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Review of the Priority Index for Selection between Repair and Reinforcement
Methods of Dam Facilities

Dong Hyun Kim', Hyung Jun Park?, Hee Jung Youn®, Seung Oh Lee™

Abstract: After the collapse of the Seongsu Bridge in the 1990s in Korea, attention was focused on the maintenance of facilities. The government has
established various policies since the enactment of the Act in 1995 until recently. In general, safety inspections are performed to evaluate the safety
grade of facilities, and facilities are maintained and managed by performing repairs and reinforcements for defects. However, since the budget is limited,
it is impossible to carry out repair and reinforcement projects for all defects. It is necessary to prioritize repair and reinforcement measures. Then, the
priority index (PI) is presented considering the importance of members, the seriousness of defects, and economic feasibility. In this index, the degree
of influence can be adjusted within the range of 50 to 100% according to the expert's subjective judgment, and the same weight is set for some specific
members. Also, the effect through repair and reinforcement is not taken into account decisively, and most of them have a limit in which priority is
determined by economic feasibility. Therefore, in this study, through several case studies, problems with the priority index were reviewed and an equation
was presented to improve them.
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Table 1 Weight of evaluation item for dam (KALIS, 2021)

Performance  Evaluation Item —Weight Impact Degree
Fill  Concrete [%o]

Safety Dam crest 16.1 14.3 50~100
(E) Water face 15.1 16.7 50~100
Toe face 16.0 23.8 50~100
Durability Concrete 30.0 50~100
(£) Steel Coating 30.0 50~100
Steel Deterioration 30.0 50~100
Usability Gate work 29.9 50~100
(£) Drivig motor 15.2 50~100
Measuring Instrument 14.3 50~100
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Table 2 Weight by defect (KALIS, 2022)

Conversion weight

Grade Remark
Major defect Local defect Damage
a 0.33 0.33 0.33
b 0.36 0.32 0.32
c 0.38 0.32 0.30
d 0.43 0.31 0.26
e 0.55 0.27 0.18
Sum 2.05 1.55 1.39
Average 0.41 0.31 0.28

Table 3 Weight by grade (KALIS, 2022)

Conversion Weight
Grade Remark
a b ¢ d e

Weight 0.09 0.10 0.16 0.26 0.39
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Table 4 Example of calculation for priority index (KSMI, 2020)
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‘ Member Weight EI Priority
Members Damage Ql(liil;t)lty Pfice (1((;«,?:;“) Safety Durability Usability Safety Durability Usability (Sg,n) Index Rank
(10'an) (E) (Ey) (B) (B, < P) (Byx Py) (B3 Py) (P

Crack (< 0.3mm) 0.63 53 33 3.22 8.57 0.00 2.383 1.457 0.000  3.840 0.1150 3

Approach Crack (>= 0.3mm) 3.21 67 215 3.22 8.57 0.00 2.383 1.457 0.000 3.840 0.0179 6
Channel Efflorescence 17.92 53 950 3.22 0.00 0.00 2.383 0.000 0.000  2.383 0.0025 14
Peering, falling, breakage 261.91 178 46,620  3.22 0.00 0.00 2.383 0.000 0.000  2.383 0.0001 20
Crack (< 0.3mm) 18.86 53 1,000 3.22 8.57 0.00 2.383 1.457 0.000  3.840 0.0038 12

Corftrouer Crack (>=0.3mm) 4.20 67 281 3.22 8.57 0.00 2.383 1.457 0.000  3.840 0.0136 7
(Xifmi;i; Efflorescence 11.74 53 622 3.22 0.00 0.00 2.383 0.000 0.000  2.383 0.0038 13
Peering, falling, breakage 231.11 178 41,138  3.22 0.00 0.00 2.383 0.000 0.000  2.383 0.0001 19

Crack (< 0.3mm) 6.11 53 324 3.22 8.57 0.00 2.383 1.457 0.000  3.840 0.0119 8

«»» Controller Crack (>=0.3mm) 0.33 67 22 3.22 8.57 0.00 2.383 1.457 0.000  3.840 0.1737 2
% (Bridge) Efflorescence 8.82 53 467 3.22 0.00 0.00 2.383 0.000 0.000  2.383 0.0051 11
£ Peering, falling, breakage 3120 178 5,554 3.22 0.00 0.00 2.383 0.000 0.000  2.383 0.0004 16
Crack (< 0.3mm) 23.03 53 1,221 7.26 8.57 0.00 5.372 1.457 0.000  6.829 0.0056 10
Steep Slope Crack (>= 0.3mm) 41.00 67 2,747 7.26 8.57 0.00 5.372 1.457 0.000  6.829 0.0025 15
Waterway Efflorescence 16.23 53 860 7.26 0.00 0.00 5372 0.000 0.000  5.372  0.0062 9
Peering, falling, breakage 1,718.05 178 305,813  7.26 0.00 0.00 5372 0.000 0.000  5.372  0.0000 22

