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A Study on deducting evaluation items for rock cut slope
using delphi survey
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'Institute of Infrastructure Safety, Korea Infrastructure Safety Corporation
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Abstract Evaluation items were deducted by based on literature materials to supplement the evaluation system of
rock cut-slope in national road. Delphi survey of experts were conducted to review the final evaluation items. As a
result of reviewing the significance through stepwise multiple linear regression, all of deducted items were statistically
significant because these had lower P-value than 0.05. And It was confirmed that the items were selected appropriately
as they had relatively similar levels of the weight. In consideration of CVR and reliability both suggested items and
existing items, the exclusible items was selected and new items can complement existing evaluation system were

added. Finally 18 rock cut-slope evaluation items was deducted.
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Table 1. Condition rating of cut slope

Conqmon Defect index(F) Slope condition
rating

A 0<F<0.15 Safety facilities

B 0.15<F<0.30 | Simple repair & maintenance required

C 0.30<F<0.55 Prompt relnf_o_rc_ement 91’ replacement
of some facilities required
Urgent reinforcement required &

D 0.55<F<0.75 |judgment needs to be made about
whether to limit use

E 075<F Pro@bltcd use or reconstruction
required
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Table 2. Assessment systems of cut-slope EEo] Prl7|He grlaEoe) sk G A4 23]
- JY— N B7FE Fal Folxl Tk Al HeR THEE 3
Condition assessment by Special act of facilities =5 AR YHE ARt gtk 24 BTPINe §
Stability assessment by Korca Expressway & Yo o] tiaiA 717} thEA AR E ] 9
Corporon o, FEH oz old WAYES Egsha it
Stability assessment by Ntional Disaster ARE chdzele] Bt Suyel o3 vjgue]
PR B Tt of AT PES BE B
e e VI RN Fus Eaa
Stability assessment by Korea Railroad Research £ 7]-601‘% —t_'zi‘—‘:_ LHZ#%]—EH’ 9431}8—]:41’ ﬂéﬁ}_ :Lﬂil
Instiute WY o FRE nEne) 34, ehirel 73kt
Stability assessment by Korea Forest Service EA g A EAY gy 2o YR HE BF
Stability assessment by Australia 343 A vl 2 oejgEhd QR g oly) B E
Stability assessment by Hong Kong FEo oMY E BEsIYch njed F2d 2AY B
Stability assessment by Japan Highway Public #Hy & v rE EFsct vjgEhde] Wi e
overseas (S::i:z:/n::sessment by Japan Ministry of ol %-}—59} SRS T S e
Consrction1) ok EHE 35 F Grhade] sl RAL, FREE
Stability assessment by Japan Ministry of FEE Agfsigl o, ns2d 5 T AR w9
Constructiont) ol the 5 94g ACE WAzl R fAsd
Stability assessment by Japanese National Railways c‘J__]l.gl,H] g Oﬂ tH% 7]%_ Té ]_;zﬂ 7;“% %] = %5}] = 55
Mot 7k SR EEF QAT Table 3, 4].

Table 3. Assessment list of Conditions for rock cut-slope

Sort Items Sort ltems

(1) Tomography of water catchment (23) Distance between trees

(2) Shape of longitudinal section (23) Coating statement

(3) Shape of cross section (25) Condition of drainage

(4) Special geological condition (26) Drainage channel

(5) Clay, Dyke (27) Drainage method

(6) Seam R

) Faul (28) Position relationship between slope and road
ault

(8) Direction of joint o o

5 o (29) Combining state of the slopes and retaining walls
pace of joint

(10) Asperity of joint (30) Inclination angle of the slope top

coir(litictirgzl of (11) Strength of joint External condition | (31) Land use in the rear surface
cut-slope (12) Existence of crack of cut-slope (32) Vegetation status

