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ABSTRACT: This paper introduces a newly developeididge management system for the
prestressed concrete (PC) bridges (J-BMS PC versibich integrated with the PC bridge
rating expert system (PC-BREX). The proposed systerable to predict the deterioration
process of the existing PC bridge superstructumpoments as well as assess a broad array of
optional corrective strategies. The system alsalmasapability to search and retrieve from a J-
BMS database system(J-BMS DB), the necessary imftoom carry out suitable analyses to
arrive at some recommendations that would helpsugeroptimize their decisions based on
engineering aspects, cost and economic issuesralgk bmanagement policies. A comparison
of the results of applying the system to some &dtuservice PC bridges with a special
designed survey form to experts shows that optimaihtenance planning as well as bridge
rating can be predicted accurately by using theesys

Keywords : Lifetime management system , prestressed concritgeb, J-BMS DB , Bridge
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1 INTRODUCTION

In Japan, because there are a huge number of iofvdstructure systems, it has become
important to develop an integrated lifetime managetsystem for such infrastructures. They
include urban expressway/railway networks and o#femial infrastructure systems, and such
structures as bridges, dams, and tunnels. It hdidfore be necessary to maintain the service
life of social infrastructure stocks as long asgille and to take appropriate measures as
society ages, in harmony with the natural enviromniBien et al.2007). Especially in existing
bridges, it is required to put into practical ube Bridge Management System (BMS) for
effective and efficient bridge management. BMS ftes support to bridge administrators in all
types of actions for bridges from planning to dasigonstruction, inspection, deterioration
diagnosis, repair, retrofit and replacement fromiewpoint of quality, economy, safety and
functionality.

The authors have been developing a practical Briidgeagement System that is referred to as
the Japanese Bridge Management System (J-BMS) (Mit@ (2000) & Kawamura et
al.(2003)) integrated with the Concrete Bridge RatExpert System (BREX) that can be used
to evaluate the serviceability of existing concrétédges. J-BMS is composed of three
subsystems, namely, J-BMS Data Base System (J-BBp (Ronno et al.(2003)), Bridge
Rating Expert System (BREX) (Kawamura et al.(2088§ Maintenance Plan Optimization
System (MPOS). The J-BMS uses multi-layered neumetivorks to predict deterioration
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processes in existing concrete bridges, construcpdimal maintenance plan for repair and/or
strengthening measures based on minimizing liféecgost and maximizing quality, and also
estimate the maintenance cost. In this systemGtreetic Algorithm (GA) technique was used
to search for an approximation of the optimal nmeraince plan.

For example, it will be focusing on prestressedceete (PC) structures including PC bridges,
PC structures are more effective than reinforcaettiie (RC) structures because prestressing
the cross section of a member eliminates an unfderstress condition that is created by
external forces and thus enables an effective Ligeedotal cross section. If the tensile stress in
any given cross section of a concrete member if@ted so as not to cause surface cracking
under any combination of predictable external feras concrete is generally weak in tension
stress), it is possible to construct a structued tequires minimum maintenance in the future.
Then, it is generally say that cracking or otheyety of damage to concrete surface of a PC
structure designed based on the above assumpgoefdhe implies that the durability of the
member has already been lost. To introduce of i@esihg in all parts of a PC structure is,
however, actually impossible. Especially, presirgsss often difficult at joints in cast-in-place
backfill, in the longitudinal direction of a bridg#ab, or at the anchorage of prestressing steel,
then, reinforced concrete (RC) is used in somespart

The J-BMS subsystems were developed at differeimtgpdan time and no compatibility had
been established. In order to solve the problem JtBMS subsystems were integrated and a
version of J-BMS for prestressed concrete bridgeBMS PC version) was developed in this
study. Verifications from diverse viewpoints are@wever, required before practical system
implementation. Numerous data obtained in the icismpes of an actual bridge were input to
PC-BREX and the diagnostic results were closelyfieer For consideration, variances were
identified according to the structural type, inpuethod and inspector, and points to be
improved and problems were organized.

2 OUTLINE OF J-BMS

The configuration of J-BMS is shown in Figure 1.eTfigure shows J-BMS functions
corresponding to the steps of the bridge managefiwmnt As the steps of the flow, (i) bridge
specification data such as the age and grade abridge and inspection data on cracks and
other parameters are extracted (J-BMS DB), (iifggarance and soundness of the bridge are
assessed based on the extracted data (BREX)€tiyioration of the bridge is predicted using
deterioration curves based on the diagnostic =$MPOS), (iv) cost and effect of corrective
measures are verified based on the results ofidetiéon prediction (MPOS), and (v) optimum
timing and cost of corrective measures are proptssgd on the verification results and an
optimum management plan is developed (MPOS). TBMS- functions (subsystems) are
described in detail and their characteristics aothlpms are organized below.

