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Abstract

It can be observed that steep slopes (65° to 80°) consist of rock masses were kept stable for a long time.
In rock-mass slopes with similar ground condition, steeper slopes than 1 : 0.5 (63°) may be applied if
the discontinuities of rock-mass slope are distributed in a direction favorable to the stability of the
slope. In making a decision the angle of the slope, if the preliminary rock mass conditions applicable
to steep slope are quantitatively setup, they may be used as guidance in design practice. In this study,
the above rock mass was defined as a good continuum rock mass and the quantitative setup criterion
range was proposed using RMR, SMR and GSI classifications for the purpose of providing
engineering standard for good continuum rock mass conditions. The methods of study are as follows.
The stable slope at steep slopes (65° to 80°) for each rock type was selected as the study area, and
RMR, SMR and GSI were classified to reflect the face mapping results. The results were reviewed by
applying the calculated shear strength to the stable analysis of the current state of rock mass slope
using the Hoek-Brown failure criterion. It is intended to verify the validity of the preliminary criterion
as arock mass condition that remains stable on a steep slope. Based on the analysis and review by the
above research method, it was analyzed that a good continuum rock mass slope can be set to Basic
RMR = 50 (45 in sedimentary rock), GSI and SMR = 45. The safety factor of the LEM is between
Fs =14.08 and 67.50 (average 32.9), and the displacement of the FEM is 0.13 to 0.64 mm (average
0.27 mm). This can be seen as a result of quantitative representation and verification of the stability of
a good continuum rock mass slope that has been maintained stable for a long period of time with steep
slopes (65° to 80°). The setup guideline for a good continuum rock mass slope will be able to establish
a more detailed setup standard when the data are accumulated, and it is also a further study project. If
stable even on steep slopes of 1 : 0.1 to 0.3, the upper limit of steep slopes is 1 : 0.3 with reference to
the overseas design standards and report, thus giving the benefit of ensuring economic and
eco-friendlyness. Also, the development of excavation technology and plantation technology and
various eco-friendly slope design techniques will help overcome psychological anxiety and rapid
weathering and relaxation due to steep slope construction.
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Fig. 1. Location map of study area.
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Z1-2(Systemetic joint set) HEZ]Q] IfEITRS: 7|45}t Face map©l] &

SRt 7EA 0 2 BASIGIEE S AEROlA F3ke] Ao wet
(PWR, Partly weathered rock)™} ZJ2H(FSR, Fresh sound rock) 2.2 F-&slo] TAITE S Aha+= Z2F RO
28512 RMR, SMR, GSI w75 oF3ith HIgH Y] Bt HAR= A4 20 muth 461, 5= de] o] AR vln - HE
SHITE. Hapeh AFR-S ti 34 0 & A7gsto] oREER 18-S T AISEI(Fig. 2, Table 1 3H%) P2 HuRQL, AR Lot

o= SHMAPAES] AT Table 2 %) E A 0 &2 71&3h)

Qe e
oo it R

HoRt
RMR (Gneiss, Nearby Healn—sa I/C, BoTap town 1)
A Hupeh ApHo| A o] 27258 e (Face Map)2t RMR +-7-23}+= Fig. 22} At}

090/70 = (Width 1m, Fresh, linear)

312/56 (Not Fractured)

246/65

= . /
-290/72 e
-102/10

A Massive
v\ : - 032/80 &
@E(IEB 5 10 15 20 25 30 35 0 a5 45\
Item Description Rating
Strength (MPa) 110~120
R.Q.D (%) 70~85
Spacing (cm) 20~30
Ground water Dry, Moist ®
Subtotal 20~
Persistence 3~5m -G
) N Aperture Tight~below 0.1 mm
Joint- condition )
Roughness (Rr) Slightly rough ®
Infilling (Rf) Hard, Below 5 mm
Weathering (Rw) Slightly Weathered, Fresh
Basic RMR 64~75
1, (ea/m’) 10~15

RQD=110—2.5XJ (Palmstrom, 2005; J, = Volumetric joint count/m’).

Fig. 2. Face map and RMR of gneiss rock mass slope.

