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ABSTRACT

The RMR and Q-system for characterizing rock mass and drilling core, and for estimating the
support and reinforcement measures in mine galleries, tunnels and caverns have been widely
used by engineers. SMR has been widely used in the rock mass classification for rock slope,
but Q-Slope has been introduced into slopes since 2015. In the last ten years, a modified
Q-system called Q-slope has been tested by the many authors for application to the benches
in open pit mines and excavated road rock slopes. The results have shown that a simple
correlation exists between Q-slope values and the long-term stable and unsupported slope
angles. Just as RMR and Q have been used together in a tunnel or underground space and
complemented by comparison, Q-Slope can be used in parallel with SMR. This paper
introduces how to use Q-Slope which has not been announced in Korea and application
examples of Pasir open pit coal mine in Indonesia.

Keywords: Q-Slope, Slope Mass Rating, Q-System, Stability of rock slope, Rock mass class-
ification, Bench
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Introduction of Q-slope and its Application Case in a Open Pit Coal Mine « 307

ol ARgEl= B o]H, AFHOIA = RMR-S T2 SH= SMR(Romana, 1985)0] AFHl| Bo] A9 A|5H2015 A
Q BFHE 272 5= Q-Slope(Barton and Bar, 2015)7F AFHo] =] iet. Bdolut 2|5F57 oA RMR QS H-851HA
H S 5ol Ao W e Sitd At upkr )= APHOA I SMR I H a5 Q-SlopeE AFSE 4= 9b& Zloltt. o741 = Ale]
2488 = Q)= R Rof tal] A 11, SfjoflAl= o} Q-Slope o] AHgoll thigh T ALV} §lof o] BFHo] sl R3S 5
S APAZAL i 7] 15 o] 2ol sl A7listar @ dollA 2181t Alllof] sl Adstazat k.

2. Q slopeoi] 2| gt AHHOFHSHA

2.1 SMROJ| 2[5+ AHOFAA Sl

RMR2 7[HFo 2 5= PHREFHO| ofet AP o o /dol] Tt B2 A7-50] thatt 2ol ~3J=|3{th Rock Mass Rating
(RMR, Bieniawski, 1976 & 1989), Rock Mass Strength(RMS, Selby, 1980), Slope Mass Rating(SMR, Romana, 1985), Slope
Rock Mass Rating(SRMR, Robertson, 1988), Slope Stability Probability Classification(SSPC, Hack, 1998, Hack et al.,
2003), Modified Slope Stability Probability Classification (SSPC modified, Lindsay et al., 2001), Continuous Slope Mass
Rating (Tomés et al., 2007) 12|11 Graphical Slope Mass Rating(GSMR; Tomés et al., 2012). | FolA & AFHEA o] 24-2-0
Z AIRtE]o] Wo] AREE] T )= SMR(Slope Mass Rating)©f| 2]3t AHHEFR-S APA O] QPSS H7 o= R0, &55h4 o
2 ZQ3Hared RS 7k QMR R0]tMoon et al., 2001).

= Aol vhs A-go] atetsio] g Bdof| A 2]H 0] 2ebdS W she (LR .= w0 gEAIRE SMR-2 7]
RMR(Bieniawski, 1973)& o7 = 510 APHO| QP g == 8452 7HA| L AP tieh B4 @ A5 S1e{oh=1Rolw
HR580l wet didEle ahaFefet 2] 2 ofof et HFH = A A=A QIthRomana, 1985 and 1993, Romana et al., 2015). ©]
oA Al rl= R O] mp] el PRhA o 2 Puty, 7|t ef M walaolct,

SMR HHEFOA A2 E= 2452 RMR O] 5714] 84> = 440 7%=, RQD #f, 24450 7H, 2aE5m o) A, 12
I AJla AJE S E A HO| PR A0|(F1), AFHO| AR AL O] AR 2ol(F2), &AL O] BAKEF3),
APRE] A= (F4) 0] Uk THA] DohH SMR ] g2 RMR ©] 5714] @ 4xof] tiet 3] O] harh-E ALk APH O] Riek 4t el
3712 84x(F1, F2 B F3)QF APH O] 22 (F4) T IR1El HA @ A-50| gho = Feiiic 2as5H 9l
A= Table 1374230, ApH O] Z2HPH | wk2 HA Q 4 F4= Table 291 2t} B QA4S 11243 SMR 2] g2 okl 4] (1))l 3
X1k,

