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provide a suitable maintenance system for underground spaces and predict rock mass
behavioral characteristics. This research aims to investigate and compare valid rock
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 between BQ and Q
classification
E: Correlation between BQ and JH

classification
F: Correlation between Q and JH classification
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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
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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 4. Guidelines for tunnel excavation and maintenance based on Q rock mass

rading 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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Fig. 1. Showing the distribution of studied tunnels in different geological zones of Iran. Left side (geological

map), right side (satellite map)
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Fig. 2. An example of a geological profile studied in tunnel 2.
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Table 9. The range of implemented stabilization changes and proposed stabilization in each classification
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Table 10. Correlation relationship between different rock mass classifications

iz glo ganaids o (Sses o po duslis
Ko ala oy 855 | e oyt | Ko cps | K edgi ilite glaganail
RMR=44.67+8.88Ln(Q) ) o8 0.634 0.796 Q sRMR unail
RMR=25.34+0.05BQ o e 0.648 0.805 BQ ;RMR uieils
RMR=15.15+0.57JH on s 0.718 0.847 JH sRMR ozails
BQ=4.04E2+1.42e2L.n(Q) oY) o )& 0.529 0.727 BQ;Q sunanl
JH=50.75+11.66Ln(Q) 0 | e, 0.492 0.701 JH 5Q onailk
BQ=-73.69+9.22JH 08) e 0.619 0.787 JH 3BQ conail




s_iMAOOyL;MMML;LQuuj)MLRA uljl&o.ﬁﬁjbb;b

7000
3
®
60.00 ° ° s
e e ° 8 L
a i 8 . o
8 8 o
5000 §
14
= woof—8— kB — —
©
3000
2000 ¢
-]
1000
00 200 400 6.00 200 1000 1200

Q sRMR (lo gomaiil (y (25T Jloged =¥ IS0
Fig.3. Distribution chart between RMR and Q classifications

R? Linear = 0,648
70.00

€0.00

&

50 .00

40 00

RMR

30.00

20.00

10.00

00 200.00 400.00 £00.00

BQ

BQ s RMR sla sondads o iaSTy jloges -F IS
Fig.4. Distribution chart between RMR and BQ classifications

R Linear =0.718

7000

€0.00

50.00

4000

RMR

30.00

2000

10.00

oo 2000 4000 60.00 60.00 100.00

JH

JH s RMR slo sodads o STy jloges -0 S
Fig.5. Distribution chart between RMR and JH classifications



&poéydmwwduwj)mm u‘)l&wjjl-'t’d-'

-] [} k- L]
T e °
€00.00 * * P! r P Py
‘ e = L ° G
°
o
° °
o o
] L]
400.00
° ]
(=]
7]
o
2
20000 — @
oo
0o 200 4.00 600 8.00 10.00 12.00
Q

BQ 5 Q by gumail STy Jloges -F o
Fig.6. Distribution chart between Q and BQ classifications

R? Linear = 0618

£00.00

400.00

BQ

200.00

oo

100.00

JH

BQ 5 IH sl gonail (o (ST jloges -V S0
Fig.7. Distribution chart between Q and JH classifications



v S 0098 (gaidrb e glo g, duslie oL g bl
100.00
°
§0.00
gl L]
I e 3
L (-]
] ) g 9 ] °
oo — @8 9o — 89
: o
T o
z
L] ®
40.00 § p
2000
3
0o
oo 200 400 8.00 10.00 12.00

IH 5 Q slo samail G 2STn loges -AJSE

Fig.8. Distribution chart between Q and JH classifications

&S bl S8 a0 piY .l oo axsls
Wi g oyleo o o, SOLL golpiiny Cwlks
FSke gy onl 5l el Sgline oo b Jigs
IR s 9550 il glagandinds ;o lag]
iz 3 o1 5l Jolo s o a8

el ool SLNY LA o S

5 )

axl b Bogs s3lo il o900 jo (IS ol 4

5 <85 )18 byl s i 290 GeB (nl o
Colis b Jols o] ) ded B s
9 S mls owyp 4 g wdlbioe oSS
olie L ooadlal oy Sils culis ;)

S 00g5 alizee sl gunanl o golprin

X) @lses slo gamaids (o golpiing jladeg (V) ouds [zl oo ,SOLS Cuolses o (Siisad g 30 g abal, -V oo
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and the suggested amount in different classifications (X)
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