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Abstract

Various slope protect systems are applied to the slope located around the major facility to maintain
stability, and the applied these systems play an important role in protecting the structure by ensuring
the safety of the slope. Reinforcement techniques ensure complete safety at the time of application to
the slope, but over time, it may become difficult to secure safety. In particular, the deterioration of
reinforcement systems may significantly reduce the stability of the slope. Therefore, it is necessary to
secure the safety of the slope by defining the necessary items for maintenance of the protect systems
and verifying them by the field expert. In this study, a group of experts were formed to determine these
items and select their importance among them, and based on their data, the importance of each item
was selected by Analytic Hierarchy Process (AHP). The selected items are expected to play an
important role in the maintenance of reinforcement systems applied to the slope based on the survey
items used by experts.
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Crack or damage of head of protection system
None
Tiny crack or damage
Some cracked or damaged area but not serious
Whole places are cracked or damaged
Whole places are cracked or damaged and serious

Stickiness between protection system and
slope surface
None
Some places
Whole places
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Table 1. Assessment of slope protection system and criteria (Ministry of Land, Infrastructure and Transport, 2018)
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Table 2. Factors for maintenance of anchor

Surround area of anchor Anchor itself
1. Water drop from anchor 1. Anchor corrosion
2. Water moisture from anchor 2. Anchor deformation
3. Water drop near anchor 3. Anchor stickiness
4. Water moisture near anchor 4. Deformation/crack/damage of loading construction
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Table 3. Factors for maintenance of rock bolt

Surround area of rock bolt Rock bolt itself
1. Water drop from rock bolt 1. Rock bolt corrosion
2. Water moisture from rock bolt 2. Rock bolt deformation
3. Water drop near rock bolt 3. Rock bolt stickiness
4. Water moisture near rock bolt 4. Deformation/crack/damage of loading construction

Table 4. Factors for maintenance of soil nail

Surround area of soil nail Soil nail itself
1. Water drop from soil nail 1. Soil nail corrosion
2. Water moisture from soil nail 2. Soil nail deformation
3. Water drop near soil nail 3. Soil nail stickiness

4. Water moisture near soil nail 4. Deformation/crack/damage of loading construction




Table 5. Factors for maintenance of retaining wall

Surround area of retaining wall Retaining wall itself

1. Erosion
2. Condition of drainage facility

1. Subsidence
2. Movement

3. Change of slope angle
4. Damage from rock fall

3. Condition of drainage facility
4. Design error of retaining wall

5. Leachate 5. Damage (separation of material)
6. Crack
7. Surface deterioration
8. Efflorescence
9. Exposure of reinforcing steel
10. Separation between retaing wall and slope
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Table 6. Example scale for comparison

Scale

Degree of preference

1
3
5
7
9

2,4,6,8

Equal importance
Moderate importance of one factor over another
Strong or essential importance
Very strong importance
Extreme importance

Values for inverse comparison
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Table 7. Making comparison matrix
Expert 1 A B C Expert 2 A B C
A 1 3 5 A 1 3 5
B 1/3 1 3 B 13 1 5
C 1/5 1/3 1 C 1/5 1/5 1
Expert 3 A B C Expertn A B C
A 1 3 5 A 1 5 3
B 1/3 1 5 B 1/5 1 3
C 1/5 1/3 1 C 1/3 1/3 1
&
Total A B C
A (1x1x..x1)Y° (3% 3% ...x5)/ (5 5% ...x 3)1/?
B [(1/3)% (1/3)x ...x (1/3)]° (1x1x..x1)"° (3x5x...x3)1/°
C [(1/5)% (1/5) ...x (1/3)]V° [(1/3)x (1/5) ...x (1/3)]V° (1x1x..x1)"
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Table 8. Result of AHP for surround area of anchor

