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The purpose of this study is to capture the essentials in survey and evaluation scheme which are able to assess
the hazard of a rock slope systematically. Statistical analysis are performed on slope instability parameters related
to failure of the rock slope. As the slope instability parameters, twelve survey items are considered such as tension
crack, surface deformation, deformation of retaining structures, volume of existing failures, angles between strike of
discontinuity and strike of cut slope face, angles between dip of discontinuity and dip of cut slope face, disconti-
nuity condition, cut slope angle, rainfall or ground water level, excavation condition, drainage condition, reinforce-
ment. A total of 233 road cut slopes located in Gyeongnam were considered. The stability of the road cut slopes
were evaluated by estimating the slope instability index(SIT) and corresponding stability rank. 126 rock slopes were
selected to analyze statistical relation between SII and slope instability parameters. The multiple regression analy-
sis was applied to derive statistical models which are able to predict the SII and corresponding slope stability rank.
Also, its applicability was explored to predict the slope failures using the variables of slope instability parameters.
The results obtained in this study clearly show that the methodology given in this paper have strong capabilities to
evaluate the failures of the road cut slope effectively.
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Table 1. Relative rock slope evaluation system of the MOCT(2003).

Parameter Measurement or description (Rating)
. None <1 1-5 5-50 > 50
(D Tension crack (mm) ©) 0-3) @-5) 67) (8-10)
. No Yes
@ Surface deformation ©0-2) G-5)
. No Yes
@ Structure deformation ©-2) 3-5)
.. . 3 None <1 1-8 8 - 64 > 64
@ Volume of existing failure (m’) ©) ) @ 3) @
® Strike of discontinuity with respect to strike > 45° 30° - 45° 20° - 30° 10° - 20° < 10°
of cut slope face ©0) (1-2) 34 (5-6) (7-8)
® Dip of discontinuity with respect to dip > 10° 0° - 10° 0° -10° < -10°
of cut slope face ©) (1-2) (3-4) (5-6) (7-8)
.. Very favorable Favorable Fair Unfavorable Very unfavorable
@ Fracture condition ©) (1-2) (3-4) (5-6) (7-8)
< 45° 45°- 550 55°- 64° 64° - 73° > 73°
® Cut slope angl
® Cut slope angle © ) @ ®) @
. 0 0-50 50 - 100 100 - 150 > 150
@(gfllrsl]fsll)le(trlring)ht(;r Groundwater level Dry 3l ol 23l H
’ ©) 1) @ E)) 1G]
. " Very Good Good Fair Bad Very Bad
Excavation condition v
© (1-2) (3-4) (5-6) (7-8)
. - Very Good Good Fair Bad Very Bad
@ Drainage condition ©) o @ 3) @)
. . Satisfactory Outworn Defected
@ Protective/Reinforcement ©0-2) (3-5) 6-9)

Slope Instability Index (SII) = 5(D-©@)/76

Table 2. Criteria of relative slope rank of the MOCT(2003).

Relative stability rank Slope instability index

Condition of slope facilities

Best slope condition without any trouble
Slightly damaged, continuous observation needed, maintenance on demand
Defected but no problem with safety, scheduled maintenance and reinforce-

ment if necessary

A 0.00 < SII < 0.15
B 0.15 < SIt £ 0.30
C 0.30 < SII € 0.55
D 0.55 < SII £ 0.75 needed
E 0.75 < SII £ 1.00

Defected, potential failure exist, urgent maintenance and reinforcement

Seriously damaged, restriction may apply to use facility, remodeling or recon-

struction required
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Table 3. Relative stability ranks of investigated road cut slopes in the study area.

