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Abstract This study analyzed main evaluation items and rating systems to quickly diagnose the condition
of bridge facilities in North Korea. A checklist was developed to visually inspect the condition of main
defects. The checklist consisted of a part to grasp basic information and a part to inspect and evaluate
the condition of facilities. The condition evaluation is presented as ‘usable’, ‘usable after repair’, and
‘unusable’ in consideration of the deterioration of North Korean facilities. In order to verify the
applicability of the checklist, bridges in the vicinity of North Korea that are considered to have similar
conditions to those in North Korea were selected as test beds. The evaluation results were compared and
analyzed with the evaluation grade results in accordance with Korea's ‘Special Act on the Safety and
Maintenance of Facilities’. As a result, it is expected that the condition inspection focusing on the
serviceability of the bridge will be possible in a short period of time when reconstructing and expanding

aging bridges in North Korea, thus reducing the cost of replacing aging bridges.
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Table 2. Condition rating system in Alberta, Canada
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Types o General Ratings(summarizes respective sections)
Yff o Structural Condition Rating(overall rating of the
Table 1. Check items for Concrete bridges in FHWA, ratings | Structure’s structural condition in %)
USA o Sufficiency Rating (overall rating of structure
sufficiency in %)
Part Check Item o Individual elements of structure(girders, railing, etc)
. ° Major components(approach roads, superstructure,
flatness and roughness of the pavement, Rating substructure, etc)
cracks, scaling, delamination, spalling, System. | Overall condition of the structure(sufficiency and
chloride contamination, freeze-thaw, structural ratings)
surface breakdown, pore pressure,
Concrete | efflorescence, alkali silica reactivity
deck (ASR), ettringite formation, honeycombs,
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s al g H =] o kel
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- deceioration S 74l At KL B0 FA9 o
dirt and debris accumulation, corrosion, 242+9] o] i AES ARG 552 HUishy,

Deck proper alignment (horizontal/vertical), . - ° _ ]

joints broken, damage to seals and armored ﬁxﬁ AJ—]q]O]] EHO]- ‘;r{‘ﬂ' }:j_\:ﬂ.__ Z}Aé‘a al, }qudtgi Aut
plates, spalled edges on joints lc]‘ﬂi‘g‘ 737(4 OH—% /\J_IEH C:LO 7_1]_ ‘?“ZH-O’] /\C}EH%:L
debris accumulation, clogged deck Qut /LC].EH 'B‘H(‘I‘XH% “6‘—03') /\] ggg %_53.@'91 /LC].EH =

Drainage drains, disconnected/clogged piping, ’

Syslteri cracked or split pipes, loose or missing Fo7 217} 1~9 57K dA o R Ao, A
connections, corrosion or section loss in ‘ .
metal pipe g2 ‘Very Good-Good-Adequate-Poor-Immediate
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Table 3. Check items for Concrete bridges in Alberta

Part Check Item
cracks, scaling, spalling, popouts,
Deck Top chemical deterioration, and dampness
Deck water-tightness, vertical alignment, rust,
oints sound concrete for anchorage, surface
) deterioration, noise under traffic
surface for smoothness (tripping hazards),
Sidewalk | adequate traction, debris, spalls, scaling,
Super cracks, deterioration
structure Concrete cracks, excessive vibrations and
Girders deflections under traffic, misalignment,
offset at hinges, spalls
excessive vibrations or movement under
Bearing | traffic, bearing pads or plates for creeping
out of position, deterioration
cracks, stains, spalls, scaling,
Subdeck e
efflorescence, exudation, deterioration
evidence of loose connections or corrosion
Bearin of drift pins, rotation or displacement
seats Cags of caps or corbels, dampness or ponding
Co;belf ’| and debris accumulation of bearing
seats/caps, cracks, delaminations, spalls,
corrosion of reinforcement
cracks, spalls, general disintegration,
Backwalls whether drains and weep holes
sub Wingwalls | connections, spalls, cracks, disintegration
structure
Bearing deterioration, bowing and misalignment
piles, Pier | of piles, heaving or settlement of piles,
shaft cracks, spalls, efflorescence
Abutment clearance, displacement, unevenness,
cracks, scour/erosion
Bracing/
Struts/ all connection for deterioration, cracks
Sheathing
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Table 4. Check evaluation items for bridge