Crack (< 0.3mm) 0.38 53 20 8.08 8.57 0.00 5.979 1.457 0.000 7436 03692 1

Hydraulic Crack (>=0.3mm) 1.76 67 118 8.08 8.57 0.00 5.979 1.457 0.000  7.436 0.0631 4
D]igslzgier Efflorescence 3.12 53 165 8.08 0.00 0.00 5.979  0.000 0.000 5979 0.0362 5
Peering, falling, breakage 342.70 178 61,001  8.08 0.00 0.00 5.979  0.000 0.000 5979 0.0001 18

Windlass Wire rope aging 57] 20,000 100,000 0.00 14.30 0.00 0.000  2.431 0.000  2.431 0.0000 21
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Table 5 Example of calculation for priority index (KSMI, 2020)
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Fig. 4 Relationship between cost and priority index applying the
modified equation (A Dam)

. Unit Defect Member  Performance Grade Priority
Members Damage Ql(lzgt)l R Price R ()C3(\):(t)n) Weight Weight Weight Weight Index  Rank
(10wan) (D, (M) (P, (G,) (PI)
Crack (< 0.3mm) 0.63 53 33 0.31 1.0 0.74 0.10 0.02072 12
Approach Crack (>= 0.3mm) 3.21 67 215 0.31 1.0 0.74 0.10 0.02294 1
Channel Efflorescence 17.92 53 950 0.28 1.0 0.74 0.10 0.02294 1
Peering, falling, breakage 261.91 178 46,620 0.28 1.0 0.74 0.10 0.02072 12
Crack (< 0.3mm) 18.86 53 1,000 0.31 1.0 0.74 0.10 0.02072 12
(({;‘?;E(#ZL Crack (>= 0.3mm) 4.20 67 281 0.31 1.0 0.74 0.10 0.02294 1
Abutment) Efflorescence 11.74 53 622 0.28 1.0 0.74 0.10 0.02294 1
Peering, falling, breakage 231.11 178 41,138 0.28 1.0 0.74 0.10 0.02072 12
Crack (< 0.3mm) 6.11 53 324 0.31 1.0 0.74 0.10 0.02072 12
w  Controller Crack (>= 0.3mm) 0.33 67 22 0.31 1.0 0.74 0.10 0.02294 1
% (Bridge) Efflorescence 8.82 53 467 0.28 1.0 0.74 0.10 002294 1
= Peering, falling, breakage 31.20 178 5,554 0.28 1.0 0.74 0.10 0.02072 12
Crack (< 0.3mm) 23.03 53 1,221 0.31 1.0 0.74 0.10 0.02072 12
Steep Slope Crack (>= 0.3mm) 41.00 67 2,747 0.31 1.0 0.74 0.10 0.02294 1
Waterway Efflorescence 16.23 53 860 0.28 1.0 0.74 0.10 0.02294 1
Peering, falling, breakage ~ 1,718.05 178 305,813 0.28 1.0 0.74 0.10 0.02072 12
Crack (< 0.3mm) 0.38 53 20 0.31 1.0 0.74 0.10 0.02072 12
Hydraulic Crack (>= 0.3mm) 1.76 67 118 0.31 1.0 0.74 0.10 0.02294 1
D?sr;?;ifer Efflorescence 3.12 53 165 0.28 1.0 0.74 0.10 0.02294 1
Peering, falling, breakage 342.70 178 61,001 0.28 1.0 0.74 0.10 0.02072 12
Windlass Wire rope aging 57] 20,000 100,000 0.31 1.0 0.74 0.10 0.02072 12
6 SHETEZTICHRXIA2|F52 =27 M273 H3Z(2023. 6)
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Table 6 Example of calculation for improvement of performance grade (A £, ) (KSMI, 2020)

Change of ~ Safety  Durability Usability

Method Members Damage, Repair and Reinforcement Grade (E) (B) (E,)
1 01 Exfoliation, Efflorescence, Breakage, Vegetation c—a 0.000 0.000 0.000
2 Approach 02 Exfoliation c—a 0.000 0.000 0.000
3 Channel 03 Exfoliation c—a  0.000 0.000 0.000
4 - Combination (Method 1+ Method 2) 0.000 0.000 0.000
5 01 Exfoliation, Breakage c—a 0.003 0.000 0.000
6 Controller 5 Bregkage c—a 0002 0000  0.000

