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Multi-dimensional Quality Model for Value Engineering
in Planning Phase of Public Construction Program

Hyun, Chang-Taek", Kim, Jong-Hyeob!, Son, Myung-Jin
"Department of Architectural Engineering, University of Seoul

Abstract : In the mixed-use development program, several conflicts occur due to the characteristics of construction program, such
as large-scale, variety of stakeholders, long periods of time, etc. In particular, since the characteristics of the construction program
having various complex projects lead to different requirements depending on stakeholders, it is crucial to plan the appropriate type
and size of facilities. Therefore, it is necessary to derive solutions suitable for the needs of owner by conducting VE in the planning
phase. In this study, a multi-dimensional quality model is developed to present proper facilities necessary for the construction program
by clearly identifying the owner's requirements in performing VE in the planning phase. Through the development of the
multi-dimensional quality model, the characteristics distribution of 15 major facilities by 12 performance indicators for mixed-use
development programs is presented. The deduction method of appropriate facilities based on the requirements of owner and the
multi-dimensional synthesis method among the performance indicators are also suggested. This study is significant as a basic research
for the application of VE in the planning phase of construction program. It is expected that the multi-dimensional quality model
proposed in this study could facilitate presentation and review of appropriate facilities based on the analysis of requirements of
various stakeholders in the early stage of the construction program.
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Table 1. Characteristics of information obtained by phase

Planning phase
Category 6] el After the Design phase
nitial perio e

) - Conceptual Design
Information about faciliies None information information
Information about details of None Required rooms, Detallg?e;ooms,
space area, efc. performance, etc.
Degree of relative )
concretization of information Poor Fair Good
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Fig. 1. VE implementation period and effects
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Table 2. Multi-dimensional quality model performance indicators

Category Details

Economical

efficiency Cost Saving in construction, operation and maintenance

Public interest | For balanced regional development and local residents

Functionality Improvement in terms of roles and functions
- Expansion of local commercial districts for reactivation of existing
Commerciality economic activities
Symbolic Aesthetic tendencies and symbolism of the development area can
significance be expressed
Profitability Generation of profits through development
Constructability | Ease of construction while achieving project objectives
Safety Emergency evacuation plans and structural safety
Connectivity Connection with surrounding areas, moving paths and layout

considering characteristics between facilities

Maintainability | Ease of overall maintenance, including replacement and repairs
Funding Smooth process related to capital investment
Sustainability | Harmony with surrounding environment and eco-certification
Corfort Planning of comfortable environment by securing landscape area
and open space
Convenience | No difficulty in using the building and barrier-free space planning
Scalability Potential for expansion of space and development areas
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Table 3. Main facility of mixed—used development

Facility group Mixed-use development projects Total
Main .
category Division A/B|C|D|E|F|G|H|I |J|K|L| 12
Detached houses 0

Apartment houses
0)

Residential | Accommodations @
ad |

commercial |

| Neighborhood ®

Other residential

Government and
public offices

Security and disaster
prevention

Education ®
Research/science

Information and
| communication @

Social welfare
Cultural properties
Other public building
Health care @
Exhibition
Performance and

Health, Assembly
relaxation |

Public
building

Relaxation and
leisure @

Religion

religious

Other facilities
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Fig. 3. Examples of characteristics distribution of major
facilities by performance indicator
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Table 4. Results of RIM on the public interest by major facility (before adjustment)

