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Study on Performance-based Evaluation Method for Rock Slopes :
Deduction of Weight and Validation
- Based on the AHP method and Conrelation Analysis -

Jong Gun Lee, In Young Heo*, Chang Kyu Kang, Ho Sang Ryu, Buhm Soo Chang

Abstract This study aims to suggest the detailed evaluation criteria based on performances for rock slopes. Using
the previous research result, final evaluation items are proposed considering characteristics and similarities of each
evaluation item. Weight for each evaluation item is deducted using AHP method, verification for suggested evaluation
criteria is conducted based on correlation analysis. The research results as follows. All evaluation items have a
high statistical correlation with final evaluation result(safety rating). Especially, items of the “rockfall”, “ground
deformation”, “discontinuity characteristic”, “instable lithology” were shown the highest in relative correlation
coefficient(R), It is judged that items and weight presented in this study well reflect characteristics of rock slopes.
Key words Infrastructure (SOC), rock slopes, AHP method, correlation analysis
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2.1 AHP (Analytic Hierarchy Process) method
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Table 1. Random index

ayp 1 Gy,

A=lay a5 1 -0y, (D
A1 G Gz - 1

A7VA, aj = 1/ay, ai = 1, Vi

E3h el 3 AE B8l 24 3EE TAE

T3] Qs BE AQ) Ztal-fx(Maximim eigenvalue)
of - 85H= Fi1-5HE|(Dominant eigenvector)2] Q4

£ 7ISA R o] 85l 3 E H(Eigenvector method)
0] ALEEItHLee et al., 2007).
Au= me @)
A71A, Ao e EHALfFA| O ofuje] 1fulE

A fA]o
& Fugueeln oo w28 Aue 1o
Higo 23t UGS ST RN AR Y
A= 4= o H(Hyun et al., 2012), o]uj= LA
(I, Consistency Index)Q} H]AWA H]E(CR, (in)
Consistency Ratio)2 ARE-S1A| Ech

2o o =y

L

e}

CI= (A, —n)/(n—1) 3)

CR= (CI/RI) x100% (@)

$=419] RI= W4=2]93(Random Index)S 2Ju]3hH,
o= 194 971409] 7 slelz Wgstel o
2t o] o] H AWAR|SLE ALETE Ao
AT F83teE UEtl= 7<l¢°l‘3% o2t 2k
(Kim & Jang, 20006).

AYHE A (Correlation analysis)2 <4539 F WH

7Hel YA BAE Ask= FAVIHoItE 2 =5
A= 1o} AA|I(Pearson's correlation coefficient)
$-235]90 =0, o] & W 719 —T'—%_'—/f_]-(Covariance)

Rol] Atk 3Rl A Hel A

N 1 2 3 4

RI 0 0 0.58 0.90

1.12 1.24 1.32 1.41 1.45

* N : Number, RI : Random Index.
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Table 2. Linear relationship of the R value
|R| Linear relationship
07 < Rl < 1.0 Strong
03 < |R <07 Distinct
0.1 < |Rl <03 Weak
0 < |Rl <0.1 No
* R : R value.
Table 3. Performance evaluation items of rock slope
Stability Durability Serviceability

Water Catchment Terrain

Weathering Condition

Surrounding Terrain

Instable Lithology

Rock Strength

Distance to Road

Characteristic of Discontinuity

Protection Method

Traffic Volume

Ground Deformation

Reinforcement Method

Inspection Stair

Underground Water

Condition of Drainage

History of Collapse

Rockfall
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Table 4. Status of AHP survey
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Division No. of expert panel No. of AHP respondent Response rate (%)
Researcher 12 10 83.3
Professor 7 7 100
Engineer 5 5 100
Total 24 22 92
Stability of Rock
Cut Slopes
| | | | I | I
c :N:ter t Instable Chara:fﬁenshc Ground Underground Condition of History of Rockfall
a.l.:"';;:“ Lithology Discontinuity Deformation Water Drainage Collapse ociaal
Fig. 1. Hierarchy diagram (example)
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Table 5. Classification of evaluation result depending on defect index(MOLIT, 2010)

Defect index (F) Rating
0.00 < F <0.15 A
0.15 < F < 0.30 B
030 < F < 0.55 C
0.55 = F <0.75 D
075 < F E

