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ABSTRACT

In recent years, as China has experienced rapid growth in both the economy
and society, the need for energy has also exponentially grown. New and renew-
able sources of energy have become more important and consequently hydropower
resources have also become more important. In order to develop clean and renew-
able energy sources, a number of large scale hydropower projects are being con-
structed in China for achieving West — East Electric Transmission Project, espe-
cially on the Yalong River Valley. The Jinping — II Hydropower Station is one of
the most importanf projects in the Yalorig River Valley. The Jinping — II Hydroe-
lectric Project is one of EHDC’ s projects under construction. However, as the
complex large — scale project involving more and more elements and greater a-
mount of information in Jinping — II Hydroelectric Project, therefore, there are
uncertainties in the trade — off problem for project scheduling because of suffcient
information. Time and project cost are crucial aspects of construction projects and
have received significant attention for several years in traditional multi — objective
trade — off problem for project scheduling. Environm ental impact should be taken
into consideration along with the time and cost trade — offs in Jinping — Il Hydro —
electric Project because more than one billion yuan for environmental protection
has been allocated for the project, and control measures and construction envir-
onm ental criteria for the project have been proposed to coordinate with the other

objectives. The large — scale deeply — buried tunnel group project, which is one
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of the most important subprojects in Jinping — II Hydropower Station, is the lar-
gest and most difficult hydro — tunnel project in the world, so quality is important
for asecure and smooth construction and quality have been proposed to coordinate
with the other objectives. The process of multi — objective trade — off problem for
project scheduling decision making can not be determined by a manager, but
multi — level decision — makers. Hence, besides mul - tiple objectives, the multi
— level structures should be optimized in the multi — objective trade — off problem
for project scheduling. Therefore, the discussion of multi — objective trade — off
problem for project scheduling in Jinping — II Hydroelectric Project getsnot only
specific theoretical but also practical significance.

At present, there is no literature which takes multi — objective, fuzziness
and multi — level into account for multi — objective trade — off problem for project
scheduling. In this dissertation, after sum marizing the existing literatures, this
paper will take a challenge to present four multi — objective trade — off problem in
project scheduling models under fuzzy phenomena, the corresponding and the hy-
brid intelligent algorithm, and the application to the Jinping — I Hydropower Sta-
tion. A

First of all, combining the classic (discrete time — cost trade — off problem,
DTCTP) , a discrete time — cost — environment trade — off problém CDICE TP)
for Jinping — II Hydroelectric Project with multiple modes under fuzzy uncertainty
is présented due to environm ental protection, an extension of DTCTP. A multi
- objective decision making model is established in which the total project dura-
tion is regarded as a fuzzy variable. In this'paper, four objectives for the DTCE
TP are considered; the minimization of the total projectcost, the minimization of
the total project duration, the minimization of the total crashing cost, the minimi-
zation of the environmental impact. This paper considers that construction manag-
ers need to develop a project management methodology for directing and control-

ling not only the total projectcost, duration and cash flow, but also the environ-
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mental impact to achieve management objectives, every activity can be executed
in the crashing way, duration/cost/environment of an activity is determined by
the mode selection and the duration reduction ( crashing) applied within the se-
lected mode. This leads to a multiple modes discrete time — cost — environment
trade — off problem (DTCETP) . To deal with the uncertainty, the fuzzy num-
bers in the model are defuzzified by using an expected value operator with an op-
timistic — pessimistic index. Furthermore, a fuzzy — based adaptive — hybrid ge-
netic algorithm is developed to find feasible solutions. The algorithm proposed
here has two modes for linear and non — linear situations, respectively. In the
linear case, the fuzzy expected value model (EVM) is embedded in the a —hGA
to deal with the fuzzy variables that are in linear functions, while in the non - lin-
ear case, the fuzzy simulation is combined with a —hG A for han - dling the non-
linearity of the fuzziness. The weighting method is applied to transform the multi
— objective model into a single — objective one. The one — point crossover and re-
pairing strategy for mutations are designed to avoid infeasible solutions. Finally,
the Jinping — II Hydroelectric Project is used as apractical example to demonstrate
the practicality and efficiency of the model. Results and a sensitivity analysis are
presented to highlight the performance of the optimization method, which proves
to be very effective and efficient compared to other algorithms.

