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Abstract

The estimation of strength parameters is very important for the stability analysis of rock slopes.
Various methods for the determination of strength parameters were suggested by various researchers.
The number of methods used for the estimation of strength parameters in the stability analysis of rock
slopes were investigated based on literature reviews. The frequency of the method determining
strength parameters were investigated with respect to failure types. The cohesion and friction angles of
the rock and discontinuities are presented with RMR values. The cohesion shows wider range of
values relative to those of friction angles according to current studies. Even though RMR does not
show any correlation with cohesion values, RMR and the friction angle of the rock clearly shows a
positive relationship. Proper methods should be utilized for the determination of strength parameters
with consideration for failure types and be proved through literature reviews. The credibility of
determining strength parameters is expected to improve if strength parameters data are accumulated
from the back analysis performed for failed local rock slopes.
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and Brown(1997)2} Hoek et al.(2002)-= Hoek and Brown 73412 HIEF O 2 57} Mohr-Coulomb =445 A5}
£ U 13 SRR ol A

o2, o} R ATHHE 27 M Hock and Bray(1981)0] <1a1o] A1) AAI=I2ck

oLl QUANH 2= L1 2l

=Uj o] tAbH | A8 A 4=0] A AS =o' koA A= 211, a3 |

8 5 F 40Ho| g ERAXALE Foto] TSI ARIAFHS] QEYA] 3 7tof| ARSH 734 Ag Aol of
A}, Ad2be v npEzE A W2 22} Table 1 9 Table 22 AT} 40 0] =7 24 Axo] oJohd £l
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Table 1. Method of cohesion determination for rock slopes in Korea

Determination of References

cohesion Adopted Investigation only

Park (2003), Choi et al. (2003), Hwang et al. (2006),
Kim et al. (2008), Jin (2007), Koo et al. (2008),

g:iv“s“e Song et al. (1998), Park (2009), Song (2006), Kim et al. (2006b), Yoo (2011)
Chun et al. (2006), Oh and Jeong (2002), Kim et al. (2007),
Cho et al. (2010), Ihm and Park (2017), Kim et al. (2018)
Lee and Son (2002), Jung (2004), Jang et al. (2010), Cho and Kim (1995), Park (1998),
Direct shear test Park et al. (2009), Cho et al. (2010), Jang et al. (2002), Lee et al. (2001), Park (2003),
Cho et al. (2012), Song and Yun (2013), Lee et al. (2014) Choi et al. (2003), Kim et al. (2008)
Lee and Son (2002), Kim et al. (2006b), Koo et al. (2008),
RMR Song et al. (1998), Lee (2005), Jang and Yang (2010), Song et al. (2001), Choi et al. (2003),
Choi et al. (2010), Choi and Chung (2004), Ki et al. (2001),  Jung (2004), Park (2009), Lee et al. (2017)
Song and Yun (2013)

Park et al. (2009), Jung (2004), Kim (2001), Song (2006),  Lee et al. (2001), Choi et al. (2003),

B . :
artoneq. (JRC) 1 e et al. (2010), Park et al. (2013), Ihm and Park (2017) Yoo (2011), Kim et al. (2018)




Table 1. Continued

Determination of
cohesion

References

Adopted

Investigation only

Hoek and Brown
including GSI

Park (1998), Koo et al. (2008), Jung (2004),
Chun et al. (2003), Lee et al. (2014)

Song et al. (2001), Lee and Son (2002),
Yoo (2011), Park (2009), Song (2006)

Back analysis

Song et al. (2001), Cho et al. (2010), Kim et al. (2006b),
Yoo (2011), Cho and Kim (1995), Jang et al. (2014),
Kim et al. (2018)

Choi et al. (2003), Kim et al. (2008)

Lee et al. (2001), Song et al. (2001),

Triaxial test Oh and Jeong (2002), Jang et al. (2014) Choi and Chung (2004), Song and Yun (2013)
BST Hwang et al. (2006), Jeong and Seo (2013) Choi et al. (2003), Jin (2007), Lee et al. (2014)
Tilt test - Kim (2001), Jin (2007), Song (2006)

