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Improvement of the Evaluation Method for VE Alternatives
using the Risk Assessment Process
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Abstract . Since the success or failure of VE projects depends on the capabilities of participants, including owners,
construction managers, architects, general contractors and VE experts, it is important to follow systematic procedures,
However, it is often the case that only a rough evaluation is performed, or the rough and detailed evaluations are
integrated in actual VE tasks, In this case, it is difficult to analyze and evaluate the alternatives in terms of risk, even
for the important alternatives, This in turn leads to the so—called returning alternatives where the alternatives proposed
in the preceding stage are returned to the original plans in the following stage, and thus the repetitive work for the
alternatives often decreases the efficiency of the VE task. In this regard, this study proposed a risk assessment process
for VE alternatives in order to minimize the occurrence of returning alternatives based on the systematic analysis
and evaluation of VE alternatives, It will increase the efficiency of VE tasks by reduces the number of regression
alternatives,
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Table 1. Definition of VE by researchers

Researchers Definition
1 CloB A systematic and systematic approach to obtaining
(2002) the maximum utility value of a facility
SAVE A systematic and organized approach to improving
2 .
(2017) projects, products, and processes
A professional, functional, and organisational
3 SJVE approach to analyze and enhance the design and
(2017) organization of products and structures,
a powerful cost savings approach
4 Kim et al Organizational efforts made to analyze the functions
(2005) required by the lowest life cycle cost
Ministry of The economic review team consisting of specialists
Land, from various fields, including the economic
Infrastructure, feasibility of the design, is organized into a
5 )
and Transport workshop to ensure the necessary functions and
(MoLIT) functions of the facility at the lowest life cycle cost,
(2013) and the economic feasibility of the design is applied
Quality improvement and cost reduction method by
6 This paper systematically approaching to ahceive the required
functions with minimal life cycle cost
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Table 2. Risk management process by researchers

Wideman Harold PMI WSDOT This
(1986) (2009) (2009) (2014) Paper
] Risk Plan Risk Plan Risk Manglsekment Risk
Identification | Management | Management N ) |dentification
Planning
Impact T I Identify Risk Risk
2 Analysis Identify Risks | Identify Risks Events Assessment
Response Perform Risk Perform Qualitative Risk
8 Plannin Analysis Qualitative Risk Analysis | Classification
¢ Y Risk Analysis Y
Response Plan Risk Pe”.om.‘ Quantitative |Risk Response
4 System Repsonse Quantitative Risk Analysis Plan
y p Risk Analysis v
5 Data Monitor and Plan Risk Risk B
Application | Control Risks | Responses Response
Monitor and B|sk
6 - - Monitoring & -
Control Risks
Control
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Table 3. VE Status Analysis Results

Division Detailed Description

P f ) -
resence o 13 projects were found to undergo only the rough evaluation,

rough and . ’ :
de?ailed six projects underwent both the rough and detailed
evaluations, and one project did not undergo any evaluation.
evaluations

Considerations | The comparison and evaluation of the existing plans and
in the alternatives are mainly focused on an increase or decrease
comparison | of the initial investment costs. The Life Cycle Cost is mainly
/evaluation of | considered in the field of mechanical or electrical equipment.
existing plans | In addition, advantages and disadvantages are analyzed to
and alternatives | compare and evaluate the existing plans and alternatives.

Elements with comprehensive meanings, such as
maintenance efficiency, workability, economic feasibility
Selection of and safety are selected as criteria used for the rough and

criteria detailed evaluations. These criteria are selected subjectively
by VE project participants based on the characteristics of the
construction project.

A matrixevaluation technique has mainly been applied

Application of as a detailed evaluation technique. It was applied to 12

detallgd cases out of a total of 20 VE results reports. However, the
evaluation ) : . )
A matrix evaluation technique was applied not to all of the
technique :
alternatives, but to some of them.
Returning alternatives occurred in six construction projects.
The total number of alternatives proposed in six construction
projects was 281, and that of returning  alternatives was 12,
Occurrence . )
) accounting for about 4%. Meanwhile, the amount of the total
of returning . .
. proposals was 16,064 million won, and that of the returning
alternatives

alternatives was 1,571 million won, accounting for about
9%. This shows that the frequency of returning alternatives is
relatively low, but their impact is high in terms of cost.
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Table 4. Problems of Evaluation of VE Alternatives

Division Detailed Description

Since only the disadvantages and advantages
Lack of of the alternatives over the existing plans are
concretization in investigated, there is insufficient analysis
the analysis of and evaluation considering the effects of the
alternatives alternatives in terms of the project objective,
design and construction.

Insufficient detailed
evaluation

Detailed evaluations are conducted only for
some alternatives.

Since all alternatives are evaluated with
the same criteria, the characteristics of each
alternative are not taken into consideration.

