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Suggestion of Priority Decision Method for Performance Evaluation Based on Risk
Index for Small and Medium Sized Bridges

Hee-Hyun Lee', Byoung-Gil Shin®*, Yeong-Il Lee®, Young-Min Kim®

Abstract: This paper presents a methodology for priority decision of performance evaluation of small-and-medium-sized highway bridges. This
methodology could be used for establishing a maintenance strategy of those bridges which are not liable to the law of the Special Act on the Safety
Control and Maintenance of Establishments and are thought laid under blind spot. The risk index are calculated considering vulnerability and social
influence, then the bridges are classified as three types, one requiring immediate evaluation, the other one requiring evaluation within next year, and
the third one observing, according to the index. The suggested method was applied to a small bridge under service and its field applicability verified.
From this study, it was judged that this methodology could be used appropriately for establishing maintenance strategy and saving the maintenance
budget.

Keywords: Bridge, Maintenance strategy, Performance evaluation, Priority, Risk index, Vulnerability index, Social influence index

1. M 2 A Z(KISTEC-1, 2019 ; KISTEC-2, 2019)0l| A A1 15}kar 9
= F7F S A EL b A ] A *ﬂTXl

Artial g3 o] F, 19959 149 59 TAE S kdE] (kA - 19w, Aewri)o s dejsta 9o
B SFR(olst AIER oI} Fith) o] AR/EEHA  A2A Y A AF T AAE] UAEH JE f1dagl %

ES

il

g} AE] QAT U@ ARE AASL A wdslT olol] ot AES na - wg B AR 5L A
o} AR E AEHOR Y 5 Qe WA AAE T oA MR e sy Yo,

=3tk T 1,2F g AEEH AR F ol MR A Ekd
FTEIUTFANAE 20 ¢ B - 2FT AEHES A WA A ofsl) =714 o= FH/RH A eB7HE AAH L

Ao b Bl A wE ol A SEW(olsH AN 2 g oz F&AQ Bt o] Foi A Utk ¥ 1,2
olgt Aty o2 HMEANH(CI LIS A SALAIEE AT Foll IR e wFS B AGA el A AT
A E3FCE Felal 1,23 BVHIAIE deedEe fgel mEE o k.

= Ak A= bR o] ARG EA A A 5L b
S AP M= AL E TR T o T, 28-S g 718, 0 2 #AeEletal W ST wEY dRE3F

B33 Qo RANAT, A5HII AAPE S VR Y wEET 10do] AnE wPow mew g mEwd

e}

QA Agste] A Eo] A B fAHEE] DA Sl B A% 20mold ~ 100mu]UP W, A% 100m PN HEw
A Z(o)8} A% o2} g}y & ILAEkAL JITHMOLIT, 2018). 502 A5l AElet=E WAl Hch 28y 1,2,3%
g5l el, AEPAFA AL Dol A} o EHSIA e WA B L W ol e £
24 35)9) i A AT A A ST Ty T AR ol A A EAy ol =25 o] Atk

59, NEJK 2184} A0 A @, 2017 12€ 715, =) &8 591 EEuE 33,572
L e N % 12% 5% 9,6677/] 2L Aol o5 23,9057 WK
Research Institute for Infrastructure Performance, Korea Infrastructure Safety 71.2%)(KICT and KISTEC, 2018)‘3] 322 I3 =40 R
Corporation, 24, Ena-ro 128beon-gil, Jinju-si, Gyeongsangnam-do, Republic 4 _u_%to]\:]-.

?gg‘:oﬂ ek E0]=2019d 129 1 Y7HA] 3185 BujZAHE 20204 12 A FA7E XA T 35 w2 HA A o8 fAAEE

T EBAAE AAHES U

Copyright © 2019 by The Korea Institute for Structural Maintenance and Inspection. This is an Open Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

70



rlo
r:\_]‘

Fstarl ot o] 3F o]t T4 RS 1
A o JIEFEE gl fA|He o= 59 —-—Xﬂi ol
Zdstal AA A QL P e 7} o] Fo A A] e A o)t

oo} T2 A1 A of] X|<2 73--Photo 17} 22 At
W7 AE 7FsAde] At 2018 79 HAYRPSC S E
WQ2@12.5m) HEF 3= ARxlo|ThEngineer & Human,
2018). =3+ F-3(Duck-Yong Ryu et.al., 2013)N A= &7
5w A9 FAFH AlZl oJdl Fan ] AL
7} e 7HsAd o] =k wehA ALLE v el WX|sH7] 9
A= TR Y A A Q] b de] WtvlEo] S8
3 A 71 Aot

3% ol3} ST R W) @ﬂ%ﬂ%— , 2% wE g7t
AA et ELe F7]e WHOE
nhd, 19 2| /miA| & }ﬂ'*ﬁﬂ@lﬂ%%
Aol A 7] &t

