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Condition Analysis of Expressway Bridges

ABSTRACT

In this paper, detailed safety inspection reports on the 915 expressway bridges which had been published from 1996 to 2010 are collected
and condition of these bridges are analyzed. Damages are categorized into 'damage by defect', 'damage by physical force', and 'damage
by deterioration' and the concept of damage possession rate is introduced to investigate the occurrence time and the characteristics of
damages. Based on the top 10 damage patterns of expressway bridges and the deterioration characteristics of heavy snow and freezing
cold area, reasonable improvement direction of inspection activity is suggested. From this study, it is known that improvement of
inspection regularization during construction or at completion stage of bridges is needed. Since the deterioration progress of the heavy
snow and freezing cold area is faster than that of general area, environmental characteristics should be considered in inspection activity.
The results of present study can be widely used for improvement of inspection activity of expressway bridges.
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Fig. 1. Classification of Target Bridges
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Fig. 2. Classification of Total and Target Bridges
Table 1. Comparison of Serviced Years of Total and Target Bridges
Serviced years at inspection
Items
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40
Total 1219 1739 2579 1385 388 390 48 48
Total
bridges Target 78 52 506 173 42 147 72 13
% 6.4 3.0 19.6 12.5 10.8 377 150.0 27.1
Total 984 1321 2002 1112 330 344 40 48
Concrete
bridges Target 42 38 174 103 32 120 54 9
% 43 29 8.7 9.3 9.7 349 135.0 18.8
Total 256 436 594 288 63 53 8 1
Steel
bridges Target 37 18 359 76 11 32 20 4
% 14.5 4.1 60.4 26.4 17.5 60.4 250.0 400.0
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Table 2. Damage Characteristics of Concrete Structural Members
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Bl A5 So el e, IRRE B Fan So
ofgt vepaiete] fego] wor, uieklel 9ol PR

Hems Damage characteristics and incidence rate (%)
Crack Ponding/Efflorescence/Leakage Delamination/Spalling Segregation Etc.
Deck 70.7 65.6 49.4 224 20.7
Girder 70.4 38.8 64.2 443 10.4
Abutment 71.7 57.4 38.4 19.7 32.7
Pier 77.5 26.9 49.4 31.9 154
Damage cause’% D, D,3 0,2, @ ®,2,®

3% (D : Defect, @ : Physical force, 3 : Deterioration

Table 3. Damage Characteristics of Steel Structural Members

Items Damage characteristics
Damage pattern Crack Corrosion Deformation Weld flaw | Bolt defect | Painting damage | Ponding/Leakage Etc.
Damage cause’ D,® D,0 D, @ D,Q 0,2, ®,0 @,3
Incidence rate (%) 3.0 84.6 48.1 48.1 333 71.4 28.4 25.8

% (D : Defect, @ : Physical force, @) : Deterioration
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Table 4. Damage Characteristics of Bridge Subsidiary Facilities

Items Damage characteristics
Pattern Main body Mortar pad Anchor bolt Accessories Etc.
Bearing Cause’ D,2,3 (ONE) O, D, @
Incidence rate (%) 66.6 48.0 17.4 16.3 2.8
Pattern Main body Joint nosing Incompletion - -
Expansion joint Cause’ D,2,® (OR®) ) - -
Incidence rate (%) 72.2 73.8 3.8 - -
Pattern Crack Settlement (pot hole) Level uneven/bump | Breakage/abrasion Etc.
Pavement Cause 0,3 @ OR®) O, @
Incidence rate (%) 53.7% 21.5 21.8 40.1 9.9
Pattern Blockage Defect of installation Breakage Corrosion -
Drainage facility Cause’x D,3 @ ®,0,3 ® -
Incidence rate (%) 45.7 23.0 229 5.8 -
Pattern Crack Delamination/Spalling Efflorescence Deformation Etc.
Barrier Cause* @, D,0,® @ D,0,® D,0,®
Incidence rate (%) 74.6 56.0 17.1 15.4 18.0

3% (D : Defect, @ : Physical force, 3 : Deterioration

Table 5. Deterioration Caused by Leakage at Expansion Joint

Items (D No. of deterioration by leakage| @ Total no. of damages C?l/()%) @ Total no. of deterioration ?1/(%

Deck 115 2785 4.1% 676 17.0%

Concrete girder 32 1092 2.9% 233 13.7%

Steel girder 473 2314 20.4% 1009 46.9%

Abutment 543 2630 20.6% 969 56.0%

Pier 148 1908 7.8% 417 35.5%

Bearing 537 1988 27.0% 850 63.2%

Expansion joint (leakage of main body) 209 2270 9.2% 777 26.9%
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: Corrosion of bearing (2.4%)
: Corrosion of steel girder (2.2%)
: Blockage of drainage (2.2%)
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Fig. 3. Top 10 Damage Patterns of Expressway Bridges
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Table 6. Incidence Rate due to Defect, Physical Force and
Deterioration

Incidence rate (%)
Items
Defect | Physical force | Deterioration
Deck 74.0 1.7 243
Concrete Girder 771 1.6 212
structural
member Abutment 60.0 3.2 36.8
Pier 69.8 8.4 21.9
Steel
structural Girder 55.0 1.4 43.6
member
Bearing 56.2 1.0 42.8
o Expansion joint | 38.8 27.0 342
Subsidiary ™, ement | 432 56.3 0.5
facilities
Drainage facility | 28.8 11.8 59.4
Barrier 60.9 20.6 18.5
Average 56.4 133 303
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Table 7. Occurance Time of Damages Caused by Deterioration

Items Damage pattern Ave. occurrence time (years) No. of damages
Deck Spalling 23 312
Concrete structural Girder Spalling 18 145
member Abutment Spalling 19 184
Pier Spalling 19 152
Corrosion 13 345
Steel structural member Girder —
Painting damage 13 133
Bearing Corrosion 17 253
o o Corrosion 15 117
Subsidiary facilities Expansion joint
Rubber damage 16 58
Barrier Spalling 18 265
v Ay -S X ey A 11_ >~ . . .
kA A 7] () = > (2 ggm oo% ) (3b) Table 8. Replacement Time and Replaced Type of Expansion Joint
2 g‘g . . .
Replacement time (years) Replaced joint
Items | Qty. -
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130 g, Brjape] S AR ok 151790 Ral | 1| 1
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FYslee] Fs 7P A ke A T SRR Aol Gaitop | 2 | 8
o] SAPVIE BAEIe] T e Table 89 ERiRIck Algolg:  Transflex] 25| 119 | 28 )5 ) Finger | 1 | 4
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Table 9. Environmental Characteristics of Daekwanryung and General Area

Area No. of freezing-thawing days | Amount of de-icing material No. of snowing days Amount of snowing
(days) (ton/2 lanes-km) (days) (mm)
General 42(76)% 123 133 570
Daekwanryung 97(126) 52.7 27 2380
% Number of days of which average daily minimum temperature is below -2°C
Table 10. Comparison of Defect Score of Daekwanryung and General Area
Defect score
Area No. of bridges -
Deck Pavement Barrier
General 96 0.200 0.230 0.280
Daekwanryung 24 0.239 0.379 0.296

TFA38E 4=x]o|tiMinistry of Land, Transport and Maritime
Affairs, 2012(a)).
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