(1) J-BMS Data Base System (J-BMS DB)

J-BMS DB is composed of the “bridge specificatioR"D‘ordinary inspection DB” and “repair
and retrofit DB”. The subsystem was developed fiehtly accumulate all types of data on
bridges such as bridge specification data, inspectiata that is collected in ordinary and
detailed inspections and data on the history ddiregnd retrofit.

(2) Bridge Rating Expert System (BREX)

BREX assesses the present bridge performancel¢ad).bearing capacity and durability of
main girders and slabs) based on the bridge spatifn data and various inspection data
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Figure 1. Configuration of J-BMS

provided by J-BMS DB, using neural networks andzfutheory. BREX is composed of RC-
BREX for reinforced concrete bridges and PC-BREXpi@stressed concrete bridges.

(3) Maintenance Plan Optimization System (MPOS)

MPOS helps develop optimum maintenance plans faiaitly managing bridges by inputting

the bridge specification data and ordinary inspectiata (soundness determined by BREX)
output by J-BMS DB and having users set “deteriomatprediction equations”, “cost of

maintenance and renovation”, “period of applyingrective measures” and “renovation
budget”.

3 DEVELOPMENT OF J-BMS PC VERSION
(1) Re-building of PC-BREX

PC-BREX was re-built because (i) no compatibilitpavprovided with Microsoft Windows
Vista or later versions of OS, (ii) no explanatfanctions were available and (iii) bugs occurred
in the case where a specified folder contained ata.dPC-BREX evaluates the overall
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durability of main members (main girders and slafs)erall durability means comprehensive
performance of members identified through composiguation of load bearing capacity and
durability.

This chapter describes the evaluation process\aidation function of newly built PC-BREX.
a) Evaluation process

The evaluation process is the key component of RE>RB The hierarchical process shows the
steps of evaluation leading to the evaluation odéral durability of main girders and slabs

conducted by domain experts (bridge administrakatts expertise and the people with adequate
basic knowledge and experience concerning bridgeéamaguchi Prefecture) (Kawamura et
al.(2003)). The evaluation process enables theuatiah of overall durability at the highest

level by transferring evaluation results from lowerhigher levels. Figure 2 shows part of a
process of evaluating the overall durability of mgirders.

b) Evaluation function

Evaluation function aims at evaluating various g/pé performance of main members (main
girders and slabs). PC-BREX users can obtain tlseltee of performance evaluation by

inputting required data on the specific bridge. BIREX outputs evaluation results based on the
conditions of cracking and free lime in various ifioas, which are typical of prestressed

concrete bridges. Figure 3 shows a sample scresseming the results of evaluation of main
girders produced by PC-BREX. Users can visuallyfiomnon the evaluation result screen the
ratings on the overall durability of main membeithwespect to the load bearing capacity and
durability, and design, general damage, constmeind damage at specific positions.

(2) Development of J-BMS PC version

The subsystems of J-BMS were developed at diffengoints in time. Development

environments and programming technology therefaréed and no adequate compatibility was
established among the subsystems. This chapteusdiss the development of J-BMS PC
version for the purpose of integrating J-BMS submys and effectively managing prestressed

Overall durability of main girderI

Load bearing capacity of

Durability of main girder

main girder
| |
|
| General damage of main girde} | Design of main girder | | Construction of main girder | How main girder is in servic+ e
I |
| Damage at midspar{ | Damage at the one-fourth point of splan- "
Condition of cracking | Development of free lime | | Occurrence of rust fluid |
‘ Crack width | | Number of cracked locations | | Free lime | | Concrete spalling |

Figure 2. Part of the process of evaluating ovehalhbility of main girder
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a='  Screen of evaluation result = 5

Data to be input Results of
Bridge name : MH bridge Evaluation [ Detailed screen] [ CSV output ]

Main gider

Overall durability of main girder ‘ 73.9 Mild

Load bearing capacity

of main girder ‘ 74.0 Mild

Durability of main girder ‘ F55 Mild

Design of main girder ‘ 46.2 Moderate

General damage to main girder ‘ 96.0 Safe

Construction of main girder ‘ TS Mild

How main girder is in service ‘ 41.8 Moderate

Damage at midspan ‘ 98.1 Safe
Damage at the one-fourth

point of span ‘ 92 Safe
oemorage e e o0 sate
Damage along the sheath ‘ 98.9 Safe
Deterioration of main girder ‘ 78.6 Mild

material

Figure 3. Sample screen showing evaluation refultgarameters of main girder

concrete bridges. A general view of J-BMS PC verssagiven in Figure 4.
The processes of system integration conductedsrsthidy are described below:

(i) -BMS DB was integrated with PC-BREX by dowrdoey BREX data from J-BMS DB,
outputting the results of evaluation by PC-BREXC&Y files and uploading the CSV files to J-
BMS DB. BREX data includes an inspection reporpuinfile (brx. file) and explanation file
containing compressed data, which can separatafpWweloaded.

(i) 3-BMS DB was integrated with MPOS by usingdmy@ specification and inspection data
stored in J-BMS DB. Corrective measures are storddBMS DB in three levels. Soundness is
evaluated on a scale from 0 to 100 by diagnosisguBC-BREX and is input to MPOS.

4 SYSTEM VERIFICATION

This chapter presents the results of applicationedbuilt PC-BREX to an actual prestressed
concrete bridge in Yamaguchi Prefecture and ammaypti maintenance plan that was developed
using developed J-BMS PC version, and verifieststems.

(1) Results of application of PC-BREX to an actuadige
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Figure 4. General view of J-BMS PC version

The MH Bridge (Mine City) was inspected on-siteotingh the cooperation of four experts who
work in consulting firms and have adequate knowéedlgout bridges. Table 1 lists the results of
evaluation of specific parameters obtained by impgithe inspection data collected by domain
experts to PC-BREX and standard deviations. Thée taidlicates that ratings are low for
“design” and “serviceability” either for main gindeor for slabs. This may be because the MH
Bridge has been in service for 42 years and becawisef-date specifications were applied at
the time of design and the bridge was designed rusghaller design loads than at present.
General evaluation results show that the ratingvefrall durability by BREX is approximately
70 on a 100-point scale. It is therefore evideat the MH Bridge needs no urgent repair.

A comparison of results of evaluation by four indpes shows great variations in
“construction” either for main girders or slabsgiiie 5 shows a hierarchical structure of “main
girder construction”. “Slab construction” is of mnflar structure. As is obvious from Figure 5,
construction is evaluated in terms of two paransetédiscoloring and deterioration” and
“occurrence of honeycombing”. The ratings in thésens seem to greatly govern the final
scores. The options concerning the “discoloring afeterioration” and “occurrence of
honeycombing” are shown in Figures 6 and 7, respaygt The options are similar for slabs.
Specific figures are input concerning the “occuceerof honeycombing” (Figure 7). Slight
difference in number of locations of occurrencerd¢fme has no impact on evaluation results.
Figure 6 shows that a checkbox is used for inpgittiabjective decisions. Small difference in
the determination of damage by inspectors greéiiégts evaluation results.

The evaluation results obtained through comprekensview may be used effectively if the
difference in inspection is adjusted in prior infews.
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Table 1. Results of evaluation of the MH Bridge
Inspector Standard
Rating parameter Expert A| Expert B | Expert G| Expert D deviation
Overall durability of main girder 63.6 63.8 79.7 70.8 6.58
Load bearing capacity of main girder 73.2 7134 73.6 73.9 0.26

General damage to main girder

91.0

91.7

93.0

95.3

Durabiliti of main iirder 65.2 65.3 81.6 12.8 6.74

1.64

Construction of main iirder 52.8 52.8 98.3 73.8 18.7

Main girder

Damage at midspan 93.2 80.4 82.7 92.6 5.74
Damage at the one—fourth point of span 81.9 98.9 98.9 93.3 6.94
Damage to prestressing steel 989 | 989 | 989 | 989 | 000

anchorage in main girder
Damage along the sheath 98.9 82.0 82.6 98.9 8.30
Deterioration of main girder material 69.4 76.8 78.4 77.3 3.55
Overall durability of slab 64.1 71.1 51.3 79.1 8.10
Load bearing capacity of slab 66.6 70.7 58.0 68.4 4.80

General damage to slab

79.0

83.7

80.7

80.6

Durabiliti of slab 73.0 76.2 69.5 91.5 8.40

1.70

Construction of slab

73.8

74.5

28.3

99.0

25.5

(throughout main girder)

(throughout main girder)

Figure 5. Hierarchical structure for evaluating mgirder constructio

No discoloring was observed

~ Discoloring and honeycombing in main girder—
@ Main girder has been discolored throughc