HE=ROo Heo] J1x

ol

f

:IOL_II
=
o
T
gl
ox
N
>
2
o
2
X
>
N
N

Aol T U= FEATE AFS YO E UES A} =
ZAE oMo emas dAstas dnt

124 0 82 Fof e, GF=E aLest] S 7N HUHE
B3l VIER A 2Hdoll A $de9lE APgstaL, S2442Q1 3
7HE 87EE wEe - 234 0 R IR T HHADT,
Average Daily Traffic) ¥ 3-8-05E EUE Z 24 Egilo

e 2+ o
771

E]:_,] A—] .‘:-E

b= A

299 QUGN Y F 53

S(Vulnerability) 2 % 2]slaz, %
& IIsHe @

%4 2 A A3 - A 02 Bl

Photo 1 Rupture of Sidewalk at PSC Slab Bridge
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Table 1 Definition of Small-and-Medium-Sized Bridge

Definition of small-and-medium-sized bridge
- Bridge whose total length is under 100m
- Although its total length is under 100m, the following bridges
are excluded
- suspension bridge, cable stayed bridge, arch and truss bridges
- length of single span is over 50m
- stream covered structure

Table 2 History of Korean Highway Bridge Design Code

Design Load
Year Code Name Minimum Tlﬁckness of Deck
Design Standard .
1972 Specification for Steel DB-1 81(5Pcrm 721
Highway Bridges
1977 Standard Specification DB-24(Pr : 9.6tf)
for Highway Bridges 18cm
2005 Design Criteria for DB-24(Pr : 96kN)
Highway Bridges 22cm
Design Criteria for
2016 Highway Bridges KL-510(Pr : 96kN)
(The Limit State 22cm
Design)
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Table 3 Method and Items for Performance Evaluation of the 1st and
2nd Class Bridges by the Present Specific Guidelines

Weighting Factor by Performance
Safety Durability Serviceability
Nat. Road 68 21 11
Expressway 68 19 13
* Visual * Concrete * Serviceability
Condition 1) Deterioration 1) Pavement
* Structural Progress 2) Lighting Facility
Safety 2) Deterioration 3) Vibration
Evaluation | * Load Carrying Environment Serviceability
Ttems Capacity(LCC)| * Steel * Function
* Foundation 1) Paint 1) Maintenance
Safety 2) Deterioration Facility
Including Environment 2) Traffic Volume
Scour

% Load test, underwater investigation, non-destructive test for steel,
sonic inspection for external tendon and endoscopy are optional.
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Photo 2 Overall View of Test Bridge
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(b) Typical Cross-Section

Fig.1 Approximate Dimension of Test Bridge

Table 4 Outline of Test Bridge

Items Contents Items Contents
Name Bridge A Constructed 1975
Year
Design Load DB-24 Road Type Nat. Road
Length | L=2@30.5=61.0 Width 11.7m(2 lanes)
Shoe Elastic Bearing EX?:::OH New Monocell




Table 5 Results of Performance Evaluation for Test Bridge

Table 6 Evaluation Items and Score for Vulnerability

Item Selected Reason Score

- Over 40 or uncertain : 1.0
Deterioration, Design live |- Over 30 : 0.8

e Szzlced load of the 1* class bridge |- Over 20: 0.5
y before 1977 was DB-18. |- Over 10: 0.3
- Under 10: 0.0

Safety . Serviceability
Durability - - -

. Structural Serviceability | Function
Visual D I Vib. | Ma | T
Cond. ete. | Dete. ib. ai. | Tra.

LCC | Scour Prog. | Env. Pav. Serv. | Fac. | Vol.
a c
c b c c e e c
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C B D

Overall Performance C (Defect Index 0.343)

Heavy truck exceeding the |- DB-13.5 or uncertain : 1.0
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2. Design load |design live load of the -DB-18:0.8
bridge can use it. -DB-24:0.0
Heavy truck can affect -Over2,000: 1.0
accident, civil complain, |- Over 1,000 : 0.8
3. ADTT maintenance cost and - Over 500: 0.5
bridge life. - Under 500 : 0.0
If there are severe defect
4. Severe dmgnate.d by the . - existent or uncertain : 6.0
defect pr351d'ent1al executive order| non existent 0.0
or design error or scour,
safety can be threatened.
If safety check was not
performed considering
5. Dead load extra dead load due to - no check or uncertain : 1.0
change pavement overlay, - no change : 0.0

soundproof wall and other
exterior material, its safety
is not secured.

- negligence after collusion : 1.0
- safety checked after collusion
If collusion by vehicles but no protective facilities
passing under the bridge installed : 0.8

6. Collusi .
otusion occurs, then severe damage |- safety checked after collusion

can occur. and protective facilities
installed : 0.3
- no possibility of collusion : 0.0
. - non existent : 1.0
. Complete design . .
7. Design . - recovered drawings existent :
documents are essential for
documents . 0.8
maintenance.

