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Estimation of Rock Mass rating(RMR) and Assessment of its Uncertainty using

Conditional Simulations
Chung-Mo Koo, Chang-Woo Hong and Seok-Won Jeon

Abstract In this study, conditional simulation was conducted to estimate rock mass rating(RMR) in unsurveyed
regions. Sequential Gaussian simulation(SGS) and sequential indicator simulation(SIS) were applied for estimating
RMR from the bore hole logging data. The uncertainty of SGS and SIS was verified by sample cross validation.
A subset composed of 5 bore hole logging data among the original 30 bore hole logging data was set aside as
test data. The remainder was training data. The quality of SGS and SIS estimation on the testing data reflects how
well it would perform in an unsupervised setting. SGS and SIS were useful stochastic methods to estimate the
spatial distribution of rock mass classes correctly and assess the uncertainty of estimation quantitatively. The result
of conditional simulation can offer useful information of rock mass classes such as RMR in unsurveyed regions.

KeyWords conditional simulation, RMR, sequential Gaussian simulation, sequential indicator simulation, uncertainty
of estimation.

B 2 QATolas ZAR BAL 7Y F 23 A1k ABAIOASG) T £3 A4 AR OIH(SIS) S
510] El9A) Al 2779 IS FRMR)E ofS5te) 1SItk 3 3079 123 hed 257)e)
AFFALE olgalel £ Jhe Aok ABol £ 24 Aol S yHsion, oix] sofel A1
A4S A SIS o e Hsed matt 1 2k Al Al S Ue Qe B
PESBE ulid 3 |22 4 55 el BRINE YA BAT ¢ 9l EIARA PAAL WY
JSich. TRbH 2218 AL 7)e) ke wAR 0] RS ofSshin] ol 8e Aug AT
4 9l Ao st

Of A% BAL 1Y, RMR, 3 7HAIQ ABd04, 23 XA AEdo)4, 2aa4 %7}

AL

MNL

¢
==

i
o

oX
Ol'

54go] glck SR el 4wl BN
28 fA% 4+ glom), dZe BN 3
A A @Ol 2AIG BAR s B %2% !;fq efulgin
SR AL olFolAA 2 E"}‘:Ojg%7 il 2715 @A} 7]%(conditional simulation)2
A R ofERt RS WRELE TV g qme) wan g SASA A2E A4
H8iA A ifqﬂ(krlgmg)“’]' Z2 AFEAEH 7] o 7)oa 20|zl xpmo] E7HA AlA|7} Bk
A s S Amo) BREHE B S L ol
SERes TR el 4SS A8 RS (s 2000). ma 2ol 24RA shiel g
OHEStl TS R ASSKE TR PAENE g st vel 248wk lge gl
How opd U o FOP ARE AN o sus won e gre e g S

(stochastic) B4 o]-gato] ofj&grel BEAAS A

1. A B

T ot ol rr
S

D eetrd A A S = A o]

N et 2| Al AL e ek & 5 gk

i kclf@koreslm N ) Qhukpst BelEofolA ol ATLEABA
Aeed - 2005 114 109 N ol8% AT ARG AWEE, F3E5(1995,

AAL g2 d - 20064 3¥ 17¢Y

135



136 203 2AL 78S ol8 YAEF o

1998, 2003)2} XA Z&|7]1} £=A1%k(loss function)
5 o83t gd 4A Al u|AlEE7e] abgE APgel
3 APt AL, Al 5(2003)9) XeHRE
HAAE $I8 SEAR SEE7E A" RS 93
ATL7F Qe E5L Hong and Jeon(2003)2] &o) &
&3 ZAKSimulated Annealing) 7]H-& ©]83F RMR
9} 4ol W AT7E UL, SAL} HA(2005)
9} FAYIES o83t AREA Y HHH | T
g A7} lSlom, Fa-¢ §(2003)% S Hd
oHg 95t AFEAEA AlgFold 71 el B A
9} FE-2005)9) 2O] P72 BAL 7|RE o83t A
gt 2 273 2 2844 Hotbol wE daF Atk

2 dFoA= 287 71 3 A+ 287 (ordinary
kriging)3t 248 "AL 7| F £X} 7R AlEE
o) A(sequential Gaussian simulation, SGS), <2} A4
AlEd|o] H(sequential indicator simulation, SIS)& ©]
gato] ldAdA Al mA 7t utegE AT
T Y ZREIOWES JfEtg e, Ve Z2 a9
A R AGAA Hokth EFF &2} 7RG AlE
goldat 2t XA AlgHoldg 2+ 1009 =35}
of o|&gtel BEAANS Ao R Hrlste] Rl

2. X|RE7|t0) BE O|2N wZ

2.1 X3S A5t 7|2 #a|

ATF-EA TS 1960 2 G. Matheron?] |23} ¥
Z=0}E(theory of regionalized variable)o]| 7]&3}o] Wt
HE shRo|t}. of7]A AHE Wpdhs AL SEHS
7} AZHA EE EFHEoE AL 2b Qs AL
L3ict & AREA ol A7HE] e FbE o R AF
THAL e ARl dste] olge REEAN A
HAE 245t A= 5 e dES olFoiUe F
Astel 3 Rotolrt

AHEAEA 7o A== drgol tialjA] duE
W, 4 ALEATE 7S 488 BHFHO o
A AT T o] 8 THss BRE ARE S3lste] o]
E AR T AIAE FA51) ) A
Z(experimental variogram)& ZHJ3ic) AYWE =7}
AR U, AEAREES hET = Qs o)2W
% I=(theoretical variogram)%— 23 A7) o] S
A HEZZ ST o F o]&sto] ATA) e
2 dol= A A9 ghE ASshaL, 2R =A 7HE
olg3le] A& Zrol BEEAALS HrlshA FHrk

