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A Study on Performance-based Evaluation Method for Rock Slopes
Deduction of Evaluation Factors

Jong-Gun Lee, Jae-Wook Suk*, Hong-Kyoon Kim, Yong-Soo Kim, Joon-Shik Moon

Abstract In this study, the performance-based evaluation factors for rock slopes have been deducted using Delphi-
method. Validity of the result was verified through factor analysis. Performance of rock slope is classified as soundness,
stability and durability. Through the Delphi survey, 17 factors including discontinuity orientation are deducted for
soundness, 4 factors and 3 factors are selected for stability and durability, respectively. Validation is conducted
using Exploratory Factor Analysis (EFA) for 24 factors, and all factors are found to be valid. As a result of
Exploratory Factor Analysis (EFA), 3-types of performance were subdivided into internal soundness, external
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soundness, risk, damage and durability of slopes and protection (reinforcement) facilities.
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Fig. 1. Concept of performance evaluation for slopes
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Table 1. Assessment systems (domestic)

Sort Assessment systems

1 Condition assessment by Special act of facilities

2 Stability assessment by Korea Expressway Corporation

3 Stability assessment by National Disaster Management Institute

4 Stability assessment by Ministry of Land, Infrastructure and Transport
5 Stability assessment by Korea Railroad Research Institute

6 Stability assessment by Korea Forest Service

Table 2. Assessment systems (overseas)

Sort Assessment systems
1 Stability assessment by Australia

2 Stability assessment by HongKong

3 Stability assessment by Japan Highway Public Corporation
4 Stability assessment by Japan Ministry of Construction(1)
5 Stability assessment by Japan Ministry of Construction(2)
6 Stability assessment by Japanese National Railways
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Table 3. List of assessment factors for Soundness

Performance Factors
(1) Valley part (21) Protrusion of separated rock
(2) Shape of longitudinal section (22) Water leakage
(3) Shape of cross section (23) Distance between trees
(4) Special geological condition (24) Vegetation state
(5) Clay(filling material) (25) Condition of drainage
(6) Seam (26) Drainage channel
(7) Fault (27) Drainage hole
(8) Joint orientation (28) Position relationship between slope and road
(9) Joint spacing (29) Combining state of slope and retaining wall
(10) Joint roughness (30) Inclination of upper natural slope
Soundness

(11) Joint strength

(31) Land use in the rear surface

(12) Existence of crack

(32) Vegetation condition

(13) Crack spacing

(33) Vegetation state of upper natural slope

(14) Freshness of crack

(34) Scale of failure

(15) Trees invaded into crack

(35) History of collapse

(16) Overhang

(36) History of rockfall

(17) Distribution of separated rock

(37) Traces of past activities

(18) Frequency of separated rock

(38) Rainfall intensity

(19) Position of separated rock

(39) Daily precipitation

(20) Size of separated rock

(40) Disturbance state

Table 4. List of assessment factors for Stability

Performance Factors
(1) Factor of safety(during dry season)
(2) Factor of safety(during rainy season)
(3) Factor of safety(during earthquake)
Stability (4) Rockfall

(5) Investigator opinion

(6) Traffic volume

(7) Road(Railway) lane, Road(Railway) width

Table 5. List of assessment factors for Durability

Performance

Factors

(1) Weathering

(2) Erosion

(3) Rock color

(4) Permeability

(5) Rock strength

Durability (6) Existence of protection method

(7) Damage of protection method

(8) Effect of protection method

(9) Existence of reinforcement method

(10) Damage of reinforcement method

(11) Effect of reinforcement method
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Table 6. List of assessment factors for 2nd survey (Soundness)

91

Performance Factors CVR
(1) Valley part 1.00

(2) Shape of cross section 0.57

(3) Special geological condition 0.86

(4) Clay(filling material) 0.57

(5) Fault 0.57

(6) Joint orientation 0.86

(7) Joint spacing 0.86

(8) Joint roughness 0.57

(9) Joint strength 0.57

(10) Existence of crack 0.71

Soundness (11) Distribution of separated rock 0.71
(12) Size of separated rock 0.57

(13) Water leakage 0.86

(14) Vegetation state 0.57

(15) Condition of drainage 1.00

(16) Drainage channel 0.71

(17) Drainage hole 0.71

(18) Inclination of upper natural slope 0.57

(19) Scale of failure 0.57

(20) History of collapse 0.71

(21) Daily precipitation 0.57

Table 7. List of assessment factors for 2nd survey (Stability)

Performance Factors CVR
(1) Factor of safety (during rainy season) 0.71

(2) Factor of safety (during earthquake) 0.57

Stability (3) Rockfall 0.57
(4) Expected casualties new

(5) Existence of detour new

Table 8. List of assessment factors for 2nd survey (Durability)

Performance Factors CVR
(1) Weathering 0.86

Durability (2) Damage of protection method 1.00
(3) Damage of reinforcement method 1.00
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Table 9. Results of 2nd & 3rd surveys (Deduction of Final factors)