SMR (Gneiss, Nearby Healn—sa I/C, BoTap town)
A Hakeh AfelA] 9] SMR H-F-A7H= Table 17} T



Table 1. SMR of gneiss rock mass slope

Stati Slope Joint system  Fault, Fold F1 B 3 F4
ation
(/) (e/B3)) (a)/B))
* major:
- 82;; gé 0.7 1.0 -6 0
BoTa - 290/72 - 246/65
sz T -312/56
10210 -090/70 '
- 045/%0 SMR 64 (~75) + (0.7<1%(-6)) + 0 = 59~70 (59.8~70.8)
- 070/80

a: Slope angle direction, «: Joint dip direction, 3, : Slope angle, ;: Joint dip.

AT AR S73E AP SRR R= Table 29+ 2.

Table 2. Engineering rock mass classification, discontinuity dip and slope angle of rock mass slope in study area

Engineering classification

Rock type Discontinuity di Slope angle
P GSI RMR SMR ty dip pe ang
. Range 60~75 61~71 60~70 68~78 70~80
Granite
Mean 67 66 65 73 75
) Range 60~75 60~90 56~89 80~82 80~85
Andesite
Mean 67 65/75 62/72 81 82
) Range 55~70 60~73 57~70 68~70 68~70
Gneiss 1
Mean 62 66 63 69 69
. Range 60~75 64~75 59~70 78~80 70~72
Gneiss 2
Mean 67 69 64 79 71
Hornfels Range 45~60 49~53 46~50 45~80 45~80
(PWR 1) Mean 52 51 48 45,73 45,73
Hornfels Range 60~75 63~65 57~59 80~85 78~80
(FSR 1) Mean 67 64 58 82 79
Hornfels Range 55~65 60~68 54~62 80~85 78~80
(FSR2) Mean 60 64 58 82 79
Range 55~70 59~67 56~64 70~80 76~80
Sand-stone
Mean 62 63 60 75 78
Range 55~65 57~74 57~74 78~80 76~80
L.L. (FSR)
Mean 60 64 65 79 78
Range 45~60 45~64 45~64 70~80 70~80
LL. (PWR)
Mean 52 54 54 75 75

PWR: Partly weathered rock, FSR: Fresh sound rock, I.L. : Interbeded layer of sandstone and siltstone, Discontinuity dip: Steeper angle of major joint set.

SFe APHS 2 Zho 2 FAE|o] 9o, RMR-2 61~71, SMR- 60~70, GSI 60~75 2] HEE Vet

Shgete] ARAPAL vl gt A AV dE= FE o] lof AR (RER Sae Hlth Ao Ak
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70~80°0]H, 5 2] 0] 117K 70~80° = A= FAISICE AHA 7:‘*}% Az % EI of olsf| Fd= T2 A= Helr
HuRMA P &2 oo & AR o] qlom, AlHE A= Tt 2] 9] Bieldwt sfdo] =2 g Huleh vt |
nfoh 2 TE51%c} HupH AFHAE RMR = 60~73, SMR = 57~70, GSI = 59~70 A0 |2 Ltebict. Huleh
APHOAE RMR = 64~75, SMR = 59~70, GSI = 60~70 J=2] HAE LHePATE AFA Q] HAR= 70~7200]H, 5= 2] 9]
V7R 72~80° %, A A= 5= A ] ZALe] QAR fAsl T AP AR 117te] 5= Ao oof] Jafe Hk Ao
= BRItk ARl Ugo] 5.0 & FRshe oA RIANA-S A g e o] Ao}, ThEofl ofsf A - F 7t &A= o]
Q)= oHIEAPH-& AJot- 1,]0?;,:_( )_E, h=0] 9= oARH-& AJot- Lot Z(ﬁoP)_QE SFESIGI) o] AR Y
195 k2 Agho 2 Bl =11 oFA sk AdefjolojA] A&A] Rte] MR BRolaint. i ARt Uk 534
H APH A= RMR = 45~64, SMR = 45~64, GSI = 45~60 A &E.0] M= Lepdict, A tiAr AR Uoh TS24 AF
2 RMR = 57~74, SMR = 57~74, GSI = 55~65 J = 0| 9|5 UEPHith AFHO| A= 78~80°0]|™, 5= 2] o 117k
70~78° % A 2 ARSIt} AP ZAR= 1170] 5= Helo] Ofof] Feks B 2 o0& H 3,
Fig. 32 Table 22] RMR, SMR, GSI H¢]2] B+ TAIgh Zolck
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Granite s
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Fig. 3. RMR, SMR, GSI of rock mass slope in study area.
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AoV AR, Aeof] oafi 45° (1 1 1)AAE UEidle 28 A APARR-E A 2]5HH, 68~80°2] ZZARS LFEIU
A1 Q1A1, G-kt Zzto]] ofof o] R At & A (H7E 30 em ©fsh7F A 0 & ol (TR AR
3]0 glgyo] QLo tifE P A A o2 SRIEIQIT. Al d ANIARA-S F73AE AFH 0 & A Alof] A&
Fst ke gt A&A|tho 2 7Hgh 4= Qi) o] IFAPHCO] RMR, SMR E-5 A3 EA5 Avl, AMPWR)-2 Basic
RMR = 51~54, SMR = 48~54, GSI = 45~60 ©]™, Z¢}(FSR)-2 Basic RMR = 63~75, SMR = 58~72, GSI = 55~75 9]