SPT . )

Table 2. Method of friction angle determination for rock slopes in Korea

Determination of
friction angle

References

Adopted

Investigation only

Song et al. (2001), Lee and Son (2002), Kim et al. (2006b),
Koo et al. (2008), Yoo (2011), Song et al. (1998),

Lee (2005), Jang and Yang (2010), Choi et al. (2010),
Choi and Chung (2004), Ki et al. (2001),

Song and Yun (2013), Lee et al. (2017)

Choi et al. (2003), Jung (2004), Park (2009),
Cho and Kim (1995), Park (1998)

Literature reviews

Park (2003), Hwang et al. (2006), Kim et al. (2008),

Jin (2007), Koo et al. (2008), Song (2006),

Chun et al. (2006), Oh and Jeong (2002), Kim et al. (2007),
Cho et al. (2010), Ihm and Park (2017), Kim et al. (2018)

Choi et al. (2003), Kim et al. (2006b),
Yoo (2011), Song et al. (1998), Park (2009)

Direct shear test

Lee et al. (2001), Lee and Son (2002), Jung (2004),

Jang et al. (2010), Park et al. (2009), Cho et al. (2010),
Jang et al. (2002), Cho et al. (2012), Song and Yun (2013),
Lee et al. (2014)

Park (2003), Choi et al. (2003),
Kim et al. (2008)

Barton eq. (JRC)

Park et al. (2009), Jung (2004), Song (2006),
Jang et al. (2010), Choi et al. (2010), Park et al. (2013),
Ihm and Park (2017), Kim et al. (2018)

Lee et al. (2001), Cho and Kim (1995),
Kim (2001), Choi et al. (2003), Yoo (2011),

Hoek and Brown
including GSI

Park (1998), Koo et al. (2008), Park (2009), Jung (2004),
Chun et al. (2003), Lee et al. (2014)

Song et al. (2001), Lee and Son (2002),
Yoo (2011), Song (2006),

Back analysis

Choi et al. (2003), Kim et al. (2008), Cho et al. (2010),
Kim et al. (2006b), Cho and Kim (1995), Jang et al. (2014),
Kim et al. (2018)

Song et al. (2001),

Tilt test

Kim (2001)

Cho and Kim (1995), Choi et al. (2003),
Jin (2007), Song (2006), Yoo (2011)

Triaxial test

Jang et al. (2014)

Lee et al. (2001), Song et al. (2001),
Choi and Chung (2004), Oh and Jeong (2002),
Song and Yun (2013)

BST

Hwang et al. (2006), Jeong and Seo (2013)

Choi et al. (2003), Jin (2007), Lee et al. (2014)

SPT

Song et al. (1998)
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Table 3. Numbers and percentages of the methods used for the determination of strength parameters for 40 case studies

Cohesion Friction angle
Method Investigation Adopted Adoption rates Investigation Adopted Adoption rates

Nos. (%) Nos. (%) (%) Nos. (%) Nos. (%) (%)
Literature reviews 17 (19%) 15 (26%) 88 17 (18%) 12 (20%) 71
Direct shear test 15 (16%) 9 (16%) 60 13 (13%) 10 (16%) 77
RMR 15 (16%) 10 (18%) 67 18 (19%) 13 21%) 72
Barton eq. (JRC) 11 (12%) 7 (12%) 64 13 (13%) 8 (13%) 62
Hoek and Brown 10 (11%) 5 (9%) 50 10 (10%) 6 (10%) 60
Back analysis 9 (10%) 7 (12%) 78 8 (8%) 7 (11%) 88
Triaxial test 6 (7%) 2 (4%) 33 6 (6%) 1 2%) 17
BST 5 (5%) 2 (4%) 40 5 (5%) 2 (3%) 40
Tilt test 3(3%) 0 (0%) 0 6 (6%) 1 (2%) 17
SPT 0 (0%) 0 (0%) 0 1 (1%) 1(2%) 100
Total 91 (100%) 57 (100%) 97 (100%) 61 (100%)
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Table 4. Percentages of the each method used for the determination of strength parameters for 40 case studies