(13) Distance of crack
(14) Freshness of carck

(15) Trees invaded into crack
(16) Overhang
(17) Distribution of separated rock

(18) Frequency of separated rock

(19) Position of separated rock

(20) Size of separated rock

(21) Protrusion of separated rock

(22) Existence of water

(33) Slope vegetation

(34) Scale of failure

(35) History of collapse

(36) History of rockfall

(37) Traces of past activities

(38) Rainfall intensity

(39) Daily precipitation

(40) Disturbance state
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Table 4. Assessment list of Durability and Damage <7+ ThFeh Fele] o2& +Hstaat shivt
degree for rock cut-slope 2, 3%} diyjo] FAAE w4y AES Ea) 7 &
o o SRR L ERICEE
~mEl A= Al =] AR Sh=E3) KN 3 =
(1) Weathering Tmo}»lj 1 EJ’}'? AABEe] 22 Awulgol tis A
" E7b9] o8 wESnA sn. o AFeN Sae
rosion
dsto] ZAMS] EE-S Table 59} Tk
Durability of (3) Color of rock
slope (4) Permeability
B Table 5. Delphi survey procedure
(5) Degree of weathering
(6) Strength of rock Procedure Contents
(7) Existence of protection method
o - literature review
(8) Damage of protection method Ftezzis1b1hty - Categorization or Classification of assessment
Durability of : sy lists
protection / (9) Effect of protection method
reinfor(;e{ment (10) Existence of reinforcement method Tarect
facilities et - Expert panel components
(11) Damage of reinforcement method Selection
(12) Effect of reinforcement method
Ist survey | - Consists of open, closed questions
(1) Investigators opinions
Damage (2) traffic volume st result - CVR calculation
Degree N i i
& (3) Lane, a bottom surface structures, distance, Derived assessment items
road width (including road shoulder)
ond - Ist research items reassessment
N¢ SUVEY | Additional items assessment
2.2 Qo] ZA}
e AL A AR EEA | e | 7 MO qarles (QR) clelaon, rouency
slate] Wste] AETIHS BeIgi). Wope] Y
2 Anky o7 HEAAS 7 sd S g o ® vk ’ 3rd survey ‘ - 2nd research items reassessment ‘
A AEE AAstaL 7t e FH =EE AE
oty Zo M AFo| viEH ug} EakE ojde] g ’ 3rd result ‘ - Content Validity and Reliability Verification ‘
e wEehs AT el Wajol7]Hel A AT
7]_ @%C’J Tlﬂ‘é.‘l] Z’L7]°ﬂ ?:51_ Ug@,"{?} _H_Xé% %i—o—]’}', =) ’ Review ‘ - Frequency Analysis(Priority, agreement etc.) ‘
stol QAe] zlwsh Wste] 92 Yot 7] Aol F
G AYsE, sde] AEZE Aol WS Fed 2.3 BIKIE =5 Ha
faotie, 71. 1F0] AHAEE HAdsT17] AsiM = 12 dafo] A} F HHH HES 59 GrpgrEe
FHag 10golde sde] exys FFAAF I )45 % (content validity ratio : CVR)E E3l] Ada}
[8, 9] Wk 91le) 7} 13 o A wele AF A g vjsElEE 4 (o)) s AR
A 7Fe] A A1 E(process reliability)= 3 A7}
w2 ko, HFit 080019 =2 FUuAE HolA N
n,—
FTH10]. CVR= ——— ©)
o] AT E B 3310 A Asfo] M-S AN 5
o} dato] AES 98 71Ee] AT 2 EARAE _ . .
714, n = Fe8tta $98 Al 4, N& A @
23 £27 v)gy WrleE Sns ulglo 2 14} s A7, n = SRS S Fl I
S &= =1 7o o T = ° — o
of 2AHE AW AAPel THH Fel= Pl T T
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Table 6. Additional items

Sort Added items

Estimated scale of casualties
Damage degree

Existence of detour

17 ssfo] MEA A
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Table 7. Final assessment items