The large — scale deeply — buried tunnel group project, which is one of the
most important subprojects in Jinping — II Hydropower Station includes, four di-
version tunnels, two auxiliary tunnels and one drainage tunnel, with a total tun-
nel length of 118 km. These tunnels are long, are large in diameter, need to en-
dure high stress, and encompass complicated engineering geological conditions
such as water bursts, rock bursts, and collapses. Because this tunnel project is
the largest and most difficult hydrotunnel project in the world, these conditions
are extremely difficult for effective project management. Therefore, quality is im-

portant for a secure and smooth construction. So it studies a multi — objective op-
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timal model for solving a discrete time — cost — quality = environment trade — off
problem (DTCQETP) with multiple modes for the large — scale deeply — buried
tunnel group project in Jinping — II Hydropower Station. It is an extension of DT-
CETP. The objective functions that minimizes the project duration, cost, quality
defects and environmental impact are presented. To achieve the optimal schedu-
ling and executive mode, the DTCQETP analysis, with uncertain activity duration
and environmental impact, under the constraints of project due dates, within
budget, cash flow, quality defect level and environmental impact in each time pe-
riod. The fuzzy EVM technique is used to defuzzify the fuzzy durations and envi-
ronmental impact. The weight — sum procedure is adopted to transform the multi
— objective model into a single — objective model. The solution is composed of
two chromosomes for the DTCQETP where the first chromosome shows the feasible
activity sequence and the second chromosome consists of activity mode assign-
ments. Order — based crossover ( OBX) and a local searchbased mutation are
used in this (fuzzy — based adaptive hybrid genetic algorithm ( (f)a —hGA))
which is solved DTCQETP in the large — scale deeply — buried tunnel group pro-
ject in Jinping — IT Hydr opower Station. Finally, the large — scale deeply — bur-
ied tunnel group project in Jinping — II Hydropower Station is used as a realworld
example to demonstrate the economic, technological, and social ecological effec-
tiveness of the optimization method.

Subsequently, with multi — objective trade — off problem for project schedu-
ling in Jinping — II Hydropower Station which are split into several sub — projects,
it studies the multiple project time — cost — environment trade — off scheduling
problem, (mPTCETSP) and establishes the expected value model for mPTCET-
SP under fuzzy uncertainty for large — scale and more complex problem. It is an
extension of classic multi — objective trade — off problem. The objective functions
are pursuing the minimum duration, the minimum tardiness penalty and minimum

environmental impact. The sum of the capital or the environmental impact of the
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activities in all subproject which are scheduled in a certain time period during the
whole project duration cannot excéed the capital or environmental impact limit per
time period. Achieve the optimal project scheduling under these constraints. Af-
ter defuzzifying fuzzy numbers in the model by using an expected value operator
with an optimistic—pessimistic index, the multi — objective expected value model
combines with hybrid genetic algorithm with a fuzzy logic controller (fle —hGA)
to solve mPTCETSP. FLC can adaptively regulated the GA parameters based on
experts’ knowledge. The effectiveness of the proposed model and algorithm is
proved by a practical application in Jinping — II Hydropower Station. The results
of comparative analysis between the proposed flc — hGA and other GA algorithm
indicate that flc —hGA has more prominent performances in the fitness value, the
convergenceA iterations and the elapsed time.

Finally, we consider a four — dimensional time — cost — quality — environment
trade — off problem which are split into several sub — projects, and present a bi —
level multi — objective multiple project scheduling models under fuzzy phenomena
which has multiple upper objectives and multiple lower objectives. The upper ob-
jectives are minimizing the quality defect and environmental impact, and the low-
er objectives are minimizing the duration, tardiness penalty, and comprehensive
cost in their subproject. To solve the bi — level multi — objective models, the
weight — sum procedure is adopted to transform the multi — objective model into a
single — objective model at first, then interactive fuzzy programming technique is
used bi — level model into a single — level model. At last, EBS —based GA is u-
tilized. The superiority of the proposed hybrid intelligent algorithm is proved by
comparison with the other GA algorithm.

Above all, multi — objective decision model and bi — level multi — objective
decision model in Jinping — II Hydroelectric Project is deeply studied and accord-
ingly algorithms for solving the proposed problems are analyzed. The proposed

four multi — objective decision making optimization models under fuzzy environ-
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ment can develop a more reasonable and effective decision scheduling based on
the practical situation of Jinping — II Hydroelectric Project for minimizing the du-
ration, cost, quality defect and environmental impact. Undoubtedly, in the fu-
ture research, this dissertation will be contributed in multi — objective and bi -
level decision making under complex phenomena and complex large — scale pro-

ject scheduling problems.
Key words: Fuzzy variable, Multi — objective programming, Jinping

—II Hydroelec - tric Project, Genetic Algorithm, Expec-

ted value, Optimistic — pessimistic index.
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