=

=

Result of 2nd survey Result of 3rd survey

Performance Sort Factors
CVR | Avr. S | COV |CVR| Avr. | S | COV
(1) Valley part 0.86 | 5.79 | 0.80| 0.14 | 1.00 | 5.79 |0.43| 0.07
@ (Siljlfze‘l’;gg)ss section 0.14 | 464 |1.60| 034 | 0.14 | 457 |1.16| 025
(3) Special geological condition 1.00 | 6.00 [ 0.68| 0.11 | 1.00 | 6.00 [0.55| 0.09
(4) Clay (filling material) 0.71 | 6.14 | 1.35| 0.22 | 0.71 | 6.00 [1.36| 0.23
(5) Fault 0.71 | 5.86 | 1.23 | 0.21 | 0.71 | 5.79 [1.25]| 0.22
Internal | (6) Joint orientation 1.00 | 643 |0.65| 0.10 | 1.00 | 6.43 [0.65| 0.10
Soundness | (7) Joint spacing 0.86 | 593 1092| 0.15 | 0.86 | 5.64 [0.63| 0.11
(8) Joint roughness 043 | 5.14 | 1.35| 0.26 | 0.57 | 5.00 (0.88| 0.18
(9) Joint strength 0.57 | 529 | 1.33| 0.25 | 0.71 | 5.21 [0.89| 0.17
(10) Existence of crack 1.00 | 6.21 | 0.58| 0.09 | 1.00 | 6.07 [0.47| 0.08
Soundness (11) Distribution of separated rock 1.00 | 5.50 | 0.52| 0.09 | 1.00 | 5.50 [0.52| 0.09
(12) Size of separated rock 0.86 | 543 |0.65| 0.12 | 0.86 | 5.43 (0.83| 0.15
(13) Water leakage 1.00 | 6.21 | 0.89| 0.14 | 1.00 | 6.29 (0.83| 0.13
(14) Vegetation state (non-selected) 0.29 | 421 | 1.37| 032 | 0.29 | 4.29 [1.07| 0.25
(15) Condition of drainage 0.86 | 593 | 1.07| 0.18 | 0.86 | 6.14 [1.03| 0.17
(16) Drainage channel 0.71 | 543 | 1.09| 0.20 | 0.71 | 5.29 (0.91| 0.17
(17) Drainage hole 0.71 | 543 | 1.09| 0.20 | 0.71 | 5.29 [0.91| 0.17

External —
Soundness | (18) Inclination of upper natural slope | 43 | 5 00 | 36| 027 | 043 | 493 [1.14] 023
(non-selected)
(19) Scale of failure 0.71 | 5.64 | 1.01 | 0.18 | 1.00 | 5.64 (0.63| 0.11
(20) History of collapse 0.71 | 5.86 | 1.03| 0.18 | 1.00 | 5.79 (0.58| 0.10
(21) Daily precipitation (non-selected) | 0.43 | 4.86 | 1.83 | 0.38 | 0.43 | 5.07 |1.49| 0.29
gl;sofl?“or of safety(during - rainy |, 71 | 571 | 209 037 | 0.86 | 6.00 |1.62| 0.27
Risk1(2) Factor of safety (during carthquake) | g | 4 59 | 33| 0.54 | 020 | 429 |1.94| 0.45
Stability (non-selected)

(3) Rockfall 1.00 | 6.21 [ 0.80| 0.13 | 1.00 | 6.36 |0.63| 0.10
Damage (4) Expected casualties 1.00 | 6.50 | 0.65| 0.10 | 0.86 | 6.43 (0.94| 0.15
(5) Existence of detour 1.00 | 6.00 | 0.96| 0.16 | 0.86 | 5.79 [1.05| 0.18
D“ri’;gzy °f| (1) Weathering 1.00 | 6.14 |0.66| 0.11 | 1.00 | 6.00 |0.55| 0.09
Durability | Durability of | (2) Damage of protection method 0.86 | 571 | 120| 021 | 0.86 | 5.64 |1.15] 0.20
I;;Z]qulens (3) Damage of reinforcement method | 1.00 | 6.29 | 0.47 | 0.07 | 1.00 | 6.29 |0.47| 0.07
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o] PASW Statistics 182 ARE-5}%1.0H, QR4 9] A}
£ 7I54S HHs] 8] KMO(Kaiser-Meyer-Oklin)
54 Bartletti’l SeE ASS AAlske] B0l He
Fug AAskA sk

dubA o2 KMO gt 19| 77he5 2o At
o] QoINS A gaslo] Mgl julolu, 0.8
ojAto|H k& 0.6 oA} BHE 0.5 o]shH HAg3E A
oz woksttiKaiser, 1974). 291 Fxo IHe
spe] ATIHE Hgeiolck 247 Fo
gt KMO S5+ 0.644 2 AMEE o] v A F5st A
© 2 Yelow Bartlett 734 A4 A3} P-value7}
0.055T} 2He ZES Uehjo] o] Ao] 2.elEA]
o Agst Ao UelttiTable 10).

