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A Review of the Deterioration and Damage of the Top Flange of the Highway PSC
Box Girder Bridge based on the Condition Assessment Results

Young-Ho Ku'", Sang-Mook Han’

Abstract: Although PSCB girder bridges account for 4% of the bridges in use on highways, they do not account for much, but 98% of PSCB girder bridges
are 1™ type and 2 type of bridge. Also, the total length of the PSCB girder bridge is 16% (192km) of the total length of the highway bridge. Thus, the
PSCB girder bridge can be one of the bridge types where maintenance is important. In order to analyze the damage types of PSCB girder bridges, a detailed

analysis was conducted by selecting 62 places (477 spans) precision safety diagnosis reports considering ratio of the construction method and snow removal

environment exposure class. Analysis of report and a field investigation was conducted, and as a result, most of the causes of deterioration damage were

caused by rainwater (salt water) flowing into the bridge pavement soaking in between the top flange and the interface. After concrete slab deteriorate

occurred then bridge pavement cracking and breaking increased and exfoliation of concrete occurred by corrosion and expansion of the reinforcing bars

occurred. In addition, the cause of cracks in the longitudinal direction on the bottom of the top flange is considered to be cracks caused by restrained drying

shrinkage. In conclusion, for reasonable maintenance considering the characteristics of PSCB girder bridges, it should be suggested in the design aspect

that restrained drying shrinkage crack on top flange. Also, it is believed that differentiated maintenance method should be proposed according to snow

removal environment exposure class.
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Table 1 PSCB girder deterioration types and factors
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Fig. 1 Analysis result of PSCB girder bridge deterioration types

Location Deterioration types Deterioration factors
o Flexural stress excess
o © Loss in prestress
[1] Longitudinal cracks at bottom top flange o Overload from traffic
© Drying shrinkage
© Drying shrinkage
[2] Transverse cracks at bottom top flange o Reinforcement
© Concrete settlement
Top [3] Transverse cracks of deck at regular intervals © Drying shrinkage
flange © Corrosion of reinforcement
O
[4] Vertical cracks at mid-span Flexu.ral stress excess
o Loss in prestress
[5] Leakage at bottom top flange
[6] Efflorescence at bottom top flange 0 Penetration of de-icing chemicals through cracks
T i o o Stagnant water between wearing surface and deck of top flange
[7] Delamination, scaling and spalling at bottom top flange | | . prestress
[8] Discoloration at bottom top flange
5 .
[9] Inclined cracks of web at support Overc?stlmatlon of prestress
o Loss in prestress
© Lack of consideration of sheath cover
[10] Cracks along prestress cable tendons at support o Failure in grout
o Freeze-thaw cycle
Web o o Concrete settlement
[11] Longitudinal cracks at chamfer between top flange and web | Construction joint
© Concrete settlement
I © Drying shrinkage
[12] Longitudinal cracks o Thermal stress
o Freeze-thaw cycle
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Table 1 (Continued)

Location Deterioration types Deterioration factors
© Flexural stress excess
[13] Transverse cracks of soffit at mid-span O Loss in prestress
Bott. o Scaffolding settlement
ottom
flange [14] Longitudinal cracks of soffit along prestress cable tendons | © Tensile force
— . o Tensil
[15] Cracks of soffit at widening section ensile stress excess
O Stress concentration
[16] Longitudinal cracks at segment joint o Structural condition (restraint, etc.)
[17] Horizontal cracks at joint between top flange and web | © Structural condition (restraint, etc.)
Segment o Tensile stress excess
ioi 18] Cracks at t joint . . ..
Jomnt [18] Cracks at segment join © Construction failure at joint
. © Overestimation of initial prestress
[19] Diagonal cracks at shear key o Insufficient shear capacity of shear key
[20] Longitudinal cracks at header o Structural condition (restraint, etc.)
© Heat of hydration
O Bearing restraint
[21] Vertical or diagonal cracks of web at bearing o Soil stress restraint
Support O Restraint of girder deformation
u
o1 . © Horizontal restraint at i
[22] Longitudinal cracks of bottom flange soffit at bearing orizomal restraint & bearing
© Heat of hydration
[23] Transverse cracks of bottom flange soffit at bearing © Horizontal curvature of girder, constraint by shrinkage
[24] Cracks at anchorage blister © Longitudinal tensile stress behind anchorage blister
. o Structural condition (post poured concrete section)
25] Cracks at .
[25] Cracks at opening © Heat of hydration
. . . . o Local st
Secondary | [26] Vertical, diagonal or horizontal cracks at deviator ocaistress - .
clements sections o Structural condition (post poured concrete section)
© Heat of hydration
[27] Vertical, diagonal or horizontal cracks at anchorage | © Bearing stress
blister o Structural condition (post poured concrete section)
o Freeze-thaw cycle
. o Freezing effect
Others [28] Crumbling of concrete surface

o Insufficient early-age curing
o Insufficient pouring

Table 2 Assessment criteria of concrete deck condition (MOLIT, 2019)

