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The condition, characteristics, and stability of slopes, as well as the consequences of slope failure, need to be
understood for the proper stabilization of slopes and preclusion of potential disasters arising from slope failure.
Here, a slope code system (SCS) that succinctly and accurately reflects the various conditions of a slope is pro-
posed. The SCS represents the condition, characteristics, and geotechnical stability of slopes, as well as the con-
sequences of slope failure, and the method is quickly and easily applied to a given slope. The SCS comprises five
elements: 1) the slope material; 2) the genetic origin (rock type) and geological structure of the slope; 3) the geo-
technical stability of the slope; 4) the probability of failure and remedial works made upon the slope; and 5) the
consequences of failure. A letter code is selected from each element, and the result of the evaluation and classifi-
cation of the slope is given as a five-letter code. Because the condition, characteristics, and geotechnical stability of
a slope, as well as the consequences of slope failure, are provided by the SCS, this system will provide an effec-
tive mechanism for the maintenance and management of slopes, and will also allow more informed decision-mak-
ing for determining which slopes should be prioritized for remedial measures.
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Element 1
Material of slope
Soil slope
Rock slope
Mixed slope
Complex slope

Element 2

Geological

characteristics
Rock type
Geological structure

Element 5
Consequence
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Element 3

Geotechnical

characteristics
Evaluation score
SMR for rock slopes.
Soil Mass Rating for soil slopes

Element 4
Possibility of failure
and protection

Probability of failure and
remedial works done on the
slope are represented

Fig. 1. Elements of the slope code system.
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Table 1. Codes for slope material.
Material Soil slope Rock slope Mixed slope Complex slope
Code S M C
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Table 2. Codes for geological characteristics.

387

Rock type Igneous Sedimentary Metamorphic Complex
Code I S M C
Subscript . ‘None-O Fault-1 Fold-2 Dy.ke-3 Joint-4 Foliation-5
Stratification-6 Weak zone (mafic minerals)-7 Weak rock-8 Complex-9
Example I5: slope consisting of granite with dyke (s)

Table 3. Parameters and ratings for RMRy,;. (Bieniawski, 1979).

Parameter Rating
Compressive strength of intact| > 250 100-250 50-100 25-50 5-25 1-5 <1
rock (MPa) 15 12 7 4 2 1 0
Rock quality designation 90 - 100 75 - 90 50 - 75 25 - 50 <25
(RQD) 20 17 13 8 3

. . Lo >2m 0.6-2 m 20-60 cm 6-20 cm <6cm
Spacing of discontinuities

20 15 10 8 5
Very rough and Rough and Slightly rough |Slickensided wall

Condition of
discontinuities

unweathered,
wall rock tight
and discontinu-
ous, no separation

slightly weath-

ered, wall rock

surface separation
<1mm

and moderately to
highly weath-
ered, wall rock

surface separation

rock surface or 1-

5 mm thick gouge
or 1-5 mm wide

continuous dis-

5 mm thick soft
gouge, 5 mm
wide continuous
discontinuity

<1 mm continuity
30 25 20 10 0

General . .

conditions completely dry Damp Wet Dripping Flowing

Inflow per

10 m tunnel None <10 10-25 25-125 >125
Ground- length (/min)
water
condition Joint water

pressure/major 0 0.0-0.1 0.1:0.2 02-0.5 >0.5

principal

stress

15 10 7 4 0
N5 Ahgele] Qs Ao Txo) HHlE BHS 243 : Alge] NETEH S4
PN Aesich. 9Fe Yoo mebd S B 9430 AR A SRS Frkske o
Ak, WA ofd] o] EABR: A9 Fslel =, QRED EARRAY 42t T Brbge A
YRR FEIAL, oo W F715E Table 29 7+ ATk SARAL] Aol AR Hrlel 71 de] AR
o] FoJalgiet. A A 22 79 KISTEC (2013H 3 AE SMRES *P%G]-)AB]'(Romana, 1985). SMR=
ATANE PO G, &, g, Mel, del, 39, A ()3 2ol HEA YRR /1Ml RMRe] B
R, GoRIoR Paa, A4e Tt el s Ausisl W A0 e TAARE T
A e A o8 7R AT EAlske BE 3 Z2F e i AFE gl JA5E itk
F7kld 107RRE HEsiiaL, old e ZiHsE

N . e SMR = RMRyie+ (F, - Fy + F5) + F, ()
Table 29} o] elalglet. AFHOR AW T4
ekl 24 2 9%l SIFSIE 71E0) AW T oA, RMRyge2 FAYe] QEIHYEUCS), $E
2o S|FoRs WSS ol EA Wz Agst] Ukl ARQD), BAGH] 14, RS e, A3k 4
o, Table 29] 2 ViR Iy Qo] RS B3 B 5 F 9 3L Table 39 BrIE wet B}
o A ARE G olth. 3 ¥ 42 45E Farske] TaTHBieniawski,



388 4

A - 73l

- gEet

Table 4. Values of adjustment factors (F;, F,, F3) for different joint orientations (Romana, 1985).