N

& QHATHO| ZE YA AFY

Hoek-Brown T}]7]55(2002)2 Q<54 & 453‘3] iAol 2-8/30] UFE Lo, A whar] sehdof| A ehdtoflA]
O] EAEAZ0] JokS ol8stal, 2719 TRt Aax|gH ot A A wotthe FollA A=A 7 e FHIQIA
OS2 dHA ik i sl = 1Y Mohr—CoulombTﬂr 17120 SRt eAg oA 7S A-8-5H2 2 Hoek-Brown
oh| 7|20 58 A (0'1- 0'3) S 2 HE 571 Mohr-Coulomb A5 A5k =]l of] 2851t

Hoek-Brown If2|7 | 0|\ Sl ZHE=24s A2HH

AR AT AP (S ZHEEH)© Hoek-Brown 1] 7]542002)-2 2-85199.01 Fig, 49} 2t} Hoek-Brown
bt U A= RS JJEH:TL_'—gE—%( o 3max)—’] S L] 6 3max < Vo 0 (Genera]iZed)Oﬂ/ﬂ o) 2 4 Mohr-Coulomb 7}
Ao Ao thsll SZREGH 0 = 2 slo] Fah= ot
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©
o
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wv
(%]
o 20
“ 0
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@©
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1o}
/ ?
10 z
® 2 ¢ =318 MPa
31° ) O = 36°
318 —6n
o N
364=0 -
© 0 10 20 .. (generalized) 30 40

e Normal stress (MPa)

Fig. 4. Estimating method of shear strength in continuum rock.
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FAdo] A= =A1E W GSI 23S Rocscience 2] Free-wareQ] RocLab 1.0 (2002, H-B #H|7|&& 7| 2o g2 I

1
Sto] a2 TR A AP Tool)oll A=1519] Hoek-Brown /< mi®} o B +2- kg2 PA=E &3t
“max < Va+ 0 ¢ (Generalized) ®H 9]l A4 B]414 Hoek-Brown Z2H12] 9ot} & w3 A AU7 A =]
©}, Hoek-Brown 33| 241 0] Zthg-2] Bt ghart fAtsIA A == A3E vrehdct

i)

TLA| LLIANHO| Z 2 44 Zn}

ATV QAR 24 H 2, 10~25 Z o] AP A H BPFHE Flojk, 22 APH F4 FAl9] o]k
F.2 E71i 9l Z]dt o] AFeQl A1 0 & 7HEStAl, WA D)= Hoek et al.(2002)0] AIAIHD = 0.7-2 28511, A+
A JeolA G AR UL 55 AFEAFAS D = 02 28513t A7 AREAFAL] GST 5= 9] ghe 2 AHy
=) =T, Faraks 28513t At AP O] 4= 48 k= Table 32+ ATh

Table 3. Shear strength of iso—angle division method induced by H-B envelope

Class. Ei (MPa) Cm (MPa) Om (°)
) 26,000 3.1 36
Granite

RMR; 61~71 (66)

