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Comparative Study of Bridge Maintenance:
United States, United Kingdom, Japan, and Korea

Yo-Seok Jeong', Geun-Hyeong Min?, Il-Keun Lee’, Il-Ro Youn*, Woo-Seok Kim’"

Abstract: This paper compared bridge maintenance in United Stated, United Kingdom, Japan, and Korea. Bridges play an essential role in
transportation network and in the economic production process. To provide a desirable level of service to the public within limited budgets, it is required
to provide effective bridge maintenance activities (e.g. inspection and repair/rehabilitation) at acceptable level of bridge service. A number of bridges
are expected to age rapidly in Korea, which will be the excess burden of government. Since several countries have experienced a number of deteriorated
bridges because of aging, the countries aforementioned in this study have already developed comprehensive bridge maintenance programs such as
inspection practice and repair/rehabilitation techniques. Therefore, the goal of this paper is to synthesize and to compare useful knowledge on bridge
maintenance and bridge crack repait/restoration of deteriorated concrete bridge in the four countries. Finally, recommendations that will serve as
guidance to transportation agencies for potential enhancements to bridge maintenance and bridge repairs are presented.
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Fig. 1 Increase in number of bridges in Korea (KOSIS, 2021)
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Fig. 3 Distribution of bridge age in Korea (KOSIS, 2021)
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Table 1 Manuals and guides used to manage bridges in four countries (AASHTO, 2019; FHWA, 2012; FHWA, 1995; Highways England 2021(a);

Highways England 2021(b); MLIT, 2014; MOLIT, 2019)

Nation Publisher Document
uU.s. AASHTO ® Manual for Bridge Element Inspection, 2" Edition, 2019
FHWA ® Bridge Inspector’s Reference Manual, 2012

® Recording and Coding Guide for the Structure Inventory and Appraisal of the Nation’s Bridge,1995

UK Highways England

® CS450 Inspection of Highway Structures
® CS454 Assessment of Highway Brides and Structures

Japan MLIT

® Manual for Bridge Periodic Inspection, 2014

Korea MOLIT

® Guidelines and Commentary for Safety Inspection and In-depth Safety Inspection for structures-Bridge, 2019

Table 2 Bridge inspection types and intervals in U.S. (FHWA, 2012)

Inspection Descriptions Interval
.- First inspection of a bridge as it becomes a part of the bridge inventory to provide all subsequent inspections with .
Initial P o8 . part 0! g yiop d P at bridge open
relevant data to determine baseline structural conditions.
Routine  Regularly scheduled inspection consisting of observations and/or measurements needed to determine the physical and
- . . . < 24 months
(Periodic) functional conditions of the bridge.
Damage An unscheduled inspection to assess structural damage resulting from environmental factors or human actions. various*
In-depth A close-up inspection of bridge to identify any deficiencies not readily detectable using routine inspection procedures. various

Fracture A hands-on inspection of a fracture-critical member or member components that may include visual and other

=< 24 months

-critical  nondestructive evaluation
Underwater Inspection of the underwater portion of a bridge substructure and the surrounding channel. < 60 months
Special  An inspection scheduled at the discretion of the bridge owner, used to monitor a particular known or suspected deficiency. various

*various: A bridge owner or state DOTSs can determine intervals for damage, in-depth, and special inspection

=27 ®253 H52(2021. 10)
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Table 3 Bridge inspection types and intervals in UK (Highways
England, 2021(a))

Descriptions Interval
» Safety inspections for highway structures shall be carried
@ out to ensure the safe and efficient identification of varied*
< safety related defects

A general inspection shall comprise a visual inspection

Q . .
g ofall parts of the structure that can be inspected without =< 24
g the need for additional access equipment, using safe, months
ground level viewing positions around the structure.
= A principal inspection shall comprise a close examination, _ 7
- 2 within touching distance, of all accessible parts of a N
S months
© structure
- A special inspection shall provide detailed information
B ona particular element, part, area or defect that is causing .
3 . . S . varied
5 concern, or inspection of which is beyond the requirements

of the general and principal inspection regime

*varied: The Overseeing Organization can determine intervals for
safety and special inspection

