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Evaluation of Tension of PSC Box Girder Bridges Using Risk Matrix

Kim, Hyungjo', Ji, Seunggu?®, Kim, Hunkyom®, Kim, Pilsoo*, Kim, Hunkyom®, Lee, Minjae®
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*Seoul Metropolitan Government Facility Division

‘Seongnam City Hall Dept, of City Planning

*Department of Civil Engeering, Dong—yang University

Abstract : In particular, the investigation of tendons in PSC Box Girder Bridge should be done in a systematic way. It is
important to identify preventative maintenance activities that should be carried out in order to analyze the risk factors
by type of representative tensions and to reduce risks in the long term, However, in the current maintenance system,
various methodologies for investigating and repairing tensions have been studied, but it is difficult to investigate
precisely tensions, Therefore, to apply the risk assessment for screening of tensions to the domestic PSC Box Bridge, we
presented a risk matrix evaluation index that is consistent with the state assessment and maintenance system,

Keywords : Risk Matrix, Post—tension, Defect Index Probability, Damage Risk Scale
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Fig. 1. Graph, risk matrix
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Damage| gignificant risk| Large risk | 7°CP@% | Ng influence
intensity’ damage
Risk Level 4 points 3 points 2 points 1 points
Significant risk| 5P 5
Large risk | 4P c® 4
General risk | 3P c (9 C(6) 3
Minor risk | 2P c() C(6) 4 2
No influence | 1P 4 3 2 1
Risk rating Damage intensity X Risk level
Determine

\ulnerability rating A (15 ~ 20 points), B (10 ~ 14 points), C (6 ~ 9 points)
Determine Determined based on human and material damage caused by

damage intensity | a safety accident and surrounding damage level
Determine Determined based on the level of risk due to the construction

Risk Level scale and construction conditions
Related grounds | Seolgwanjeol—32—05, Rev.7

Fig. 2. Design risk review (risk matrix)
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Table 1. Risk matrix evaluation methodology

Risk matrix evaluation procedure

Configuring the Risk Matrix
|
[ ]
Higher Defect index probability(P) Damage Risk Scale(C)
indicator - 4 Indicators - - 4 Indicators -
[ [
Lower Break down into _
indicator 25 items

Weighted average calculation considering
individual weights

Graph assignment risk assessment and analysis

Prioritize preventive maintenance aspects
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1. Input

- Risk categories

- Risk group

- Historical information

2. Tools and Techniques

— Documentation reviews

= Brainstorming

~ Information gathering
techniques

~ Risk Checklists

~ Assumptions analysis

— Diagramming techniques

3. Output

— Risk title

— Risk cause
-~ Risk effect
- (Triggers)
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1. Input

- Identified risks

~ Project status

~ Data precision

— Expert judgment

— Other planning output

~ List of prioritized risks

— List of risks for additional
analysis and management

2. Tools and Techniques

— Semi-quantitative risk
assessment

~ Probability / impact risk
rating matrix

~ Scales of probability and
impact

~ Interviewing

~ (Decision tree analysis)

~ (Simulation)

3. Output

~ Probability score

~ Severity of impact score

~ Product of probability
and severity score

— Cost and Schedule impact

= Human resource damage

!Is! Eesponse Fannmg

1. Input

— List of prioritized risks

- Risk ranking of the project

~ Prioritized list of quantified
risks.

- Probabilistic analysis of the
project

~ Probability of achieving the
cost and time objectives

— List of potential responses

~ Risk thresholds

~ Common risk causes

~ Risk assessment results

2, Tools and Techniques
- Avoidance

- Reduction

- mitigation

- Acceplance

3. Output

- Measures to avoid, reduce
or mitigate the risk

— residual risks

— secondary risks

~ contractual agreements

- Contingency reserve
amounts needed

- inputs to a revised project

plan

= Updates to the risk responsg

C
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Table 2. Tension risk management system

division contents

Tendon risk
Identification

- Identify the target and cause damage to the Tendon
(connected with the Condition Assessment)