>
L

%)
r
rﬁ-l
i
kT
o
ko

o

SMR = RMR,,,,.+ (F\, X Fy X F}) + F, (1)

2713 o] mh| Feil= ko] 286k At 2o |7} glrk. Baato] St Aol thet (= ZF 2 A5 2] setol] HisH
2-g5p, ofuf] Lofixl ] Agke] SMREo] AFHIEH] QFEER-5-Foll ARSI o] SMR 2] glofl whE APH IR 553 o84
8] dpd=l= o] Fef= Table 37 Z2TtHRomana, 1985).
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Table 1. Adjustment rating of F1, F2 and F3 for joints (Romana, 1985)

Joint Orientation Very favorable Favorable Fair Unfavorable Very unfavorable
P |aj-as|
- - @ as-180° >30° 30-20° 20-10° 10-5° <5°
P/T F1 0.15 0.40 0.70 0.85 1.00
P el <20° 20 - 30° 30-35° 35-45° >45°
F2 P F2 0.15 0.40 0.70 0.85 1.00
T F2 1 1 1 1 1
P Bj- Bs >10° 10 - 0° 0° 0-10° <-10°
F3 T Bj+ Bs <110° 110 - 120° >120° - -
P/T F3 0 -6 25 -50 -60

P, Plane failure; T, Toppling failure, aj, joint dip direction; a, slope dip direction; B;, joint dip; 8, slope dip

Table 2. Values corresponding to the factor F4 (Romana, 1985)

Natural Blasting/

Method slope Presplitting Smooth Blasting Ripping Deficient blasting
F4 15 10 8 0 -8
Table 3. Description of SMR classes (Romana, 1985)
Class SMR Description Stability Failure Support
Completely
I 81-100 Very good stable None None
I 61-80 Good Stable Some blocks Spot
111 41-60 Fair Partially Some joints or Systematic
stable many wedges
Important/
v 21-40 Poor Unstable Planar or large wedges .
Corrective
\% 0-20 Very poor Completely Lefrge wedges or Re-excavation
unstable circular failure

2.2 Q-slope?| 7H2

B, ok 2L WA A A 9 TS FAsl] Sle) ARgElo] £ Q B o2 glolo] Barton et al.(1974)°]
ofs ARG o] e B AR 7E AR kel JaA ERHo R Hdx|no] Ao A BatAe HRA
Alet. o] BRHS Quke A0 2 WSk 918 670] 442 AHgSIR, T 445 RQD, Hel2o] 4n), 7 et
vhm gale] 771(r, dele] A7) A, delwe] FAHE i MAAR(a, delo] TR A, Asio] 4] 0w,
Aalroll OJgk At A, 1el3 SRR ZASRE, SR AR 08 T, o] 845 3740 GO Uiro] Fo 2 HHT
2] Qlol] b (2)A1h o] ERTIC RQD/IN - 430] F712, Ir/Jaghe Ghize] AtiAQ) AR S 123 Jw/SRF
o 2Fg-9210] Afehe LeRiich, @S LERIE= QS 10° —10°(0.001-1,000) AJoje] Zho2 HAJs|o] W ojede] ke 7}
AJu, 3ol ket ool o & kol dllejdlo g B o7 SEo 8 Baulo] BaZwtQ gol et Aso] AN glck
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J,

w

I
@= = SkF @

olo]| H]8}| Q-slope(Barton and Bar, 2015, Bar and Barton, 2016, Bar et al., 2016)+= 1094 W 70| 119tE] o] 1 Z3gbAko] iz,
Aut 2 g AT 2 A 5ol A-8ot7] ol 8 QAIAH] AlFE]ojgitt Agolhs ErU7-gekare] 2 oA
20 Km ozl |l Bx]of| dslr] 21et A2 0] ufle- 7 FikE AFHoj|A] o] Fo1 a1, o] o] o ' e 9] Q-slope= Thtrte]
[e]
o