Every 6 months
Events (floods,

earthquakes, etc.)
Finding unusual changes

No need of (4)

Inspection program manager's request
Governor’s request

Depending on results of (1)

Need of (4)

Need of (4) Depending on
results of (2) and (3)

type of bridge

No need of (4)  (Determine condition ratings
Reporting

If need temporary close

Temporary close, etc

Fig. 4 Flowchart of bridge inspection in Korea (MOLIT, 2019)
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Table 4 NBI condition rating (FHWA, 1995)
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State Condition

Descriptions

9  Excellent A new bridge.

Very good No problems noted.

Good  Some minor problem.

Fair All primary structural elements are sound but may have minor section loss, deterioration, spalling or scour.

8
7
6 Satisfactory Structural elements show some minor deterioration.
5
4

Poor Advanced section loss, deterioration, spalling, scour.

Loss of section, etc. has affected primary structural components; Local failures are possible. Fatigue cracks in steel or shear

3 Serious .

cracks in concrete may be present.

Advanced deterioration of primary structural elements. Fatigue cracks in steel or shear cracks in concrete may be present or
2 Critical ~ scour may have removed structural support. Unless closely monitored it may be necessary to close the bridge until corrective

action is taken.

Imminent Major deterioration or loss of section in critical structural components or obvious vertical or horizontal movement affecting
failure  structural stability. Bridge is closed to traffic but corrective action may allow it to be returned to light service.

(=]

Failed  Out of service. Beyond corrective action.
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Table 5 Bridge condition rating system in UK (Highways England
2021(a); Highways England 2021(b))

State Descriptions

o] wEFe] el 7HE gt Highways England 2021(a);
Highways England 2021(b)).
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Table 7 Maintenance urgency rating for the bridge element in Japan
(MLIT, 2014)

A No signifiant defect.

- B Slight, not more than 5% of surface area/length/member.
E’ C Moderate, 5% - 20% of surface area/length/number.
- D Wide, 20% - 50% of surface area/length/number.

E Extensive, more than 50% of surface area/length/number.

1 As new condition or defect has no significant effect on the

element (visually or functionally).

5 Early signs of deterioration, minor defect/damage, no
@ reduction in functionality of element.
5;' 3 Moderate defect/damage, some loss of functionality could
< be expected.

4 Severe defect/damage, significant loss of functionality

and/or element is close to failure/collapse.

5 The element is non-functional/failed.

Table 6 BCPI (Bridge Condition Performance Indicator) in UK
(ATKINS, 2002)

BCPI Value Condition

90 < BCPI < 100 Very good
80 < BCPI <90 Good
65 < BCPI <80 Fair
40 < BCPI <65 Poor

0 <BCPI<40 Very poor

State Descriptions

A No repair needed.

B No immediate repairs needed.

Immediate repairs needed form standpoint of preventative

Cl -
maintenance.

Iy Immediate repairs needed from standpoint of structural
safety.

El Immediate actions needed from standpoint of structural

safety.

E2 Immediate actions needed in tandem with other factors.

M  Repairs needed during regular maintenance work.

S1  In-depth investigation needed.

S2  Follow-up investigations needed.

Table 8 Bridge soundness in Japan (MLIT, 2014)

State Condition
I Good

Descriptions

No problems in bridge’s functions.

Preventative No problems in bridge’s functions but maintenance

il . . f . .
Maintenance required from standpoint of preventative maintenance.

Possibility of problems in bridge’s functions,

I Early acti .
ary action . eed for early action.

Emergency Possibility of problems or existing problems in
action  bridge’s functions, need for emergency actions.
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Table 9 Damage Index (DI) for bridge condition rating in Korea
(MOLIT, 2019)

State  Condition Descriptions

A 0=<DI<0.13 Perfect, no problems.

Minor problems in primary elements, need for

B 0.13=DI<0.26 . . . e
small repairs for improvement in durability.