Relative stability rank

Location No. of slope Total length(m) yy B C D 5
Masan 5 385 2 3
Tongyoung 19 3,193 2 14 3
Mirang 2 437 1 1
Geojae 39 7,104 10 20 9
Yangsan 6 1,043 2 6
Uryeong 9 1,535 2 5 2
Hamahn 7 559 2 4 1
Changryeong 4 1,188 1 3
Kosung 24 2,360 1 10 7 6
Hapcheon 5 1,010 2 1 2
Jinjoo 8 2,905 6 1 1
Sacheon 14 1,315 2 6 5 1
Namhae 9 1,083 1 3 2 3
Hadong 16 2,740 1 5 8 2
Sancheong 10 1,510 3 5 2
Hamyang 27 7,912 1 1 8 15 2
Geochang 29 4,590 : 3 7 15 4
Total 233 40,869 1 9 70 115 38
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Table 4. Structure of IxJ contingency table.
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Y Dependent variable Row
X 1 2 J Total
1 n(n,,) 15(T,2) nlj(“u) n.(m,.)
independent 2 Ny () Ny (mz2) ;{705 ()
variable er vas aas
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Table 5. Contingency tables for slope parameters vs. slope stability ranks.

(a) Tension crack (x1) (b) Surface deformation (x2)
B Stability rank < D E - Stability rank <« D E
0 4 3 0
1~3 35 11 1 0~2 35 8 0
4~5 9 22 7
6~7 1 11 5
8-10 0 1 6 3~5 14 50 19
(c) Structure deformation (x3) (d) Volume of existing failure (x4)
- Stability rank < D E D Stability rank <C b E
0 4 1 0
0~2 44 33 3 i 2% 0 1
2 16 26 1
3~5 5 25 16 3 N ” i
4 | 8 6
(e) Istrike of fracture-strike of slope| (x5) (f) |dip of fracture-dip of slope| (x6)
5 Stability rank <C D E . Stability rank <C D E
0 14 1 0 0 10 1 i
1~2 14 14 3 1~2 26 10 2
3~4 6 6 3 3~4 4 4 1
5~6 7 23 5 5~6 6 14 2
7~8 8 14 8 7~8 3 29 13
(g) Fracture condition (x7) . (h) Slope angle (x8)
- Stability rank colst D E & Stability rank <C D E
0 0 0 0 0 1 0 0
1~2 9 0 0 1 9 6 0
3-4 36 9 0 2 6 9 1
5~6 2 29 7 3 17 25 4
7~8 2 20 . 12 4 16 18 14
(i) Rainfall or groundwater level (x9) () Excavation condition (x10)
;) Stability rank <C D E 0 Stability rank < D E
0 5 8 2 0 1 0 0
1 43 34 9 1~2 3 0 0
2 1 13 7 3~4 37 21 2
3 0 3 1 5~6 7 28 8
4 0 0 0 7~8 1 9 9
(k) Drainage condition (x11) (1) Protective/Reinforcement (x12)
" Stability rank <C D E I Stability rank <C D E
0 2 0 0 0~2 12 5
1 6 2 0
5 5 2 3 3~5 27 5 0
3 10 18 12
4 2% 18 4 6~8 10 48 19
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Table 6. Result obtained from contingency table analysis.

Parameters Statistics Xstat. p-value GPstat. p-value M?stat. p-value
x1 51.9999 <.0001 61.3845 <0001 36.2971 <,0001
x2 50.839 <0001 56.5838 <0001 44.4622 <.0001
x3 34.3668 <.0001 372162 <.0001 33.891 <0001
x4 76.759 <.0001 90.8434 <.0001 52.2784 <0001
x5 30.0251 0.0002 31.9801 <.0001 16.8063 <0001
x6 432792 <0001 53.4233 <0001 37.7315 <0001
x7 85.9582 <.0001 100.7174 <.0001 61.8113 <0001
x8 16.3044 0.0382 17.7455 0.0232 8.7204 0.0031
x9 19.6808 0.0116 23.5619 0.0027 8.3653 0.0038
x10 49.4438 <.0001 51.8391 <0001 41.4444 <.0001
x11 28.2499 0.0004 28.9211 0.0003 0.1 0.7519
x12 58.6874 <.0001 66.7396 <.0001 39.0867 <0001
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Table 7. Variables for statistical analysis.

Variables Parameters
x1 Tension crack
x2 Surface deformation
x3 Structure deformation
x4 Volume of existing failure
x5 |strike of fracture-strike of slope]

{dip of fracture-dip of slope|
Fracture condition

Independent  x6
Variables x7

x8 Slope angle

X9 Rainfall or groundwater level

x10 - Excavation condition

x11 Drainage condition

x12 Protective/Reinforcement
Dependent oy Slope instability index

Variable
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Table 8. Selected variables in each case of regression
analysis.