$710 e 9 A A Ve BE e o] A8 Eh Q-slope®] BAE A, ghit 8l gt AE
7hgo] 8] A4 m Hlg- WA igto] GARl @Al Alkslhal SabAlel HhAlo 2 SRS B kst w2 AW
= A BAF 5 TS S Gl QI 2730wl eliblelol SHe 21j0) AR AAE 4 QS whEolA B2 W Al
%) ol 255k, Tl W T 5 QATHES BAA 7S AR 1ol o4 ekl Hx|o] Qg g ARk 2
Fohe 2 AP B7 stk 2AAslo] ofele oA BARC QAo R VR te) Atk BRshALL ujS St A}
wimto] 249 2561, S i SAls)A 0 2 Saslofof she Zlo] BEA M eI,

3 =

opXlof, &5 FJol|E|7} 52 ofe] B 71 9 g4tol| A9] AeEe] Q-slope alt 7] QFF 9 FA|H-E 915t AFH 74
Z} Atolof] ZRASH ATHRHA T 9)-3-2 H o9t Barton and Bar, 2015, Bar and Barton, 2016). Q-slope 2] 27| 58S =33 AL
2= Fig. 17429} 2tk Fig. 13 2= 287} e xdditat Aekest 712t doll A 485 Q-slope 21 Alzflo]tl(Barton and Bar,
2015, Bar and Barton, 2016). Fig. 1] Algli= 22 kol wet AT oAl gR2 T2 AEST o] e thde=s
Q-slope #to] §tF=|21Y, 71 Axt2 MIZ|HE2] FAtzto] BAE93-S U= AfEloltt. Fig. 2= A= nhpat 2ot S
Lol =& Aol the A5 28 Ao A A= AES7 1ol whet Rt do) e e 2 v ZYotar 41415k oFAlo] Efet
= 7%oltt Q-slopei= 212} €F0.1, 1.0 E 1.09] 12 7HA™, Q-slope #koll Wt FA1ES7FE R §laT, HAto] gli= X A}
7} 40°, 60°% 80°7} == ARt k.

Q-slope®] 83t 2.8 Hoh= 12 Zpgollx o] 7 wix] o] 7t 27, 24addo] 42 AP AdaE( -

AL A, 5o] Az et At = Hm W Tk 12|31 Ao 0] A ' Bl F 4] 5 o
q

e
S
>

)
iy

i3

E i)

o
ol oo fr

7F& 5tk Q-slope 2-8-2 THJ%!
FAESNE 2] Fo) o HEF

o,

Q=014
Bench Face Angle = 45°

Q1,042
Bench Face Angle = 55°

\ Q,0p,=0.94
Bench Face Angle = 65°

Fig. 1. Changing geologic structure orientations (steepening of bedding planes down slope) help to explain the appropriately
steepened bench face angles in a large opencast mine setting, Laos.(after Barton & Bar, 2015)
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Qulope = 0.1,
Bench Face Angle = 40°

Qulope % 1,
Bench Face Angle = 60

Quiope = 10,
Bench Face Angle = 80°

Fig. 2. Convenient example of differentiated saprolite, weathered rock, and fresher rock mass qualities help to explain the
appropriately steepened, unreinforced permanent slopes. (after Barton and Bar 2015)

2.3 Q-SLOPES| T L Akl

Q-slope F'H-2 Q(Barton et al., 1974)2] o141 72] ufj7]f = 5+ AR Z4HRQD), Aokt 7H4(In), 2] A&7 Als(ir) 2 4
2] A (Ja)= = ARSET Q-slopeE Alktol=52)(Barton & Bar, 2015)-2> Q2] 3213 7 o] H|=6bH AHAE 2] (3)
HZrt @4-RQD, In, Jr 9 Ja Sof tigh A& 2 4FE-2 Q-A| 2K (Barton et al., 1974) 35 U5E7| w2o]] of 7| A= A& A2k
Sict

J,

wice

y (3)

[©)

:

(—7‘) L QAAE} 22 TS At e S A B RAS TR 1, AN QoA Tw A9} 70

[
8.0 4] Ervie} A SRA|A0] A TS TSR A 7] AL e, BSH 5 o SRRl I
G720 1w el G GEARAC] 2 sk 2185h] SI B e wslel BAEAS Telel Zloltt. olefel 2USS
QP SR A4 0 8 AMERIA S ZollA] BIthE B AR A 0 2 MAIE 4 Gl AR AL oAl WEESUL AL

of Fgol ot A7 123E AT ATt SRFgope = HEZ T 212 BI'E, 2161876 50 539 G 22| it o &2 A
of 5 =2 H