Minor problems in primary elements or
extensive problems in secondary elements,
need for repairs in primary elements or of
rehabilitation of secondary elements.

C 0.26=DI<0.49

Problems in primary elements, need for

D 0.49=<DI<0.79 . e
emergency repairs/rehabilitation.

Serious problems in primary elements, out of

E 0.79<D . el
7 service, need for rehabilitation or replacement.

A E7MA] 57 3o & SH(Table 9). kol A A3l A4
EHviMl wE 2 %* ARgA| ghof| w2 I 7Fo] ARgA|FHo]
TolAE S22 0|1 A F 0 & o] Fo| x| DE ol A

D A B |

A}J‘lﬂl Lo KB 7 Edh= 5ot}
Table 102 A7 =7k A FFA DA RE A28t
AT} oA71A FLSE Yol A HoF1 )= =7} 7k e

7= WA mape] vt SYsiths 2g olpjshs 2le
oz} g2 =2 H|w 7t s st ootk Pl=2| NBI
ratings> -7 “FASHA w ] e E TSl Jlof 7]
H| o) A= NBI ratings & 71502 thd=717tke] Fx 82
AFE vt algke] FA1 A A& 752 (1) 2L Fe
=21, (2) e AEfoll mE wA ] 25 el
GRBAE GFOE 1 7)5e TS 5 Uk YRS A
2] = (NBI ratings, SR), F=(BCPI), I+=(DI)]| FA&
ﬂ ;(]_,:_J;_t wEe] EEAe AHE HFA o R HolF1 9
™ U E(Soundness)> nLF el WE Q3 A
&EE HolF e Abol7} )tk T1E] AL v)=re] SRA| 32| 735
W Fe| ALE]- A A Q] F S nL o] el 7ol A arestar
ATE AFAR] Fo g A FATE AE] A,
NBI ratings, SR, BCPL, DI &)+ w#&e| fA#g] &5 ¢4
2o ikufg Aol ul-g- -8 A o= AThETh v d B
9] F-A| T A E(Soundness)= nH2| AJEfol] w}E H Q3

Table 10 Comparisons of condition ratings of four countries: U.S., UK, Japan, and Korea (FHWA, 2012; ATKINS, 2002; MLIT, 2014; MOLIT, 2019)

L U.S. UK Japan Korea
Descriptions T 2 3 1
NBI ratings BCPI Soundness” DI
A new bridge 9 Very Good I A
No problem noted 8 (90 =BCP1 =100)
Some minor problem 7 Good B
Structural elements show some minor deterioration 6 (80 = BCPI<90)
All primary structural elements are sound but may have minor section loss, 5 . I
deterioration, spalling or scour. Fair C
: — : (65 < BCPI<80)
Advanced section loss, deterioration, spalling, scour 4
Loss of section, etc. has affected primary structural components. Local failures are 3
possible. Fatigue cracks in steel or shear cracks in concrete may be present.
Advanced deterioration of primary structural elements. Fatigue cracks in steel or shear Poor i D
cracks in concrete may be present or scour may have removed structural support. ’ (40 = BCPI<65)
Unless closely monitored it may be necessary to close the bridge until corrective
action is taken.
Major deterioration or loss of section in critical structural component or obvious
vertical or horizontal movement affecting structural stability. Bridge is closed to 1 Very poor v
traffic but corrective action may put back in light service. (0 <BCPI<40) E
Out of service. Beyond corrective action 0

'Bridge Inspector’s Reference Manual, 2012

’css Bridge Condition Indicators, Volume 3: Evaluation of Condition Indicators, 2002
3Guideline and Commentary for Safety Inspection and In-depth Safety Inspection for Structures-Bridge, 2019

*Manual for Bridge Periodic Inspection, 2014
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411 FHEF A5 FE7|E 5 % o] 8}-E(Length Change in Table 12) &=2] 4=
g3l H FAYE FREY diET = ddE 239 o U} o] areekal k. kAN T} 7] vl 7|