Table 6. Target of correlation analysis

Rating No.
A 9
B 14
C 19
D 10
E 6
Total 58




et A5Hgs 435

4. A7Znt

4.1 712X E&

ApejerAe) 7EH) waS Sl 2290) 8¢ %
A Hlgo] 01505k 1559] L Faw &
o 2EsteTkFig. 2). $42, HEwe] Fug 4
How ANSRe AHPe] BrREe] 4rE Fa
w7h Mg B RoE et £ WAR Fawst
O S QuheEol Beuky, sluk, )
3 Tel3 o] Fagicle] Bt Bekw B4 %
RgEoR ehdeh 55, ol chat Bkl &
A BAEIglon, ol 1z ARANA 2§
Q9HE PH9] okl HAshA maE Holet &
% gk

A i, 3), 2289 S that wleleky
Hlgo] W 0.15 ofskE ekt HE BA Azold
279 $Y FAE B0 BEteck vAol
Hlgo] WA ekt Ale Bk e) 47 A, 7} %

o 1%

Water Catchment
Terrain

Instable Lithology

Characteristic of

Disconfinuity 01745

Ground Deform ation 01971
Underground Water
Condifion of Drainage

History of Collapse

Rodkfall

Fig. 2. Weight for the each evaluating item of rock slope
(Stability)

Rock Strength 0.1773

Protection Method _ 0.817
Reinforcement
Veos | -

Fig. 3. Weight for the each evaluating item of rock slope
(Durability)
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/J(Table 9)oll thet H7IEE AHdstsict 72 W7 Fate
of gk AlF B77|e2 AAl ZAREE EAsHA,
TR B 71E H7EAY ARVE & ZaLst
o] AAEFHTHMOLIT, 2010).

o714, AHPE F38l =& 7FeA= 2t B7HHE2
AW SAZ & 4 ok E3L B7EANA Fagt
AL 7+ B0 A 3#(a~e)7t 2F B7HEIHA ~E)
o BIEA] A Hert Qv Aot dlE &0, o