Evaluation by the
same criteria

Since, in some cases, evaluators make
evaluations only using ‘O, A, X,
which mean ‘good, medium, and bad levels’,
there is a lack of in—depth evaluation of
the alternatives.

Inadequate
segmentation of
qualitative evaluation
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Table 5. Improvement Plans for Evaluation of VE Alternatives

Division Detailed Description

Concretization of
alternatives considering
effects on the project
objective

The concretization of VE alternatives needs
to be performed by considering the effects of
the alternatives on the construction project.

There is a need for procedures where
alternatives are concretized and evaluated
by considering the characteristics of each

alternative

Concretization and
evaluation considering
the characteristic of
alternatives

There is a need to complement the evaluation
procedures of VE alternatives to improvethe
efficiency of VE tasks based on the specific

analysis and evaluation of the alternatives
on a systematic basis

Complement of evaluation
procedures

There is a need for methods to evaluate
Subdivision of evaluation | alternatives more quantitatively through the

scores introduction of 5—point, 7—point or 9—point
scales
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Rough evaluation and concretization

Identification of alternatives’ risks ‘

NO YES =
Re> 050 =k
identification

‘ Identification of detailed risk factors for each

il

alternative

'

Qualitative assessment of risk factors Risk
assessment

-Evaluation of hazard degree for each risk factor
-Evaluation of controllability for each risk factor

!

‘ Classification of risk factors by IPA-based zone
Alternative not
selected
Establishment of risk
response plans

Concretization and detailed
evaluation of alternatives

Risk
classification

Risk

response
plan

R4: The degree of risk measured by the Pl method for the alternative
N, : Number of secondary risk factors per alternative contained in avoid zone
Ni-mm + Number of secondary risk factors per alternative contained in transfer/mitigate zone

Fig. 1. Risk assessment process for VE alternatives
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Table 6. Improvement Plans for Evaluation of VE Alternatives

Division Definition
Risk probability Possblhty of a regreSS{on proposal yvnh the alternanvg
(Hp) proposed in the preceding phase being re—proposed in
the trailing phase to the existing one
Risk Impact The degree of impact, if any, on the cost, process, and
(R) quality of a project when a regression proposal is made.
It is likely that the proposed alternative will negatively
affect the cost, schedule, quality etc. in the
Risk degree implementation phase, making it likely to return to the
(R4 original plan
Risk probabi\ily(RP) X Risk Impact(R;)
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Table 7. Interpretation method by evaluation score

Risk probability Risk Impact Risk degree
Evalua- | Percen- Evalua- | Percen- Evalua- | Percen-
) Inter- ) Inter- ) Inter-
tion tage . tion tage ' tion tage )
~° | pretation ~° | pretation ~° | pretation
score | point score | point score | point
1 0.14 | Very low 1 0.14 | Very low 1 0.02 | Very low
2 0.29 Low 2 0.29 Low 4 0.08 Low
3 0.43 Alittle 3 0.43 Alittle 9 0.18 Alittle
low low low
4 0.57 | Medium 4 0.57 | Medium 16 0.33 | Medium
Alittle Alittle Alittle
5 0.7 high 5 0.7 high 25 0.51 high
6 0.86 High 6 0.86 High 36 0.73 High
Very Very Very
7 1.00 high 7 1.00 high 49 1.00 high

% Rounding off the third decimal place
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Table 8. Establishment of risk assessment standard using
probability - impact matrix

1.00 |04 [ 0:29 | 043
0.86 | 0.12 | 0.24 | 0.37 | 049
0.71 | 0.10 | 0.20 | 0.31 | 0.41
0.57 | 008 | 0.6 | 0.24 | 033 0.49
043 | 006 | 012 | 018 | 024 | 031 | 037 | 043
0.29 | 0.04 | 0.08 | 012 | 0.16 | 0.20 | 0.24 | 029
014 | 002 | 0.04 | 0.06 | 0.08 | 0.10 | 0.12 |/ 014/,

s R; 0.14 0.29 0.43 0.57 0.71 0.86 1.00
* Calculate the risk degree using the multiplication of risk probability and
risk impact
+* Rounding off the third decimal place
Low Risk I High Risk
Medium Risk 1777} Added in Medium Risk
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Identifying
’ Secondary Risk Factor

Identifying

Alternative » - Identifying
Secondary Risk Factor

\ Identifying
Secondary Risk Factor

Fig. 2. Identifying Risk Factors by Alternatives

Analyzing Primary
Risk Factor
(Noun + Verb)
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Fig. 3. Controllability and hazard degree
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Table 9. High risk alternative based on risk assessment results

Table 10. Identifying detailed risk factors for high risk alternative (H1)

Alternative and Detall Rp R; Ry

Mechanical parking is installed on the

sixth to 10th floors 0.71 | 0.86 | 0.61

Alternative

A combination of stand—alone and
Detail mechanical parking is used to use the | 0.71 | 0.86 | 0.61
parking lots by facility and time zone
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Alternative Mechanical parking is installed on the sixth to
(Code) 10th floors(H1)

P LS Code Secondary risk factors Code
factors

Parking lots are disturbed by the
H1F1 | overlap between independent parking | H1F1R1
and mechanical parking spaces

The parking lot is in
chaos.