- Tendon risk matix evaluation
(design and data base on management)

Tendon risk
evaluation

Ispection, Precision
safety diagnosis,
Maintenance

- Priority select the tendon to be inspected
(base on risk matix evaluation)

3. Output
— Risk register
- Risk database

plan
~ Updates to the risk
identification checklists

Fig. 3. Risk management procedures

. Input monitoring and - Priority management tendon re—building
#Rislcreeponse plant management (base on risk matix evaluation)

- Project

~ Additional risk identification

analysis

— Scope changes 3 2 E-IAH H | _E_A_i 7IH_|

AT mjEgZAES 71RR)] 1 Haslolen)] A3t

2. Tools and Techniques E]—__i H— o= ‘J‘ ° ZH 7]—01] O]—M = ]IH = X]
— Project risk response audits P R=] 22 O]= o

~ Periodic project risk reviews e %}1" . 0]— H_?:I—] :H_E"] ‘]J:I_——i /1\_]_- O?‘SJ_—I:}.

— Technical performance

measurement

~ Additional risk response
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Damage risk scale(C)

Fig. 4. Graph, risk matrix
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Table 3. Classifition of defect index probability

Higher indicatoe Lower indicatoe Risk

Grout

Tendon Condition
Assessment
(direct damage)

Tendon damage

PE Pipe damage (exterior)

Duct(duct tightness inspection)

Tendon shape -

Carbonation exposure risk

concrete crack/damage inspection Step1~5

Corrosion
environment change
(Indirect damage)

pavement and Waterproof Layers
crack/failure

Expansion joint water leak

Construction joint damage/member
joint water leak

Initial desing and
Construction -
information

Common life

—~

(Table 4= ZFAS AV4E Sl BaAne 7 3%
4§ 50 HEARES Uehlglon], M 2

s

Table 4. Data for calculating the defect index probability

Higher indicate Application number Application data

Tendon Condition
1 Assessment

when Ispection/
Precision safety

Ispection/Precision
safety diagnosis

(direct damage) diagnosis reports
2 Tendon shape first time design drawing
Corrosion when Ispection/ Ispection/Precision

3 | environment change Precision safety safety diagnosis

(Indirect damage) diagnosis reports
Initial desing completion report
4 and Construction first time p p ’
. . design drawing
information
5 Common life when analyzing Elapsed years since

completion

42 M9 A2
(Table 5)&= £4491F 1R PSCatAwe] 7144 4]
o] 7HH L= AAE 4719 A9 AR TSI,

S9N A N FHAER A A B ]
& 9 ol i, 7R SR A uiA] G T
Age] EH], N A FRE SR SHlen fe
of we} 1~63 HER Mg Fofgict

i



Table 5. Classifition of damage risk scale
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Table 8. Overseas case weighting for defect size

Higher indicatoe Risk Division Defect index probability item Weight
Recovery cost and difficulty of individual tension 1 Overall bridge condition and performance 15%
Tendon arrangement influence of costruction method Bridging construction and inspection o
Step1~5 2 . . 15%
: . ) p diagnosis data
Bridge maintenance scale ratio
Scale of individual tensions Assessment of state by visual inspection
(Whether grouting leakage, manufacturing o
3 . o 30%
condition, concrete crack, duct condition,
- . gap in duct, leakage, corrosion prevention)
(Table 6y« 491 1 APgS 913 daxzes 4
S 2~ 4 Tendon shape and length 40%
315 9 A8212 5 Ueh) g :
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Table 6. Data for calculating the damage risk scale

i e Application | Application
number data
1 | Tension restoration cost / difficulty scale | First time
5 Tendon arrangement influence of First time completion
costruction method report,
) . _ - ) design
3 Bridge maintenance scale ratio First time drawing
4 Scale of individual tensions First time
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FHWA (2013), “Guidelines for Sampling, Assessing,
and Restoring Defective Grout in Prestressed Concrete
Bridge Post—Tensioning Ducts”2] A3HX|4= &5 47), 4
o A 5L 370l gt 7152 E (Table 7)¥} (Table 8)
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Table 7. Weighs for probability of foreign case defect index