Cohesion Friction angle
Method Investigation Adopted Investigation Adopted
Nos. (%) Nos. (%) Nos. (%) Nos. (%)
Literature reviews 17 (43%) 15 (38%) 17 (43%) 12 (30%)
Direct shear test 15 (38%) 9 (23%) 13 (33%) 10 (25%)
RMR 15 (38%) 10 (25%) 18 (45%) 13 (33%)
Barton eq. (JRC) 11 (28%) 7 (18%) 13 (33%) 8 (20%)
Hoek and Brown 10 (25%) 5 (13%) 10 (25%) 6 (15%)
Back analysis 9 (23%) 7 (18%) 8 (20%) 7 (18%)
Triaxial test 6 (15%) 2 (5%) 6 (15%) 1 (3%)
BST 5 (13%) 2 (5%) 5 (13%) 2 (5%)
Tilt test 3 (8%) 0 (0%) 6 (15%) 1 (3%)
SPT 0 (0%) 0 (0%) 1 (3%) 1 (3%)
Total no. of case studies (percentages) 40 (100%) 40 (100%) 40 (100%) 40 (100%)
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Table 5. Case studies for the rock slope having plane failure

Strength parameters
Area Rock type RMR — Refer.
Investigation Chosen
Bedding: DST,
Barton eq., HR: arbitrary value
Sandstone, . . N .
Daegu Shale Not given  Back analyses, BST, Discontinuities: Choi et al. (2003)
Lit. Rew** RMR, @: Back analyses, ¢: Lit.Rew**
Tilt test
. DST, Back analyses, . S o .
Goryeong Shale Not given Lit. Rew** Discontinuities: Lit. Rew Kim et al. (2008)
Shale RMR, Lit. Rew** Rock: RMR
inj ’ Not gi ’ ’ . o Ki 1. (2
Jinju Sandstone ot given Back analyses Discontinuities: Back analyses m et al. (2006b)
.. Phyllite, . - Rock: RMR, GSI
Uljin Schist 40 RMR, GSI, Lit. Rew Discontinuities: Lit. Rew.** (arb.*) Kooetal. (2008)
Hoek and Brown,
. Sandstone, Barton eq., RMR, Discontinuities:
Not . Yoo (2011
otgiven Shale Tilt test, Back analyses, @: RMR, c: Back analyses 00 )
Lit. Rew**
. . DST, Bart . . o .
Seoul Gneiss Not given . oneq Discontinuities: Back analyses Cho and Kim (1995)
Tilt test, Back analyses
. Triaxial test, DST, . N
Boeun Granodiorite 62 flaxialtes Discontinuities: @: DST, c¢: arb.* Lee et al. (2001)
Barton eq.
Shale. RMR, Hoek and Brown. Rock: Hoek and Brown
Ul ’ 30-37 T Lo J 2004
san Sandstone Barton eq., DST Discontinuities: Barton eq., DST (arb.*) ung ( )
. .. Rock: RMR
Yeongwol Limestone 34,58 Triaxial test, DST, RMR Discontinuities: DST Song and Yun (2013)
. Discontinuities: @:Barton eq.
Shal Bart ., Lit. Rew.** ) 7 .
Busan-Ulsan e, 70 on &4, LIL Bew-"% Lit. Rew.**, Back analysis Kim et al. (2018)
Mudstone Back analysis

c: Lit. Rew.**, Back analysis

*arb.: arbitrary values, **Lit. Rew: Literature Reviews.
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Table 6. Case studies for the rock slope having circular failure

Strength parameters

Area Rock type RMR — Refer.
Investigation Chosen
Not given Not given Not given Lit. Rew., BST Rock: Lit. Rew., Joints: BST Hwang et al. (2006)
DST,
Not given Tuff 27-42 Hoek and Brown Discontinuities: Hoek et al. Park (1998)
(Hoek et al.)