Case (,)f Slope Very Favourable Fair Unfavourable Very
Failure favourable unfavourable
p ‘aj - asl
T la; — o — 180] >30° 30°-20° 20°-10° 10°-5° <5°
W ‘(Zj - a&l
F; Value 0.15 0.40 0.70 0.85 1.00
P ‘ﬂ/l < 0 (o) 0 O () 0 () 0
/ 20 20°-30 30°-35 35°-45 >45
A 18
P/W 0.15 0.40 0.70 0.85 1.00
F, Value
T 1.0 1.0 1.0 1.0 1.0
p |ﬂ]_ ﬂs‘ > 10° 0_© o 0 (9 o
10 10°-0 0 0°-(-10 <-10
W - B 1
T 1B+ B <110° 110°-120° >120°
F3 Value 0 -6 -25 -50 -60

NOTATIONS : P-Planar failure; T-toppling failure; W-wedge failure; a,-slope strike; a;-joint strike; o;-plunge direction of line
of intersection; f-slope dip; f-joint dip; B-plunge of line of intersection.

Table 5. Values of the F, adjustment factor for the excavation method (Romana, 1985).

gigl\?a(:ié)]f Natural slope Pre-splitting Smooth blasting Regotilarriptgliis;ing Deficient blasting
F4 Value 15 10 8 0 -8
Table 6. Parameters and ratings for the geotechnical stability of soil slopes.
Parameter Rating
<1:1 1:1 to 1:1.2 1:1.2 to 1:1.5 1:1.5 to 1:2 >1:2
Gradient
0 0-8 8-16 16-24 24
Sandy soil
very loose loose medium dense very dense
Soil 0-6 6-12 12-18 18-24 24-28
condition Cohesive soil
very soft soft firm stiff hard
0-6 6-12 12-18 18-24 24-28
Groundwater flowing dripping wet damp dry
condition 0-5 5-10 10-15 15-20 20-24
Vegetation none poor medium good
condition 0-6 6-12 12-18 18-24

1979, 1989). F, F,, Fy= AFHS] Wkl st B4
He] WEk) A 2PATECIY Fae S22 o
St A AGZA] Table 491 Table 59| H7P71ol Wt
A€ (Romana, 1985).

BEARAPES] ke Al AL BEF 27, Ask
e B A ] 7] FEOR HUletEE SIS
o, FrpP1Ee Aol 2% <A
2 AGLBAZIY ARAHEEAEY N AABIEL L

= 71zl wEh Table 634 7o) AASIATHKISTEC,
2012). EARAFAC it 3 Hridg+= 24 35
7Vdsre] gos AkEt

EARAES FHE W] HeE 0FE 1008714
o3 GHIAPHS] F7le] ARSEl SMR A5e] He% 7]
EHoRE 05E 10087A= AAEo] o] F 37t
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Table 7. Codes for the geotechnical stability of rock and soil slopes.

Rating 100-81 80-61 60-41 40-21 <20
Condition Very Good Good Fair Poor Very Poor
Code A B C D E

Table 8. Probability of failure and condition of protection.

Probability of failure . . .
- Condition of protection Rating
Failure history | Failure indication Rating
No No 4 unnecessary or good condition 4
Yes No 3 partially damaged 3
No Yes 2 needs additional work 2
Yes Yes 1 totally damaged 1
necessary but no work done 0
Total rating = Probability of failure + condition of protection

Rating 8 6-7 4-5 2-3 1
Condition Very Good Good Fair Poor Very Poor

Code A B C D E

F& Table 73} o] 2k 7| wE} sAAIZ RS}
3 ARE B 7125 @9sisith

o] Aol SMR}F FIF7 9 AUk
FRAAEEA Y F7PES A48l Al 3
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o
ro Lo X
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x U at risk

|

CONSEQUENCE = (S r*+S 1) X (P sty X Pryy)

Fig. 2. Framework for consequence analysis.
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Table 9. Parameters and ratings for the consequence of failure.
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Parameter Description Rating
Working time for removal Scale of failure
Scale of failure S 1 day <150 m? 0-0.2
[Sesml M 2-7 days 150-900 m? 0.2-0.7
L >7 days >900 m? 0.7
 Proximity
Scale of damagg easy access to failure 0
. average access to failure 0.1
Indirect loss difficult access to failure 0.2
[San] -
» Connection
easy contact with someone 0
difficult contact with someone 0-0.1
* Road
T | ol P N, L 1
emporal spatia (ST)_road — 57" Too0 T
probability of the 24 1000 ¥y
element at risk « Building 0-1
[Psn]
P _TIs; Dy
(ST)_building 24 7
ngablllty of « Travel distance of slope failure
amage
out of the element at risk 0.3
neighboring the element at risk 0.3-0.7
Probability of landslide on the element at risk 0.7-1
reaching> the element at « Effectiveness of ditch
risk [Pz efficient 0.25
medium 0.25-0.5
inefficient 0.5-0.75
none 1
Total consequence Consequence = [Sisp Sy ] % [Psn % Pyl
Code A B C D E
Rating 0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1

