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Table 1. Some of previous studies conducted
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Fig. 1. Geographic location and access routes to the study area
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Fig. 2. General view of the Parvadeh coal mine, Tabas (Tabas coal geology report)
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Fig. 3. Schematic of the studied tunnel and coordinates taken from inside the tunnel
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Fig. 4. Images of the apparatus and samples before and after the tests (A) Uniaxial compressive strength, (B)
Durability, (C) Brazilian test, (D) Point load test (E) Direct shear test
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Fig. 5. Microscopic images of the sample sandstone: Qz: Quartz, Mus: Muscovite, F: Feldspar plagioclase,
SIm: Slate and Filite, Mic: Crystalline fine cement, Py: Pyrite, Lc: Iron oxide
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Fig. 6. Microscopic images of the shale sample: Qz: Quartz, Mus: Muscovite, Mic: Crystalline fine cement,
Py: pyrite, Lc: Iron oxide
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Fig .7. Microscopic images of the sample Mudstone: Qz: Quartz, Mus: Muscovite, Mic: Crystalline fine
cement, Py: Pyrite, Lc: Iron oxide
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Table 2. Results of data from strength tests and physical properties of samples

Rock code A B C
Rock type S dwbo T eIy
CaCO3 (%) VA4 A oF/f
p(%) 5% VVIVA AR
W (%) \AQ Y/f8 \ARN
va (g/cm?) YIY - YNY Y/00
G (GPa) \VAD VEIA \ e IA
st AINAR YIYO Y/
er AR o[- A AR
E (Gpa) fO/-¥ £470 YOIfE
Vp/Vs \IAA \/aY V/vAa
\Y DA AN <IYY
K ¥y/ve YAIFE Va/- Y
[0) ARTERA AR YAIYS
C(Kglcm?2) /-4 AN leY



http://dx.doi.org/10.22034/JEG.2022.16.2.1016553
https://ndea10.khu.ac.ir/jeg/article-1-3078-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2022.16.2.1016553 ]

vq VE Ol ¥ 6 slad con 5l dlor ¢ dige b a4 200

(oglie SLisleT gl lawgte ¥ Joor
Table 3. Average results of strength tests

Rock code A B C
Rock type S anle s Seds
UCS (Mpa) Y\/f5 YA ¥ Y#IVA
BTS (Mpa) VYoV AIAS SINY
Vp (m/s) f1a5 YAAF Yovs
Vs(m/s) YyYq Ve Vasy
la (%) AAIVY A (58 -
Iss0) (MPa) £IVa DIFY BIYY

¥ gV Jgoz slacadle

b cglio (150) ooy zgn oo (V) (55Lid glgal e po (VP) sz (oitS cangline(BTS) (5970 ST (5,Lié canglie (UCS)
(VPIVS) g S (B) il o (1) o1 Sy (G) IS (1) T e (W) Jd5(P) S L S(CACOB) e
S0 530 (K) (ol o (V) S Jyin (E) (i 20 5,153 s

(o sy (pwdige Oluogas )0 s WLy S 5
b g ol 2oy YAD lagy] (1 Kilo g yustie o ps OFIF B A 5l addllas 950 slocSis [0 pundS Sl yS 0oy
DS B e S 32 eSS (Y Bolo ) ol ST 5 (o (slabslie sasaiih & a5
3 e 3 ppomand oo Slor S5 45 Sitle sladigai 55 oedlS Sl Gl L Jar 5 A S5 3ok
e aslan S50 sloKin S ST a0y (rian lgn 8lS JAS ol 6l o s1lo Sands
598 Glowms YU polite S0LAS a5 018 SOL Joie 5 (2285 Sanglilo (JoIS 003 0,500 ST (5 )Ltd Cunglia b (ol>
o addllae 5550 oS (Sl Sloogas ;5 pendS SluyS w00 5 wilioe 09,0l SlacSiw ;5 endS Ly S
@ el cpl dS 00,8 oy ciul38l Wig) paandS Ol ,S wo )y ol L (6,9e S (6,Lid Caaglin lhue uS oo ] cogee
Oly,S woys ilBl b (B e ogdlay ol Cand i pundS Sy ST 6l slacKn o ol Gd> sy Lals
o el iz g1yl (slaigas 5 Jorls 2lS 41 g ) ol ol o a3 g0 5Lt I3 @ 5 (59, pemdS

Wl


http://dx.doi.org/10.22034/JEG.2022.16.2.1016553
https://ndea10.khu.ac.ir/jeg/article-1-3078-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2022.16.2.1016553 ]

o JE S Gl S5 s S oz f.