Ay Hrto] WRE AT

ifd

A

o
=

22 sk
iR QYR ARE o) FUHHQ JuAS
eRlE HEE A WSR2 27 A8e

o WEES BEIiGen, MEEE o} Zo| A
BEE

AN(h)
10 = gy o) e R

o471 his § A2 Alo]e] A2l Weh Ao of
A7 El(separation distance) E= A7 2)(lag distance)
213l 3ka, N(h)&= #A2)7F hebd gojzl Aw 459
NegE E3ich

2,3 38|14

Qe e LT Yk T AREY HFAYE
& olgtel vlxe) A ghe efSahs 7]
olc). oZ TeHs] 402 Uehhw 4 (29 2tk

S=YNz 2)
i=1
4714 22 Aol Azt A&7} S, 2, =
Aol BESR= o Y= AR gl A 2,0 v
el 7}Ex|(weight)o]], n& =a)7) =L o3 A}
&5 A7 F Jfgeolch

4 XU FA 7|
2% BAL 7]Holg Folxl SEMee B
A §BHEA Fold) ARGHE T2 HAske
0] £33 A e VHoE ARe) FHHe
BRA MR AN 2] BR NS HARE 5 9
onl, $Y 27 AINE B HE S vin}
o Th2 AnE UehiEe 2z IS o5
T % Gl AR 23 YT 2002). £ AT
A AR B 7Y Bl 7V thEAQ 23 7
AIGE Aot £t 4] Algeol e olg3)

=3
of QMIFEFS ofEstsict

oX & fr

2.4.1 &3 7R-Aet AJEH ol A

23} AlEH|o) 4L 2] (3)T 7Ho] Zol7 n7le] 914
o| 4 2] thEr E3Z(multivariate distribution)E<4S n
719] ehH=EF 2 AR B (univariate conditional distri-
bution)gH<=2] FO R EHT 4 ks Ho 7|z}
(Johnson, 1987).



B #alE 137

f(‘rl;/l"Z, " .7)" 521?2, " Zu)
= flwy;2,) X @y 525l 2(2y) = 2,) X -
Xf(:v” 32, | (z(a;a) =z,a=1,2,,n— 1) (3)

o1 ne Aze) Agola, z,t 14| aollAle] g
otk 4] (3)2 7l Foldl Xag AMg3t] shte)
BN 2, S AL, 0 RpR A WA 2z,
2 B Fold AR Fhgslel £ A AU 2,8
RJBe, oloh 7o M-S nhxjet Barhx) wheste
Shtel Ak AlBdloldo] YA AL oulgitk

23} 19 ARk Ao 4] (3)3h ZE &3 AR
golne) By Hgsto] AlEdlolde St 2
ofu, olZolM & 4 Gio] Foldl At ATEE
2 0 o) Hgo] FRst os 1 TAES 1
& chewt gk

@ Fojd Aot BHEIE T2n] P, A
wug gex g 49 ATREE ws,
@ A el sl YHet 2719 AgoR Lt
@ A Axpgel toiA Zt2re) 28 2] ghgt
AU=E ¢le]o] A Z(random path)E &g
@ ¢Joje] idA AxHd(node)oll A AFEA=] Wofl gl
ARG olgte] 2PL sAstel YL o33k
()3 LXHEAK0" )& AHREe] Haat atos

S FHEERE A

Exarmine whether observed data follow nomrel distribution,
If not. change to normal distribution.

l

| Oivide by grid of fixed size about study area. |

1

Craw a random path to visit each node of the grid
only once inthe area.

I

At the i-th node. model the conditional cunulative
distribution function given the n ooserved data
and all (i-1) simulated values
at the previously visited location,
using ordinary kriging with the modeled variogram

!

For the conditional distribution, a value is drawn
and transformed back to the original distribution data.

Repeat until all nodes
have been visited.

Fig. 1. Flow chart illustrating the procedure of SGS.
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Table 1. Summary statistics of the field data.
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Mean SD Min Max Skewness Kurtosis Number of Data
46.4365 14.4244 13 76 -0.37 -0.74 362
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Fig. 5. Experimental and theoretical variogram models for the field data

Table 2. Variogram models and parameters of the field data.

Model Nugget Sill Range (m) R? SSR
Spherical 43.05 137 45 0.9616 279927.47
Exponential 43.05 138 46.5 0.9499 340119.76
Gaussian 43.05 136 45.03 0.9502 338015.64
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Fig. 6. RMR distribution using ordinary kriging for the
field data.
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Fig. 9. Indicator variogram for the field data, given the cutoff values.

Table 3. Indicator variogram models and parameters of the field data.

Cutoff Model Nugget Sill Range (m) R SSR
36 spherical 0.0847 0.2086 380 0.9721 0.7916
49 spherical 0.1047 0.2686 240 0.9917 1.4042
58 spherical 0.1090 0.1980 180 0.9826 0.4884
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(c) RMR distribution using SIS (#100). d) RMR distribution using SIS (average).

Fig. 10. RMR distribution using SIS for the field data.
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Fig. 11. Distributions of RMR data from SIS and model
distribution.
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Fig. 12. Probability of RMR distribution using SGS.
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Fig. 13. Probability of RMR distribution using SIS.
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(d) Probability distribution of 60<RMR < 80.
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