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ABSTRACT

Decision making between cut-slope and shallow tunnel alternatives is a very
common problem in construction of highways or railways in mountainous regions. In
practice, on the premise that both are feasible in construction technology, economic
rationality and maintenance cost are mainly regarded. If there is no marked difference
in maintenance cost between the alternatives, construction cost is preferred to evaluate
the superiority of alternatives. However, the construction is a process of production
and consumption, with the characteristics of long term, big investment, high technical
requirement and complex system. It is therefore inevitable that the project should be
influenced by different kinds of risks during life cycle period. This research is based
on Western Science & Technology Project of Ministry of Communications — Research
on risk analysis and treatment of highway construction in mountainous regions (No.
2006318799107). The decision model proposed in this dissertation is a
multi-objective decision-making model. The factors concerned in this model include
normal cost risk, normal schedule risk, and casualties, economic loss and time overrun
due to exceptional risks during construction period, together with maintenance cost,
reliability and environment impact of different alternatives. In this dissertation, the
life cycle ideology and quantitative risk analysis method are combined with the
decision making approach, and a decision making model between cut-slope and
shallow tunnel alternatives is proposed. Moreover, a program named “Decision
Making System of Construction Schemes Based on Life Cycle Risk Analysis” is
developed on MATLAB platform using Monte-Carlo simulation method. The major
finding of the dissertation is listed as follows:

(1) According to the characteristics of risks which may occur during
construction, the risks are divided into two kinds-normal risk and exceptional risk,
and the meaning of these two kinds of risks is described. Normal risk is considered to
be inevitable. It can be defined as “risks causing deviations in the normal time and
cost spans.” The normal schedule and cost risk are associated with the condition that
the project can be completed smoothly as original plan without major exceptional
risks. They can often be represented as continuous probability distributions. The
probable major risks, which result in serious consequences to the project, belong to
exceptional risk. Exceptional risk is considered to be avoidable, but in case of
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occurrence it can lead to severe consequences. It is considered to be key issue to cause
major and unplanned changes in construction.

(2) The methodologies of estimating normal schedule and cost risks are
described. Based on PERT (Program Evaluation and Review Technology) method,
using Monte-Carlo simulation, the schedule distribution can be obtained
comprehensively considering normal risk factors which influence durations of
construction activities. Combined with characteristics of all construction activities and
the uncertainties of cost components, the normal cost is calculated using
time-dependent cost, quantity-dependent cost and fixed cost. On this basis, normal
cost — schedule scatter of the project can be plotted.

(3) The method of quantitative risk analysis (QRA) for landslide risk is proposed,
and the analyzing process is described in detail. On the basis of previous researches, a
new quantitative model for estimating vulnerability to landslide hazard is proposed.
Based on mechanical calculation, with different numerical simulation ways, the most
hazardous scenario is identified, the occurrence probability, probable debris volume
and impact area are estimated. The category, quantity and spatial distribution of
elements at risk therefore can be determined, so that the consequence can be evaluated.
Using event tree analysis and Monte-Carlo method, the consequence including
casualties, economic loss and time overrun is estimated, and the consequence
probability distribution is obtained.

(4) The quantitative estimating method of tunnel collapse risks is proposed. The
collapse probability is estimated according to reliability theory. Using
Protodyakonov's compressive arch theory and statistical data, the length, span and
area of newly generated cavity of collapse can be calculated, so that the quantity of
construction material of reinforcing measures and the cost could be obtained. Similar
to landslide risk analysis, the casualties and time overrun due to collapse can be
estimated. Finally, the consequence due to collapse can be expressed as probability
distributions based on event tree analysis and Monte-Carlo simulation method.

(5) The life cycle cost (LCC) theory is studied, and the method of calculating
maintenance cost is improved. Through introducing growth-rate coefficient of
maintenance cost, the aging and durability issue of structures due to increasing service
life is reflected.

(6) The reliability and environment impact of different alternatives are evaluated

using both fuzzy comprehensive evaluation method and fuzzy analytic hierarchy
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process. The basic level of factor set for evaluating reliability is regarded to consist of
three factors including long-term stability, maintainability and structural defect etc.
Through evaluating social, ecological and natural environmental impact, the
environment impact degree by different alternatives is evaluated.

(7) The commonly used aggregation operators of multi-objective decision
making are analyzed and summarized. The construction, ranking and consistency
checking method of fuzzy judgment matrix are discussed and analyzed, and
advantages and disadvantages are pointed out. Finally, the weighted geometric
average operator (WGA) and combined weighted geometric average operator (CWGA)
are preferred to aggregate the information from individual decision maker or group
decision makers.

(8) According to the methods of quantitative risk analysis and multi-objective
decision making, a program named “Decision Making System of Construction
Schemes Based on Life Cycle Risk Analysis” is developed on MATLAB platform.
The program consists of three modules including risk analysis during construction
period and operational period, and decision making. The module of construction
period comprises quantitative risk analysis of normal schedule, normal cost, and
casualties, economic loss and time overrun due to exceptional risks. The maintenance
cost, reliability and environment impact constitute the module of operational period.
In the decision making module, individual or group decision making method can be
selected, and 5 indicators of construction period or 8 indicators of life cycle period

can be applied to make decision.

Key W ords: tunnel, cut-slope, multi-objective decision making, life cycle cost,
quantitative risk analysis, normal risk, exceptional risk, normal
schedule risk, normal cost risk, casualties, economic loss, time overrun,
maintenance cost, reliability, environment impact, vulnerability,

landslide, collapse
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