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A Study on the Quantification of Assessment Category of Roughness of

Discontinuity of Rock Mass Classification Using Delphi method
Byung-Ryeol Kim, Seung-Joong Lee, Sung-Oong Choi*

Abstract This paper describes a new quantitative process for evaluating the roughness of discontinuity, which is
suggested as a qualitative criteria in RMR or Q-system. For this purpose, the Delphi method which is one of the
surveying methods was introduced. The selected panels were asked to evaluate the roughness of discontinuities on
the Web which was hosted by authors in advance. A total of 3 surveys were performed using JRCs suggested
by Barton and Choubey as well as Ai generated by the Monte Carlo simulations. After each survey, the results
were provided to all panels for comparing their decisions to others. As surveys proceeded, better consensus and
convergence were achieved. With a good agreement of panels on roughness classification, the quantitative criteria
for roughness of discontinuity in RMR and Q-system was established in this study.
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Table 1. Roughness parameter of discontinuity of RMR rock mass classification (Bieniawski, 1989)

Roughness Very rough Rough Slightly rough Smooth Slickensided
Rating 6 5 3 1 0
Table 2. Roughness parameter of discontinuity of Q-system classification (Barton et al., 1974)
. . Rough and . . Rough . .
Discontinuous ,OUg an Smooth, Slikensided, R ough or Smooth, Slikensided,
Roughness .. irregular, . . irregular,
joint . undulating undulating planar planar
undulating planar
Rating 4.0 3.0 2.0 1.5 1.5 1.0 0.5
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Table 3. Revised Roughness parameter of discontinuity of Q-system classification

Rough and i 1 . Rough or i lar,
Roughness ough an l.r reguiar, Smooth, undulating ough or urregular Smooth, planar
undulating planar
Rating 3.0 - 4.0 1.5-20 1.5 05-15
Process | Effect

Selection of panel

I l

I |
—>| Make a survey I—

I |

First round

Repeat 3 * Anonymity of the participants
or 4 times * Regular feedback

| Final round |

—| Statistical analysis |<—

* Opportunities for large number of people to
participate

* Focus is on “ideas” rather than “individuals”

* Opportunities for participants to reconsider
their opinions

* Anonymity for participants which make
contributions of ideas a safe activity

Fig. 1. Processes and effects of delphi method
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Fig. 2. Example survey
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Table 4. Measured roughness parameters from standard profile
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JRC Range 0-2 2-4 4-6 6-8

8-10 10-12 12-14 14-16 16-18 18-20

Al Value 3.43 4.48 5.97 6.88

8.68 8.99 11.34 12.50 13.77 15.77

JRC Range / Ai

8-10 / 8.68

First survey

Second survey

Third survey

Fig. 3. Roughness profiles used for survey
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(a) Result report of first survey

(b) Result of survey of each profile

Fig. 4. Example of result report of survey

Table 5. Participation status of survey

First survey Second survey Third survey
R R R«
Responses Total r;tip (22;:; Responses Total reisep(zf’;:; Responses Total r:tzp(zf;:;
Ph.D 12 26 46.15 9 12 75.00 6 9 66.67
Doctor’s 10 10 100.00 8 10 80.00 8 8 100.00
course
Master’s 2 2 100.00 2 2 100.00 2 2 100.00
course
Total 24 38 63.16 19 24 79.17 16 19 84.21
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I First servey
L I Second servey
I Third servey

Consensus (%)
@
3
[
|

JRC 02 - 4-6 - - 10-12 14-16  16-18  18-20
343 4.48 5.97 6.88 8.68 8.99 11.34 1250 13.77 1577

(a) Consensus

I Fistsenvey
= _ Second servey
I hird servey

Convergence (%)
T

0 JRC

- - 10-12 1214 1416 16-18  18-20
Ai 343 448 5.97 6.88 8.68 8.99 11.34 1250 13.77 1577

(b) Convergence

Fig. 5. Consensus and convergence of survey of RMR rock mass classification

. Firstservey
[ second servey
| N Third servey |

JR 8-10 -

C 02 24 4-6 6-8 1012 12-14 1416  16-18
Ai 343 4.48 5.97 6.88 8.68 8.99 11.34 1250 1377

Consensus (%)
o
a

a
8

(a) Consensus

Fig. 6. Consensus and convergence of

o] AHEgIge] AR oleih B oA AR

A0 27} A T o] WSk 201 2l
7] 915t %] SRR Folwot ~HEE FHSIGT
Consensus (%) = (1— %) %100 2)
Convergence (%) = (@) %100 3)

A (@2 3014 Qs-Qu AHEA He] W), Md=
F94rE thehdict,
R £ gt 72+ Aezle] golwe} 49
= B3t ﬁz}h Fig. 5) 712)3 Fig. 5(b)e} Zow,
ARzALE] BIRE AFTGE FolEs} SRS} &
oM A »rﬁmu Slek. 53] ghojmelAl 1} 2
A AdEzAle] visf 32} AE2ALR Aol A iAo
o %kg Zr= Aoy BAE| 7 Qt)
ERH0| golwel 49w Fig. 63 o] 2415

[ First servey
I Second servey
_ Third servey

100 —
8-10 18-20

1012 12-14 1416  16-18
8.68 8.99 11.34 1250 1377 1577

Convergence (%

(b) Convergence

survey of Q-system classification
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Table 6. Result of quantification of roughness of RMR and Q-system rock mass classification by delphi method

. Ai value JRC Overlap range
Separation .
Minimum Maximum Range (Ai value)
Very rough 15.77 - 18 - 20
Rough 12.50 13.77 14 - 18
RMR Slightly rough 6.88 11.34 6 - 14 (10 - 12) Rough (8.99)
parameter ety & - - £ ’
Smooth 4.48 5.97 2-6
Slickensided - 3.43 0-2
Rough and irregular, undulating 12.50 - 14 - 20
Smooth, undulating 8.68 8.99 8-12
Q-system S N dulat
arameter . B _ mooth, undulating
p Rough or irregular, planar 6.88 11.34 6 -14 (8 —12) (8.68 - 8.99)
Smooth, planar - 5.97 0-6
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Table 7. Roughness ratings of discontinuities of RMR rock mass classification

Roughness Rough Slightly rough Smooth Slickensided
Rating 5-6 1 0

JRC range 14 - 20 6 - 14 2 -6 0-2
Ai value > 12.50 6.88 - 11.34 448 - 597 3.43 >

Table 8. Revised Roughness ratings of discontinuities of Q-system rock mass classification

Roughness ROUgthr;(liatl;ngar’ Smooth, undulating Rough p(;;n;rrregular, Smooth, planar
Rating 3.0 - 4.0 1.5 -20 0.5 - 1.0
JRC range 14 - 20 6 - 14 0-6
Ai value > 12.50 6.88 - 11.34 597 >
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