120
A C B
100 l l l
% 80 l I I
3 <
0
3? 60 5
J
:1 40 o
% o.
(-]
= S
) Ll }
0
S dsle Suls s

& yomdS” Sliolej] 5l ol bl A S

Fig. 8. Results from calcimetry tests

B ERUCIPTRGIOWINW LA ETL P VH L OV L BP-T SVUN J PR COWPDN S, g PR
Table 4. Correlation of geomechanical parameters and calcium carbonate relative to each other

alayl (R?) Somnod RMSE
P (%) = -0.1353 CaCO3+11.47 0.76 2.65
W (%) = -0.0217 CaCOs+ 3.622 0.84 1.03
Issp = 0.0013 CaCOs + 5.88 0.001 2
K = 0.1492 CaCOj3 + 21.96 0.324 5.62
G =0.1492 CaCOs + 21.96 0.324 5.62

oglie Gluogas gl (L))

S8 s o e o it Sowdsle SIS 1o Sas! aygl; )5 ka5 3 G 5l deliawsds ol 4y ax¢5 b
JEl S 1V S8 digas gl ialesT ol 51 eolitasl b L5l SISkl dygly g St ol pae Lansgio s ol i 5

ol 000l Gy a0 ¥V g JEWL e /0 Juds g 4,0 YV 5 JEWLEL VY Kiwdsle 5lp a0 YA 4
S 5305 ol o ool (5248 Al o S a3 b e 5 e e 51 S L5 SIS e
@l A azrgi b amei )0 000 (6 VL (FauSlh bl S 0l 55 )5 diged jemme 5 CenSlD amio aygly (S 4z 2
A Camnd Joi YL gm oaips las as canl b b g e (JSls aygly ol o iy 00wl Cawddy Sloged g
olid a5 conl saslive JB e Siwawle ;o ol (s (Soinz wlolp uiores all o Ko anle g S5
5 Solay Sl bdige (Saiws § Sl gbaaygly ;o Solay 5 SidS 5 Lol 4 s diges ) YL Cwglas
sdel sty (Suor Luilg, (Vo JS8) (SlSe Slaogas o abal) (cwypp 0 azg5 b (A JS8) sl lagy] Canglio
OJg92) Jg sloSin (655085 ()Lad Cunglie Glins a2 a2 g b Zesl J9u3 B 0)9200ST (o515 (Smion sl
Sl Gl 9 Langio B YL Cunglie b oS 952 Stw SSISe (Mol (poaml (Spannds 3ok oS )

957 (owlidsiyae; (yazmil (Galpmnnd ab 5 Cw L U Corw sloSiw g3z owoige (sl fyaey (Moll iy (o]


http://dx.doi.org/10.22034/JEG.2022.16.2.1016553
https://ndea10.khu.ac.ir/jeg/article-1-3078-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2022.16.2.1016553 ]

£ VE Ol ¥ 6 slad con 5l dlor ¢ dige b a4 200

o oolitul sy S bl 5l becKiw ol Bell (1994) sunpnds 3ub oiied Corw bond b Coun slacaw
3550 Jus sl YONGXIN (1986) (soimmmnis Gubo 5 5,00 1,8 Lawgie Cusliinl b e g5 cwdige slaz )b
3 S 1S ¥l Jaae gyl axdllas 0,90 b S solod aiiind Corw dad U s L5 slo S 552 axllas

Ko ra,gﬁlu—q Uh L}iﬁtaﬁ‘}‘ G'»‘t:""

Normal Stress (kg/cm2)

T
o
\E_/ .
%]
wn
L
c o1
wn
o
S A
A

Zos

0

0 0.2 0.4 0.6 08

LQ)T .Ia.:‘5) 9 w.a.ﬂ.lm.n U‘J)" WLO)T )‘ o..\.a’l Cowdy @Lu A JS.»‘

Fig. 9. Results obtained from direct shear testing and their relationships

(Bell, 1992) (5 j5me 5 Censlio (sliva s et (533 03, -0 J3a>
Table 5. Classification of rocks by UCS (Bell, 1992)

. ) Oy sl G el Mol s el
o sl (o ezl o ] ‘ o i
oy - otz (Mpa) oyl Cunglin cwdige (ol oy Seis S
—9
(Mpa) Zuglis (Mpa)
s LS VIO 5 eSS I VO3l jieS 0 sk Caglin L S 73 eSS
Chpns & -VIvD s L 8-10 o Caoglio b Ko Y-8
MLM.-.J O -\YID Cooew \Ye-0- Ja.n:j:w chjLa.alas.iu-: Fe-Y-
RS \YIO - s b VYooY YU Caoglio b Sins Yoo g
W Vool T S oo AP gl o YU L cuaglin b S oo gl o



http://dx.doi.org/10.22034/JEG.2022.16.2.1016553
https://ndea10.khu.ac.ir/jeg/article-1-3078-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2022.16.2.1016553 ]

e B S el SO 5 sl S

UCS (Mpa)

UCS (Mpa)

UCS (Mpa)