3 71ef 21 st 7P A-S AR, I, AVE ol vls A H-2] 749 7.54) A =2] 749 3.0 ZA A
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Table 11 Manuals and guides used to repair and rehabilitate bridges in four countries (ACI, 2014; ACI 2006; ACI 2013; ICR12013; BS 2005; PWRI
2014; KEC 2019; KISTEC 2012)

Nation Publisher Document

® ACI 546R-14 Guide to concrete repair, 2014
® ACI 546.3R-06 Guide for the selection of materials for the repair of concrete, 2006

US. Adl ® ACI 562M-13 Code Requirements for Evaluation, Repair, and Rehabilitation of Concrete Buildings and
Commentary, 2013
ICRI ® Concrete Repair Manual 4™ edition, 2013
UK BS ® EN-1504 Products and systems for the protection and repair of concrete structures-Definitions, requirements,
quality control and evaluation of conformity, 2005
Japan PWRI ® Manual for repair and rehabilitation of concrete Structure, 2014
KEC ® Guide for maintenance of expressway bridges, 2019

Korea
KISTEC ® Guide for repair and rehabilitation of structure (bridge and tunnel). 2012
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Table 12 Performance requirements of repair materials (ACI 2006; BS 2005; PWRI 2014; KS 2012)

UK Korea
us.” Japan
Condition R4 R3 p Polymer Cement
Mortar
Flexural Strength (MPa) 7/28 days: 3.4~17.0 - =6.0
Compressive Strength 28 days: 21~85 > 450 =250 Use 28-day compressive strength as =900
(MPa) a quality check index
> > >
I day: 048~10 ~ Standard =20 =13 Standard =15 Suandard =10
Bond S b Freeze-thaw =20 = 1.5 1 year exposure test or > 15
ond Strengt = L
2 days: 1.0~1.7 Dry/Wet test
(MPa) Y Thunder > ho =15 Freeze  _
shower Underwater durability - _thaw =10
28 days: 1.7~2.1 . =10
Dry cycling =20 =15 test
Modulus of Elasticity
- > - -
(MPa) 20.0

Freeze-Thaw (DF) 28 days: 80~100 -

CTE" (/C) 25

Not required if thermal compatibility
x107 is carried out, otherwise declared - -

value.

Length Change (%)

-0.05(contraction)
~+0.02(expansion)

- <+0.15

Shrinkage (%) 0.05~0.15 -

*CTE: Coefficient of Thermal Expansion

** Test values

Table 13 Methods for concrete repairs (KISTEC 2012)

Methods

Descriptions

Rebar

Trowels or other suitable placing

;_]
3 Sl SR tools are used to transport the
é . .
3 = repair material to the prepared
substrate.
o e ! Repair material is placed dry or
x\ Old concrete N\ . P . P Ty X
NS - N slightly damp into shotcrete machine
1. Removal of deteriorated concrete and mlxed Wlth Compressed arr.
22 2 Surface preparation The mixture is transported via hose
(o) 3. Selection of repair materials .
2 o e to the exit nozzle where water
- .
e £ Pnishing and admixtures.

Pump _ Pumping materials
—

K
-

Mixer

[ Air outlet point
|

Repair
material

9oe[d-ur-1ses pue JI0MULIO ]

The placement of repair material
into a confined space with formwork
defining all exposed boundaries.
Repair materials are deposited

into the formwork and consolidated
by rodding or conventional vibration.
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Table 14 Performance requirements for crack repair materials (epoxy
resin) in U.S. (ACI, 2006)

Properties Test value Recommended value
Tensile strength 28~55 MPa >35 MPa
Compressive strength 35~105 MPa >21 MPa
Shear strength 17~70 MPa > 14 MPa
Gel time 5~180 min. > 30 min.
Deflection Temperature 43~71TC >49 C
Elongation 1~10% <10%

Table 15 Performance requirements for crack repair materials in UK
(BS, 2005)

