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Development of Defect-Repair Method-Cost Mapping Algorithm of
Concrete Bridge Using BMS Data

ABSTRACT

As aged infrastructures have been increased, the importance of accurate maintenance costs and proper budget allocation for
infrastructure become prominent under limited resources. This study proposed a mapping algorithm between representative defects,
repair methods, and the estimated maintenance costs for concrete bridges. In this regard, using BMS (Bridge Management System) data
analysis, bridge repair methods were classified and matched with defects according to their locations, types, and sizes. In addition, the
maintenance costs were estimated based on the amount of work-load and quantity per unit using CSPR (Cost Standard Production
Rate). As aresult, the level of accuracy was an average of 85.1 % compared with the actual bill of quantity for Seoul bridge maintenance.
The accuracy of maintenance costs is expected to be enhanced by considering the various site conditions such as pier height, extra
charge conditions, additional equipment, etc.
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Table 1. Maintenance Cost Standard of Domestic Major Authorities
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Organization
Korea Exprgssway Lal’ld&HOl.lSil’lg Korea Railroad City of Seoul
Corporation Corporation
. Maintenance & rehabilitation |M&R cost book Cost book for railway track  [Design principle for M&R
Title (M&R) cost book work
. Annually Regularly Annually Annually renewed and —annual
Period unit cost based
. Construction-standard-product | CSPR CSPR CSPR

Basis |ion rate (CSPR)

Operation Develop a its own extra charge| Develop a extra charge Develop various types of extra [Develop a Unit Cost Standard
standards according to site standards for labor cost charge standards including (including a new excellent
condition. night time, types (single technology such as pick up

Difference track/double track), etc. manhole) as well as extra
charge standard for various
conditions (including Night
time, topography, etc.)

14 types of work, 89 activities, |5 sectors (Building/Civil 349 unit costs for railway track |7 Sector (Pavement, manhole,
and 1,186 unit costs included |work/Landscaping/Equipment |included road marking, landscaping,

Coverage /Electrical communication) machine & electricity facility,

and 2504 unit costs included etc.) and 695 unit costs
included
- Earth work and face of slope |- Building: Most major works |- track construction and - Pavement: M&R
Items repair - Civil work: focused on water| assembly - Manhole: 8 new excellent
included - Structures repair & sewer and road facilities |- Turnout construction/ tehcnology applied
. (Bridge/Tunnel) - Equipment/Electrical Expansion joint/ welding - Road marking: mainly about
Major |, payement repair communication): Focused on|- Items only for M&R such as | lane painting
works |, Subsidiary facilities repair piping equipments removal and replacement - Specials: safety equipment
- Patrol/Cleaning/Snow included
removing
- Painting/Plant management
* CSPR is mainly applied * Extra charge standards for  |* CSPR is applied for building |* CSPR is mainly applied
except details about extra labor cost and civil work as it is * Extra charge for various
charge - Rental ousing:10 % * Characteristic of railway conditions (including Night
* Clearly divided in specific |- Multi-family/multiple x track is reflected time, topography, etc.)
types of work and material housing: 20 % - Extra charge for nighttime  |* For each, type of work,
ex) expansion joint — material| * Extra charge for Small scale | and electricity shutdown (3, 4| installation standard for
Features types, subdivisions in pipe construction (Only for hour) safety equipment is prepared

replacement, concrete repair,
etc.

building sector)

- For small scale construction,
1 day labor cost is applied
when the job is finished in
less than 8 hour

* Equipment operating hours:

- Different extra charge for
single track and double track
- M&R cost book is only used
for railway track

divided in 4 hour and 8 hour

separately
* Item is not exist in CSPR,
similar standards ard used
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Defect location Defect Type

Bridge Element Defect

— Foundation —  Crack, Damage

— Abutment/Pier — Leaking, efflorescence,
—  Girder contamination

— Slab — Pothole

—  Deck —  Settlement
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Defect Size Method Selection

Maintenance Detailed Method
—  Crack repair — Concrete crack repair
— Section repair — Concrete section