¢

—*N
o,
s
)
9
)

g/delMe 53] aLHe] el mirle o] 7] el FAArHA 2d5H o B 7ISAIE S8l Jltk. 24
SHAE A WM AleE Arel 7P 22is 285k 2 a5 AlEl 4-85hH, BasitH £d5H A E B W A
T2 0B YL U 5 e 2 ASHAES, A 02 SR 7 19] - P ol 811 e S0l 25 I AE
ol thell (Jr/Ja); x 0.52F LAIES] thollAl= (Jr/Ja), x 0.9 53 2ol 288 Wakd 8452 243t 74 oll= 1ot

npEA R} o] ik Fggke Alg Rttt W Aol ARgll Hiet ofsiE 571 91et A= thatt i Table 4 F=0). AP o
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Hhof| o3t 22 E44-& Zh= T 7l 0] SRS H A EZFEast loial 7HgRIt) 1) ES5H AE A= T=1.5 2 I =29 ¢ 7}

A, ApHofA ASHA skl Q= &1 0 & ApHO] tisf vk E2]H(very unfavorable) & 2H= tﬂﬂ'jﬂ Table 4
o} Zo] O-Al=0.57H k. 2) FEH A E BEJ=2, 1.=19] 3hZ 7™, AFHollA tha d Ao el Qs a4 e
2 ApAO| tisl E2]$Kunfavorable) -2 Zb=c}. wj2hA Table 42t 20| O-Al—=0.97} et

Table 4. Discontinuity orientation factor_ O-factor(after Barton & Bar, 2015)

Set A Set B O-factor Description
2.0 1.5 Very favourably oriented
1.0 1.0 Quite favourable
0.75 0.9 Unfavourable
0.50 0.8 Very unfavourable
0.25 0.7 Causing failure if unsupported

Note: Orientation adjustment for joints in rock slopes.
Apply Set A orientation-factor to most unfavourable joint set.
If required, apply Set B orientation-factor to secondary joint set in case of potentially unstable wedge formation.

(é) - (175 X“) - 0.38 @
(é) - H% . 0‘5) : (% . 0'9)] = 0.68 5)

28 B A2 AR Ty APHO| - QB ERT e of| leE5]7| wizof] Z[stie tVd 0 = k= el Q A2l
J HTH= APHOAE= T 7&@?} 7 W=7 Hot Table 55 Jyiee 5B= WERHT AFH B 7] (slope reinforcement measure;
Juicex1.5)0} <=t (drainage measures; Jyicex1.3) B 5 7EA] T5of] thigh 2H] B Al (i< 1.5x1.3) & 23Rt

7Y AA(Strength Reduction Factor) Q1 SRFjepe=Table 601l A =]0] 117, SRF,, SRF, ¥ SRF.ZollA] Z|THES el
Sto] ARERITE. Table 6°] SRF,=-&2]4] £710] 7t A AlraA] F2t 3 ] Aof theh vIZ(@A = ol d =) o= QIS A
Ol 2705 W7 Ioh= tll ARSI -3} TEATH SR, = U419 Ao Aol 2-8-5h= E23t AR 8-2te] Hlo]| KH@ HAdy
AAE UERATE SRF = APl ek Qe -8 B95H & ©:F, At B Aot Y e 5ol EAlehs HE S22
weFdo] AP o] QP ol URE ks rl 4= Sl B Aol tigh A aAl & YERdth
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312 ¢ Choon Sunwoo

Table 5. Environmental and geological condition number Jwice (after Barton & Bar, 2015)

Jwice Desert Environ. Wet Environ. Tropical Storms Ice Wedging
Stable structure, competent rock 1.0 0.7 0.5 0.9
Stable structure, incompetent rock 0.7 0.6 0.3 0.5
Unstable structure, competent rock 0.8 0.5 0.1 0.3
Unstable structure, incompetent rock 0.5 0.3 0.05 0.2

Note:
When drainage measures are installed, apply Jyice X1.5
When slope reinforcement measures are installed, apply Jyice X1.3
When drainage and reinforcement are installed, apply both factors Jyicex1.5%1.3.