Properties Requirements
>
Tensile bonding strength .2 MP.a (H).
(H, P) Cobhesive failure in the
’ substrate (P)

-1% (contraction)

Force Volume change (H, P) ~+5% (expansion)

transmitting

Bleeding (H) < 1% after 3 hours
Glass transition o
>40C
temperature (P) 40
Chloride content (H) <0.2%
Adhesion (P) Declared value
. Elongation (P) >10%
Ductile ; .
filling Watertightness (P) Watertight at 0.2 MPa
Glass transition . .
For information
temperature (P)
Swelling . .
fitted filling Watertightness (P) Watertight at 0.2 MPa

H: Crack repair product formulated with reactive hydraulic binder.
P: Crack repair product formulated with reactive polymer binder.

Table 16 Korean standards for crack repair materials according to
methods (KEC 2019)

Methods Korean Standards

KS F 4930 Penetrating water repellency of liquid type for
concrete surface application

KS F 4936 Coating materials for the protection of concrete
KS F 4919 Cement-polymer modified waterproof coatings
KS F 4922 Polyurea resin waterproofing membrane coating

Surface
coatings

Injection KS F 4923 Epoxy adhesives for repairing in concrete structure

KS F 4042 Polymer modified cement mortar for maintenance
in concrete structure

KS F 4043Epoxy resin mortar for restoration in concrete
structure

Filling

HATE Ot FERFFAL A A 508 D AR 7HssE A
AEEAR 7lolE}elS ‘ACI 546.3R-06 Guide for the

selection of materials for the repair of concrete > 53l A 35}
31 9101 Table 14l A&kt

G0 A dARTE 3 A O R T A9 E-ER(Surface
coatings), T3 (Injection) S AFE-3IIL Ut} FYUFHLS
IS 54 9 339E 7|50 2 354 D(Force transmitting
filling of cracks), 914345 (Ductile filling of cracks), &
K Swelling fitted filling of cracks)'s- .2 T-E-3Hc}. 7|50l
w2 27k B4 gl avg 2] % Audsr)E
< Table 159 A28}t

PO A FHR T F B Aoy 732
Ao Ak A7 BobA A A3 A 547G o] o] FoA]
A ¢ ok B E 31 QITHPWRI, 2014). )¢ YE-o] 7
T FLEFE A5 thE A8 TS AP Hoe o
A Bod F2E9 TS S TS ol & WSk Al

£ A= ot ok o & ol “dEETEH 2 &
ETA) A S NI E FZEY BT F 87X T
WESHE S shofof fhebrEtal 7] w5 of Stk
T o] B¢ A E dAHFFANA ARSSh= Al B
TEET FHo| e} g4 EFH(KS, Korean Standards)
of| A= A 57|52 Table 162} 2ol 743k UTh

S EF] w2 9353 H(Surface coatings),
AU S (Injections), B35S H(Fillings) 5 722
A A=, FAe) 27), Ae] Haja R0 wet thea)
TERT ARE AT 4= JTHKEC, 2019).

Mo m@

4

o2 FIYE wEFe] #dR et g FUTH
P UATHKEC 2019). WetA] 2 AFoA = A&
F-5= As tisiA el 7sst=S 51
Ho A= = A 55 TA] B/ =H 8 5AA
AR FEE 5 AT B85 5 9 o] ¢ I
SHA thEA Q] FEEBT A5 oA A7 2L
NHAEFAA FAHSIL e FHEY AdFA A4
A 5ol gk A 5 EX] QA2 Table 173 2T, o ZA]
TFA = AAE wel 42 Y Hard epoxy)d AHFH(Soft
epoxy) 0.2 TEstH e wet AR EY, FHEY, 13
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Table 17 Performance requirements for crack repair materials (normal
viscous epoxy) in Korea (KS 2021)