Models selected variables

casel  xI, x2, x3, x4, x5, x6, x7, x8, x10, x11, x12
case2  x1, x2, x3, x4, x5, x6, x7, x8, x10, x12
case3  xl, x2, x4, x5, x6, x7, x8, x10, x12

cased  x1, x2, x5, x6, x7, x8, x10, x12

case5  xl, x2, x5, x6, x7, x10, x12

case6  xI, x2, x5, x6, x7, x12
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Table 9. Statistics of the multiple regression models.
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CoefTicients

Models Intercept  x1 x2 x3 x4 x5 X6 x7 x8 x10  xI11 x12 Fovalue - ProF R?

Casel 0.006 0013 0014 0013 0.013 0012 0014 0013 0.013 0.015 0.013 0.013 5157.41 <0001 0.9980
Case2 0.037 0.012 0.013 0.009 0.014 0011 0.014 0012 0014 0018 - 0.016 211991 <0001 0.9946
Case3 0.033 0.013 0.019 - 0016 0011 0014 0.012 0014 0016 - 0.017 1522.74 <0001 0.9916
Case4 0.038 0.014 0.024 - - 0.012 0014 0.013 0014 0017 - 0.017 1137.86 <0001 0.9873
Case5 0.068 0.014 0.025 - - 0012 0.015 0010 - 0019 - 0.018 870.74 <0001 0.9810
Case6 0.108 0.014 0.023 - - 0.011 0.017 0.019 - - - 0.020 49235 <.0001 09613
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Fig. 1. Scattergraphs between predicted and estimated slope instability index for each case.
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Table 10. Accuracy of the multiple regression models.

casel Predicted rank case2 Predicted rank
Estimated A B C D E Total Accuracy Estimated B C D E Total Accuracy
rank rank
A 1 A 1 1
B 3 3 B 3 3
C I 44 45 C 45 45
D 1 56 1 358 D 1 57 58
E 3 16 19 E 4 15 19
Total I 4 45 59 17 126 9524% Total 4 46 61 15 126 95.24%
(@ (b
case3 Predicted rank cased Predicted rank
EStrl:;lited A B C D E Total Accuracy EStrlan;ited A B C D E Total Accuracy
A 1 1 A
B 3 3 B 3 3
C 1 44 45 C 2 43 45
D 2 56 58 D i 57 58
E 4 15 19 E 5 14 19
Total 5 46 60 15 126 93.65% Total 6 44 62 14 126 92.86%
(© (d)
cases Predicted rank case6 Predicted rank
EStrlaH;lited A B C D E Total Accuracy Esgglited A B C D E Total Accuracy
A 1 1 A 1 |
B 3 3 B 3 3
C 1 44 45 C 1 44 45
D 3 53 2 58 D 5 52 1 58
E 7 12 19 E 13 6 19
Total 5 47 60 14 126 88.89% Total 5 49 65 7 126 83.33%
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Table 11, Results obtained by multiple regression analysis using the data from Samryangjin-Miryang area.

casel Predicted rank case2 Predicted rank
Estimated Estimated
rank A B C D E Total Accuracy rank A B C D E Total Accuracy
A A
B 1 1 B 1 1
C 14 14 C 14 14
D 1 13 14 D 2 12 14
E E
Total 1 15 13 29  96.55% Total 1 16 12 29 93.10%
B) ®)
case3 Predicted rank case4 Predicted rank
 Estimated A B C D E Total Accuracy Estimated A B C D E Total Accuracy
rank rank
A A
B 1 1 B 1 1
C 14 14 C 14 14
D 2 12 14 D 1 13 14
E E
Total 1 16 12 29  93.10% Total 1 15 13 29 96.55%
(© (d)
caseS Predicted rank caseb Predicted rank
Estimated A B C D E Total Accuracy Estimated A B C D E Total Accuracy
rank rank
A A
B 1 1 B 1 1
C 1 13 14 C 1 13 14
D 1 13 14 D 4 10 14
E E
Total 2 14 13 29  93.10% Total 2 17 10 29 82.76%
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