Main girder has been discolored locally

ut

Slab Damage at the center 72.3 93.2 75.5 74.3 8.38
Damage at the point of filling 37.2 81.2 60.9 48.0 16.4
Damage in other areas than
at the point of filling 98.9 98.9 94.2 98.9 2.04
Damage to slab overhangs 98.9 79.7 95.6 98.9 7.95
Damage to the anchorage of 986 | 990 | 990 | 990 | 017
perpendicular prestressing steel
Deterioration of slab material 48.8 61.3 49.7 58.1 5.36
Surface condition 78.1 78.4 78.4 78.3 0.12

Construction of main girder
Discoloring and deterioration Occurrence of honeycombing

Figure 6. Options for determining the discolorimgidioneycombing of main girder

Occurrence of honeycombing in main girder——

Number of locations where honeycombs of 02lonmiarger occurred

Number of locations where honeycombs of less tham®occurred

Figure 7. Options concerning the occurrence of fioombing

SMAR 2013
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(2) Development of an optimum maintenance plan

An optimum maintenance plan was developed usiny1$BC version based on the inspection
data on the YN Bridge in Ube City stored in J-BMB.[A sample screen is shown in Figure 8
of the optimum maintenance plan output by MPOSr dffte input of conditions for developing

the optimum maintenance plan. Not only deterioratiarves before and after repair or retrofit
and predicted remaining service life but also optimtiming of repair or retrofit may be output

for the bridge under study.

In the future, it is necessary to review the intdign of subsystems for reinforcing final
evaluation results.

Individual bridge data confir mation screen ——Bridgebasicdata
— Retrieval bridge data confirmation———————— Bridge name YN Bridge (old bridge)
Number of bridge with data read into the system Managementoffice [ | Frequency time

Results of 1st inspection

X Year erected 1935 ear
Skl I:I ’ i i
Bridge length n Year inspection conducted [ 2008 year

: managem Total length m
Management office All management -
v i
offices Span T m Soundness of main girder |:| points

Material SEMEREESEiCEE | points
[ YN Bridge (old bridge) Initial service life: —
Bridge service life yearsto| 2075 |

Results of ordinary inspections ———

Prediction of deterioration

Priority of corrective Corrective measure
measure Drawing period Initial state ¥

Safety 2 Influence during a disaster 2 Soundness (points) : Main bean

Type of chloride : 4 Economic influence : 4 —:Deck
attack control

Safety 100}

Deterioration curve

g Main girder

Influence Economic A \ Concrete
during influence \ 4 deck
a disaste \

Type of chloride attack control

Figure 8. Sample screen of an optimum maintenatacefpr YN Bridge
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5 CONCLUSIONS

The authors have been developing PC-BREX as adrnidiing expert system for prestressed
concrete bridges. J-BMS DB and MPOS, subsystemisRS that is capable of effectively
maintaining prestressed concrete bridges, werelalge@ and implemented separately and
coordination between the subsystems required v&rimprovements. In order to meet the
requirement, PC-BREX was re-built and J-BMS sulmystthat had been developed separately
were integrated. For putting J-BMS into practicaéudata obtained in inspections of an actual
bridge was input to PC-BREX and the results of namis were verified. As a result, J-BMS PC
version was completed that enables comprehensidgebmanagement by J-BMS.

The results of this study are described below:

1) Combining J-BMS DB and PC-BREX enabled directvdlmading of compressed BREX
data (brx. file) and ensured the flow from the megdof inspection data into PC-BREX to
performance evaluation.

2) It was made possible to output deteriorationvesirand develop an optimum maintenance
plan by MPOS based on the bridge specification dathinspection data stored in J-BMS DB,;
and on the overall durability of main girders atabs obtained by PC-BREX.

3) Subsystems of J-BMS were integrated based omethdts in (i) and (ii). Then, it became
possible to develop J-BMS PC version, a variatibd-BMS for prestressed concrete bridges
and to increase the efficiency of maintenance viorlprestressed concrete bridges.

4) It was revealed that the results of evaluatiaried with respect to some parameters even
among domain experts. For most of the parameteraificch variations occurred, lower level
evaluation depended on a checkbox. For solvingptbblem, using three-dimensional bridge
models, using a diagram showing damaged positimngri-site inspections and other means are
considered to enable the sharing of recognitiotdamhage. Reinforcing the explanation function
built in the system for supporting users to addaitled explanations about the damage is
expected to reduce the variations of inspectionlt®from inspector to inspector.
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