Sort Assessment items Importance

Tomography of water catchment 5.79

Special geological condition 6.00

Direction of joint 6.43

Space of joint 5.64

Internal Asperity of joint 5.00
statement of

cut-slope Strength of joint 5.21

Existence of crack 6.07

Distribution of separated rock 5.50

Size of separated rock 543

Existence of water 6.29

External Condition of drainage 6.14

statement Scale of failure 5.64

of cut-slope History of collapse 5.79

Damage Estimated scale of casualties 6.43

Degree Existence of detour 5.79

Weathering 6.00

O]f)t:il_);:ge Damage of protection method 5.64

Damage of reinforcement method 6.29

FH2ghs A3
Jol oiat U-8-E}
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7FeA = <100 O JhAYAeR o xe Aow wddn
20 B sl ] Aste] o3 1EAE TlEew
A7), 0 =YW 5 B7VHES AFstete] Fig 1ol Yepliich @59 A
T F5 A aed grhilA A e
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Table 8. The Results of multiple regression analysis
. 2 2 weighted . . .
Dependent variables model R R R B value(%) Step-by-step input independent variables
1 .847 717 713 .130 9.1 Special geological condition
2 914 .835 829 119 8.4 Strength of joint
3 945 .894 .888 156 11.0 Existence of water
4 963 927 922 179 12.6 Direction of joint
internal condition 5 981 962 959 177 124 Distribution of separated rock
of cut-slope 6 987 974 971 142 10.0 Tomography of water catchment
7 991 981 979 129 9.1 Size of separated
8 994 988 987 .140 9.8 Asperity of joint
9 .998 .996 995 134 9.4 Existence of crack
10 1.000 1.000 1.000 116 8.2 Spacing of joint
E | diti 1 952 906 905 371 34.0 Scale of failure
“(C);“Z‘u:;r; 10“(’“ 2 985 970 969 335 30.7 | Condition of drainage
P 3 1.000 1.000 1.000 .386 35.3 History of collapse
1 984 968 967 .664 64.4 Existence of detour
Damage Degree - -
2 1.000 1.000 1.000 367 35.6 Estimated scale of casualties
1 936 .876 874 403 374 Damage of protection method
Durability of cut-slope 2 985 970 969 355 33.0 Damage of reinforcement method
3 1.000 1.000 1.000 319 29.6 Weathering
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Internal condition
of cut-slope
(100%)

External condition
of cut-slope(100%)

Damage Degree
(100%)

Durability
(100%)

Direction of joint
(12.6%)

History of collapse
(35.3%)

Existence of
detour(64.4%)

Distribution of
floating rock (124%)

Scale of failure
(34.0%)

Existence of water
(11.0%)

Condition of
drainage (30.7%)

Estimated scale of
casualties (35.6%)

Damage of protection
method(37.4%)

amage o
enforcement method
Weathering (29.6%)

Tomography of water
catchment (10.0%)

Asperity of joint
(9.8%)

Existence of crack
(9.4%)
Special geological
condition (9.1%)

Size of floating (9.1%)

Strength of joint
(8.4%)
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Fig. 1. Stratification of assessment items AEA Ao 93k 7159 95 v, HESIY T