60 €L
50 o
40
30
20
10 o) o
0 05 1 15 2 25 3 35 4
Is 50(Mpa)
140 K il
120 2
100 %5
80 o o
60
40 ®
20
0
5 6 7 8 9
1s50(Mpa)
80 Lo
60 )
40
20
0
0 2 4 6 8 10 12
BTS(Mpa)

UCS (Mpa)

80 Jud
'S 60 °
< 40
S 20 o8 8

1s50(Mpa)
150 K anla
g o, o
s 100 8°
P o
O 50 P
-]
0
0 5 10 15 20 25
BTS(Mpa)
60 ,
RS
o)
40 o
20 °
Q ° o
0
0 2 4 6 8 10 12 14 16

BTS (Mpa)

s gy e g alidee sla el o adadly Ve S
Fig. 10. Relationship between different parameters and determination of empirical relationships

adlas OSy90 6[.%&».“ u’.w.)u.e,o s.;l.‘.o}.a} O o;.\x;‘ Cawd 4 L_';’)"U AJa.sl) N4 J}J}
Table 6. Experimental relationship between the engineering properties of the rocks studied

Y

RMSE | R:mess a2 ol L) S g oo
4.23 0.49 UCS(MPa) = 4.8802 BTS (MPa)+ 3.7849 Sisdle )
4.00 0.52 UCS(MPa) = 4.44 BTS (MPa) +7.81 Jes Y
2.85 0.74 UCS(MPa) = 2.90 BTS (MPa) + 0.65 Kol Y



http://dx.doi.org/10.22034/JEG.2022.16.2.1016553
https://ndea10.khu.ac.ir/jeg/article-1-3078-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2022.16.2.1016553 ]

v VE Ol ¥ 6 slad con 5l dlor ¢ dige b a4 200

3.20 0.68 UCS(MPa) = 27.127 1s50 (MPa) — 115.31 | ool ¢
1.52 0.81 UCS(MPa) = 16.903 1s50 (MPa) — 18.238 S8 5
1.50 0.80 UCS(MPa) = 16.211 1s50 (MPa) - 49.263 Jes 5

glyol ey @S (2L)))
WS (o0 oy Gl (o )90t 5 (oh i Elgsl Cae o ((oST5 gl Ca e TSI ladigas ;0 VY 5D 4 425 L
Egorme 50 ddbca WY gV/Ag VA b el plp iy a0 SedS 5 ot g S awle ,0 (Y Jg02) VP IVS s
ol Jl Gl L HLassl e s ail ooyt 0l 50 Elgel S i) ailSis g 00y iy Ko 1515 ez 0
Sisasle ;3P 35S glel s s (2 Niko )bl Slaom) 4 az s bl go (31 5 e o 25 3L 5 o
WLeyS) ooy S £55 A (S alaly kS Gl @ az g Lol s sladiged ay S (e (i
5 VA Sal S sl VPIVS Gl 45 051 Cansd 45 by 5 o515 ol et pos i (6l (Kol
Jsere 0> 5l jin a5 oladiges gl a4 ,o (Taylor,1988) wil o VYO B V/FA  SKwawle 9 VA Conglgo
aiges 10 oy SSE 5l 5)lade jga> Jale 1 godes 5l lis dallae 350 Siwaule diges aiile sdel Cavoay
Slo SIS 5o ys iz ,n il KiadS g Sindasle ) i b L 5 i G ol 4 0 el ol (o 5 bl o
9> 2 635 6l Km0 (o) Sl G jpa> 5B s Sl (B 5 (0515 T S G S SV (o)
glyel JLasdl sy anlllas 350 (slaaigai )3 () Oliee SRl b 058 00 lap)] (2alS sl g 0 35 o JSCS i Jgoso
Sy S Sl cadly Lol Cuogliie ol ee () Glie RIBIL Sl 005 oy RalS SVl sl Jgoe 9 SV
Gil331 b 6l s g, L aiile Cinnd (slKins 1o SVl oy 05 c0 5] o StV Zlgol Ll
63k s Sl Lo ol VL (5,55 9 ) Lo a9 oo )3 0925 ogdle 4 wws oo (LaS e Stmanle & Cons Jol5S