Part Check items
1. Crack and damage of girders
2. Crack and damage of slab
. 3. Damage of main steel members and joints
Major 4. Damage of cable members
part 5. Damage of Shoe and surrounding
6. Crack and damage of pier and abutment
7. Damage, scour, and settlement of foundation
8. Crack and damage of pavement
9. Crack and damage of expansion joint
General | 10. Crack and damage of crossbeams and stringers
Part 11. Clogging and damage of drainage
12. Painting and rusting of steel members
13. Damaged of guardrails and curbs
Addi 14. Crack and damage of retaining wall
tional 15. Damage Df‘ other part (firewalls, guard rails,
Part soundproof walls, etc.) ‘
16. Drainage and damage of slopes
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Table 5. Checklist items and methods
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Part Check Items Check Methods
°Flatness, crack, deformation, material separation, etc. of con-site survey focusing on deformation and material
pavement separation
. . . °non-destructive strength, rebar detector, telescope or
°Cracking, peeling, leaking, rebar exposure of slab R 8 P
drone if needed
Deck - . . .
°Crack, damage, step, etc. of expansion joint con-site survey focusing on problem areas
°Deformation, corrosion, breakage, deterioration of railings, i i
con-site survey focusing on problem areas
walkways and curbs
°Drainage, blockage, damage, etc. °on-site survey focusing on problem areas
°Reinforcement of corrosion, exposure, peeling and peeling of | °non-destructive strength, rebar detector, telescope or
concrete of girder drone if needed
Super-
structure | °Failure of girder support and rebar exposure evisual inspection
°Bridge support failure, breakaway, broken evisual inspection
°Concrete fall/crack in abutment, wing wall foundation °non-destructive strength, rebar detector, telescope or
damage, soil loss, etc. drone if needed
Sub- .
. . A °non-destructive strength, rebar detector, telescope or
structure | °Falling, cracking of pier concrete R
drone if needed
°Differential settlement and scour of the foundation evisual inspection
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Table 6. Comparison of facilities condition criteria of each country

USA Canada South Korea North Korea
Grade Description Grade Description Grade Description Grade Description
9 9
Very good(new) A Excellent
8 Good condition 8
1 usable
7 7
Good B Good
6 6
Fair condition
5 5 C Norman
Adequate(fair)
4 4 usable
Poor condition 2 . X
3 3 D Poor after repair
Poor
2 2
Severe condition
1 1 Immediate Action E Severe 3 unusable
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Table 7. Bridge overview for Test bed 2 AFYAEQ wet WHER, AFolS, WHEIE, A

o], o], 7, W Y 59 SAR SRERALR 9

Name Location Length(m) | Width(m)| Type | Yr slgjon, =4o] 7idst =L 7idst AAL TIE
A | Paju, Gyeonggi 101 195 |RC Slab| ‘00 ARgte] weFe] 8 95 sk

B Paju, Gyeonggi 135 6 RC Slab| ‘99 ;\{:‘]715}@31}‘9’] 1’%7]—,“_} A]/g% (1)_]_-;301] ;51]71(;1] Ogﬁgl% U] ‘]‘E‘

C Paju, Gyeonggi 110 13 |RC Slab| ‘96 FEO] T Z3} 9%, AHE o(EFFE de], g

D Paju, Gyeonggi 60 7.5 Girder | ‘66 2 AILE 5) =g wigel 28 A& Y&l

E |Chuncheon, Gangwon| 24 9 Rahmen| ‘94 *cq)_\c_)_‘g__ ;q oHo]———- Qo= Oﬂ EH@_ 7&5‘;][_ @E‘% 7]_:—39_§

el 0[50 SoS ety e S0 w3, s

Table 8. Results of evaluation the checklist on test bed bridge

23} A = Table 83 Zh. HHZT, A% C o

Checklist Evaluation

Final
Name| Type Part ati
Rating Evaluation rating
Deck 1 °minor pavement cracks and material separations
Superstructure| 2 °horizontal Crack 0.5m, reticular crack 0.3mm
A |RC Slab|>YP! °leakage and efflorescence around drainages 1
°soil loss on the wing wall of abutment
Substructure 1 y A
ofine vertical cracks of abutment
Deck 3 °separation of material across the entire pavement and cracks, holes, breakage in many]|
places
°flexural crack 0.2m on slab bottom
B |RC Slab|Superstructure 1 ) 2
epartial leakage and efflorescence
°shoe steel corrosion
Substructure 2 N X
°abutment and pier coping crack 0.3~1.0mn
°moderate ruttin
Deck 2 e rutting . L
°expansion joint steel corrosion, expansion joint concrete crack
ecrack 0.3m on slab bottom
C |RC Slab|Superstructure 1 3 X 2
°leakage and efflorescence around drainages
°shoe steel corrosion
Substructure 2 X
evertical crack 10m on abutment
°pavement damage, severe pot holes and separation of materials
Deck 3 °expansion joint loss, leakage
°bridge rail concrete peeling, severe rebar corrosion
D | Girder cup to 60cn exposed to rebar on slab bottom 3
Superstructure| 3 K X
egirder end concrete crushing, rebar exposure
efailure to function due to severe corrosion of shoe
Substructure 3 R .
cup to 60cn exposed to rebar on pier copping
Deck 3 °pavement damage, severe pot holes and separation of materials
°1.2m rebar exposure due to S2 concrete peeling
Superstructure 2 o
E |Rahmen einclined crack 0.3~0.5m occurs at the end 2
evertical Crack 0.3mn
Substructure 2 ) 3 .
emultiple 0.3m cracks, leaks and efflorescence on piers
Deck 3 °pavement cracks and severe pot holes
°severe leakage of expansion joint
°many cracks over 1.0m, severe concrete peelin
F |RC Slab|Superstructure| 3 Y R P & . 3
c°leakage and efflorescence, and separation of materials of slab
°concrete crushing at abutment and pier coppin
Substructure 3 ! Sning at p pping ' '
°separation of materials and scour at abutment and pier copping
Deck 3 °material separation serious, damage of pavement at the starting point and end point
cundersized extension span (1.5cn), damage of concrete around and leakage
G Irc siab Superstructure| 2 ereticular crack at the starting point and end point, 0.3m multiple flexural cracks 2
°rebar exposure due to inadequate cover thickness
Substructure 3 c°leakage and efflorescence, and severe separation of materials at abutment both sides
°foundation soil loss and scour
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F None 3
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Table 10. Condition evaluation criteria for rapid bridge inspection checklist