Division Defect index probability item Weight
1 Overall bridge condition and performance 15%
5 Bridging oonlstruchclm and inspection 15%
diagnosis data
Assessment of state by visual inspection
(Whether grouting leakage, manufacturing o
3 " . 30%
condition, concrete crack, duct condition,
gap in duct, leakage, corrosion prevention)
4 Tendon shape and length 40%

(Table 9} (Table 10)-& HSEHA] =RZA| AT}
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Table 9. Weights for the probability of defect index in domestic case

Division Defect index probability item Lower indicator | Weight
1 Hazardous exposure conditions 2ea 8%
o Structural Protection 13ea 509%

(outside the tendon)

Structural Protection o
3 (inside the tendon) dea 36%

4 Public years / lifetime of bridges lea 4%

Table 10. Weights on the damage risk scale in domestic case

Division Defect index probability item Weight
1 Tension restoration cost / difficulty scale 30%
5 Tendon arrangement influence of costruction 30%
method
3 Bridge maintenance scale ratio 30%
4 Individual tendon scale 10%
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Table 11. Defective index probability weight {Table 14)2} (Table 15)+= 3157l 1A Htof tst 2
Division | Higher indicate Lower indicate Weight R FE L1 gt M5 YEhgl o,
Grout 12%
Table 13. OO bridge status
Tendon Condition Tendon damage 12% 9
1 Assessment PE Pipe damage (exterior) 4% Division Contents
(direct damage)
. Duct. ‘ 4% Name + 00 bridge main line
(duct tightness inspection)
2 Tendon shape - 30% Design load *DB-24
Carbonation exposure risk 2% Locati * Yongsan—gu Dongbingo—dong ~ Seongdong—gu
ocation Seongsudon
concrete crack/damage 4% 9 9
inspection ° : .
Corrosion Completion year 1997
. pavement and Waterproof o
3 |environment change Layers crack/failure 4% « PSC box girder : L=7,790m (PSM: 6,850m, FSM Cast—
(Indirect damage) — Top in—place concrete: 940m)
Expansion joint water leak 4% < RC rahmen : L=504 m
Construction joint damage/ 1% Structural
member joint water leak ? type | Buttom | *Y type, rahmen, RP type
Initial des‘”g, and N Foun— | « Cast—in—place concrete pile(up 75ea, down 64ea)
4 (.)onstruc‘non - 10% dation | « Well foundation(up 28ea, down 9ea)
information
5 lifetime — 10% +1.=8,298 m (PSC box girder 7,790m, RC rahmen 508m)
up : PSC box girder 4,120m = 3x(7@50) +7@50+7@50+
6@50+5% (6@50) +5@70+2@60+2@50
) ) Total length RC rahmen 504m =3x(4@25) +3@25+
Table 12. Damage risk scale weight 2%(20.75+25+20.75)
down: PSC box girder 3,670m==8x(7@50) +6@50+ (5@70)
division Defect index probability item weight +2@60+2@50
1 Tension restoration cost / difficulty scale 30% width *B=174m,279m
5 Tendon arrangement influence of costruction 259% Lane + Round trip 4lane, FSM section widening 4~6lane
method
) . ) Shoes + POT, EQS, Elastic
3 Bridge maintenance scale ratio 25%
. ) + PSC box method: PSM—SBS - Exterior Tendon,
Scale of individual tensions 20% etc FSM - Interior Tendon
