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o= o> (Sayeed and Khanna, 2015) & ,S .+ 5l 3 eslizl
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sduaib 35 RMR L (Rock Mass Rating) Kwes 55
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Seosliw bey RMR guuasl aea eslaal 5,50
Sesbiy 3 bug lass 5 «I, (Bieniawski, 1973)
Q Swosy ghuaid .3 S ~Slol (Bieniawski, 1989)
awwis 3 (Bartonetal, 1974) o, Kas 5 5oL Loy
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No. Equation/Relation Reference
1 RMR=5.9LnQ+43 (Rutledge and Perston, 1978)
2 RMR=5.4LnQ+52.2 (Moreno Tallon, 1980)
3 RMR=5LnQ+60.8 (Cameron-Clarke and Budavari, 1981)
4 RMR=10.5LnQ+41.8 (Abad et al., 1984)
5 RMR=9LnQ+44 (Bieniawski, 1989)
6 RMR=6.6535LnQ+35.533  (Castro-Fresno et al., 2010)
7 RMR=8.15LnQ+44.88
(Laderian and Abbaspoor, 2012)
8 RMR=42.87Q0162
9 RMR=4.5268LnQ+43.635 (Sayeed and Knhana, 2015)

=
o

RMR=5.614LnQ+49.395

(Soufi et al., 2018)
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3913900N —

3913400N ——

LEGEND ‘ ' 3912700N —

\\\\\\\\\\\\\\\\ Qsc: SLOPE WASH :Consist of gravel , sand , silt & clay with some cobble and trace of boulder
Subangular to Angular
Vi \
\
\

\ \ \ Qt : TERRACES: Contains of gravel, sand & clay with some silt and trace of pebble.
\ X \\ \ Kc :Medium to thick bedded gray to brown fine to very coarse grain meta conglomerate with carbonate

quaTEDRY

\
cementation and some intercallations of fine to coarse grain sandstone.

. z s
2 1 K”T—Fg# K : Medium to thick bedded gray to brown coarse grain meta sandstone with
2 some part of schist

ss.sh
K  c:Alternation of meta sandstone, schist and phyllite with more amount thin
to moderate bedded meta sandstone

SYMBOLS of maps

Fault with questionable % Lithological contact, —

mechanism,observed, inferred abserved.inferred —_—

Reverse fault,observed,inferred —a. st :":‘;o“’:'“ —

undary
Dextral strike slip fault 7
< Forest - Thicket

Dip and dip direction of bedding N\ s1

Spring »

641800E 642500E . 643200E

(Aalianvari etal., 2010) 5131 A ol L5 o3 3does 3 0l i cbailed 5350 50 b S« ulid ooy Ll 3 Y K

Sl g 5l s b Kool Slasie 5 g udsue old (5 o So Il (slassls oot F-F
Codsl Olgea G gl sbaaleS @ ax 5 L) Laos s ssee Q 5 RMR giuatb sl anle
ol Olssa sk s s (& sl bl 5 Wl sl a0l By (ol gl el 6850l
SUG 5 Slglesl a8 cl S5 4 oY s 5wl o33 ((Unconfined Compressive Strength) (s,Lis o slis
S SO Ml esl glajlileal bl «(Rock Quality Designation) Kwesys cudS Laxls
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sl 0 dd 03l QLAS Y gl 55 B5b (gduailb

s S (ab,;;\ (International Society for Rock Mechanics)

R 33 Al sl 4l polie (ISRM, 2007) ool

Olgeye 35T a8l 53 Q s RMR (s s 53 Al (5 a0l sla elsly slie Y gk

Parameter Sandstone Schist and Phyllite
Unconfined compressive strength (UCS) 83 MPa 20 MPa
Rock quality designation (RQD) 50-86 % 51-88 %
. ) o 200-600 200-600
Spacing of discontinuities
60-200 60-200

Condition of discontinuities

Groundwater conditions

Orientation of discontinuities

Rough and sometimes smooth,
low to moderate weathering,
separation lower than 0.5-2.5

mm, none filling to calcite
filling, length is 3-10 m
Dump to wet

Unfavorable

Rough to slightly rough and
sometimes scratchy, low to moderate
weathering, separation 0.5-2.5 mm,
none filling to calcite filling, length
varies from 1 m to more than 20 m
Dump to wet

Unfavorable

L5}:§°)'U-." O‘ﬁjﬂ J\)T do ol Calises LSLAJ:’” 33

.}afjﬁ Lgbhab‘b JS (_;‘)LJ C)L:Jj.a;- ‘UNLW‘ U’»’«‘ B J\iJ)f

el ol onls QLES Y d).\} )JQ 9 RMR “

Q s RMR (y sy dhail) ganw s ¥

3 S e 53 S el abe la il 4 e g L
Q)RMR 6.\&&&.}9&@}3 ﬁ)LS.A A GJL-»J‘Y d).\:—

oslizal 350 laesls g bl Slas gt ¥ Jgdo

Index RMR Q
Mean 48.27429 2.039657
Max 58 4.95
Min 27 0.14
Std dev. 5.768939 0.976816
Variance 33.28066 0.959653

