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classification, RMR engineering classifications are widely used in design's early stages. They can be a

classification, Q classification, powerful tool for estimating rock mass stability if applied correctly. They can also
BQ classification, JH provide a suitable maintenance system for underground spaces and predict rock mass
classification, Rock mass . .. . . . . .
classification, Pearson behavioral characteristics. This research aims to investigate and compare valid rock
correlation analysis. mass classification methods with an attitude to determining the primary cover. In this
research, firstly, it has been tried to use the database prepared from the published
articles and also with 331 data from the geological mapping of the tunnels studied in
this research, firstly, it has been tried with the data of 331 geological maps of the
tunnels studied in this research, in which four classification systems, RMR, Q, BQ,
and JH, have been employed to determine the quality of the rock mass, Determine
the value of each classification, Then, their correlation relationship was determined
through statistical analysis with SPSS software, Pearson correlation analysis and
scatter plot in the form of suitable functions, and the new relationship with the highest
correlation coefficient was presented. Also, by comparing the stabilization method
implemented in the studied tunnels (the information extracted from the geological
survey of the studied tunnels) and the proposed stabilization method by each of the
introduced classification methods, the relationship and correlation coefficient of each
were obtained. The results showed that JH classification can evaluate several types
of rocks and suggest a suitable and efficient support system compared to other
methods.

Introduction

One of the ways to obtain the properties of
rock mass for engineering  designs
(experimental, analytical and numerical
design) is to use different methods of rock
mass classification (Laderian and
Abaspoor,2012). Therefore, rock engineering

classifications are widely used in the early
stages of design, and if they are used correctly,
they can be a powerful tool for estimating the
stability of the rock mass, providing a suitable
maintenance system for underground spaces,
and also predicting the behavioral
characteristics of the mass for stone
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(Rahmannejad and Mohammadi, 2007). Each
of the RMR, Q, BQ and JH classification
systems consists of several effective
parameters, each of which is divided into
levels. These parameters can be estimated with
a set of field and laboratory operations, and
according to the level at which the desired
parameter is placed, a point is assigned to it.
Finally, the scores of all parameters are added
together and the final score of the rock mass in
the desired system is obtained, and the
gualitative assessment of the rock mass of the
region and its geomechanical properties
depends on this score. (Palmstrom and Broch,
2006); In most projects, with geological and
geotechnical  studies, the  necessary
information is collected to determine the
desired parameters. But sometimes due to the
lack of data, it is not possible to evaluate the
mass of rock in the classification systems,
therefore, in such a situation, proper
relationships and correlations between these
classifications and other classifications can be
very useful and while evaluating the
appropriateness of the state of the rock mass
will lead to an economic and safe design. In
addition, engineers are often eager to use
mathematical relationships in their work so as
not to face the limitations of practical work
(Palmstrom and Broch, 2006). In this research,
it has been tried to use the database prepared
from the published articles and also by using
the data from the geological mapping of the
different tunnels studied in this research, in
which of the four classification systems RMR,
Q, BQ and JH have been used to determine the
quality of the mass of rocks, first by
performing statistical operations on the
existing data, a new relationship between the
described classification systems is presented,
and then by comparing these relationships and
the correlation coefficient between them, a
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new relationship with the highest correlation
coefficient will be presented. Then, by
comparing  the  stabilization  method
implemented in the studied tunnels whose
information is extracted from the geological
mapping of these tunnels and the stabilization
method proposed by each of the classification
methods, the relationship and correlation
coefficient of each of them is obtained and
finally the stabilization method introduced
with a high correlation coefficient.
Material and methods

In this research, 7 tunnels with a total
length of 5121 meters have been used. 331
mappings have been used along this route. The
tunnels studied in this research are placed in
different positions and zones depending on the
city where they are located. The most
important criteria for the selection of these
tunnels are the spread of geological
distribution, variety of lithology, the type of
tunnel under study and the availability of
suitable data to study and check the effective
parameters in the rock mass. The compressive
strength of the rock masses during drilling
using point load devices, Schmidt hammer and
manual hydraulic jack was obtained by the
relevant engineers and was placed in the
mapping with an acceptable number. Also, the
correlation between the classifications was
investigated during a statistical activity using
SPSS software and Pearson correlation
analysis and scatterplot. In the continuation of
this research, by using the score of each RMR,
Q, BQ and JH classification and also by using
the stabilization pattern of each of the
introduced classification methods, the
proposed stabilization method of each method
has been obtained
Results and discussion