Check items

Condition rating criteria

1-usable

2-usable after repair

3-unusable

1. Bridge deck

°Bridge surface pavements

- check for cracks, deformations
(unevenness, wheel mark, step
difference), pothole(dent) and material

°almost no unevenness and
crack
oslight depression

°somewhat unevenness and
crack; little bit of vibration
during traffic

°depression more than 30mn

°high unevenness and crack;
causing vibration during
traffic

°over depression and falling

separation deep
ecrack more than 1.0mn,
ocrack less than 1.0mm, reticular crack more than
°RC Slab oslight stripping and reticular crack less than 0.5mn

- check for crack, stripping, leakage,
rebar exposure, efflorescence

fracture, and no rebar
exposure

0.5mn
°local stripping and fracture,
partial rebar exposure

°overall stripping and
fracture, multiple rebar
exposure, and increased
corrosion

°Expansion joints
- check for crack and fracture, gap
clearance, step difference, etc

°no leakage
ocrack less than 0.3mn, no
damage

°broken or not installed drip
tray, early occurrence of
corrosion due to leakage
ecrack less than 1.0m

eincreasing corrosion of
substructure
ecrack more than 1.0mn

°Bridge rails, sidewalks and curbs
- check for deformation, corrosion,
fracture, cracking, etc

ecrack less than 0.3mn, no
damage

cearly occurrence of
corrosion

°multiple crack 0.3~1.0mn,
partial fracture
ocorrosion less than 40%,
partial fracture

°multiple crack more than
1.0mn, overall fracture
ooverall corrosion,
deformation, fracture

°Drainages
- check for leakage, blockage, fracture,
etc

°good condition (with or
without cover)

°sediments present and early
corrosion

°severe leakage and overall
corrosion due to poot
condition

2. Superstructure

°Girder center
- check for lateral crack, stripping,
fracture, rebar exposure

olateral crack less than
0.3mn

olateral crack less than 1.0mm
epartial stripping and rebar
exposure

olateral crack more than
1.0mn

°concrete falling due to
crack, increasing rebar
exposure

°Girder end(support)
- check for diagonal crack, stripping,
fracture, rebar exposure

cearly occurrence of
diagonal crack

orebar exposure due to lack
of concrete cover

°diagonal crack less than
0.4mn, progress up to 2/3H
°increasing concrete
stripping, rebar exposure
less than 50em

°diagonal crack more than
0.4mn, progress overall web
°end concrete stripping,

increasing rebar exposure

°Shoes
- check for deformation, fracture,
separation, lack of gap clearance

opartial rusting of shoe
°minor crack of support

eincreasing corrosion of shoe
ofunctional failure of shoe

°absolute damage of shoe
efunctional failure of
support

3. Substructure

°Abutments

- check for inclination and overturning

- check for crack, stripping, falling,
rebar exposure, efflorescence

- check for crack, fracture, settlement,
blocking drainage, soil loss on wall
and wing wall

ecrack less than 0.3mn, no
stripping
opartial efflorescence

ecrack less than 1.0mn, partial
stripping and falling
cincreasing efflorescence

ecrack more than 1.0mn,
multiple partial falling
°rebar exposure, increasing
corrosion

°Piers

- check for inclination and overturning

- check for crack, stripping, falling,
rebar exposure, efflorescence

ecrack less than 0.3mn
oslight concrete crushing

ecrack less than 1.0mn
ostripping and falling of
cover, partial rebar
exposure, shoe support
concrete falling

ecrack more than 1.0mn
eincreasing concrete falling,
rebar exposure, and
corrosion

°Foundations

- check for stripping, falling, rebar
exposure, efflorescence

- check for differential settlement and
scour

epartially scour progress

eclearly scour progress

esettlement occurrence and
obvious damage of main
part
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