have economic advantages may not
be very safe because of the possibility of debris flow, or
flood or the other events caused by the environment and
the weather. The selection process can also be influenced
by the local government policy. Therefore, decision mak-
ers need to consider the conditions comprehensively be-
fore making a final decision.

In order to gain insight into parameter selection, a
sensitivity analysis was conducted as shown in Table 6.
Decision makers can fine tune these parameters to obtain
different solutions. Under the same level as the other pa-
rameters, the average computing time for the population
size N = 50 was about 1.65 times that of N =30 and indi-
cated that we can obtain better results with a larger pop-
ulation size. When the crossover probability p,. = 50 and
the mutation probability p,, increased respectively, the
results were better. Further the effect of p. was greater
than the p,,. The cooling rate p and the probability of
acceptance had little effect on the results.

In addition, the weight k in the evaluation value F'
used to find the optimal feasible solution was chosen
randomly. As a result, it was a significant factor in the
fluctuation of F. For each pair of k; and k,, we still ran
the program 30 times and chose the best fitness as the

J. Xu et al. A fuzzy multi-objective model and application for the discrete dynamic temporary facilities location ...

results. To show the practicality and efficiency of the op-
timization method, the results are discussed in Table 6. In
practice, k reflects the different attitudes of the objectives
and can be set according to the preference of the decision
maker.

The proposed methodology provided a systematic
approach to narrow down the number of alternatives, and
to facilitate the decision making process. These results
are quite useful and could be used as reference for the
decision-makers as, ultimately, they will be the ones who
will make the choice of the appropriate set of parameters
to optimize the decision making process. For this propose
then, the DDTFLPP model for the development of the
actual material use profiles for the construction activities
presented in this paper is simple and practical.

An on-going extension of this proposed approach is
the comprehensive testing of its efficiency on a range of
different construction sites to quantify its impact. This
is, however, a difficult and long-term task that requires a
large number of projects and the analysis of various site
productivity measurement statistics.

3.3. Model comparison

In the past, the DDTFLPP was modeled with a surrogate
function for flow distance or for simplified objectives
that may be entrapped into the local optimum, such as in
Urban’s (1998) model, where the material flow was con-
sidered but the other factors were not. To find out how
well each modeling method contributed to the DDTFLPP,
every objective was respectively considered. Rosenblatt’s
(1986) model was used to solve the DDTFLPP problem
for the Jinping-II hydropower station using the same giv-
en parameters. The objective was only f; for this model
and the result was 12,330 million yuan, 60,090 million
yuan less than 72,442 million yuan, the result of our mul-
ti-objectives model. While the second objective f, was
839,583 at the same time, 132,929 higher (18.81%) than
706,654, the result of the multi-objectives model. Simi-
larly, if f; is used as the only objective, the result was
46,122, 660,532 less than the model while the cost (f})
was 79,189 million yuan, 6,767 million yuan (9.34%)
higher. Thus, the multi-objective integration method used
in the model here has a greater effect on the outcomes.
Furthermore, this model is more suitable for construction
as the project manager needs to consider both the cost
and the relationship at the same time.

Temponary i i i Fabrication 1 Steel 1 Sandstone i, . i i i Cement/Sand/ i o . [ i 1 Refuse

facilities :Cs(;r;g(:e i insgﬁa?ioni plant i fabrication i fabrication i Malr;t':agsnce i Ca;ﬁiglry i S:j:ﬁ’e i Aggregate i Mra;g'r‘;'e i Eﬁgzltvei dglct i L;lr'gg' i 21‘;9 i Palr;l)(tmg idumping

items 1 1 | synthesis | yard | plant | 1 1 | storage yard | H H I I I | area

Stage 1 Fl2 | F1 | F31 | F4&1 | F53 | P62 | F7-3 | P84 | PO | FIO1 | FH-1 | F121 | F132 | Fl41 | FI51 | Fl61 |
N T T N O T M

Stage 2 Fl2 | F22 | F32 ! F42 ! Fs2 ! Fe1 | P4 | F82 | F92 ! F102 ! FI12 | Fl22 | F133 | F143 | F152 ! F163 |
T T T T T T T T T T T T T T T
bbb by by by b ey s

Stage 3 Fl3 1 F22 1 F32 1 F42 1 F52 1 Fed i F 1 F82 1 F92 1 F102 1 FI12 1 F122 1 F131 1 F142 1 FI53 1 F163 |

~___

Dynamic allocation plan

Fig. 6. Dynamic allocation plan for the DDTFLPP of the Jinping-II hydropower station
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Many existing research papers have tackled the
DDTFLPP process in chronological order (Zouein, Tom-
melein 1999). According to Osman et al. (2003), this ap-
proach has its drawbacks and the main weakness lies in
the fact that facilities that are assigned positions in early
phases may:

(1) Be placed in positions that will subsequently be
occupied by permanent facilities, thus they will be
forced to relocate.

(2) Be placed in positions that minimize the transpor-
tation costs during early phases but in subsequent
phases might be in unfavorable as they are far from
other facilities.

In contrast, our paper proposes a model that miti-
gates the costs of the DDTFLPP for all phases combined.
However, this model is not suited to a layout problem
with only a few facilities in a small area, such as the
Khaled’s dynamic site layout planning problem (Haidar
et al. 2009) because neither the orientation of the facili-
ties nor geometric constraints are considered.