BST. DST Soil: @: DST, c: (arb.)
Gangneung  Limestone 45, 65,75 ’ ’ Rock: Hoek-Brown Lee et al. (2014)
Hoek and Brown . o
Discontinuities: DST

Jeoneseon Sandstone, Not given Triaxial test, Rock: Triaxial test Jang et al. (2014)
& Shale & Back analysis Soil and Rock Boundary: Back analysis getal
Barton eq., Discontinuities: @: Barton eq.,
Sandstone, . . . .
Busan-Ulsan 70 Lit. Rew., Lit. Rew., Back analysis Kim et al. (2018)
Mudstone . . .
Back analysis c: Lit. Rew., Back analysis

514]713}347]_ HEAIST 4 7)) }\]-Eq__,] 01—/14_4 AR B s e 9:]9494 1—/\ _Q{c zﬁ, [0} 1§) %@}_A]—Q-RMR 7} lﬂ, Hoek
and Brown A2 @270l 13]7}F 28| }{tK Table 7). E4H-2 Barton 2] 4] 13], 2IFAPT 0270l 13] 4
]oick, 7tk dole] 3t e BAZANE Se FEgs B9 WIws} /P s

Table 7. Case studies for the rock slope having wedge failure

Strength parameters
Area Rock type RMR — Refer.
Investigation Chosen

. . Lit. Rew, RMR, @: Hoek and Brown
Chungju Gneiss >8-61 Hoek and Brown c: Lit. Rew (arb.) Park (2009)

Soil, WR*: Lit. Rew

. Lit. Rew., Til , L

Gokseong Gneiss 32-40 it Rew:, 1t test. Discontinuities: Barton eq. Song (2006)

Hoek and Brown, Barton eq. Stereo: @ Lit. Rew

Andong Gneiss Not given Lit. Rew Lit. Rew (arb.) Kim et al. (2007)
Yeongwol Limestone I-1v RMR, Hoek and Brown, DST Soil: DST Lee and Son (2002)
ZW > ? Rock: RMR

*WR: weathered rock.
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Table 8. Case studies for the rock slope having more than 2 types of failure
Failure types Strength parameters
Area Rock type Refer.
op (RMR) Investigation Chosen
. Plane, Wedge BST, Tilt test, Rock: Lit. Rew. .
Tuff 2
Gwangju u (55, 43) Lit. Rew Discontinuities: Lit. Rew. Jin (2007)
. . Wedge, Circular  Back analyses, WR: Lit. Rew
G -d Phyllit ) . . L Cho et al. (2010
yeongei-do e (not given) Lit. Rew, DST  Discontinuities: Back analyses (= DST) oetal.( )
Shale Plane, Wedge,
Goseong § Toppling Barton eq. Discontinuities: Barton eq. Park et al. (2013)
Sandstone .
(not given)
Basalt Circular, Plane Barton eq. Rock: Lit. Rew.
’ ; ’ Th Park (201
Lit. Rew. Discontinuities: Barton eq., Lit. Rew. m and Park (2017)

Bongh .
ongiwa Conglomerate (not given)

I~

219} RMR 7} 3], B4

P AR 37 Aol Ghje] R A e BaE

12]0]GltH(Table 9).