2 (DI L B EZL] | 9ol 5A2] (m),
Hyo= B E2] BA0] 7Fsd A Eol(m), e
BB 7 olFsl] T € XX BHE
Ae] o] 7Fsdk A Eolofe] HIE omgit). 4,
Straub (1997)°] A|gtet 2] (5)S o]&3fe] ALt
Ak A Sl Ve BHER] AlF (kmelth
21 @k (9)E FE A SgE"e] FHu
A L) ZTE eHEAY Tl oiefe] 7H S F
A 7 e, o] AtelMe olsHE FHEH] F3
848} 4= vlE(m) o)de] FEe 7HH0] US S &
FEHo] Fall gt =E3sA] Ze(out of the element
at risky 2.2, 53 8Zo] yafeiel Im oH=E 2F
she AoE BAHNE Afde Felake] 23

L
.
o~
nn

(neighboring the element at risk)’=, BEZ2] o|F
Azl Well Fafj airt A A9olle Fajadd =

(on the element at risk)’® EF3lL Ad TR

2= 0 FE FHEL] 3] FElate] EEslE 1
7 AFE ST Table 9). F2] %2 53
49| o]Fg AT ¢ de Y "t FE
(efficient)’, ‘B (medium)’, “B-5(inefficient)’, ‘S

o)

(none)’ 2.2 FE3tAL $8] SHEAS AT F 9

e 5Eo| S AT 0FE 3 Ao & ¢l
74921 7R A5 widsiAck(Table 9). TFH S
SHEAe] Fg et =2E FEP)S A=
o] olAT]d W wl¥z Zek(dich)e] Tl u}
v o] FOoF vERdTt
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o8 FE 78 F v
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Material of slope Geological characteristics
Soil slope (S)
Rock slope (R)
Mixed slope (M)
Complex slope (C)

Rock type (T)

Geological structures (S)

code! code2 code3 code4 code5 Final code
S S R T E>
R ILb D D B RI,DDB

A,B,C,D,E

Geotechnical stability

A,B,C,D,E

Probability of failure and
condition of structure

A,B,C,D,E

Consequence of failure

Fig. 3. Diagram showing the slope code system.

Fig. 4. Photograph of slope-1.
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Table 10. Result of SCS evaluation of slope-1.
Element of SCS Summary of assessment Rating Code
Element 1
Slope material Rock slope R
Element 2 Rock type : Igneous rock (granite) I
Geological characteristics Geological structure : Fault !
UCS : 85 MPa
RQD : 55%
Joint spacing : about 0.1 m
Condition of discontinuities
Element 3 Persistence : about 8.0 m
Slope material Aperture : about 5 mm 52 C
P Roughness : slightly rough
weathering : Moderately weathered
Ground water condition : wet
F1xF2xF3 =-0.15
F4 =0 (mechanical excavation)
Failure history : Yes
Slflzmrir;tte?ial Failure indication : Yes 4 C
P Condition of protection : Partially damaged
Scale of failure : about 900 m?3
Indirect loss
Proximity : average access to failure
Element 5 Connection : easy contact with someone 0.007 A
Slope material Temporal spatial probability, Pp: 0.026 ’
Probability of landslide reaching, Pz 0.75
Travel distance : on the road
Effectiveness of ditch : inefficient
Final Code RI,CCA
A-29] 7|sE 10E oIk E(Psp)ye oF 0.0220]c}, o, et 2FFHolE Sm,

=5
ShbAbAQl Apd-19] ek P Wrkle SMR - Wit FSEE 60 kmhE 7SIl A B AFF

%HIX}E—E— Z:il‘é‘}ci 6476
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8 AL ZHe Ao BAHo] 9439 7|5 (wwwroad re. kr)oﬂf\i 2013»1
’E‘ ‘C’E )=] ]_ E]-
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Fig. 5. Photograph of slope-2.
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Table 11. Result of SCS evaluation of slope-2.
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Element of SCS Summary of assessment Rating Code
Element 1 . .
Slope material Mixed slope (soil and rock) M
Element 2 Rock type : Igneous rock (granite) I
Geological characteristics Geological structure : Fault and heavy joint o
UCS : 61 MPa
RQD : 47%
Joint spacing : about 0.1 m
Condition of discontinuities
Element 3 Persistence : about 6.0 m
Slope material Aperture : about 5 mm 38 D
P Roughness : smooth
weathering : MW~HW
Ground water condition : damp
F1xF2xF3 =-4.2
F4 =0 (mechanical excavation)
Failure history : Yes
Sl(l;:lzmrflzttefial Failure indication : Yes 3 D
P Condition of protection : Needs additional work
Scale of failure : about 200 m®
Indirect loss
Proximity : average access to failure
Element 5 Connection : easy contact with someone 0.004 A

Slope material

Temporal spatial probability, Py : 0.016

Probability of landslide reaching, Pz : 0.75
Travel distance : on the road
Effectiveness of ditch : inefficient

Final Code

MI,DDA
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