— Pavement repair treatment
—  Structure repair — Pavement cutting
S overlay

— Pothole repair

Fig. 2. Defect-Repair Method Classifcation Process

Table 2. Defect-Repair Method Classification

. Repair & Reinforcement Repair & Reinforcement
Location Defect Type
yp Item Method
- k . :
. Crac - Crack repair - Concrete crack repair
Foundation - Damage
Abutn.qent/Pier - Leaking, efflorescence, contamination
Girder - Split/Delamination - Section repair - Concrete section treatment
Deck - Map crack P - Concrete section rehabilitation
- Material separation
- Abrasion/Wear
- Settlement - Pavement repair - Asphalt cutting overlay
Pavement . . . .
- Plastic deformation - Pavement cutting overlay - Pothole repair
- Pothole
- Damage Bearing repair
Bearing - Corrosion, Split/Tearing, Loss of bearing area g rep - Bearing replacement
. - Bearing replacement
- Deterioration
- Damage
Expansion Joint | Corro.swn,. Split/Tearing, Loss of bearing area - JOfnt repair - Joint replacement
- Deterioration - Joint replacement
- Seal adhesion, Seal damage
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Table 3. Cost Estimation by Defect and Repair Method
Defect CSPR Amount Unit Labor cost Expense | Material cost Total
Concrete crack repair
(surface treatment)
[Dry B=0.3 mm, =100 mm] 110 m 2,157 43 6,804 9,004
Epoxy injection
Concrete crack repair
(injection method) 28 m 18,692 374 907 19,973
[Wet B=0.3 mm, t=100 mm] > >
Epoxy injection
Crack repair Concrete crack repair
(packer method)
[SKI method / dry B=0.3 mm below, t=100 24 m 29,617 889 36,549 67,055
mm]
KPG epoxy, surface treatment agent
Concrete crack repair
(charging method)
[Wet B=0.5 mm, =100 mm] 23 m 14,606 438 11,151 26,195
Epoxy and V-cut filling agent
Concrete section treatment
[B=10 mm] 81 m? 8,775 263 400 9,438
) ) Polymer mortar
Section repair - -
Concrete section restoration
[B=30 mm] 9 m? 78,979 3,159 10,800 92,938
Polymer mortar
Pavement cutting Asphalt cutting overlay 3.400 2 1.234 4,455 918 6.607
overlay (B-type)
Pavement repair Pothole repair (B-type) 140 m? 15,532 25,463 1,872 42,867
Bearing replacement
Bearing repair (Abutment/Pier height < 20 m, 0.40 EA 5,174,973 3,710,829 - 8,885,802 +
Weight per unit < 0.5 ton)
Expansion joint Joint replacement
- +
repair (2 lane blocked, Cutting width < 1,200mm) | m >89,755 | 1,280,947 1,870,702
elglon], BaEle ud Flol] Ye Bt o 851 %ol B, oI ARy 2P9S B3 AR oxpE skl ge
(Table 4). oS Aewee S| FHRF(FEHA ) TH= THE A8slo] FAIRS SAE TSItz ARSshe ARl
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Sitk EIUE FARAEAAE) THS AYE WPTV EF o WHOE A1 Ho] AN AR H3S B AN
sol, Zule] Egsle P w4 Soz wwd A TR S TRl wrek @vich Ag e Aze) 17
AREE) el @A A Ao et FaE|E ddRSs I e} il ERke) Ajolrt =A vtttk 1 Ay, FEE
TR A= AREE o] ARdAleh A, 21A THRSFEATFAEH) e} 2ol AzH] 9] HFo] F& Tol
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S Vet
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stk et A QURIS) SEoly 9 sls REw
TS Sl AR A B AR
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st sielt.
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2 oRF Aol 50 % oPd w7t ZYRE A wlEt
ok 2 arolx] vl Al fA1gelEAL Ak oMol B
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Table 4. Accuracy of Estimated Maintenance Cost

Ae-a-ulg g gaes e

Unit cost (won) Amount Estimated cost (won) |  Actual cost (won) Accuracy (%)
Concrete crack repair 9,004 180 1,620,720 1,501,020 92.0
(surface treatment)
Concrete crack repair 19,973 116 2,316,868 2,062,356 87.7
(injection method)
Concrete crack repair 67,055 150 10,058,250 7,698,300 69.3
(packer method)
Conerete crack repair 26,195 125 3,274,375 2,751,625 81.0
(packer method)
Concrete section treatment 9,439 95 896,705 856,615 95.3
Concrete section restoration 92,939 60 5,576,340 4,869,120 85.5
Average - 85.1
Z719] Agofig A F Q7] Wit d&=dTte] o]z} A = T A1 E LS AP SolA oot Sl Bk,
e Zlo 2 gebeich 7 wee] A o] wel el 8 Qe AIsRe ke ulg Abg el Askes A
ol g o 3 2 HIE AR sfolA], oRkEEIe] da 7171 $18te] A @elx] AEEE ek AlsH]o] tigh
oPg PR Wl fAuS Hlge] UF ane ke AR H53) W 20 2 oRE U3l ke wlg vislel v
o e Bwe] vge A5 4 U Aelch F7}h @77t Waw sow BeH
4. 8 E ZAel =

Ul QLmels] a2 ) el 9 P o
BaPt fat FEEL AT Yok 55 e 104
304 o 75180] S0 el Sefe FE0R fAR]
A7} Sk ok ARk A ) ke Qs B
W8 A P glork AFThed Bl B4
ko Qs Fejaiel fA cfkol) ofeke- 2t ik
olol & AT Efola apyEe) Qlmet fx|pelE 9l
Sl ) ) T sk A v
Fe) T Yol mE ARG vgS sk
A9 ERAA 9] 7ol wel 2] 94, )
FRE LRAGT Tela 3D o wheh BERG IR
slgelon), FHe BEEAE Fols FHET Aga:
A AE) S A8 URE BMS Holeg 24
3ol a%é}ﬁu} Hlge Tl W Bl Bare Ak,
QIR Bgste] ), A, AEnle T
AR, AP M A2l 8 A Ao
Tt ulashlon], B ol HEt 85.1 % Lhehgek
2 ol A o) As-E-ulg A TSl
Hlg0 2 AEshl) ol 3] 14, 1ot ERE Sl
HH FARS AR WA BaS ulgS IS BT
% Slek e iAle] TR AR RS Bl 2 Fse,
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B ol I |EAREAR 31 7]&0 7 o he-oH)
28] (Ga219) A1gle= awIgkech (AR 20230079-001,
AR 9 - ).
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