Table 9. Case studies for the rock slope having rock fall or toppling failure
Failure types Strength parameters
Area Rock type Refer.
P (RMR) Investigation Chosen
Rock fall
Guri Gneiss (plane, wedge possible) Lit. Rew Rock: Lit. Rew Chun et al. (2006)
(not given)
. Toppling Rock: RMR .
Pyeongchang Granite 57) RMR, Barton eq. Discontinuities: Barton eq (arb.) Choi et al. (2010)
. . Rock fall
Gyeongju Granite (70) RMR Stereonet: @: RMR Lee et al. (2017)
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Table 10. Case studies for the rock slope without failure

Situation Strength parameters
Area Rock type Refer.
op (RMR) Investigation Chosen
Stable
. Sandstone, . . Bedding: DST Rock: Lit. Rew
Chilgok Shale (plane, topp 11.ng possible) WR: Lit. Rew Discontinuities: Lit. Rew Park (2003)
(not given)
Soil: @: SPT
. Stabl Lit. Rew, .
Donghae Not given ( 12_ 45) Rl\l/[R (;V}ZT c: Lit. Rew Song et al. (1998)
’ Rock: RMR
Stable .. Rock: @: Lit. Rew (arb.)
. Triaxial test, ..
Tuff (plane possible) . c: Triaxial test Oh and Jeong (2002)
Lit. Rew . L .
Discontinuities: Lit. Rew (arb.)

Daegu
(not given)
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Table 10. Continued

Situation Strength parameters
Area Rock type Refer.
op (RMR) Investigation Chosen
Stable
Gneiss, . DST, . S
Hongcheon Schist (plane p9551ble) Barton eq, Discontinuities: DST, Bartoneq.  Jang et al. (2010)
(not given)
Stable DST.
Jecheon Granite (plane possible) Banon; Discontinuities: DST, Bartoneq.  Park et al. (2009)
(not given) o
Stable
Gyeonggi-do Gneiss (plane, wedge possible) DST Discontinuities: DST Jang et al. (2002)
(not given)
. Stable
. Gneliss, .
Gyeonggi-do . (plane possible) RMR Rock: RMR Lee (2005)
Schist
(78)
. Stable
Not given Rhyoll.te, (circular possible) RMR Rock: RMR Jang and Yang
Andesite (2010)
(58, 67)
. Mudstone, Tension crack, stable Triaxial test, Choi and Chung
I Rock: RMR
ndonesia o dstone (19, 15) RMR oc (2004)
Cheonan- Granite, Stable ) .
Nonsan Andesite (58-68) RMR Rock: RMR Ki et al. (2001)
. . Stable
Not given Not given . Hoek and Brown Rock: Hoek and Brown Chun et al. (2003)
(not given)
Tension crack
Stable Tilt test Discontinuities: @: tilt test
H: i . ’ Kim (2001
ampyeong  Not given (plane possible) Barton eq. c: Barton eq. im (2001)
(57)
Triaxial test,
. . Stable Hoek and Brown, Rock: @: RMR
Not given Schist (39.7) RMR, c: Back analyses Song et al. (2001)
Back analyses
Gneiss Stable
Not given Schist’ (plane, wedge possible) DST Discontinuities: DST Cho et al. (2012)
(not given)
Stable Jeong and Seo
Inje Gneiss (circular possible) BST Rock: BST (arb.) £

(not given) (2013)
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Table 11. Numbers of methods for determining the strength parameters considering failure types obtained from 40 case
studies