Water drop from Water moisture from Water drop near Water moisture near
anchor anchor anchor anchor
Water drop from anchor 1 31/6 14/5 3
Water moisture from anchor 1 4/5 1172
Water drop near anchor 1 2172
Water moisture near anchor 1
Weight 0.452 0.174 0.253 0.121
Table 9. Result of AHP for anchor
Anchor corrosion  Anchor deformation ~ Anchor stickiness Defonnat‘ion/crack/dal‘nage of
loading construction
Anchor corrosion 1 5/9 1 2/3
Anchor deformation 1 13/4 13/5
Anchor stickiness 1 7/8
Deformation/crack/damage of |
loading construction
Weight 0.189 0.362 0.203 0.246
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Table 10. Result of AHP for surround area of rock bolt

Water drop from Water moisture from Water drop near Water moisture near
rock bolt rock bolt rock bolt rock bolt
Water drop from rock bolt 1 31/6 21/3 3
Water moisture from rock bolt 1 3/4 13/5
Water drop near rock bolt 1 23/7
Water moisture near rock bolt 1
Weight 0.477 0.170 0.235 0.118

Table 11. Result of AHP for rock bolt

Rock bolt Rock bolt Rock bolt Deformation/crack/damage of
corrosion deformation stickiness loading construction
Rock bolt corrosion 1 5/8 11/4 7/9
Rock bolt deformation 1 2 15/8
Rock bolt stickiness 1 1
Deformation/crack/damage of |
loading construction
Weight 0.214 0.364 0.193 0.229
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Table 12. Result of AHP for surround area of soil nail

Water drop from Water moisture from Water drop near Water moisture near
soil nail soil nail soil nail soil nail
Water drop from soil nail 1 3 21/4 3
Water moisture from soil nail 1 2/3 11/5
Water drop near soil nail 1 2173
Water moisture near soil nail 1
Weight 0.468 0.157 0.246 0.129

Table 13. Result of AHP for soil nail

Deformation/crack/damage of

Soil nail corrosion  Soil nail deformation  Soil nail stickiness . .
loading construction

Soil nail corrosion 1 2/3 11/4 5/6
Soil nail deformation 1 2 12/5
Soil nail stickiness 1 6/7

Deformation/crack/damage of
loading construction

Weight 0.222 0.348 0.186 0.244

1




BAAT T Fo] g 0 R0 2| QT S| Asle 455 R0] 7 F a5 sl Aow B
HE|9on], HQE A4 R WY WD mo] 7 F QT R 02 Ueh e thg.o 2 el 1A w}

Ol

o] ANES v o = AT, FEES, UY-Eo] AeH HEHA O A5 E7TE St b7 ket TR0 b
] o

S FHO Aol frE0] 7P -85 A AL o, AlsE S8 A2 e BT el E Al

SHoj| gt AlSst 242t

B2t ) A el Tk A% 5 A Aol T2 AL Z]5HEE Rt 2t Bl T FhE o] Ak
O Table 14511560 el Sie, 1 510 S 4] S84 2170007820 007395 ek

Table 14. Result of AHP for surround area of retaining wall

. Condition of Change of Damage from
Erosion . .. Leachate
drainage facility slope angle rock fall
Erosion 1 11/4 1 4/5 1
Condition of drainage facility 1 11/9 4/5 11/4
Change of slope angle 1 1 1
Damage from rock fall 1 1
Leachate 1
Weight 0.200 0.196 0.195 0.218 0.191
Table 15. Result of AHP for retaining wall
Exposure of Separation
Subsidence Movement C.ondltl(?n .0 f De31fgn' error of Dseparat{on of Crack Su'rfacet Efflorescence  reinforcing b'et.ween
drainage facility  retaining wall material deterioration steel retaining wall
and slope
Subsidence 1 5/7 2 14/7 1273 1172 22/5 24/7 1273 1172
Movement 1 3 2 23/7 22/5 315 32/5 2172 2
Condition of 1 45 34 23 112 123 67 45
drainage facility
Design error of 1 1 8/9 116 125 1 1
retaining wall
Dseparation of 1 3/4 123 15/7 1 1
material
Crack 1 25/8 2172 112 1
Surface 1 117 12 5/8
deterioration
Efflorescence 1 12 12

Exposure of
reinforcing steel

Separation
between retaining 1
wall and slope

Weight 0.144 0.204 0.074 0.088 0.089 0.112 0.056 0.051 0.089 0.095
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