BEA A A e ojof sh= e AAsH ] Hisl
FEHE Amelgion, eem F54 ol
0.4 mjgtold @ RlEAoflA AlQlsh= Zlo] et AL

Varimax

Kaiser-Meyer-Olkin .644
chi-square 280.056

Bartlett degree of freedom 66

P-value .000

Table 11. Communality

Factors h?

(1) Valley part 0.815
(2) Special geological condition 0.830
(3) Clay(filling material) 0.738
(4) Fault 0.764
(5) Joint orientation 0.666
(6) Joint spacing 0.769
(7) Joint roughness 0.862
(8) Joint strength 0.872
(9) Existence of crack 0.808
(10) Distribution of separated rock 0.831
(11) Size of separated rock 0.864
(12) Water leakage 0.765
(13) Condition of drainage 0.902
(14) Drainage channel 0.847
(15) Drainage hole 0.762
(16) Scale of failure 0.866
(17) History of collapse 0.751
(18) Factor of safety(during rainy season) 0.808
(19) Rockfall 0.741
(20) Expected casualties 0.702
(21) Existence of detour 0.635
(22) Weathering 0.848
(23) Damage of protection method 0.570
(24) Damage of reinforcement method 0.780




94 QurlEEel HETIN B o BAYE wE

Table 12. Rotated components matrix for Soundness

Components
1 2 3 4 5 6
Special logical . Si f ted Conditi f .
pectd g.e ? ogtea Water leakage Joint strength 1z¢ OF scparate on 1.10n © Scale of failure
condition 0.810 0.845 rock drainage 0.894
0.815 ’ ’ 0.909 0.955 ’
. . Distributi f . .
Fault Valley part Joint spacing s;SaTatl;(;O:o:k Drainage channel | History of collapse
0.809 0.796 0.799 P 0.908 0.890
0.861
Clay . . .
(filling material) Existence of crack | Joint roughness Drainage hole
0.797 0.575 0.731 0.714
Joint orientation
0.531
Table 13. Rotated components matrix for Stability and Durability
Stability Durability
Components Components
1 2 1
N . . Rockfall Weathering
Factor of safety(during rainy season) 0.538 0811 0.780

Expected casualties

0.568 0.740

Damage of reinforcement method

Existence of detour

0.092

Damage of protection method
0.672

—_—

Internal Soundness

External Soundness

Performance

Damage

| Durability of slopes and
Durability J protection/rei

facilities

Fig. 4. Subdivision of performance types for rock slopes
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Ape] welAl sl sjsizo R Holstch vt
A £ 37p1e] Hstel shiel aglen
BRE] AEFE AR ggkon, 37h9] Br1g

S A D wEmgAEe hidon 3ol 4
QJthFig. 4).
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5.2 E

2 AFtolsds Ste] HEH FIEAE 24510
ed 7t FHEES AL, dulo] 7S B8
sto] 2F eVt S =S5tk B3 =2
Brlakso| tiste] BAA @ Q1E A(exploratory factor
analysis)& 35t} thah 22 AES E=E3I%0th

N

W

Zof] Az dufo] FARS Fol| 58719] Bt FEF

53 524009 2% BriEe] =EEich AdH

Fak| é% AeAd, EeA4, dedd vz
S 17719 BriiEo s A= Fde o
A7 A, AT, gl St 5 4
el BrFdsel mEEglon, WrdE S8k, 2

o5 HE/M/E F TR 3719 FHRo] =

Eabend

2. AR ISR, B, ey
A FR, HAe) B, B, BT
TR 9 gjole) o] Byl gk CVR ol
1002 Uehgeh Egl, QbAoA A 7t
S, WHelM= ek B Ay WM/
2 2] CVR o] 1.00.2 A=E%Ith o= &
71E Ao 2 A ZAL|A] A7 o] H7elo]
TS ol vjgl] ddizloz Sa3t a4z QIAE
I e oufgit

3. dujo] AR B3l =S 24719 HRRFEe] Hhsh
HAA gQlRAS Ak o, A} 24719
B7FHES AR S SEskL Qe A
o2 Yephth &3 A4S 6H A=E 89l 5
Sl A WA e @A A
Ao, e =t Hei=g ERski
pREre 2 g ARTE 87| gkgkon
ARE 9 BE/RAAE W dor s ulE
olalsict.

4. o] Aol AARE F7FRHRS B F7H Rl A

Sl 7S AIek B7HAIETE AEE efoF sk, tf

; 223 el SISk = HigHol s

HENFDHSS Ao =N FAe] F7HAA

B 4= Q1S AoR w|EkECh

it rﬁ o2 m]m

Ab A

o] 4= SHEWEIS} Ul AU “SOC
FAAA Axst e 2 49 et Bk
AP (TAIAE 14SCIP-C079148-01-000000)2] A

o2 FYEASU
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