Hoek
Arb. Back Lit. Barton Tri. Tilt
Types . RMR and DST BST
value  analy. Revi. eq. test test
Brown
1 3 2
Rock
[0) 1 3 2
Plane
. c 2 3 2 1
Discon.
[0) 1 2 1 2
c 1 1 1
Rock
) [0) 1 1 1
Circular
) C 1 1 1 1
Discon.
[0) 1 1 1 1 1
c 2 1 1
Rock
[0) 1 1 1 1
Wedge
. c 1
Discon.
[0) 1 1
c 3
More Rock
[0) 3
than 2 | 5 |
C
types Discon.
[0) 1 2 1 2
Rock c 1 1
oc]
Rock fall o 1 1
and
. c 1
toppling  Djscon,
[0) 1 1
c 1 1 1 5 1 1
Rock
[0) 2 1 6 1
Stable
) c 1 1
Discon.
[0) 1 1 4 1
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Table 12. Strength parameters actually used for slope stability analyses
Rock types Failure types RMR Final strength parameters Refer.
. . Rock, c: 196 KPa; @: 25°
Phyllite, Schist 40 Discontinuities, ¢: 0; @: 32° Koo et al. (2008)
Sandstone, Shale 44 Discontinuities, ¢: 9 KPa; @: 27° Yoo (2011)
Granodiorite 62 Discontinuities, ¢: 5 KPa; @: 30° Lee et al. (2001)
Shale, Sandstone 30-37 Discontinuities, c: 31 KPa; @: 24° Jung (2004)
Plane Rock, c: 294 KPa; @: 36°-
Limestone 34,58 c: 1,863 KPa; @: 42° Song and Yun (2013)
Discontinuities, c: 33 KPa; @: 21°
Discontinuities,
c: 50 KPa; @: 30° (without filling) .
Shale, Mudstone 70 ¢: 50 KPa; @: 25° (with filling)-from lit. Rew. Kim et al. (2018)
c: 24 KPa; @: 19° (with filling)-from back analysis
Tuff 27-42 Discontinuities, ¢: 29 KPa; @: 25° Park (1998)
Rock, ¢: 330 KPa; @: 30°
Limestone Circular 45, 65,75 ¢: 920 KPa; @: 38° Lee et al. (2014)
c: 1,740 KPa; @: 41°
Sandstone, Mudstone 70 Same as Kim et al. (2018)’s case above Kim et al. (2018)
Gneiss 58-61 ¢: 98 KPa; @: 30°; c: 147 KPa; @: 35° Park (2009)
Gneiss Wedge 32-40 Discontinuities, ¢: 0; @: 28° Song (2006)
Limestone I-1v c: 98 KPa; @: 40°-c: 20 KPa; @: 28° Lee and Son (2002)
Plane, Rock, c: 39 KPa, 98 KPa; @: 35° .
Tuff Wedge 43,35 Discontinuities, ¢: 13 KPa; @: 32° Jin (2007)
. . Rock, c: 284 KPa; @: 33° .
Granite Toppling 57 Discontinuities, ¢: 0; @: 20° Choi et al. (2010)
Granite Rock fall 70 Rock, ¢: 349 KPa; @: 39° Lee et al. (2017)
. Rock, c: 78 KPa; @: 25°-
Not given 16-42 ¢: 196 KPa; @: 30° Song et al. (1998)
Gneiss, Schist 78 Rock, c: 392 KPa; @: 44° Lee (2005)
. . Rock, c: 284 KPa; @: 34°-
Andesite, Rhyolite 58, 67 ¢: 329 KPa; ®: 39° Jang and Yang (2010)
Stable Rock, c: 549 KPa; @: 12°- .
Sandstone, Mudstone 15,19 ¢: 654 KPa: ®: 14° Choi and Chung (2004)
. . Rock, c: 284 KPa; @: 34°- .
Granite, Andesite 58-68 ¢: 334 KPa; O: 39° Kietal. (2001)
Not given 57 Discontinuities, c: 26 KPa; @: 35° Kim (2001)
Schist 39.7 Rock, ¢: 7 KPa; @: 25° Song et al. (2001)
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Fig. 1. Variation of cohesion values and friction angles with RMR for rocks and discontinuities.
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Table 13. Friction angles used for the stereonet projection to determine slope failure types

Rock type Friction angle (°) Method References

Tuff 25,30 Hoek and Brown Park (1998)

Not given 35 Tilt test Kim (2001)

Gneiss 23 Lit. Rew Song (2006)
Gneiss Dry: 30; Rainy: 25 Lit. Rew Kim et al. (2007)
Phyllite, Schist 32 Arbitrary value Koo et al. (2008)
Gneiss, Schist 22 DST Cho et al. (2012)
Granite 39 RMR Lee etal. (2017)
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