In this research, the four classification
methods RMR, Q, BQ and JH were used in
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different sections of the mentioned tunnels.
Therefore, by using the published articles, in
which these four systems were used to
evaluate the properties of the rock masses, a
database was prepared and using the data
available in 331 geological mappings and also
using the information of the articles prepared
about these four classification systems, the
amount of each of these classifications and
their correlation relationship during a
statistical activity was obtained. It was
determined using SPSS software and Pearson's
correlation analysis and scatterplot as linear
and logarithmic functions. The results of this
relationship are shown in Table 1 and Figures
1 and 2. According to the data of 331
geological mappings extracted during a
statistical activity by the same consolidation
software implemented in geological mapping
and the proposed consolidation of each of the
classifications, it was evaluated and

investigated. According to the results obtained
from the correlation analysis and scatter
diagram, due to various limitations, it is not
possible to obtain a relationship between the
specifications of the implemented stone
screws and what was proposed, and also the
specifications of the implemented steel frame
with what was proposed. In this research, only
the thickness of the shotcrete has been studied
and evaluated and acceptable results have been
obtained, and only the results of the analysis
and evaluation of the thickness of the shotcrete
implemented with the proposed values in
different classifications of the rock mass have
been studied. It should be noted that since the
thickness of shotcrete proposed in the wall and
roof of the tunnel is different, therefore, an
average of them in different classifications has
been examined, and the results of this
evaluation are shown in Table 2 and Figure 2.

Table 1. Correlation relationship between different rock mass classifications

Comparison of correlation coefficient between different classifications
Different classifications of The_ determination relationship . . .
correlation . Correlation relationship
rock mass L coefficient Type

coefficient
RMR and Q Classification 0.796 0.634 logarithmic RMR=44.67+8.88Ln(Q) @)
RMR and BQ Classification 0.805 0.648 linear RMR=25.34+0.05BQ 2)
RMR and JH Classification 0.847 0.718 linear RMR=15.15+0.57JH 3)
Q and BQ Classification 0.727 0.529 logarithmic BQ=4.04E2+1.42e2Ln(Q)  (4)
Q and JH Classification 0.701 0.492 logarithmic JH=5.75+11.66Ln(Q) (5)
BQ and JH Classification 0.787 0.619 linear BQ=-73.69+9.22JH (6)
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Fig. 1. Distribution chart between different classifications (RMR, Q, BQ, JH)

Each of the diagrams A, B, C, D, E, F
shown in Figure 1 shows the relationship of
each of the classifications in the following
order:

A: Correlation
classification
B: Correlation between RMR and JH
classification

between RMR and Q
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C: Correlation between RMR and BQ
classification
D: Correlation
classification
E: Correlation
classification
F: Correlation between Q and JH classification

between BQ and Q

between BQ and JH
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Table 2. The relationship and correlation coefficient between the thickness of shotcrete implemented (Y) and

the suggested amount in different classifications (X)

Comparison of the correlation coefficient between the implemented consolidation and its proposed type in each rock mass
classification
Different classifications of rock mass The cor_re_latlon determ_ln_atlon relationship Correlation relationship
coefficient coefficient type
Correlation relationship between the thickness of
shotcrete implemented and its proposed type in 0.644 0.428 linear Y=-7.56+2.09 (@)
RMR classification
Correlation relationship between the thickness of
shotcrete implemented and its proposed type in Q 0.657 0.431 linear Y=-5.89+1.59 X (8)
classification
Correlation relationship between the thickness of
shotcrete implemented and its proposed type in BQ 0.675 0.456 linear Y =1+1.18 X 9)
classification
Correlation relationship between the thickness of
shotcrete implemented and its proposed type in JH 0.782 0.612 linear Y=-10.56+1.91 X (10)
classification
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Fig. 2. Distribution chart between implemented consolidation (generally) and its proposed value in different

classifications

Each of the A-1, A-2, A-3, A-4 graphs
shown in Figure 2 shows the relationship
between the proposed stabilization method of
each of the classifications and the proposed
method implemented in the geological
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mapping of each of the introduced tunnels,
respectively.

