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A Study on Advanced Management Strategy for Long-span Bridges
across the Sea using Value Engineering Method
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Abstract To improve the management of long-span bridges across the sea, this paper derived the
necessary research subjects and defined their priorities. For these, the pre-study and the analysis were
performed in accordance with the job plan of the Value Engineering method. The evaluation items were
determined according to the evaluation properties for the improvement of bridge management, and the
weights of each item were determined by applying the Analytic Hierarchy Process technique. In addition,
through function analysis, various ideas of experts were extracted, and the priorities of subjects were
determined by considering the importance of each item. Each subject was divided into performance
evaluation items: organization/human resources, system/operational standards, performance
assessment/decision-making, facilities/disaster prevention, and management systems. The main functions
were evaluated as secure safety, manage facilities, and constitute organization. The final advanced
subjects had the high average performance scores of the organizational-related subject, and the
priorities of the subjects were assessed for each performance evaluation item. The subjects could be
used as a basic strategy for improving the management of the sea-crossing bridges in the future. The
proposed methodology could be effectively applied to aggregate the experts' knowledge and prepare
improved alternatives and development plans.
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Table 1. Management status of sea-crossing bridges

in Korea
Classi- | Management No Organizational Management
fication agency ’ configuration method

X Ministry of Center, 3 Offices, 5Special Bridge

National Land,
26 Branches (61 Management.
Road |Infrastructure cople) Center (KALIS)
and Transport] peop
Korea Seohae Bridge
Express Office, Bridge Self-
) Expressway 1
Highway . Management Team| performed
Corporation
(17 people)
Metro- Infrastructure
. Busan [Entrustment of
politan Headquarters, .

X Infrastructure| 1 i - affiliated
City Corporation pridge Mgmt. Office organizations
Road P (12 people) 8

Structure Mgmt.
New Airport 1 Team, Special Self-
) Hiway Structural Parts (4 | performed
Private people)
Ech

ay Structure Mgmt.

Incheon 1 Team, Special Self-
Bridge Co. Structural Parts (4 | performed
people)
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Table 2. Overview of workshop participants

Years
. f .
No. Affiliation Position N . | Specialized field
experie|
nce
Cabl ted
Korea Expressway Team .a ¢ suPpor €
1 . 16 |bridge maintenance
Corporation Reader
and management
Korea Infrastructure
2 Safety and Team 18 Maintenance system
Technology Reader of special bridges
Corporation
Bridge maintenance
. y Team 3 )
3 |New Airport Hiway 19 of private capital
Reader .
highway
A C'or.n].)amf Chle? Monitoring system
4 specializing in Executive | 19 L
1 . ) of infrastructures
facility maintenance| Officer
siccizhrjfjnzn Chief Real-time
5 P . 8 Executive 17 monitoring system
measuring & § . .
s Officer of special bridges
monitoring
A Company Chief
e . Infrastructure asset
6 [specializing in safety Executive | 15 manasement system
diagnosis. Officer 8 ¥
K Institute of
7 Ci:ill-e;ng]?sfinud engA Research 3 Bridge fnanagement
Fellow and reinforcement
Tech.
Korea Institute of Research Rapid repair and
8 |Civil Eng. and Bdg. 20 reinforcement of
Fellow X
Tech. bridges
Korea Institute of Senior Bridge management
9 |Civil Eng. and Bdg. 18 8 8
Researcher system
Tech.
Korea Institute of Senior Bridge maintenance
10 |Civil Eng. and Bdg. 15 standard and
Researcher| s
Tech. guidelines

* All participants have a Ph.D. of Structural Engineering
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Table 3. Evaluation properties and items of idea
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2.

Evaluation properties

Evaluation items

- Proper size of organization

- Securing professionalism in charge (proficiency of visual inspectors, etc.)

Organization and

- Securing professional engineers (securing maintenance personnel of management agency etc.) ™ Human Resources
- Continued work of professionals
- Appropriateness of planning (maintenance items, review of new technologies, salt resistance measures, etc.,
- Appropriateness of qualification standards (education, related licenses, etc.)
- Appropriateness of the system related to ordering (order guidelines, ordering system, evaluation items, S and

reason of unit price and price standard for maintenance, etc.) - yftem an

X i N Operation Standards

- Appropriateness of operating standards (repair cycle, follow-up management of new

technologies/reinforcement, underwater survey cycle, defective warranty period of member, scope/level of

management, etc.)
- Rationality of safety performance evaluation (load resistance, fire resistance, wind resistance, seismic, i

structural modeling, etc.) Per or.mance

- Evaluation and

Rationality of condition and performance evaluation

Appropriateness of decision-making standards (management grade, maintenance level, etc.)

Decision Making

connection with other systems, etc.)

Appropriateness of measurement system (replacement cycle, seismic accelerometer, operating guidelines,

- Adequacy of maintenance facilities (construction, facility evaluation, operating guidelines, etc.)

- Appropriateness of inspection equipment (scale, detailed inspection technology, minimum repair

equipment, etc.)

- Appropriateness of disaster prevention system (snow removal, freezing prevention, suicide prevention,

traffic safety facilities, disaster countermeasures, etc.)

Facility and Disaster
Prevention

- Appropriateness of ITS (Intelligent Transport Systems) operation system (passing heavy vehicles, restriction

of heavy vehicles, CCTV, VMS, etc.)

- Appropriateness of management system (upgrade, item, history, asset management, etc.)