e

ol
0Kl

Z27M0| 7|ZICHA| VES I3 Ciatd B2

e

T ® ® ® ® ® ® @ ® ® (W) ®
o MAX 63 56 65 73 8.1 8.1 65 76 79 76 75 66
& bl MIN 38 30 42 46 52 53 39 46 52 50 49 41
Median (3) 5.1 43 54 60 66 67 52 6.1 66 63 62 53
Weight (n) 00728 | 00618 | 00768 | 00853 | 0092 | 0.09%f 00746 | 00871 00943 | 00903 | 00889 | 00766
Confidence MAX 55781 48125 | 58504 | 6451 71406 | 72081 57081 65781 70781 67969 | 67031 58438
interval (63 MIN 45781 | 38125 | 48594 | 54531 | 61406 | 62081 | 47031 | 55781 | 60781 | 5790 | 57031 | 48438
Number of common set ( j ) 26 26 2 24 30 32 18 28 30 R 30 24
Reliabilty ( 1j /M) 81% 81% 69% 75% %% 100% 58% 88% %% 100% % 75%
Center variance 14509 143% 16716 | 2432 | 08748 | 05251 29890 19509 | 06697 | 07439 14158 16787
Interval variance 53147 | 59102 | 54495 | 78772 | 56125 | 42170 | 73420 | 71252 | 45383 | 4547 | 5997 | 63877
Table 5. Results of RIM on the public interest by maijor facility (after adjustment)
T ® ® ® ® ® ® @ ® (W) ®
o MAX 63 56 65 73 8.1 8.1 64 76 79 76 75 66
. bl MIN 38 30 42 46 52 53 39 46 52 50 49 4.1
Median (%) 5.1 43 54 60 66 67 52 6.1 66 63 62 53
Weight (nj) 00728 | 00618 | 00768 | 00853 | 00952 | 009t 00746 | 00871 0043 | 00903 | 0089 | 00766
Confidence MAX 55781 48125 | 5894 | 6451 7.1406 | 72081 57081 65781 70781 67969 | 67031 58438
interval (69) MIN 45781 | 38125 | 48594 | 54531 | 61406 | 62031 | 47031 | 55781 | 60781 | 57969 | 57081 | 48438
Number of common set ( Ij ) 26 26 2 24 30 32 18 28 30 2 30 24
Reliability ( 1j /M) 81% 81% 69% 75% M% 100% 67% 88% %% 100% H% 75%
Center variance 1.4509 1.4336 1.6716 2432 0.8748 0.5251 5.5867 1.9509 0.6697 0.7439 1.4158 1.6787
Interval variance 53147 | 59102 54495 | 78772 56125 | 42170 | 73420 | 7122 | 45383 | 45247 5997 | 63877
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Table 6. Distribution characteristics of major facilities by performance indicator

= (ORNGRNORNEORECEEGENGRROCRNORNONNONN®] T (ORNGREOAROCRRORECERORNORNORNORNORN®)
~ |max|76]68]74]69[67]68[67]68[67]66]67] 7 MAX | 7] 7 [71]77]76]74]64]71]76]75|76]73
Eg%rc‘%”;ga' MN |48 41(47[42|39| 4 [42]| 4 [41]43|39]42 Connectivity | MIN | 43 | 42 | 44|49 | 48|48|39|43|48|45|48|43

MED | 62 |5.45|6.05|5.55| 53 | 54 |545| 54 | 54 |545| 53 | 56

MED | 57| 56 |575| 63| 62| 6.1 |515/ 57| 62| 6 | 62|58

MAX |63 |56|65|73|81|81|64|76|79|76|75|66

Public interest | MIN | 38| 3 |42 |46(52|53|39|46|52| 5 |49 41

MED (5.05| 43 |5.35|595|6.65| 6.7 [5.15| 6.1 655 63 | 62 |5.35

Maintainability | MIN | 45 | 44 | 43 |44 |39 |43 46| 4 |44|45|46]42
MED | 59 | 58 | 57 | 58 | 52 |575]595|5.35|575|595|6.05| 5.6

MAX | 63| 68|74|74|79|81|73|74|83|73|73|69

Functionality | MIN | 37| 41| 48|49 |52|53 |47 |47|56|47|48 |45

MED | 5 |545|6.1|6.15/655| 67 | 6 |605/695| 6 |605|5.7

Funding MN [ 41| 4 |42|44|38|39|42|35|42|43|36|38
MED |545| 54 | 55| 57 |5.25| 53 |5.55| 49 [565|565| 49 | 5.1

MAX |66 (74| 7 |85|62|58|58|59|69|76|67|74

Commerciality | MIN | 4 | 45|45|57|36|31|34|34|43|48|38|46

MED | 53 |595|575| 7.1 | 49 |445| 46 |4.65| 56| 62 |525| 6

Sustainability | MIN | 48| 4 |42|42| 5 |47|35|43| 4738|4545
MED |6.25| 53 | 55 [555| 63 | 6.1 | 47 | 56 [6.05| 5.1 |585|5.75

MAX | 58 |71]63|71|71]64|57|67|61|74|72|76

Symbolic i Ta3] 44|36 | 46 | 44| 37|33 42|33 48| 44|47

significance
MED [4.55|5.754.95|5.85|5.75|5.05| 45 [545| 4.7 | 6.1 | 5.8 |6.15

Comfort MIN | 53| 4 |44|38|49|51(33|43| 5 [46| 5 |45
MED | 6.7 |5.35|5.65| 53 | 6.3 |6.45|4.65| 5.8 |6.45|5.85| 6.4 | 5.8

MAX | 73|81|73|81|65|57|66|52| 7 |72|67|77

Profitability | MIN | 45|49 |48|51|37[29|39|24|43|44|37|49

MED |59 | 65 |605| 66 | 51| 43 |525| 38 |565| 58|52 | 63

Convenience | MIN | 48 | 44|47 |43|49|51|39| 5 |51|45|46]|42
MED | 6.1 |575| 6.1 |565| 6.3 |645| 52 |6.35[6.55| 59 [5.95| 56