A-1: The proposed stabilization method of
RMR classification and the proposed method
implemented in geological mapping

¥ Unear 0431

2 Linesr = 0412
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A-2: The proposed stabilization method of Q
classification and the proposed method
implemented in geological mapping
A-3: The proposed stabilization method of BQ
classification and the proposed method
implemented in geological mapping
A-4: The proposed stabilization method of JH
classification and the proposed method
implemented in geological mapping.
Conclusion

According to the results obtained from the
comparison and examination of the correlation
relations and also the obtained correlation
coefficient which is shown in Table 1, it was
finally found that the JH classification system
has a good relationship with the RMR
classification system with the highest
correlation coefficient of 0.847. Relationship
(11), is a new equation obtained from this
relation:
RMR = 15.15 + 0.57JH (11)
Also, during the evaluation of the results of
comparing the implemented consolidation
with the proposed consolidation of each of the
methods and determining the relationship and
correlation coefficient of each of them, the
results of which are shown in Table No. 2, it
was concluded that the proposed stabilization
method (suggested shotcrete) in The JH
classification with a high correlation

CRediT authorsh[p contribution statement

coefficient (0.782) has a good relationship
with the applied stabilization method
(shotcrete) and is closer to the target.
Therefore, relationship (12) is a new equation
obtained through this relation:

Y =10.56 + 1.91X (12)
In this regard, Y represents the implemented
consolidation and X represents the proposed
consolidation in each classification.
According to the obtained results, it can be
said that the JH method can evaluate several
types of rocks and therefore propose a suitable
and efficient support system compared to
other methods, and this issue can make the
new equations for the JH method able to
Optimization of RMR, Q and BQ
classification systems.
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Table 3. Summary of the details of the Q classification system
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Table 4. Guidelines for tunnel excavation and maintenance based on Q rock mass grading system
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Table 5. Summarizes the details of the BQ classification system
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Table 6. Summary of the details of the JH classification system
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Table 7. Guidelines for tunnel excavation and maintenance based on JH rock mass grading system
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Table 8. General information about the studied tunnels
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Table 9. The range of implemented stabilization changes and proposed stabilization in each classification

o Jig5 soled oS
oad L2l g5kl olgiin slocs;lu s
Fore oot b JH BQ Q RMR il Jarly
Co Sl
223 515 0_15 525 115 2,55
(cm)
0.5 3.4 05 2.4 35 S g Jsb
(m)
alols
0_2 1_2 0_2 1_3 1_2 [ Sty )
(m)
5 LB
0_8 0_125H 02 0.4 0.2 Vg
(m)

@ ST Jhsel 5 g (Sed el
Om bl eyl g b aly Ojse
5BQ Q cRMR ) osi e slasanils
by sy s b ey > (H
ol el mls (28,5 )18 () 2 050 iz
oo SLIA G Y gla U5 o) e Jsaz yo bls)

A Jgax jo sallz ! gileslaly polae
ol 5 ons oolital wlisiee; ool T
el s gl i
o g b

YV 5l ol ol @ dzgi b Guios ol 5o
O Jgoz 0 ol ledbl a8 cwliss fyany Souo
ool o oylel Bl 51 ooliiasl b g ol skal
Dby SwS 4 g SPSS gyl 18l 65 lawgs

S 0095 alizee o ganaab o (Kios dayl) -V - Joux
Table 10. Correlation relationship between different rock mass classifications
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Table 11. The relationship and correlation coefficient between the thickness of shotcrete implemented (Y)
and the suggested amount in different classifications (X)

&.ne:}: Caliben slagaaids 31 eSS s 3ty 3L, g odkdl > g5l Il o @%y 4y 20

_ | = et RSP RETE :
s i Ko 035 Calides glaguuanb
abayl, Bl Serer
- 0T ol 5 5 ol ST Sl (Siren
Y=-7.56+2.09 X b 0.428 0.654 - i
(16) RMR a4k s
- 0T ol .5 3 ol ST Sl (Siren
Y=-5.89+1.59 X i 0.431 0.657 - ;
(17) Q ik s
- O olgit £33 ol g SO Calinss iy Siran
Y =1+1.18 X s 0.456 0.675 - i
(18) BQ el s
- O (salgidn .53 ol ol S SO by Sopon o
Y=-10.56+1.91 X b 0.612 0.782 - i
(19) IH il s
VYY


http://dx.doi.org/10.22034/KJES.2023.8.2.106241
https://gnf.khu.ac.ir/article-1-2823-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-31 ]