There is confusion
in parking space
according to the

usage period.

Complaints caused by the chaos of

H1F2 )
parking lot users

H1F2R1

There is confusion
in parking space
according to the

Mechanical parking space insufficient
H1F2 | as short term parking lot users park in | H1F2R2
the mechanical parking lot

usage period.
There is a Mechanical parking is longer than
congestion in the H1F3 | independent parking, causing delays | H1F3R1
parking lot. during peak hours and parking
There is a Parking lots congestion caused by
congestion in the H1F3 | congestion near the entrances to the | H1F3R2
parking lot. mechanical parking facilities

The effectiveness
of the parking lot
maintenance is
compromised.

H1F4 Ma\htenanplg of the mgchanlgal H1F4RT
parking facilities, etc., is required

The effectiveness
of the parking lot
maintenance is
compromised.

Complaints from users who are not
H1F4 familiar with the use of mechanical | H1F4R2
parking facilities

The effectiveness
of the parking lot
maintenance is
compromised.

Requires additional manager and
H1F4 driver for mechanical parking H1F4R3
management

(Table 11)& 7|¥Fo.& [PA 99 E56PH, (Fig. 4)
oF gt 8o ® 2RE 24 Faa 2912 270, A
7} - gsldom By oz} gad 891 67), Uy
oo ke 23} glAT Q91e Q= Ao B}
upeba] A7t - gkt o] 22f glaa aQle) iste] BA
= f-gA S T

Table 11. Assessment results for controllability and hazard
degree of secondary risk factors of H1

Secondary risk factors Controllability Hazard degree
HI1F1R1 5.04 5.74
H1F2R1 3.27 2.21
H1F2R2 4.21 5.89
H1F3R1 4.19 4.75
H1F3R2 5.09 5.26
H1F4R1 5.89 3.48
H1F4R2 3.49 2.01
H1F4R3 5.32 2.79
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Fig. 4. Diagrammatic analysis of secondary risk factors of H1
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Table 12. Risk response plan for H1

Secondary

g S— Risk response plan

Inducing the vehicle by installing signs and
large lettering at the parking lot entrance
HI1F1R1 Paint the floor with a collar guidance line to distinguish
independent parking (short term user) from mechanical parking
(long term user) traffic
Inducing the vehicle by installing signs and
large lettering at the parking lot entrance
Paint the floor with a collar guidance line to distinguish
H1F2R1 independent parking (short term user) from mechanical parking
(long term user) traffic
Ensure management and security staff are customer
on mechanical parking lots
Ensure management and security staff are customer
on mechanical parking lots
Free space announcement sign installed at the entrance
of each floor parking lot
Parking sensors and lights installed on top of standalone
parking spaces to advise if parking is available
Arrange your vehicle by placing the peak hour manager
and security guard in the parking lot
Expanding the Waiting Place for the Vehicle at the Opening
of the Mechanical Parking Facility
Adding ‘Mechanical Peripheral Vehicle Control and
Clearings’ to the mechanical parking facility manager
and security work
Installation of usage signs in front of mechanical
parking facilities
Introduction of voice guidance systems for the use
of mechanical parking facilities
Adding ‘Mechanical Parking Service’ to manager and
security workforce

H1F2R2

H1F3R1

H1F3R2

H1F4R2
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Table 13. Identifying detail risk factors for high risk alternative

Table 14. Assessment result for controllability and hazard degree

(H2, H3, H4) of secondary risk factors of H2, H3, H4
AIt(eCrn;ti)ve Optimsizatit_)fn otf_the ?“’#"d P"’I‘“Se"rl_an?HB;)aS””g Secondary risk factors | Controllability Hazard degree
ode pecifications for Tunnel Section
=i - H2F1R1 3.86 5.00
rimary ris .
o Code Secondary risk factors Code H2F1R2 3.86 414
Unable to apply the index pattern H2F1R3 4.43 4.14
H2F1 standard due to uncertain fault H2F1R1
condition H3F1R1 4.00 4.43
Itis difficult to | HoF1 Add|t|ovraiL;s|?;2rﬁjimn:F:);stgeQU|red HoF1R2 H3F2R1 3.71 3.43
standardize i H3F2R2 3.86 414
Need to change the excavation
technigue according to the current H4F1R1 4.00 3.86
H2F1 ) H2F1R3
state of the surrounding area and HAF1R2 4.43 3.43
the construction efficiency.
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Fig. 6. Diagrammatic analysis of secondary risk factors of H3
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