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The Case Study on Performance Measurement Weighting
for Efficient Value Engineering Study of Sewage Treatment Facility

Kim, Dongjin', Park, Jaeil', Lee, Jachun', Lee, Minjae®*
"Department of Civil Engineering , Chungnam National University

Abstract : Recently, the demand of sewage treatment facilities have increased by growing the population growth of city
and industrialization, However, most of public sewage treatment facilities lack the preparations of design criteria by
increasing sewage water amount in the future, In order to respond to this situation, the government has consistently
promoted the sewage treatment construction project, This study conducted a survey targeting residents and sewage
treatment facilities, civil engineering a VE project professionals for effectively operating the sewage treatment facilities
and improving its value to be built in the future, Based on this survey, this study will introduce the list of performance
measurements which can not only save cost but also reflect opinion of users and residents, In addition, using Multi—
Level Performance Measurement and AHP analyzed the weights of performance measurement which is more objective
than existing things for applying efficient VE process.
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[ Multi-Level Performance Measurement |

Levelil Performance Performance Performance | | Performance
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Fig. 2. Multi-Level Performance Measurement Approach
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Fig. 3. Simplified Structure of An Exemplary AHP Hierarchy
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Fig. 4. Method of AHP Weight Estimation
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Table 1. Nine Scale of Pairwise Comparison Matrix in AHP

Numerical Rating Verbal Judgement or Preference

1 Equal importance

3 Moderate importance
5 Strong importance
7 Very strong importance
9 Extreme importance

The intermediate values of 2,4,6 and 8 provide additional levels of
discrimination.

Reciprocals: If activity i has a specific mumerical rating with respect to
activity j, then j has the reciprocal value when compared to i.
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Table 2. Rl Index

n 3 4 5 6 7 8 9 10
RI 058 | 0.90 | 1.12 | 1.24 | 1.32 | 1.41 | 1.45 | 1.49
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Table 3. List of Performance Measurements (Level. 1, Level. 2)

Level.1 Level.2
P-01 Adequacy of facilities size
P-02 Adequacy of water flow plan
P03 Adequacy of the method & process water
treatment
Approp‘riate P-04 Regulations , guidelines
Planning
P-05 Adequacy of water supply
P-06 Adequacy of selected materials
P-07 Adequacy of the power supply system
P-08 Responsiveness future plans
P-09 Adequacy of temporary facility
P-10 Adequacy of material supply
P-11 Adequacy of the construction method
Constructability| P—12 Adequacy of the construction period

P-13 Adequacy of equipment selection

P-14 Adequacy of human resources management

P-15 Adequacy of equipment placement
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P—16 | Appropriateness of the data transmission system

pP-17 Adequacy of traffic line
P-18 Ensuring spare equipment and special tools
o P-19 Adequacy of sensor
Maintainability - ;
P-20 Adequacy of maintenance equipment
pP-21 Linkages with existing facilities
p-22 Ease of management system
pP-23 Adequacy of staffing management
p-24 Adequacy of safety plan
pP-25 Adequacy of disaster prevention facilities
P—26 Plan of temporary facility measurement
Safety p-27 Adequacy of foundation practice
pP-28 Adequacy of disaster preparedness
P-29 Adequacy of the structure section
P-30 Safety of facilities operation
P-31 Adequacy of quality test
p_30 Adequacy of waterproof/corrosion protection
) plan
Ol P-33 Durability and abrasion resistance
P-34 Adequacy of test—operating
P-35 Adequacy of flow distribution
P-36 Harmony with the environment
p-37 Using green energy

Environmental | P—38 The use of eco—friendly materials

friendly P-39 Adequacy of the waste management

P—-40 Obstacle Protection

P—41 Adequacy of sludge treatment
P—42 Adequacy of drainage plan
P-43 Adequacy of transport treatment plan

P—44 | Adequacy of deodorization and ventilation plans
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Appropriate Planning
6%