[ DOI: 10.22034/K JES.2023.8.2.106241 ]

&M.;aoy LQMMML;LQ U"j) ML&A

Generally

\=-7.56+2 nﬂ

o

R? Linear = 0.428

RMR (soiail ;o o] soloiin loia 5 (Generally) ool >l s5lo losl oo (2iSTy Jloges -4 Ko
Fig.9. Distribution chart between implemented stabilization (Generally) and its proposed value in RMR

classifications

R? Lingar =0.431

25

20

Generally

y=-5.69
°

-]
+1.58" @

s0

Q owmaib o o solorin Jake g (Generally) soil > (o5le,lasl o (23S loges =V« JSi
Fig.10. Distribution chart between implemented stabilization (Generally) and its proposed value in Q

classifications

Generally

R? Linear = 0.456

L]
a
[=1+1.16%%
-] -]
-3 -] -] -1
/ ° °
/ (-]
-] -]
(=] -]
C -]
¢ °
50 75 100 125 150
BQ

BQ uwnanb o QT olpiinn Jlaie o (Generally) oaisl 2! (g5le sl o 2aSTy Jlogai =YY S
Fig.11. Distribution chart between implemented stabilization (Generally) and its proposed value in BQ

classifications


http://dx.doi.org/10.22034/KJES.2023.8.2.106241
https://gnf.khu.ac.ir/article-1-2823-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-31 ]

[ DOI: 10.22034/K JES.2023.8.2.106241 ]

&M.;aoy 6@4&4.]0,@6[& U"ﬁ) ML‘IA

Generally

R? Linear = 0.612

®
L]
1]

10 ® y=-10.56+1.91"%| @ °
)
°
s ° °
@ L]
° °
°
[
50 5 100 125 150
JH

JH sanaib o ol golaiin lade 5 (Generally) ool > (g5l lasly o 2iSTy loges —VY JS
Fig.12. Distribution chart between implemented stabilization (Generally) and its proposed value in JH

classifications

G ST s g Ggmm (Seer Jlod
4l ol et e ) g S il o500
calyd g Laly) (g 5 dglia 5l ol b 4y
olas Ve Jsaz 4o a8 suel Caws 4y S
ol s 45 05 atetie el 003 o0l
coye L RMR  gomail giwew L JH
el 5 g oyls clis alal, 0.847 S
Gz 40 a8 Cawl (g dolre Y+ alal ) Liul
ol ode] Caws 4 ol

RMR = 15.15 + 0.57JH (v+)

amlio 5l Jol> mlbs ol b wizres

@olgriy g3luylul b oendlzl gl lasly
o o y5 g alal) (el 5 Lol 5 S50
Sz 455 ool () Jgamlag)] 5l S e
3 (20 ,S5L0) (golpiiay (5l yluly (b, oS als
alal; (0.782) (Siwcod o po LIH ganaal
a5 o)l eadlzl (giluylnly oy, b el
ol b (YY) akaly o)l slhcwl 3G Gas

1l 00e] Cawd 4 G

Y =10.56 + 191X (vv)

S5 Ao
Alisee pole jo (oL, Luly, I eslan
@5y ¥y el sladle o ohg (gwiie
O bl byl des sl ol aisls o,
4 4S5 oo JH 9 BQ ¢Q ‘RMR sl sonaal
o095 51 BB wledbsl pac jaoman ol LYo
slacusgase ils walaio (0 35290 oS
S a5l g ejsn szl )o (ee 5 Sle
Cono jl pliebl sl ot ploxl sla)lS” il
2 el 0dgy ludige azgi 9,90 0)l5e il
‘Q ‘RMR gunails s Jloz 51 Bobos
3,00 s by alise slo psw 0 JH 3 BQ
3heolaiwl b laml gy cpl 5l ol eolaiwl asllas
o Loz 5l T )0 a5 s yiise slaallis
bSiw o35 slaShy byl lp 5%
b o 290 )5 4 Sledbl STL conls oolan!
SSU 5l 50,0 g 99> g0 slrools 5l eolaiul
bganail 5l Soye e oad ans Sledlb
o] (Snaod abal) gam o5 50 0] Caws 4
SPSS 1381 5 5l eolaiwl b s bl sla Jd=s b


http://dx.doi.org/10.22034/KJES.2023.8.2.106241
https://gnf.khu.ac.ir/article-1-2823-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-05-31 ]