[Table 10]. He]dd, &7, A4 59 H7H=
3.2 WIIEIEo| 25 M o] A FASHE T FE ol A B
- . - . ~ ] O AR ol= dlilo H 7 =3 BAO o
ol AT mEY WARA AE A 7 ASE I ol Aol B s e 4
- o - - S AEZ Lol = ztlo =27 o)l Ao iR s A
gaha Qi BAPEL v, R Tble 9], Qg & HEEARE malthel Hhas) mhiel Ao
= b Sh=! 2ol & L=] e =
FO MATE, EaE, Aajghd, Aapier wjeza, o o el Aiatel] fofdl AiEvh Ade T
o €l } 2= o] = 1] & o
BE/WPIE G| 71E BAYE adm fAsgle  HEIENA HEE 5 AT RS A % ddE 2
= 5 o =] = = =2 W =
o, ANPAY, TEE AP, ANFE B4, Auaa w1l BRE s gRoRde Sans A
- 1] =3 B8 95t MR A= A4 2F& v)jgy
SH AL 19 35, A1 g8 Agugue, o Y STEEHEAE Sw ¥ Ak A 27 v
_ - S Ao A B2 e = 3] 7}k o] AFE] A 3l
@ oI, RA) BE 9 ], §5fR, Seag, D S AR A ARS ]
Table 9. Comparison of assessment for rock cut slopes
Suggested items Existing items CVR note
Existence of crack Tension crack 1.00
- Deformation of ground 0.43 excluded
- Deformation of building 0.43 excluded
Scale of failure, History of collapse Scale of failure 1.00
Dlstnbut_lon of separated rock, ) 1.00, 0.86 added
Size of separated
- Characteristic of ground strenght 0.43 excluded
Weathering Weathering 1.00
Distance of joint Distance of joint 0.86
- Degree of slope toe 0.43 excluded
Asperity of joint, Strength of joint Condition of joint 0.57, 0.71
Direction of joint Direction of joint-Direction of slope 1.00
Water - 1.00 added
Special geological condition - 1.00 added
Tomography of water catchment - 1.00 added
- Degree of slope 0.43 excluded
- Precipitation 0.43 excluded
- Condition of cut 0.29 excluded
Condition of drainage Condition of drainage 0.86
Damage of reinforcement and protection method | Damage of reinforcement and protection method 0.86, 1.00
Estimated scale of casualties - 0.86 added
Existence of detour - 0.86 added
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Table 10. Comparison of order of priority for assessment items

. . order of A
Dependent variables Assessment items priority(delphi)/importance order/ weighting(%)
Direction of joint 1/64 1/ 126
Existence of water 2/63 3/11.0
Existence of crack 3/6.1 6/94
Special geological condition 4/6.0 7 /9.1
internal condition Tomography of water catchment 5/58 4/10.0
of cut-slope Spacing of joint 6/56 10 / 8.2
Distribution of separated rock 7/55 2/ 124
Size of separated rock 8/54 8 /9.1
Strength of joint 9/52 9/ 84
Asperity of joint 10/ 5.0 5798
Condition of drainage 1/6.14 2 /30.7
External condition X
of cut-slope History of collapse 2/579 1/353
Scale of failure 3/ 564 3/ 340
Estimated scale of casualties 1/643 2/ 356
Damage Degree
Existence of detour 2/579 1/ 644
Damage of reinforcement method 1/629 2/33.0
Durability of cut-slope Weathering 2/ 6.00 3/296
Damage of protection method 3/ 564 1/374
To AvpHon HgEoRAe FaEs} FEA} oF FawE Bt 5842 ekl Ed maY
AAsHA] e AR veyth $aEE HEd M BrVGES 3 A 2% vgds AErke A%
ol Mg aash welo] gom, AFEAE Aol 2% 015 0050152 frolmlsta, vlwd 4t
B2 geie] 4o ] o8 249 5 9 Ao & 579 4N thehlo] 7ol eha
B gddr) o] At g e A= Ik 7 ARHNG= As Gk
2 Aloka] 8 ARATRA, AR HAL TR 2 7180 BARE} AR BRES vl AES
PANGE 2E5E FEHor stk HrladEe] gk A 71E BAE S ANY, FE2E 9, A
dsto] MEFAM 93 T A=} U] TR 9%t WA ESA, AW AL g AL 19 A, #
7FeAe] EAHE ATt tha Aolshl vkl whet 7V EE s WEEEA S vehle] Aeld +
FAEG A g F7H49 AL Bas, F slov), 2ajel 27|, BE, ASE, 554, P
F 7HRe) AE R ol g A o] A3k wegslol A%, ol AATATFR, IR of 2 Fo] /)E
& Aoz dudr BHAAE neksh] A% BAFEl @ 5 IS
Ao ket
4. AE
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