Grade Crack Deterioration
A 0 Crack width under 0.1mm © No deterioration
B 0 Crack width between 0.1mm and 0.3mm
(Good) o Crack ratio under 2% o Surface damage area under 2%
[0} 0, 0,
C o Crack width between 0.3mm and 0.5mm o zl(l)iics?oiaigiile; t;;ween 2% and 10%
(Mediocre) o Crack ratio between 2% and 10% . °
O Scaling or leakage at deck plate
D 0 Crack width between 0.5mm and 1.0mm o Surface damage area over 10% © Reinforcement corrosion area over 2%
(Poor) o Crack ratio between 10% and 20% © Severe scaling or corrosion due to leakage at deck plate
E © Crack width over 1.0mm © Decrease in safety of deck due to loss of reinforcement area by corrosion

o Crack ratio over 20%
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Fig. 2 In-depth safety examination report collection
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Table 3 Exposure class of de-icing chemical considering snowfall and usage of de-icing materials

Area

Busan, Daegu, Ulsan, Jeollanam-do(Gwangyang,
Yeosu, Namhae, Goheung, Wando), Gyeongsangbuk-do
(Yeongdeok, Cheongsong, Pohang, Yeongcheon,
Gyeongsan, Cheongdo, Chilgok, Goryeong, Gyeongju),
Geyongsangnam-do(Changnyeong, Miryang, Uiryeong,
Yangsan, Haman, Jinju, Changwon, Gimhae, Hadong,
Sacheon, Goseong, Geoje, Tongyeong, Jinhae, Masan)

Incheon, Gyeonggi-do(Gimpo, Bucheon, Siheung,
Ganghwa), Gyeongsangbuk-do(Yeongju, Uljin, Yecheon,
Andong, Yangyang, Uiseong, Gumi, Gunwi, Seongju),
Gyeongnam (Hapcheon, Sancheong), Jeollanam-do
(Suncheon, Boseong, Jangheung, Gangjin, Haenam, Jindo)

Seoul, Daejeon, Gyeonggi-do (except Gimpo, Bucheon,
and Siheung), Gangwon-do (Cheorwon, Hwacheon,
Yanggu, Inje, Chuncheon, Hoengseong, Wonju, Yeongwol,
Donghae), Chungcheongnam-do and all of
Chungcheongbuk-do, Gyeongsangbuk-do (Bonghwa,
Mungyeong, Sangju, Gimcheon), Gyeongsangnam-do
(Geochang, Hamyang), Jeollanam-do (Hamgyeong,
Muan, Mokpo, Yangyang, Naju, Hwasun, Gokseong,

Gwangju, Jeollanam-do (Yeonggwang, Jangseong,
Damyang), Jeollabuk-do (Gimje, Buan, Jeongeup, Imsil,

Surface chlorine
Exposure ion concentration* Snowfall
class Accumulation | Maximum (mm)**
factor(kg/m’/year) | (kg/m’)

CI?SS 0.5 <150
Class 1.0 150 ~ 300

I

20

Class

i 1.5 300 ~ 600

Gurye, Shinan)

C}i‘fs 2.0 > 600

Jangsu, Gochang, Sunchang), Gangwon-do (Goseong,
Sokcho, Yangyang, Gangneung, Pyeongchang,
Hongcheon, Jeongseon, Samcheok, Taebaek)

Clam |
Clanll
Claull

| Gl

* It was considered to increase linearly with time, and the maximum was presented as 20kg/m’, which is 0.85% of the weight of concrete, and

assumed to be constant after reaching the maximum.

** The amount of snowfall is classified based on data from the Korea Meteorological Administration (average annual snowfall from 1981 to 2010).
*** [f the altitude of area is higher than 450m and the area is located between two provinces, the grade is adjusted to harsh conditions.
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Fig. 12 PSCB girder deterioration and damage type of the bottom top
flange
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Fig. 13 Deterioration mechanism of PSCB girder top flange

Table 4 Main factors and deteriorations of PSCB girder top flange
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Category Deck

Cantilever

> Mediocre condition
> Local damages such as efflorescence or leakage at open-

Deterio- of damage)

rations > History of asphalt repaving in several places and
efflorescence on bridges with severe damage such as
crumbling asphalt cracks, delamina -tion and abrasion of
asphalt (not severe and progressive)

> Efflorescence, leakage, spalling on the side or end of the
cantilever(severe and progressive at barrier or at vertical

ings during the construction(no progress in scale or severity |  construction joint of widening sections)

> Severe damage of wearing surface on emergency stopping lane
such as delami -nation, crumbling asphalt cracks and stagnant
water or efflorescence and leakage at inside cantilever with
water- proof layer damaged as a result of coring(progressive
and observation required)

> Damage of surface wearing and waterproof layer
Main factors
> Interface of waterproof layer when partially repaving

> Damage of surface wearing and waterproof layer
> Stagnant water on emergency stopping lane
> Leakage of bottom bridge barriers
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Table 5 Longitudinal crack characteristics of the bottom top flange on PSCB girder

Items Contents

Note

Characteristics

> Discontinuous longitudinal direction cracks at regular intervals at mid span
> Discontinuous longitudinal direction cracks starting from construction joint

(cw 0.1~0.2mm)
(cw 0.1~0.2mm)

Main factors

[> Heat of hydration and restraint of drying shrinkage

Numerical analysis

Penetration occurrence
depth(Concrete cover : 44~53mm)

> No detection of longitudinal direction cracks, efflorescence, leakage
D> Crack depth range between 36mm-54mm as a result of inspection of crack

Inspection No penetration

Progression occurrence

> Minor progression in crack width, length and depth, and observation required

Progression check Uncertainty
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