[ DOI: 10.22034/K JES.2023.8.2.106241 ]

&M.;aoy 6@4&4.]0,@6[& U"ﬁ) ML‘IA

loaxly alizs glgl aSul 4 azg b5 onds
6y S slaxs 5T w0 s S5z colid S
Salize byl g cwlidSiw loasly b
e s babs sl 28l 32 (calid e
s anlgs Jol>
Aide sl sery 4 4zl

dlio b daganaids 51 Sy p0 (cwlidipe)

(St alail) (i oo a2l ool 5 S50

@l 4 azgl golo)l B pw)poyse |y ol
0355 (5 Il s 5y b)) ool s

o eyl cnl 5 Sy cales g Lo 5l g 5380
359 Caws a4 calies slaganaids 4o

References

Akagi, W, 2001. A Proposal of New Rock Mass
Classification for  Tunneling, Modern
Tunneling Science and Technology, p371-
377.

Barton, N., Lien, R., & Lunde, J., 1974.
Engineering classification of rock masses for
the design of tunnel support. Rock
mechanics, 6(4), 189-236.

Bieniawski, Z. T., 1973. Engineering
classification of jointed rock masses. Civil
Engineer in South Africa, 15(12).

Bieniawski, Z. T. 1974. Geomechanics
classification of rock masses and its
application in tunnelin. In Proc. 3rd Int.
Cong. Rock Mech. 2, 27-32.

Frenzo, D. C., Carrera, R. D., Munoz, F. B. and
Garcia, J. A., 2010,” Correlation Between
Bieniawski’s RMR and Barton’s Q Indexin
Low-Quality  Soils,” Revista de Ila
Constraction, 9 (1), 107-119

Grimstad, E. and Barton, N. 1993. Updating the
Q-System for NMT. Proc. int. symp. on
sprayed concrete - modern use of wet mix
sprayed concrete for underground support,
Fagernes. 46-66. Oslo: Norwegian Concrete
Assn.

Laderian, A. and Abaspoor, M, A., 2012. “The
Correlation Between RMR and Q-systems in

RN

L5 X 5 szl (g3le auly oaims olis Y
ol o )0 ol ilesluly s
il e

a5 i )lg o odel Cawdds ol 4 axgi
Syge |y S g53 pizr Wl oo H gunail
9 relin (Glaitdy s Sy 5 a2 18 b))
ol sl by, plos b delia o1, el IS
OYolaee a5 0l cel Wlg o Eaog0 (prod
Gilwagy & 8 JH gondil gl woe
25LBQ 5Q RMR (sossil (sbo pine

oS 5 Bhx ol o &5 bl
(B Gl S 4 dgae yiin 4 cwlid o)
SlaSin 5 (S ) )3 slackn

ool el 009y (S awsle 5 o) (29w,

Parts of Iran” Tunnelling and Underground
Space Technology, 27,149-158.

NGI., 2015. "The Q-system handbook™ Rock
Support Chart, 34-35.

Palmstrom, A. and Broch, E., 2006. Use and
misuse of rock mass classification systems
with particular reference to the Q-system.
Tunnels and Underground Space
Technology, 21(6), 575-593.

Rahmannejad, R. and Mohammadi, H., 2007.
“Comparison of Rock Mass Classifisation
Systems,” Journal of Mining Science, 43 (4),
404-408.

Rui-Xin, Y., and Yan-Jun, S., 2015. Correlation
of Revised BQ System in China and the
International Rock Mass Ckassification
Systems. Journal of Civil Engineering
Research, 5(2), 33-38.


http://dx.doi.org/10.22034/KJES.2023.8.2.106241
https://gnf.khu.ac.ir/article-1-2823-fa.html
http://www.tcpdf.org