21,000 2.0 36
Andesite .
RMR; 60~70 (65), 70~90 (75, Massive)

! 19,000 1.7 30

) RMR; 60~73 (66)

Gneiss

5 21,000 23 35

RMR; 64~75 (69)
1 10,000 3.1 38

(PWR) RMR; 49~53 (51)

Hornfels

2 16.500 3.7 40

(FSR) RMR; 60~68 (64)
19,000 4.1 37

Sandstone

RMR; 59~67 (63)
1 9,000 2.0 36

Interbeded (PWR) RMR; 45~64 (54)
layer 2 14,000 3.0 39

(FSR) RMR; 57~74 (64)

SPQF Aol A= RMR 9] 61~71(66,°15F Bh)ollA FF A ©15t En) = 26,000 MPa, 2&(°]5} Cy) = 3.1
MPa, YEaEEZN0]5} ¢y,) = 36° 0 & LR ¢hAlel AJHo A= RMR B9 60~70(65)°1A4] En = 21,000 MPa, Cr,
2.0 MPa, by, = 36° 2.2 L}EITY

Hulel APHoAE ZF RMR H$] 60~73(66)/64~75(69)914 Ey, = 19,000/21,000 MPa, Cy, = 1.7/2.3 MPa, ¢y, =
30°/35° 2 LT

S A AFHO A= ZFRMR H 9] 49~53(51,990)/60~68(64, 732 o4 B = 10,000/16.500 MPa, Cy, = 3.1/3.7 MPa, ¢
m = 38°/40° 0 & LERTE



A ARF AFHO A= RMR #$] 59~67(63)0114 Ey = 19,000 MPa, Cy, = 4.1 MPa, ¢y, = 37°2 LFERGTE ARF- Ut
TZ APAOAE ZF RMR W9 45~64(54,990)/57~74(64,732) 214 En = 9,000/14,000 MPa, Cy,, = 2.0/3.0 MPa, ¢, =
36°/39° 2 VERGTE

% aelo] Baaeo] oJs) A ghtlo] A mefol At ol g HelA|o] idiAo] B 7o} 22jo] Uil 4
901 Bhgel, T, TV ARk} Al U $5(4eh ARG ATiA 02 tha 2 4544 Belck Has 7}
QPEFR) S Q1720 71 A ) @A SUG ShS ol A8a Bmglet St
QS5 CIAH| QHEAHO)| OFY A

23 oftAo] OksA

] SPARA] QPSR gt A ARR(T7 7] ERAEST 047)] BIAE BA)E FFste] elohd ot

oo
2o
My
v

Z}7] A zol= giFE 20~30 mo|™, Zo)(F)-E 30~100 mPEo |tk A FE 0] 20 m 7|F0 2 EARS- F9)9t
(B 5m F7), A BEH(H 5 m TA), AY(EF10m —rﬂl)*—i T/g=]o] Ak b Ao whet gt
QP SHATR2 thA: &Ko) 7} Qi A6k © 2 AR GShA], SMR ol 2Jgt ollv] /P84 AEE Slck= A o= 1
EfsiTh. oflH] 94 AENA e = Ate] TA|gle], 0*741‘“1*64311”—8— Zk7] APRS] /P FRE ERloh= A1
A, &) A]-Y(Zonning or Grouping area) 2] tHHEZA Q1 THH-& A7gsto], iFE 2] oA Aot 43Ea 45
A2 AGA| FRAAS o & oA Redlesls 7ol 2 A-8E|GIrE EdE 50 HRldo] AP QPg/dell F&F
S UA)7] G e] eRte 2 A E ERAAS ASA] FEAPH O 2 71l B 50 BEAS TR AP oF
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Table 4. Numerical analysis result applied rock mass strength of iso-angle division method

(b) Displacement (mm) of FEM (Gneiss 1)

Class. LEM-wet condition (safety facter) FEM (displacement: mm)
Granite 37.57 0.22
Andesite 14.08 0.65
. 1 24.60 0.17
Gneiss
2 37.91 0.22
1 44.49 0.24
Hornfels
2 67.50 0.15
Sandstone 58.22 0.13
1 28.04 0.29
Interbeded layer
2 30.11 0.22
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