Properties Conditions Requirements
Standard = 6.0 MPa
Bonding Low temp. = 3.0 MPa
strength Wet = 3.0 MPa
Hard
epoxy Dry/Wet cylces = 3.0 MPa
;re:;;i Standard = 15 MPa
Elongation Standard <10%
Standard = 3.0 MPa
Bonding Low temp. = 1.5 MPa
strength Humid = 1.5 MPa
Dry/Wet cycles > 1.5 MPa
Soft ) Standard = 1.0 MPa
€poxy ;re:;;i Low temp. = 1.0 MPa
High temp. = 1.0 MPa
Standard =50%
Elongation Low temp. =50%
High temp. =50 %
ok RHA @=9] A= dERFIHY TFHE (4, steH
g, dAE, BEEH SEASIIR AR a7 e
At AU Pl A= TR G FAF A gkt
ARk 2 AAUE TR ATl thske] AlFskar A
o YRS FIARSA Rl T AR LTS AT

= AP =E sta ok Fuls FAESAEA W

SHE 97 45 sk Uk v Hel=
Z4) Aol mhel Fol i A5 87 e 74
SIAY BHapw F2E 8772 S 5k Ut 9
o] Abgle} o] S E AesAlAdA ol 7IRE st 4 B
FH TFE2E Aol 8T FEIEE 7 HEAR
ol 8745 HAskE 2ol BT A0 & AlsHTh

N
>
>

422 FERFIY

TERTIHE ZIYE F2E dgo] A A5
Tk B o= Aske Foltk B1ks), s}
ol o3t ZHE 159 [zl dslof= £ ¥
B3R o #d, PR HIHA], FER]
Al e ol] tha A B AMS-RIt HdE R T TA FES
-8 H(Surface coatings), ¥ ETY 3 (Injection), TAZF
S (Fillings) & & Wrr AL =7 ol| A A8k 7
BygHE o] Al 71x] 9] 31 A9 FLEATE AL T
=7PE QRS F2| 02 AHEE = TS Table 18 ©l 4

s
o o 4
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Table 18 Methods for crack repairs (KISTEC 2012)

Methods Descriptions
Repair material

EVf The method is the treatment of
5 concrete to reduce surface porosity
(¢}
8 ce liegaa and to strengthen the surface. The
% .s : : e Cracks pores and capillaries are partly or
@ s \® o totally filled.

ae® "

— N\l The method is the injection materials
=} = . . ..
e ——”—.— such as epoxy which, when injected
& a .
35 : » 0 ¥ U » : : into a concrete structure, restore the
L . . o1
5 L0t (<\/,Cracks structural integrity and/or durability.
I
) ap @
Filling
s i . & This method is used for filling slots
E ‘. . . cut for repair of cracks. This
U% " % " method can fall into two types
» b & r . .
ol ® " a according to reinforcement states.
.
™ Cracks
2 Sk Sy} BT FARFENOR FEEe,
TEFATH, TEFHTHE 3F2= ARESHL Sl o]
S} e FHo| RARFTHORA AP, AFH, FER
ST FE3 BAshn i Ao BekEn
5.8 =
U 2] FE7 TS o|w] o E 1L 9o o] ¢

3 B2 WFFA 7} D asith B E=Re el )9
W FA B AR, G, GE)olA ARBE I e 1

B vl BA ] he vt e AR S w2
1) 24 7 2ke) mfARE) ZE ] JPHEL
fb BN} fABIAE Ao E Holxe] &
RS ol T} 8 AV AR FA, AT T
FAUY £, FALYLEEQ, BAFE o D)
Aol 7191 A o2 Bekery, T f1|9e) A Eo)
B9 mge] Bl Fee WA S
5o B om HrhaTh wake] AAH HA )
£ 91814 9] Ajel o) o] g HAle] A 7
2, wge] AL, 7154 S TR A AL el 1
o] A8 AAH 7HE FA B ZE el W)
= 0] Wasie,
2) 24 PIETL B GRBTFHOE 14T, B3
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fr Bl o
glr‘
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24} gL BE FURSTHOR FATRTY,
FLFIBY, 2L Foz
oAtk FLuGEH AR 1R A e 2
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Ji==

3

~

=
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