Quality Maintainability
10% 18%

Environmental friendly
11%
Public Opinion
16%

Constructability
12%

Usability
13%

Public Opini i i
uRlie EPINon o Adequacy of Noise & Vibration prevention plan Fig. 5. The Result of Level.1 AHP Analysis
P-46 Reflectivity for the required
P—47 Adequacy of the complainant Management Table 5. The Result of Level.2 & Level.3 AHP Analysis
P-48 The‘ netlafj for facw‘llltl‘es EEl 2 Level 3
) P-49 Ava|lab{I\FY of falcnmes Machinery Water&Wastewater
Usability P-50 Accessibility residents L Weight | Weight | /Electrical Equip. | /Civil/Architecture
P-51 Space diversity of space data (%) . Weight ) Weight
- - Ratio " Ratio .
pP-52 Satisfaction of user (%) (%)
P—01 17.50 1.00 | 60.00 0.60 | 40.00 0.40
P—02 20.75 118 | 60.00 0.71 | 40.00 0.47
C =% B P—03 16.25 0.93 | 60.00 0.56 | 40.00 0.37
4.2 tEF(Level.1) 7tEX 2 P—04 8.00 0.46 | 50.00 0.23| 50.00 0.23
AHP7|H& O] 31 71%22) HAT O tH[(ERE, T P—05 13.75 0.78 | 10.00 0.08 | 90.00 0.71
P—06 7.00 0.40 | 50.00 0.20 | 50.00 0.20
H)9] 7152 A4S 917t Datag @71 sl & ‘L“—JL"HH— P—07 925 | 053 | 60.00| 032] 40.00| 021
BEEA)A ‘j‘_7]_§.é_ tako 2 okA AR AesrEe P—08 7.50 0.43 | 60.00 0.26 | 40.00 0.17
) N P—09 11.75 146 | 10.00 0.15 | 90.00 1.31
olg3st] A e % AATSFATE ASQIEF g P—10 825 | 1.02| 30.00| 031 | 7000| 072
SHA|9} AR Uro], & 15 9] AEIIS HAsiglon] = P—11 33.75 418 | 10.00 0.42 | 90.00 3.76
° s o o o . P—12 875| 1.08| 10.00| 011 | 90.00| 0.98
2 =S HAVE 75‘%4 | A, ER AlE AEol & P—13 13.75 | 170 | 20.00 | 0.34 | 80.00 | 1.36
3l o]0z 14 xol9le. o Table P—14 8.25 1.02 | 20.00 0.20 | 80.00 0.82
THIHS. AFE 77 refe] P—15 15.50 1.92 | 20.00 0.38 | 80.00 1.54
49} Pt} P—16 700| 125 9000| 113| 1000| 013
P—17 17.50 313 | 80.00 251 | 20.00 0.63
P—18 7.50 134 | 80.00 1.07 | 20.00 0.27
Table 4. Configuration Personnel in AHP interview P—19 18.25 307 80.00 262 20.00 0.65
P—20 11.25 2.02 | 80.00 161 | 20.00 0.40
SO RO P21 1300 | 233 | 7000| 163| 3000 0.70
VE Expert. 5 p—22 8.00 143 95.00 1.36 5.00 0.07
Construction Expert. 5 p—23 17.50 313 | 80.00 251 | 20.00 0.63
: p—24 19.25 2.70 0.00 0.00 | 100.00 2.70
Academia(Ph.D. 5
cademia(Ph.D ) P—25 1875 | 263| 000| 000 10000 | 263
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P-26 6.75 0.95 0.00 0.00 | 100.00 0.95
P-27 11.25 1.58 0.00 0.00 | 100.00 1.58
P-28 17.00 2.39 10.00 0.24 90.00 2.15
P-29 8.25 1.16 0.00 0.00 100 1.16
P-30 18.75 2.63 80.00 2.1 20.00 0.53
P-31 22.50 2.23 95.00 2.12 5.00 0.11
P-32 19.50 1.93 10.00 0.19 90.00 1.74
P-33 18.75 1.86 40.00 0.74 60.00 1.1
P-34 17.50 1.78 80.00 1.39 20.00 0.35
P-35 21.75 2.15 50.00 1.08 50.00 1.08
P-36 14.25 1.63 10.00 0.16 90.00 1.47
P-37 14.50 1.66 20.00 0.33 80.00 1.33
P-38 11.25 1.29 10.00 0.13 90.00 1.16
P-39 23.75 2.71 80.00 217 20.00 0.54
P—-40 8.75 1.00 20.00 0.20 80.00 0.80
P-41 27.50 3.14 80.00 2.51 20.00 0.63
P—-42 11.256 1.80 40.00 0.72 60.00 1.08
P-43 13.756 2.20 10.00 0.22 90.00 1.98
P—-44 22.50 3.60 90.00 3.24 10.00 0.36
P—-45 20.00 3.20 40.00 1.28 60.00 1.92
P—-46 17.50 2.80 40.00 1.12 60.00 1.68
P—47 15.00 2.40 50.00 1.20 50.00 1.20
P—-48 16.25 2.05 20.00 0.4 80.00 1.64
P-49 25.00 3.15 20.00 0.63 80.00 2.52
P-50 21.25 2.68 20.00 0.54 80.00 214
P-51 15.00 1.89 20.00 0.38 80.00 1.51
P-52 22.50 2.84 20.00 0.57 80.00 2.27

Total 42.97 - 57.03
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Table 6. The Highest Items in Level.2 & Level.3 Weight

Level. 3
Level. 1 Level. 2 Machinery / |Water and Wastewater
Electrical Equip. | / Civil / Architecture
’ Maintainability P-19 P-19 P-21
(18%) (3.27%) (2.62%) (0.70%)
5 Public Opinion | P—44 P—-43 P—-44
(16%) (3.6%) (1.98%) (3.24%)
3 Safety p-24 P—24 P=&0
(14%) (2.7%) (2.7%) (2.11%)
4 Usability P—49 P—49 P—49
(13%) (3.15%) (0.63%) (2.52%)
5 Constructability | P—11 P-11 P-11
(12%) (4.18%) (0.42%) (3.76%)
6 Env. friendly P-41 P-41 P-36
(11%) (3.14%) (2.51%) (1.47%)
7 Quality P-35 P—31 P-32
(10%) (2.23%) (2.13%) (1.74%)
8 App. Planning P-03 pP-02 P-02
(6%) (1.18%) (0.71%) (0.71%)
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Fig. 7. The Result of Performance Improvement Rate in Level.2
(Except, The result of less than 1% data.)
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