(Weir, Pier,

7 Abutment) 03 Breakage, Exfoliation c—a 0.004 0.000 0.000
8 - Combination (Method 6+ Method 7) 0.005 0.000 0.000
9 01 Exfoliation, Breakage c—a 0.000 0.000 0.000
10 02 Exfoliation, Breakage c—a 0.000 0.000 0.000
11 S\t;:fefvlvzl;e 03  Exfoliation, Breakage c—a  0.000 0.000 0.000
12 04 1/2 members (Exfoliation, Breakage) c—a 0.005 0.000 0.000
13 05 All members (Exfoliation, Breakage) c—a 0.020 0.000 0.000
14 01 Crazing, Vegetation c—a 0.002 0.000 0.000
15 Hydraulic 02 Exfoliation c—a 0.002 0.000 0.000
16 Energy 03 Breakage, Exfoliation c—a 0.002 0.000 0.000
17 Dissipater Combination (Method 14+ Method 15) 0.006  0.000  0.000
18 - Combination (Method 15+ Method 16) 0.011 0.000 0.000
19 Up. Slope 01 Subsidence c—a 0.145 0.000 0.000
20 Down. Slope 01 Subsidence c—a 0.000 0.000 0.000
21 - Combination (Method 1+ Method 15) 0.022 0.000 0.000
22 - Combination (Method 1+ Method 15+ Method 16) 0.030 0.000 0.000
23 - Combination (Method 1+ Method 2+ Method 15) 0.022 0.000 0.000
24 Combination - Combination (Method 1+ Method 2+ Method 15+ Method 16) 0.030 0.000 0.000
25 - Combination (Method 13+ Method 14) 0.022 0.000 0.000
26 - Combination (Method 1+Method 13+ Method 14) 0.033 0.000 0.000
27 - Combination (Method 1+Method 2+Method 13+ Method 15) 0.060 0.000 0.000

8 FRPXSFICLIX|H2|5EE =2F] M 273 M32(2023. 6)
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Table 7 Results of calculation for modified priority index

z219] 7} tefsto] o] & HAslsfo
t}. ol 7|EAke] el ofsf) R deadgel A
ol @t e vt EAl =, A ol B2 /N
FAZ 7E EFFATY = 5 BeridzAldd o)
TH TR fskA e A7 2T 5 v
otk EAl o 227} T2 9E Vs o] 3t o]
A5 o] RFAE Fol By gxa] 23e =<9
HoeA SHT e A AZET Al MAe g
B EEA ¥ Bprdde] H8E s AR BE E
Hohs Holtt. wehA HyRAgN| &S 2 /R EA 1 4
3ok s, HarIte] qrie) ojaf Mg E = Ry
< Hgsket dl23do] & Az Addnt 18y dE

sk 9ol Bast

. . Cost Safety Del.“ect Merflber Priority
Method Damage, Repair and Reinforcement (10'won) (AE) Weight Weight Index Rank
D) (M) (P)

1 Exfoliation, Efflorescence, Breakage, Vegetation 3,000 0.000 0.28 1.0 0.00 -
2 Exfoliation 1,000 0.000 0.28 1.0 0.00 -
3 Exfoliation 1,000 0.000 0.28 1.0 0.00 -
4 Combination (Method 1+ Method 2) 2,000 0.000 0.28 1.0 0.00 -
5 Exfoliation, Breakage 3,000 0.003 0.28 1.0 2.71E-07 11
6 Breakage 3,000 0.002 0.28 1.0 1.96E-07 14
7 Breakage, Exfoliation 5,000 0.004 0.28 1.0 2.18E-07 13
8 Combination (Method 6+ Method 7) 6,000 0.005 0.28 1.0 2.33E-07 12
9 Exfoliation, Breakage 1,000 0.000 0.28 1.0 0.00 -
10 Exfoliation, Breakage 1,000 0.000 0.28 1.0 0.00 -
11 Exfoliation, Breakage 1,000 0.000 0.28 1.0 0.00 -
12 1/2 members (Exfoliation, Breakage) 50,000 0.005 0.28 1.0 2.97E-08 19
13 All members (Exfoliation, Breakage) 100,000  0.020 0.28 1.0 5.63E-08 18
14 Crazing, Vegetation 2,000 0.002 0.31 1.0 3.26E-07 9
15 Exfoliation 1,000 0.002 0.28 1.0 5.88E-07 8
16  Breakage, Exfoliation 2,000 0.002 0.28 1.0 2.94E-07 10
17 Combination (Method 14+ Method 15) 3,000 0.006 0.31 1.0 6.30E-07

18 Combination (Method 15+ Method 16) 3,000 0.011 0.28 1.0 1.04E-06

19 Subsidence 1,000 0.145 0.31 1.0 4.50E-05 1
20 Subsidence 1,000 0.000 0.31 1.0 0.00 -
21 Combination (Method 1+ Method 15) 4,000 0.022 0.28 1.0 1.51E-06 2
22 Combination (Method 1+ Method 15+ Method 16) 6,000 0.030 0.28 1.0 1.39E-06 3
23 Combination (Method 1+ Method 2+ Method 15) 5,000 0.022 0.28 1.0 1.20E-06 4
24 Combination (Method 1+ Method 2+ Method 15+ Method 16) 7,000 0.030 0.28 1.0 1.19E-06 5
25 Combination (Method 13+ Method 14) 102,000  0.022 0.31 1.0 6.63E-08 17
26 Combination (Method 1+Method 13+ Method 14) 105,000  0.033 0.31 1.0 9.86E-08 16
27 Combination (Method 1+Method 2+Method 13+ Method 15) 106,000  0.060 0.28 1.0 1.58E-07 15
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