Table 6. SRFyope - Strength Reduction Factor (use maximum of SRFa, SRFb and SRFc) (after Barton & Bar, 2015)

SRFa - Physical condition

A 2.5 Slight loosening due to surface location
B 5 Loose blocks, signs of tension cracks and joint shearing, susceptibility to weathering
C 10 As B, but strong susceptibility to weathering effects
D 15 Slope is in advanced stage of erosion and loosening due to periodic water erosion and/or ice-wedging effects
E 20 Residual slope with significant transport of material down-slope
SRFb — Stress
F 2.5-1 Moderate stress-strength range (o, /o, : 50-200)
G 5-2.5 High stress-strength range (o, /o, : 10-50)
H 10-5 Localised intact rock failure (0. /o, : 5-10)
J 15-10 Crushing or plastic yield (o, /o, : 2.5-5)
K 20-15 Plastic flow of strain softened material (o, /o, : 1-2.5)
*Note: o, = unconfined compressive strength (UCS)
o0, = maximum principal stress
Discontinuity Orientation
SRFc — Major Discontinuity Favo- Unfav- Very Causing Failure if
urable ourable Unfav-ourable Unsupported
L Major discontinuity with little or no clay 1 2 4 8
M Major discontinuity with RQD,go due to clay ) 4 g 16
and crushed rock
N Major discontinuity with RQDsgy due to clay 4 3 12 2

and crushed rock

note : RQD) ¢ = 1 meter perpendicular sample of discontinuity
RQDs¢p = 3 meter perpendicular sample of discontinuity

Barton and Bar(2015)+=Fig. 32} Fig. 42} 70] Q-slope & #2415+ A4 21 to[e]H|o| AE 7Rt 2 B7tolut ]317} ga gl
= APHO| ZgARZof| tiet 2Rt A SR o] AAeE2 T o7 En Uzt Skt wupah, O FidEo
o 7Y} efe ), fH(E=HIUCh Aol =& AaEo|H, dAEF= MRl ARl s =
BXUP|E, X450 B E R Y5, ﬂ@%“ﬂ AL, *ﬂ%l, AESQL, A2]el, o]9f, oF E o4 obder 5 e W

RN TR, 27, Al B 1 T T Al 2Rt o] Alth(Fig. 3 %), Fig. 32 =& B 1Ak #=] o] tisf Q-slope S At
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-85of Holifet AkmolaL, Fig. 4= AHHEo] 30m ofst ARdellAe] oF 200712] 7HE Q-slope S 417t Ab=o

G ol BAJE| L, HA2Q] QPART-S 9ok ol BAE o] 9l T2 an ESHIR AR QP 9]
ofl A =o] SIet. w2bA 30m ofske) AP Hagolt Ak glo] e 4= Q= 7P 71kE AR ZIARK )l
A (6)3 2.

of 12

Mo 12 rlo

_
o, T
=)
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Fig. 3. Q-slope supporting data -412 case studies (after Barton & Bar, 2015)
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Fig. 4. Q-slope stability chart. The unstable area is shown in red, and the conservative stable slope area is shown in green.(after
Barton & Bar, 2015) (black square represents the case of Pasir coal mine bench)
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Table 7. The values of Q-slope factor for determining the angle of the bench

factor description

RQD 80 % Investigations of drilling cores (See Figure 6)

In E=6 Two joints sets(including bedding) plus random faults

Jr D=15 Slickensided, undulating

Ja H=8 Low over-consolidation, softening, clay mineral fillings

O-factor 0.75 Unfavourable
Jwice 0.3 Tropical Storms, stable structure, incompetent rock
SRFa=15 Slope is in advanced stage of erosion and loosening due to periodic water erosion and/or ice-wedging effects
SRF SRFb =15 Crushing or plastic yield
SRFc=N/A

Fig. 6. The drilling core of the Roto South area in KIDECO

Table 72} ZF0] @40 HojH ZHE-S 7|25}, Q-slope 2] & |4 AN 8)E 751 the (7)2H(8)2] Lt Q-slope2] Zt
2 ©F0.038 Z1=AL o] groll whE WIx] 9] 212 36.5° 2 F7= 90t

_ 80 [(Ls 03 _
Qslope - 6 X[( ] ><075)} X 15 0.0375 (7)
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B = 2010g,,0.0375 + 65° =36.5° (8)
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