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Risk Assesment for Large-scale Slopes Using Multiple Regression Analysis
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Abstract

In this study, the correlation of evaluation items and safety rating for 104 of large-scale slopes along the general
national road was analyzed. And, we proposed the regression model to predict the safety rating using the multiple
regressions analysis. As the result, it is shown that the evaluation items of slope angle, rainfall and groundwater have
a low correlation with safety rating. Also, the regression model suggested by multiple regression analysis shows high
predictive value, and it would be possible to apply if the evaluation items of excavation condition and groundwater

(rainfall) are not clear.
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Table 1. Condition rating of cut slope
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Condition rating Defect index (F) Slope condition
A 0<F<0.15 Safety facilities
B 0.156<F<0.30 Simple repair & maintenance
C 0.30=F<0.55 Prompt reinforcement or replacement of some facilities
D 0.55=F<0.75 Urgent reinforcement & judgment needs to be made about whether to limit use
E 0.75<F Prohibited use or reconstruction
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Fig. 1. Status of large-scale slopes
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Table 2. Contingency table for independent variable and dependent variable

Factor (score)

Rating (frequency)

Alslc]polE

Factor (score)

Rating (frequency)

Evaluation of damage condition

O Tension crack (V1) O Ground deformation (V2)
None (0) 0 54 44 1 0 None (0~2) 0 52 26 1 0
V1 <imm (1~3) 0 0 2 0 0 Occurrence(3~5) 0 2 23 0 0
1mm =< V1 <5mm (4~5) 0 0 2 0 0
5mm = V1 <5cm (6~7) 0 0 0 0 0
5cm = V1 (8~10) 0 0 1 0 0
O Structure deformation (V3) O Volume of failure (V4)
None (0~2) 0 47 43 1 0 None (0) 0 12 4 0 0
Occurrence (3~5) 0 7 6 0 0 V4 <1m® (1) 0 25 4 0 0
1m® < V4 <8m® (2) 0 | 13| 26 | 1 0
8m? < V4 <64m° (3) 0| 410|010
64m® < V4 (4) 0 0 5 0 0
Evaluation of potential risk
O Strike of discontinuity (V5) O Dip of discontinuity — dip of
V5 = 45° (0) 0 27 | 16 0 0 slope face (V6)
30° < V5<45° (1~2) 0 Ih 7 0 0 V6 = 10° (0) 0 22 17 0 0
20° < V5<30° (3~4) 0 8 9 0 0 0°<V6<10° (1~2) 0 15 3 0 0
10° = V5<20° (5~6) 0 6 8 0 0 V6 =0° (3~4) 0 5 0 0 0
10°> V5 (7~8) 0 2 9 1 0 -10° = V6<0° (5~6) 0 10 5 0 0
-10°> V6 (7~8) 0 2 24 1 0
O Discontinuity condition (V7) O Slope angle (V8)
Very favorable(0) 0 0 0 0 V8 <45° (0) 0 2 3 0 0
Favorable (1~2) 0 11 0 0 0 45° < V8<55° (1) 0 19 18 0 0
Normal (3~4) 0 39 29 1 0 55° < V8 <64° (2) 0 27 20 1 0
Unfavorable (5~6) 0 4 20 | O 0 64° < V8<73° (3) 0 5 7 0 0
Very unfavorable (7~8) 0 0 0 0 0 73°<V8 (4) 0 1 1 0 0
O Rainfall or groundwater level O Excavation condition (V10)
(V9) Very good (0) 0 0 0 0 0
V9 =0mm (0) 0 0 3 0 0 Good (1~2) 0 30 10 0 0
Omm = V9 <50mm (1) 0 38 26 1 0 Normal (3~4) 0 23 33 0 0
50mm = V9 <100mm (2) 0 14 12 0 0 Poor (5~6) 0 1 5 1 0
100mm < V9 <150mm (3) 0 1 2 0 0 Very Poor (7~8) 0 0 1 0 0
150mm < V9 (4) 0 1 6 0 0
O Drainage condition (V11) O Condition of counter method
Very good (0) 0 0 0 0 0 (vV12)
Good (1) 0 14 0 0 Satisfactory (0~2) 0 50 | 38 0 0
Normal (2) 0 30 | 21 0 0 Deterioration (3~5) 0 3 8 1 0
Poor (3) 0 10| 22| 0 0 Damaged (6~8) 0 1 3 0 0
Very Poor (4) 0 0 1 1 0
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Independent variable Degree of freedom p—value
Tension crack (V1) 56.290 8 <0.0001
Ground deformation (V2) 39.329 12 <0.0001
Structure deformation (V3) 21.545 10 0.018
Volume of failure (V4) 33.541 8 <0.0001
Strike of discontinuity (V5) 29.358 18 0.044
Dip of discontinuity — dip of slope face (V6) 47.815 18 <0.0001
Discontinuity condition (V7) 28.749 10 0.001
Slope angle (V8) 4.807 10 0.904

