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Abstract Construction work is carried out with a number of risks arising from construction work in
various fields, such as cost, construction period, and safety. Construction managers need to analyze and
respond to these risks in advance. Therefore, it is necessary to identify uncertain threats and opportunity
factors that may affect construction costs and duration before performing construction work and to
respond to and manage risks in advance. This paper presents a theory of inventive problem solving
(TRIZ), a contradiction-based risk response process that reduces construction design risks. This study
was conducted in the following order: 1) collecting construction project risk data: 2) analyzing and
classifying the risks; 3) statistical analysis of the risks; 4) presenting new risk management processes
based on risk analysis results; and 5) evaluation of risk reduction. An analysis was conducted on the
difference between the current and ideal states based on four risk factors, including displacement
occurrence in excavation cross-sections and abnormal ground reaction patterns, and new alternatives
were explored. The quantitative assessment revealed an improvement from 2.75 to 4.25 points,

representing a risk reduction compared to the original design.
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Fig. 1. Research procedure
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Table 2. TRIZ problem definition and contradiction

No. Risk factor Contradic-tion TRIZ contradiction Risk description
Good point Constructability ‘Make installation work easier
1 Tunnel section distortion
Bad point Area -Distort cross-section area
Good point Shape ‘Change cross-section shape
2 Steel rib failure
Bad point Productivity ‘Make installation work simpler
Good point Stability ‘Make uneven loading
Geological paramete 5
3 .gl R par r Productivity ‘Improves efficiency
estimation error Bad point
Reliability ‘Reduces structural reliability
4 Tunnel section Good point - -
overbreak Bad point Durability ‘Reduces structural resistency
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Table 3. Original designs vs. new design alternatives

Work
Original design Risk description New design alternative
breakdown 8 & p 8
The standard length of steel The steel reinforcement is too short| The steel length is increased to 12m to
reinforcement is 8m in length causing remove unnecessary steel joint
Steel rib unnecessary repetition of work
installation |Rock bolting is planned on the lower These rock bolting The lower part rock bolting is cancelled to
part of tunnel section is structurally unnecessary causing reduce unnecessary
time and cost time and cost
The concrete lining This over design The concrete lining is reduce to 900m to
in the entrance part does not affect the structural safety| save time and cost while maintaining
Concrete is too thick (1,000mm) of the tunnel sectioin structural safety
linin, - - - -
8 The steel formwork is planned to be This site fabrication lowers Pre-fabricated steel formworks are
built at the construction site constructability planned to replace site-fabricated ones
Finish A fixed amount of AE admixture is| The site condition needs to be A flexible amount of AE admixture is
surface planned to be used for all the constantly monitored to know the | planned to be used during the tunnel
shotcreting surface shotcreting right amount construction

23 IS FEFE 71E0 =2 HHt o= 71E A AelnE o= gt HypHo R A gAd A
At i AA RS HolsH, TRIZ Ze5= 12 TE vehdch
2 “41\37} HolZltk= A< 71&sta ek &, a3 £ WjEZA Priols 3714 gAa 2919 1) 27
ST AY AA 7= BESE Q912 ZlolA 3 H HATA (Tunnel section displacement), 2)
7&‘@'—3"‘1 A3 g gt HHY HAUME = A Hld o]4 (Steel rib failure), 121l 3) oj=E4
2 EHE 3} Fig 32 HE3ES FASIH= gQF2 (Tunnel section overbreak)2 B71E0 2 283
A& 2945 BojEth wEhA 2 R A of A& df2iu|E @F (Geological parameter
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Table 4. Matrix evaluation

Criteria A B C Remarks
A. Tunnel section A2 c2 Pair evaluation:
displacement 4: very very important
Lo B4 3: Very important
B. Steel rib failure 2: Moderately important
C T | a0 1: Slightly important
. Tunnel section .
0: Equal
overbreak qua
Weight 0.25 0.50 0.25 Sum Selection
L . 2 3 3
Original design .50 150 0.75 2.75
. 4 5 3
New design 00 7350 075 4.25 (@]

Selection score: 5-Very good; 4-Good; 3-Moderate; 2-Bad: 1-Very bad
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