Surrounding Terrain 02334

I

Distance to Road 03625

Traffic Volume 0.2474

Inspection Stair 01567

|

Fig. 4. Weight for the each evaluating item of rock slope
(Serviceability)
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Table 7. Evaluation table for Stability
Rati
Evaluation Items Evaluation Indicators ating
a b c e
Water Catchment Count Division None 1 2 3 4 ~
Terrain Score 0 1 2 3 4
Overall
Some Local Overall C
L s S o distribution
Instable Scale Division None distributions distribution distribution (Cataclastic
Lithology (Condition) (Firmness) (Cataclastic) (Cataclastic) Loss, Leaks)
Score 0~2 3~5 6~8 9~11 12~15
Characteristic of Condition Division |Very good Good Normal Poor Very poor
Discontinuity ondtio Score 0-3 45 6~10 11~14 15~18
. Overall
Ground Creep, Division None Shght. Local. Overal.l deformation
. Steps, deformation deformation deformation
Deformation Bulein (In progress)
wemne Score 0-3 4-6 7-11 12-15 16-20
Wet Wet Flow Flow
Divisi D
Und\c;]ragt:;und Leaks tvision i (Lower slope) | (Upper slope) | (Lower slope) | (Upper slope)
Score 0 1~2 3~4 5~6 7
Condition of Co(Fr(;IiE;)geof Division |Very good Good Normal Poor Very poor
Drainage facility Score 0 1~2 3~4 5~6 7~8
History of Division None rosion Surface failure | Shallow failure| Deep failure
Collanse Type (washed out)
P Score 0-2 34 57 8-9 10~12
Division None ~ 50kJ 50kJ ~ 70kJ | 70kJ ~ 117kJ 117kJ ~
Rockfall Rockfall
ockta OcRIall CNCTEY g ore 0-2 35 6-9 10~12 13~16
Table 8. Evaluation table for Durability
Rati
Evaluation Items Evaluation Indicators ating
a b c d e
Slightl Moderatel Highl Completel
Weathering Weathering Division Fresh 1ty odera’ely ighly ompeely
Condition Deer weathered weathered weathered weathered
enditio ceree Score 0-4 5-8 9-14 15-19 2025
D |Hard Rock| 100% ~ 95 ~ 100% | 90 ~ 95% 85 ~ 90% ~ 85%
i
N 1
The measured | V ;:Cnlf 100% ~ | 90 ~ 100% | 80 ~ 90% | 70 ~ 80% | ~ 70%
Rock Strength intensity in ; 0 0 0 0 0
g comparison ; Soft Rock | 100% ~ 86 ~ 100% | 73 ~ 86% 60 ~ 73% ~ 60%
i Weathered
design value |0 ) Weathered | 500, | g6 100% | 73 ~ 86% | 60 ~ 73% | ~ 60%
Rock
Score 0~3 4~5 6~10 11~14 15~18
Protection .. Division Very good Good Normal Poor Very poor
Condit
Method ondition Score 0-3 45 6-10 11~14 15-18
Reinforcement Condition Division Very good Good Normal Poor Very poor
Method Score 0~6 7~12 13~22 23~29 30~39
g oA BE F71HgolA bo] X[ sfdste #E i 4RSSl
AR Bt HeckY, 2% Bhaupt BR A4S
£ o] Biga Zoleka & 4 vk 42 HEEN
whebA, 7h HIRE O] FEA(Weigh)oll B7FHES] B oA #okE 7} Ao WrlakET) % Wt
A #H(a~e) AAG ke wote] BrF= Al Aukete] A EE BAE] Y8l gl Al
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Table 9. Evaluation table for Serviceability
p Rati
Evaluation Evaluation Indicators ating
Items a b c d e
Semi-Mountain Mountains Mountains
Surrounding Terrain Division Flatland Hill ous (both sides (One side
Terrain morphology slopes) slopes)
Score 04 5~7 8~13 14~17 18~23
Distance to Distance Division 10m ~ Sm ~ 10m 3m ~ 5m Im ~ 3m Im ~
Road Score 0~5 6~11 12~20 21~27 28~36
. s 5,000 ~ 10,000 ~ 20,000 ~
Jrzliff;c ﬁv}fgage ;iarlrlly Division 5,000 ~ 10,000 20,000 30,000 30,000
oume | ratlie VOme g core 0-4 5-8 9~14 15-19 2025
. . Over 2EA IEA IEA None None
Inspection Count/ Division /Accessible to |/Inaccessible to
. .. /Good /Good /Poor
Stair Condition upper slope upper slope
Score 0~2 3~5 6~9 10~12 13~16
Table 10. Result of correlation analysis
. Pearson Coefficient of . .
Independent Variable Correlation (R) p-value Correlation Analysis
Water Catchment Terrain 0.716 <0.0001 Strong
Instable Lithology 0.802 <0.0001 Strong
Characteristic of Discontinuity 0.827 <0.0001 Strong
Stabili Ground Deformation 0.853 <0.0001 Strong
v Underground Water 0.313 0.017 Distinct
Condition of Drainage 0.898 <0.0001 Strong
History of Collapse 0.806 <0.0001 Strong
Rockfall 0.856 <0.0001 Strong
Weathering Condition 0.618 <0.0001 Distinct
Durability Protection Method 0.765 <0.0001 Strong
Reinforcement Method 0.785 <0.0001 Strong

R)E 083 TAREAES AN o714, 2k 45
o] Pr}gE-S EHx(Independent variable) &, Z|&
Zog wriE 7} /350 AAE F<EH(Dependent
variable) 2 AASIRIc. 11 5, IR O] A 2A
Atz 58704z thef| 2 w=zollA] AAGE HrtRE 28
slo] 7} AEE B7E A & Toj& s
(R) & fo)=E(P-value) ==313ch o, AHd &
7FEe] A9, ASHE Az gHAlE o EA oA
= ALk

BAE, e JEAR)ol HiRt f-o2hE(P-value)
o] 0.050|5l=2 AFEEo] TAACR {ougt ditw
vehton 7 Aee] BritesS 2% BrHanet
& JUEE Hole Zlo® ZAESItKTable 10).
I, Fig. 5] (b), (c), (d), ()=} o] ‘4P, “A|vhH
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S~
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Fig. 5. Scatter plot matrix for Stability (a : Water catchment terrain, b : Instable lithology, ¢ : Characteristic of discontinuity,
d : Ground deformation, e : Underground water, f : Condition of drainage, g : History of collapse, h : Rockfall)
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