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Risk Assessment about the Maintenance of the PC Bridge in Tozai Line

by

Hiroshi NISHI*, Tsutomu OTSUKA**, Keita KAMEI**and Hiroshi ONISHI***

Tozai line is the metro rail system serving the urban areas in Tokyo. It was built in 1960s and a construction
method, PCT girder bridges is one of the most majority designs still in use through this rail system. In order to identify
risk factors and determine appropriate ways to control the hazards, risk assessment for PC Bridge has to be conducted
during maintenance activities. In this study, during the stage of construction, two main sources in risk analysis which
cause a great failure or decline are insufficient PC grout filling and breaking of the PC steel member, respectively. On
the other hand, according to the results of general inspection used in risk analysis, it reveals that although no severe
deterioration occurred and the risk of present load-bearing capacity is low, the third-party disasters still retain risks.
Therefore, the study reports herein attempt to address risk assessment process to evaluate hazards for PC bridges.
Furthermore, considering the risks during the construction stage and the maintenance period, the former issue is
evaluated by PC grouted filling condition; whereas the latter is judged by engineers to determine the proper protective
approaches to that risks. Finally, by adopting the numerical analysis associated with above issues, the relationship
between any changes in appearance and load-bearing capacity for PC bridges are assessed.
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Fig.1 View of the PCT bridge.
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Fig.4 Tendency of Deterioration at different locations.
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Tablel Summary of grouting filling condition of PC bridges.

Main Girder

Slab/Cross Beam

Crouting conditions|

Item Number of Number of
samples

Fully Poor

samples - 8
grouting | grouting

Crouting conditions

Fully Poor
grouting | grouting

IE Method 476 471 5

Impact elastic wave method - - -

2,998 | 2,842 156

Drilling Method 5 4 1 156 30 126
Final judgement 476 475 1 2,998 | 2,872 126
Insufficient filling rate of grout 0.21% 4.20%
Notes IE Metod : Impact-Echo Method Unit : Cable

Drilling Method : Drilling+CCD Camera

Insufficient filling rate of grout:

Number of insufficient grouting of drilling method/ number of samplesx100
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Fig.6 Grouting filling condition of PC bridge by elements.
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Fig.7 Grouting filling condition of PC bridge by routes.
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Table2 Specifications of the bridge (A-Line).

Structure type Posttension system simple girder

Girder length 24.96m (Span length 24.10m)
Width / Angle Width 4.39m / Angle 90°00°00”
Live load Axle load 16tf (Train load)

Concrete strength Girder 40N/mm’ , Slab* Beam 30N/mm’

PC steel wire SWPR 12 ¢ 7mm

Girder
Tensile force :361.663kN/cable
Prestressing steel PC steet stick SBPC110 ¢ 24mm
Slab*Beam | Tensile force(Slab) :254.683kN/cable

Tensile force(Beam) :263.532kN/cable

Reinforcing bar SR235

Maximum size of coarse aggregate

25mm

, Girder | fock=1.34N/mm’ (40N/mm” h=1.80m)
Cracking load 2 2
Beam fbck=1.18N/mm” (30N/mm’ h=1.54m)
-8.00 I \ \
dosss. | [—] Compression, [+ Tension
6.00 A~<616 i N e ‘ ‘
~ \“\% . —A—Dead load G1
é 400 ;\4\36\‘ —®-Designed load G1 | |
Z b -3.44 | .4 Dead load G2
£ 2.00 (202 0 ~© Designed Load G2
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Removal number of the main cable (Girder G2 soundness)

Fig.9 Combined Stress (Bottom fiber).
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Fig.10 Vertical Displacement.

Defection of main girder caused main
girder and cross beam torsion.
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Deflection of main girder occurred
after a prestressing steel was
removed from a PC cable.
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Value : Verical displacement after prestressing steels removal. = (G1]
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to a bridge due to tensile
strength.

Fig.11 Behavior after prestressing steels removal.



Table3 Summary of the risk assessment.

Risk evaluation
Hazard identification Risk estimation . Frequency of Protective measure
Severity of harm
occurrence
When deficient grouted, When fully grouted, Mam‘cable ruPtu@ and the load- bearing Critical Incredible  |Numberical evaluation on'any changes in
. . capacity of main girder decrease (1m) (0) appearance and load- bearing capacity
corrosion and breaking of steel tendons are the - — -
. The transverse cable rupture and PC tendon Marginal Remote Investigation on PC grout filling and
major problems . . - .
exposure cause third party disasters (1) (1) prevention of PC reinforment exposure.

Deterioration of surface spalling, reinforment

d te flaki th . . - . .
CXPOSUIE and concrets faking can cause e Spalling concrete causes third party Negligible Frequent Cross sectional restoration method and
concrete delamination. . . .

— disasters. (1) (5) spalling concrete prevention.

A great amount of deterioration occurs at
overhanging slab.
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