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{Table 16)3} (Table 17)& P56~P622] ALE= 17t
Table 14. Defect index probability result (tension average) 2 P61~P630] tigt /EA4E B8 SR HSG LA E
Defect Tendon Desingad Uepilon, |SAH7E R 2 s A%
index Condition Tendon | Corrosion ) - 5
2] A 712 B g o]
probabilty | Assessment | shape |environment Buisve e WD | 1] | o A= 2AE A,
) information
(P) | (direct damage)
Quter span Table 16. Risk matrix score of OO bridge (P61~P62)
External 0.32 1.18 0.35 0.30 0.30 2.45 :
tendon Division Soan Defect index | Damage a$§£r|;ent maintenance
Inner span g probabity | risk scale Priority
Extemal 0.32 1.20 0.36 020 | 030 | 2.38 total
tendon Interior | P61~P62(L) 2.4 4.5 11.0 21
Lateral )
diection | 0.32 030 | 036 | 030 | 0.30 | 1.58 Interior | P61~P62(L) | 2.4 45 1.0 2
tendon Interior | P61~P62(L) 2.4 4.5 11.0 21
Inner span Interior | P61~P62(L) 2.4 45 11.0 21
Horizontal 0.32 0.60 0.35 0.30 0.30 1.87
tension Interior | P61~P62(L) 2.4 4.5 11.0 21
QOuter span Interior | P61~P62(L) 1.8 3.9 7.2 79
Horizontal .32 . . 2 . .
oreone 03 060 | 036 | 020 | 030 ) 1.78 Interior | P61~P62(L) | 1.8 3.9 7.2 79
ension
Interior | P61~P62(R) 2.4 4.5 11.0 21
] ] Interior | P61~P62(R) 2.4 4.5 11.0 21
Table 15. Damage risk scale result (tension average) Interior | P61~P62(R) o4 15 110 1
pamage Recovery Construction e | et Interior | P61~P62(R) 2.4 4.5 11.0 21
RiskcScale: [ Goat Tz caerao | scae | 0@ Interior | P61~P62(R) | 2.4 45 1.0 21
(©) /difficulty | /arrangement scale
o Interior | P61~P62(R) 1.8 3.9 7.2 79
uter span
External 1.48 1.25 1.25 1.00 4.98 Interior | P61~P62(R) 1.8 3.9 7.2 79
tendon
Inner span
External 1.50 1.25 0.75 1.00 4.50 . . .
tendon Table 17. Risk matrix score of OO bridge (P62~P63)
Lateral Risk
direction 0.30 0.25 0.25 0.20 1.00 Divisi 3 Defect index | Damage t maintenance
tendon vision [ probabilty | risk scale assf:f;‘e“ Priority
Inner span )
Horizontal 0.90 1.95 1.25 1.00 4.40 Exterior | P62~P63(L) 2.54 5.00 12.7 1
fension Exterior | P62~P63(L) 2.54 5.00 12.7 1
Quter span :
Horizontal 0.90 1.05 0.75 1.00 3.90 Exterior P62~P63(L) 2.54 5.00 12.7 1
fension Exterior | P62~P63(L) 2.54 5.00 12.7 1
Exterior | P62~P63(L) 2.54 5.00 12.7 1
g Bxtenor | peo peaL) | 1.94 4.40 8.5 211
3 High Risk horizontal
3 )
e Bxterior | peo pe3(R | 1.94 4.40 8.5 211
o horizontal
S
g Exterior P62~P63(R) 2.54 5.00 12.7 1
2 Modum/Risk Exterior | P62~P63(R) |  2.54 5.00 12.7 1
Exterior P62~P63(R) 2.54 5.00 12.7 1
=Y Exterior | P62~P63(R) 2.54 5.00 12.7 1
= Low Risk
I Exterior P62~P63(R) 2.54 5.00 12.7 1
, Bxterlor | peo pe3m) | 1.94 4.40 8.5 211
Damage risk scale(C) horizontal
® Outer span External tendon @ OQuter span Horizontal tension Ex_terior P62~P63(R) 1.94 4.40 8.5 211
@ Inner span External tendon @ Inner span Horizontal tension horizontal
@ Lateral direction tendon !
S‘e”dt',”g P62~P63 1.64 1.00 1.6 295
Fig. 6. Risk matrix evaluation results of OO Bridge rection
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