3.4. Algorithm evolution

To compare the performance of the algorithms, we also
solved the DDTFLPP program using the MOGA. For
each type, we ran the DDTFLPP program 10 times with
the same value for the parameters. The searching pro-
cess of the SA-based MOGA can be seen in Figure 7.
The results and performance of the algorithm and the
actual data from the project are listed in Table 7. The
fitness value for the SA-based MOGA is better than for
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the MOGA. This shows that the SA-based MOGA has a
better ability to aggregate the different objectives. This
improvement demonstrates that the SA-based MOGA is
more suitable for the DDTFLPP proposed in this study.
However, the SA-based MOGA shows very limited up-
dating in the convergence as the iteration number is
around 2. This is because the variables are 0—1 and the
number of variables is small, so the search process is
short. When the number of the variables increases, the
SA-based GA shows greater advantage.

As shown in Table 7, the best, the worst, and the av-
erage results for the different algorithms were also stated.
It is worth noting that the gap between the best and the
worst solutions for SA-based MOGA is narrower than
those for the MOGA. This is the same for the gap be-
tween the best and the average solution. This shows that
SA-based MOGA creates a more stable solution space.
This point also suggests the SA-based MOGA is an ef-
fective and relatively efficient approach for solving the
DDTFLPP.

3.5. Effectiveness analysis

Table 7 shows that there are significant differences be-
tween the proposed methodology and the actual outcomes.
Project managers are interested in these differences be-
cause this knowledge would give them further insight for
future practical cases. For the SA-based MOGA, the rate
of increase of the first objective between the result and
the actual data is 6.2%. Such an improvement assists in
reducing costs for the construction project. Further, the
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Fig. 7. The searching process of SA-based MOGA
Table 7. The comparison of the algorithms
Algorithm  Stage Cost (in million yuan) Data = 795470 Fitness Variance  Convergence Time
! Ji i) S/
Result Data Increase Rate  Result Increase Rate Best Worst Average iteration
number
SA-based o
MOGA 1 31,568 32,574 1,006 3.09% 1 67.893
2 62,838 66,556 3,718 5.59% 706654 88816 11.17% 7554 7532 7500  22.0589%
3 72,422 77,208 4,786  6.20%
1 26,653 32,574 5921 18.18%
0,
MOGA 2 43,392 66556 23,164 3480% 718261 77209 9.71% 6092 5945 6076  28.9943% 5 7.047
3 58,793 77,208 18,415 23.85%
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closeness relationships between the facilities are able to
attain a suitable level of which the net rate of increase
is 11.17%. Consequently, the construction project safety
level can be also improved.

Although these finding are quite encouraging, for
now, it is not 100% certain that all these differences
represent a net improvement because our mathematical
model is formulated on some assumptions. Some portion
of these differences could be a result of possible mod-
eling errors. In fact, as the basis for future decisions on
the DDTFLPP, the hydropower station managers have
already adopted the analysis results.

Conclusions

Ultimately, from the above statement, we can conclude
that this paper has presented a new hybrid optimization
model for the DDTFLPP of the large scale hydropower
station by combining traditional research theory, practi-
tioners’ perceptions and a mathematical approach. The
traditional model has been improved to develop a more
suitable model making it easier to apply for project man-
agers. The results show that the proposed method is vi-
able for the DDTFLPP. The methods and experiences
learned from this study are valuable for the future stra-
tegic management planning for large scale hydropower
stations. More specifically, this model may significantly
enhance a project managers’ DDTFLPP comprehension
and the management of the large project cases. There-
fore, the study is applicable and useful to the profession.

Cost and safety concerns are the key factors for a
productive construction site. In this paper, the factors that
contribute to inefficiency were discussed and the need
for uncertainty to be integrated into site layout planning
emphasized. Four aspects were considered for the DDT-
FLPP:

(1) defining the facilities closeness weights based on a
modification of the defuzzification methodology;

(2) proposing a multi-objective dynamic construction
layout planning model under a fuzzy uncertainty
environment;

(3) developing an SA-based GA to find feasible solu-
tions;

(4) presenting a practical study to demonstrate the ap-
plicability and significant benefits of the proposed
approach.

In addition, there were only 3 stages in our case
study. When a problem includes numerous stages, data
entry for each can become tedious. It is possible to build
a database of typical resource dimensions, constraints,
and weights, so as to alleviate this task.

On the other hand, there are other investigation
methods and algorithms worth pursuing for the DDT-
FLPP. The proposed model is based on a critical assump-
tion of treating the facilities as dots, which is generally
only appropriate for large scale hydropower construction
projects. Consequently, this leads to a limited applica-
tion as most other projects do not have large areas as in

a large scale hydropower construction projects. In those
conditions, every facility has to occupy some area so they
cannot be treated as discrete dots, so our model would
not perform well. Further, there are some other objectives
in the DDTFLPP, such as environmental pollution and
construction delay which have not been considered here.
These would become possible future research opportuni-
ties to assist project managers gain deeper insight into the
management of this classical yet important research area
and ensure successful project implementation.
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