MAX |77 (64| 7 | 7 |72|67|71|67|68|68|73|67

Constructability | MIN | 52 | 37 | 44| 43 | 43|39 43| 4 | 38|43 |47 |41

MED (6.45]5.05| 57 |565|5.75| 53 | 57 |5.35| 53 |5.55| 6 |54

Scalabiity | MIN | 38|36 |4.1|47|43|43|39|47|48|46|45|46
MED |525| 49 | 55| 6 | 56|555|525| 6 |6.15/6.05| 58|59

MAX | 7375|7473 |72|82|71|79| 8 |78|72|74

Safety MIN | 45| 47|48 |45|43|53|46|53|52|51 44|47

MED | 59| 6.1 | 6.1 |59 |575|6.75/585| 66 | 66 |6.45| 58 |6.05
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Fig. 4. Concept of proximity value between owner’s
requirements and facility characteristics distribution
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Table 8. Overview of case study

Category Details
Project name OO station multi-level transfer center development  project
Project cost About 3035 billion won
Site area 31,485.7m ‘ Building area ‘ 17,894.7m*
Gross floor area 131,508.8m" (floor area ratio 306.90%)
Building size 20 stories above ground ‘ Maximum height ‘ 95.4m
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Table 9. Distribution of owner’s requirements

H—lu'}\]}g, “757%/‘]}\7—_'/ g éi%{ﬂ/\]’\ J ¢—~§ Ed@' 34\_9& 2u Owner 1 Owner 2 Average
/\jl QQ}\]:]_ MIN | MAX | MIN | MAX | MIN | MAX | MED
Economical efficiency 4 8 4 8 4 8 6
Public interest 3 6 2 5 25 55 4
Table 7. Resuits of analysis on the proximity value between economical Functionality 4 7 3 6 |35 |65 |5
efficiency and public interest (examples) Commerciality 3| 8 | 2| 3 |25 |55 4
- - Symbolic significance 4 7 2 3 3 4
Economical Public Total Brofitabil 2 9 3 - 5 8 575
T8 efficiency interest rofita IIB". - -
Value | Ranking | Value | Ranking | Value | Ranking Constructability S ! 2 3 25 5 375
Safety 4 8 3 5 |3 |65 |5
Apartment houses 0.2 2 1.05 2 1.07 2 —
- Connectivity 3 7 4 6 35 6.5 5
Accommodations 055 6 03 1 0.63 1 Maintainabilty 3 8 5 1 o5 6 425
Offioe 005 | 1 | 15| 4 | 1H] 4 Funding 4 | 8| 2|53 |65 [ar5
Sales 045 4 1.9 6 200 6 Sustainability 3| 7 | 2| 4 |25 |55 |4
Neighborhood 07 11 265 1 274 11 Comfort 4 7 2 3 3 5 4
Education 06 8 27 12 277 12 Convenience 3 6 4 6 35 6 475
Information and Scalability 4 7 1 3 25 5 375
communication 05 5 12 3 132 3
Social welfare 06 8 21 7 218 7 R
Health care 06 8 255 10 262 10 433 _'c-’iAl = x-"Al
Performance and Assembly| 0.55 8 23 9 236 9 ’3719] WAL Q- PrE(Table 9)94' £ Aella] ARIgE
Sports 07 " 22 8 231 8 A5 oA —E—“E:-_(Table 0 3 b B jl ]_o:" oA+
Relaxation and leisure | 0.4 3 135 4 1.4 5 Allol] AAAEL AABIETE Bl 157] AAsS 25
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Table 10. Appropriate facilities for case study

Proximity value
Category -
Value Ranking

Apartment houses 560 5

Accommodations 447 2

Office 502 3

Sales 6.20 10

Neighborhood 6.15 9

Education 6.30 1

Information and communication 3.88 1

Social welfare 5.70 6

Health care 6.51 12

Performance and Assembly 6.09 8

Sports 6.06 7

Relaxation and leisure 543 4
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Table 11. Comparison between facilities appropriate for case study

T Proposed facilities| ~ Actual plans
Apartment houses o
Accommodations o)
Office e} o
Sales o) o
Neighborhood o o
Education o
Mixed-Use Informatiqn and o 5
major faciliies communication
Social welfare ¢} o
Health care
Perfzg:rr:ﬁyand o o
Sports o) o
Relaxation and o o
leisure
Other faciliies Transfer o
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