Oromed el ol e3ls DL Y ISE s SlE 6«%)@
bl gdas 5l Jool= (ANOVA) bty 5T sl
oy e B a4 de (pie m Gl et A5l
Ot dsdr ;5 Q 5 RMR giuail i 55 (o g
Gladie 31 Jols e (351 wesdla Sl ol esls
Sl (315 el sdalie slaesls (55 » e (o)L
OLS & S 53 058 st (s 55 (e all) o

RV IS AP K

Sl ol e e A Ll e S S shailes

sl 58! £ Sheslanal b 4 Sl L 55 5

Q sRMR (stuail s 53 o Ll o 28 dhal) S

ol Ll daulgy Al esls ann g dualb s 55 ]
L;“:‘.'.)Kj LL;LLM 93 4z > &\4.1.&.7- Jv?: ‘L;E;. ij ‘-}.ALZ
3 RMR gail lagio o BLSSL AL 0 Sl 5
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70 70 —
y=-1.5083x2 + 12.056x + 31.398 6 Y—5£EE%"?J;13'1?'-354
60 R?=0.8781 % : g%
o 30 . s 50 .
3 E ;
340 | o =40 |
S -
g 30 |8 (@ g 30 |¢ af
20 20
10 10
0 0
0 1 2 3 4 5 0 1 2 3 4 5 6
Qvalue Q value
70 70
v=8.8832In(x) +43.262 v=38.069¢0.1124x
— 2 ——
60 R2=0.9038 o 60 R2=0.6871 .
g 50 o ( . 50 .
< ' K. e d
S 40| &€ S 40 |l
g 30 (&3 (e g 30 (o8 (€
» []
20 20
10 10
0 0
0 1 9 3 4 5 0 1 2 3 4 5 6
Qvalue Qvalue
70
¥=42.663x0.2046
2:
60 R2=0.9035 P
] 50 Y
3 40 .:f
g 30 (@3 (e
[ ]
20
10
0
0 1 2 3 4 5 6

Qvalue

LSJ\J: CU (e &“:‘JKS

e e s Sl e bd G351 ol sladie 51 ol (ANOVA) bl LT s & g

Model Type  Parameter Sum of squares Degree of freedom Mean square F Sig.
Regression 4349.778 1 4349.778 522.194 0.000
Linear Residual 1441.057 173 8.330
Total 5790.834 174
Regression 5084.786 2 2542.339 619.350 0.000
Polynomial Residual 706.049 172 4.105
Total 5790.834 174
Regression 2111 1 2111 379.874 0.000
Exponential Residual 0.961 173 0.006
Total 3.073 174
Regression 5233.554 1 5233.554 1624.685  0.000
Logarithmic Residual 557.280 173 3.221
Total 5790.834 174
Regression 2.776 1 2.776 1619.937  0.000
Power Residual 0.296 173 0.002
Total 3.073 174
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Q Observed
60.004 =—Linear
1 = Logarithmic
=  Quadratic
— - Power
= = Exponertial
ol
50,004
x
=
(14
40 00
30,004
20.00
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55 ey il A alie Gla s, 4 Cond (6 %S

ey 555 e o3zl (Mean Absolute Error)
okl 5 2L sl e @bl sl el 5l (S
Vol dhe Kol OF e 4 s S el ads
Sl e Jae OF (VU @By sias Olis aib xSoss
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Khoshjavan et al., 2010; Sayadi et al., 2014; Rezaei et )

:@al., 2015; Tajeri et al., 2015
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Equation/Relation

R RMSE MAE

(Rutledge and Perston, 1978)

(Moreno Tallon, 1980)

(Cameron and Budavari, 1981)

(Abad et al., 1984)
(Bieniawski, 1984)

0.838 3.21 1.94
0.30 10.35 9.47
0.186 1563 15.34
0.947 211 0.54
0.940 1.95 0.80

(Castro-Fresno et al., 2010) 0.82 2.76 1.87
(Laderian and Abbaspoor, 2012) 0.92 1.90 0.51
(Sayeed and Knhana, 2015) 0.48 7.23 6.68
(Soufi et al., 2018) 0.63 5.12 3.65

Proposed in the current study 0.95 1.78 0.002
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== (Bieniawszlki, 1989)
=i (Cameron-Clarke and Budavan, 1981) ==e={Abadet al, 1984)
=== (Laderian and Abbaspoor,2012)

=fii—Real RMR =t=New model

== Rutledge and Perston, 1978)

== (Sayeed and Knhana 2013)

==te= (Moreno Tallon, 1980)
== (Castro-Fresno et al_, 2010)
(Soufietal, 2018)
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