Rainfall or groundwater level (V9) 10.786 8 0.214
Excavation condition (V10) 23.703 10 0.008
Drainage condition (V11) 36.591 6 <0.0001
Condition of counter method (V12) 32.285 12 0.001
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MY BAGES SYUSE RSk, AdEslel i 2 Z7ke Syus L AN ARG e folstt @
£ AR e TEHeRE AAste] o ARAE A @3k o= Qlrh EA AT whel, HgH e AdElsa o
Aletath 3 A2olA Ageh viel 2ol Briaks 52 913k A5 2 A 4(Predicted defect index: PDI) 3
Z ARRE U @Yol So2 AUAQ Beto] olg] A4S Table 60 ek ek
= FES ALt Aol disiAe £4S AAIsHY Fig. 33} ZFo], case 1°f whe}t /\]'EQ Ad&AR =
(Table 4) ALHHE &3 AR5} oA5H A4 59 %$ 0.164~0.298, C5 74 0.301~0.545
S vl Aae, Case 2 e 19] SRS 9] I A 10470 B 9804290 Tl A
AT E A LlgE 701, case 3= casel 2] = HE 7t 55 S5tk Case 20f whet 4AF=H A=
oA JAF2ET HHE HrE] RE AT, A= AsaY A5 17H4AE 0.1480]1 B5g2
Wi, HS/RPAE S AQlst ASo|ct 7N} 189~0.299, CS5Fol 49 0304~0.5369] 9]
A, Table 59} 2] case AHAFRYE 2t B 7R 967 023%)0] et e 5L ol
7} 0.949, 0.924, 0.844 2 AFEE|o] IE caseol|A] 3|9 shoict.
Table 4. Applied variables in each case
Variables |4 V2 V3 V4 V5 G V7 V10 Vi1 Vi2
Case
CASE 1 @) O @) O @) O O @) O @)
CASE 2 O O O O @) O O - O @)
CASE 3 O O - O O O O O - -
Table 5. Result of multiple regression analysis
) CASE 1 CASE 2 CASE 3
Variables — — —
Coefficients t—value (tp) Coefficients t—value () Coefficients t—value (tp)
Constant 0.043 5.087 (<0.0001) 0.051 4.955 (<0.0001) 0.079 6.008 (<0.0001)
V1 0.011 5.647 (<0.0001) 0.012 5.087 (<0.0001) 0.008 2.202 (0.03)
V2 0.016 8.477 (<0.0001) 0.017 7.274 (£0.0001) 0.017 5.098 (<0.0001)
V3 0.017 8.658 (<0.0001) 0.019 7.955 (<0.0001) - -
V4 0.013 5.946 (<0.0001) 0.015 5.749 (<0.0001) 0.012 3.304 (0.001)
V5 0.012 15.154 (£0.0001) 0.012 12.752 (£0.0001) 0.012 8.474 (<0.0001)
V6 0.012 17.280 (<0.0001) 0.011 13.174 (<0.0001) 0.013 11.208 (<0.0001)
V7 0.011 5.660 (<0.0001) 0.014 5.751 (<0.0001) 0.011 3.303 (0.001)
V10 0.014 6.716 (<0.0001) - - 0.027 8.600 (<0.0001)
V11 0.015 4.890 (€0.0001) 0.023 6.631 (<0.0001) - -
V12 0.011 5.785 (£0.0001) 0.013 5.901 (<0.0001) - -
R 0.949 0.924 0.844
F—value 171.874 126.576 73.956
Fo-vaiue <0.0001 <0.0001 <0.0001

Table 6. Regression model formula for each case

Case Regression model formula
CASE 1 PDI = 0.043+0.011V1+0.016V2+0.017V3+0.013V4+0.012V5+0.012V6+0.011V7+0.014V10+0.015V11+0.011V12
CASE 2 PDI = 0.0514+0.012V1+0.017V2+0.019v3+0.015V4+0.012V5+0.011V6+0.014V7+0.023V11+0.013V12
CASE 3 PDI = 0.079+0.008V1+0.017vV2+0.012v4+0.012V5+0.013V6+0.011V7+0.027V10
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