- Systematization of maintenance related documents
Establishment of operating guidelines for management system

=  Management System

- Appropriateness of design and construction history data management
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Table 4. Weighting factors (WF) of performance
evaluation items (performance attribute
matrix)

Evaluation item

Organization and
Human Resources

4050150 36%

System and
B Operation
Standards

1.0 [ 5.0 5060 39%

Performance
C Evaluation and
Decision Making

1.0] 2.0 9%

Facility and
Disaster Prevention

4.0 11%

Management

System 10
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Fig. 4. Weighting factor of performance evaluation
items

Table 5. Detailed weighting factors (DWF) of performance evaluation items

Evaluation items Performance Properties Importance| DWF
P-01 |Proper size of organization 4.0 9.0
Organization and P-02 |Securing professionalism in charge 4.0 9.0
Human Resources P-03 |Securing professional engineers 4.0 9.0
P-04 |Continued work of professionals 4.0 9.0
P-05 |Appropriateness of planning 3.0 8.4
System and Operation P-06 |Appropriateness of qualification standards 3.0 8.4
Standards P-07 |Appropriateness of the system related to ordering 5.0 13.8
P-08 |Appropriateness of operating standards 3.0 8.4
Performance P-09 |Rationality of safety performance evaluation 4.0 3.2
Evaluation and P-10 |Appropriateness of decision-making standards 4.0 3.3
Decision Making P-11 |Rationality of condition and performance evaluation 3.0 2.5
P-12 |Appropriateness of the measurement system 4.0 2.7
P-13 |Adequacy of maintenance facilities 3.0 1.9
Facili;};ejreliﬁzifaster P-14 |Appropriateness of inspection equipment 3.0 1.9
P-15 |Appropriateness of disaster prevention system 4.0 2.6
P-16 |Appropriateness of ITS operation system 3.0 1.9
P-17 |Appropriateness of management system 5.0 1.5
Management System P-18 |Systematization of maintenance related documents 4.0 1.3
P-19 |Establish operating guidelines for management system 4.0 1.3
P-20 |Appropriateness of design and construction history data management 3.0 0.9
Summation - 100
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Table 7. Subjects for improving maintenance system efficiency

Perfo- .
Sortation Technical contents (subjects) rmance Fur}ftmr'l
score classification
Organization and Human Resources
S1-1 Preparation of an appropriate personnel size for each maintenance task 95.0 Organization
S1-2 Establishment of guidelines for securing minimum inspection personnel 90.8 Organization
S1-3 Establishment of maintenance training system 90.8 Organization
S1-4 Restricted placement of inspection and management personnel rotation 86.9 Organization
S1-5 Establishment of institutions and systems for quality assurance 78.5 Organization
System and Operation Standards
S2-1 Preparation of career management plan for maintenance and monitoring experts 90.8 Organization
S2-2 Establishment of qualification guidelines for maintenance companies 87.9 Management
S2-3 Establishment of qualification guidelines for professional inspectors 87.8 Organization
S2-4 Establishment of a program to train professional inspectors 86.9 Organization
S2-5 Refine standards to include maintenance experts as design evaluation committee 84.6 Management
S2-6 Preparation of exchange plans with overseas specialized maintenance institutions 78.9 Organization
S2-7 Establishment of ordering method guidelines for measurement and monitoring 78.1 Management
S2-8 Establishment of guidelines for underwater inspection 74.3 Safety
S2-9 Establishment of guidelines of unit price and price standard for maintenance 69.7 Management
S2-10 Establishment of guidelines for the application of snow removal agents 64.2 Safety
Performance Evaluation and Decision Making
S$3-1 Establishment of guidelines for replacement of expansion joints 80.9 Management
S3-2 Establishment of guidelines for salt resistance painting 80.9 Management
S3-3 Establishment of decision-making criteria (maintenance level, grade, etc.) 80.1 Management
S3-4 Application of condition and performance evaluation techniques 79.7 Safety
S$3-5 Development of non-destructive testing system for cable corrosion 77.4 Safety
S3-6 Preparation of methods to minimize measurement/monitoring system 71.2 Management
S3-7 Hysteresis management of undersea topography by erosion and deposition 68.1 Safety
Facility and Disaster Prevention
S4-1 Preparation of disaster countermeasures manual 88.9 Safety
S4-2 Establishment of standards for installation and operation of inspection facilities 86.4 Management
S4-3 Preparation of methods to prevent falling snow and falling ice 85.7 Safety
S4-4 Establishment of installation and operation guidelines for maintenance facility 83.5 Management
S4-5 Establishment of maintenance guidelines for optimal inspection equipments 81.4 Management
S4-6 Introduction of a disaster response system 80.8 Safety
S4-7 Introduction of fire response system 76.4 Safety
S4-8 Introduction of fog monitoring system 66.6 Safety
S4-9 Introduction of an automatic anti-freezing system 63.8 Safety
S4-10 Introduction of damage monitoring system for collision prevention facilities 62.5 Safety
Management System

S$5-1 Introduction of BMS(Bridge Management System) 85.6 Management
S5-2 Establishment of asset management system 79.7 Management
S$5-3 Establishment of operating standards for management systems 77.8 Management
S5-4 Establishment of document management items for technical data 77.4 Management
S5-5 Preparation of a long-term budget estimation method 75.0 Management
S5-6 Introduction of WIM system for heavy vehicle history management 73.7 Management
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