- keep as-built drawing : 0.0

- not existent full maintenance
documents: 1.0

- keep full maintenance
documents : 0.0

Complete repair and

8. Maintenance |rehabilitation documents
documents |are essential for

maintenance.
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Table 7 Evaluation Items and Score for Social Influence

Item Selected Reason Score

- under class ¢ by the guideline :
I De-icing Influence on durability 10

material - class b by the guideline : 0.5
- class a by the guideline : 0.0

- under class ¢ by the guideline :

2. Distance Influence on durability 10

from coast - class b by the guideline : 0.5
- class a by the guideline : 0.0
- bridges located on expressway
. or inside metropolis : 1.0
3. Road type Rlp}?le effect due to - bridges located on national
closing

road : 0.5
- the others : 0.0

- more than 8 lanes : 1.0
- more than 6 lanes : 0.8
- more than 4 lanes : 0.5
- under 4 lanes : 0.0

4. Bridge width |Influence by closing

- train passing : 1.0

- road vehicle passing : 0.8
- river or stream flow : 0.5
- the others : 0.0

5. Underneath |Effect on underneath
infrastructure |infrastructure network

- pipelines for gas, oil,
social influence by communication, water supply

6. Attached important lifelines such as| attached or complex facilitty

- pipes for gas, (more than 2) attached : 1.0
lifelines S . .
communication and - pipes for seewage, electric
electric power etc. power etc. attached : 0.5
- no lifelines attached : 0.0
- bypass distance above 45km :
1.0
. . - bypass distance under 45km
economic and time loss
. . and above 20km : 0.8
7. Detour and inconvenience due to .
bypass - bypass distance under 20km
P and above Skm : 0.8
- bypass distance under Skm :
0.0
Distrust to infrastructure
.. can occur if civil complain |- more than 2 cases : 1.0
8. Civil . .
. is raised by drainage, -1case: 0.5
complain

landscape, lighting facility |- no case : 0.0
and vibration etc.

- under class ¢ by the guideline :

9. Maintenance g:irl)ii; IET;ZZ:ZCS for 1.0
facility . . 2 - class b by the guideline : 0.5
inspection

- class a by the guideline : 0.0
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Table 8 Classification of Bridges by the Risk Index

Classification by the Risk Index

Classification evaluation within

evaluation next year

immediate .
observing

Range of Rl RI = 60 43 < RI<60 RI <43

* If the bridge is rated as the worst condition in 6
items except design error for vulnerability and 6
items for social influence, and the other items rated
as the best, then, RT = 6x7 + 6x3 = 60. Say, if RI
becomes more than 60, this bridge is classified as a
bridge requiring immediate evaluation.

If the bridge is rated as the worst condition in 4
items except design error for vulnerability and 5
items for social influence, and the other items rated
as the best, then, Rl = 4x7 + 5x3 = 43, Say, if RI
becomes more than 43 and under 60, this bridge is
classified as a bridge requiring evaluation within
next year

If RI becomes under 43, this bridge is classified as
observing.

If RI of several bridges are same, then evaluation
should be performed in the sequence of the
vulnerability index.

Background
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Table 9 Calculation of Risk Index for Test Bridge

Bridge Name Bridge A
Vulnerability Social Influence
. De-icing 0.0
Serviced year 1.0 -
Distance 0.0
Design load 0.8 from Coast
ADTT 0.8 Road Type 0.5
Severe defect | 0.0 | Bridge Width | 0.0
Dead load 0.0 Underneath 0.8
Evaluation of change ) infrastructure )
Risk Index Collusion 0.0 Attached 0.0
Design 10 lifelines '
documents ) Detour 0.5
Maintenance 10 Civil . 0.0
documents complain
Maintenance 10
Sub-total 4.6 facility ’
Sub-total 2.8
Risk Index 40.6
Classification Observing

Table 10 Target Performance for Small-and-Medium-Sized Bridges

ADT Serviced Year
under 40 | under 30

and more | and more | under 10
than 30 | than 10

National |more than

Expressway Road 40

more than | more than
50,000 20,000

more than | more than
35,000 15,000

more than | more than
20,000 10,000
under under
20,000 10,000

* Bridge of group 1 : The bridge belonging to this group should be
maintained as Class B of the Specific Guidelines (range of defect
index : 0.13<X<0.26).

* Bridge of group 2 : The bridge belonging to this group should be
maintained as Class C of the Specific Guidelines (range of defect
index :0.26 <X <0.38).

* Bridge of group 3 : The bridge belonging to this group should be
maintained as Class C of the Specific Guidelines (range of defect
index :0.38 <X <0.49).

group 2 | group2 | group 1 | group 1

group 3 | group2 | group 2 | group I

group 3 | group 3 | group 3 | group 1

group 3 | group 3 | group 3 | group 2
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