308 lgel e pr 2alS 50 g0l b Lol sgd aos Siw JbSu 4o


http://dx.doi.org/10.22034/JEG.2022.16.2.1016553
https://ndea10.khu.ac.ir/jeg/article-1-3078-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2022.16.2.1016553 ]

ks oi“ Sl SO 85 Gl Sy ) n £f

. A ) B
P.S g Go i (Siuar (d88) z e ey - Jalas
3000 - 6000 - e W
y =0.801x - 1098.5 o s
2500 - R2=0.896 5000
Linear
2000 A 4000 {  y=-889.99x + 14467 (Vp)
Q @ R2=0.9182
E 1500 £ 3000 A
> ) >
1000 A 2000 A
y = -454.71x + 7346
500 - 1000 4 R2=0.8593
0 . . . . . . 0 . . . . . .
0 1000 2000 3000 4000 5000 6000 8 9 10 1 12 13 W
Vp(m/s
p(m/s) P(%)
RS S 4l 7 50 i pas - JAlAS
(Sa) 30 e pus - J2185 ( ) Ese e o w
4500 - 6000 y= -6523;7&2881447-2 ® Vs
s000 | Y =-2374x+11443 5000 =0
R2 =0.9505
3500 -
3000 4000 1 N.'...\
Q E
£ 2500 1 3000
Z [ ]
< 2000 -
| 2000 -
09 y=-1928.2x + 8263.1 y = -773.66x + 7504.4
4 2 = . .
1000 R2=0.9385 1000 - R? = 0.9048
500
0 . . . . 0 . . . . . .
2 25 3 35 4 5 5.5 6 6.5 7 75 8
P (%) P(%)

J55 5 K00S0 b lgsl e oo e Lailg; V) S
Fig. 11. Relations between wave velocity and porosity

Sy plgd @l (b))
alal 5 peins S andls by JioS (loom) 2 41 4255 b Ll et 45 310 (S goate Jolgs 4 S lgo
&b andllas 5,50 Kis dle § Juds diged plgs (VY JS5) 0,10 woSme alaly o] ;0 39250 Ol doyo b g oyls oz
Joged arazgi LOY USE) alyoo (2005 sl plss (asls el liyS aoys (Rl b g 035 el Sl S e
Gy plgd LialilL g8 ls b 5 (aseine gl dlaly 63 plso LP zge e s s (VY JSU5) sel sy slo
@ Lol puitianns abayly (l)ls WS o jeue b SIS iy 5l aid 45T S zlgal o Cand (pl b oo ol 50 (o,Lis sl
5 peiins abaly shls axdllae 5,50 WK 6y plgs ol st sbm!l sbitul LB gl alal, Koo Jelse 36 s
2556 99 cnl (oo Jdo & Lol sl (al38l Coaglio plss o Gal3 L g )0 il (55570 ST (g L8d Conglin b (>
anllla 3)50 (sloSiw (alSS12 5 oS gy 4kl 4y a2 s L (VY JS0) aligad pody ISl o diges alaily 051 oy


https://www.google.com/search?sca_esv=c3a80dd4fcf8e910&sxsrf=ACQVn0_lr0JkMkpp04kwoGcaelt6NSaVjA:1708872172698&q=velocity&spell=1&sa=X&ved=2ahUKEwieqcf23MaEAxWRhf0HHVgyDR4QkeECKAB6BAgKEAI
http://dx.doi.org/10.22034/JEG.2022.16.2.1016553
https://ndea10.khu.ac.ir/jeg/article-1-3078-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2022.16.2.1016553 ]

o

VE Ol ¥ 6 slad con 5l dlor ¢ dige b a4 200

0 00)3] ra‘ﬁo u.....‘LoJ )l uLol? QS'J;U SYolas YV Jﬁ» “\"5'“&50 O .‘a..uﬁ.uo G u...vl.v &o ln‘ﬁb Lu L.SLQ'i‘"‘” &9.' )‘

UCS (Mpa)

Ll

Kis 4uila Ja
140 100
120 80
100 y =13.49x - 1245.4@ (0)
80 R?=0.4543 S 60 y=2.0513x-137.39
50 = R2=0.4493
v 40
40 ® S 2
20 ®
0 0
70 75 80 85 90 95 100 105110115120 0 50 100 150
Id (%) Id (%)
Ol dcla h *
/ 120
100 y = 294.32x - 539.65

R?=10.9718
80

(%)l

60

40
2 2.05 2.1 2.15 2.2 2.25

(gr/icm3) s

calzses sl ol b b plgs ool o (Suon N Y S
Fig. 12. Correlation between durability testing with different parameters

adllas )50 (sl owiige Sloogas s odel Cawd 4 (0,25 alal ) Y g0
Table 7. Experimental relationship between the engineering properties of the rocks studied

RMSE uyi olping Lailg, Sow gy | oo
R?) (s
0.04 0.97 ID (%) = 294.32 y — 539.6 Jes \
0.07 0.93 ID (%) = 77.07 y — 65.71 Swale | Y
5.45 0.44 UCS(MPa) = 2.05 y4 -137.39 Jes ¥



http://dx.doi.org/10.22034/JEG.2022.16.2.1016553
https://ndea10.khu.ac.ir/jeg/article-1-3078-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2022.16.2.1016553 ]

e B (S sl SO S sl S £s

Sialeyl cgladais )b (6,135 ,L ales 5l Sealis 5 (Sl slajiulos] 5l sanlicmsds gl 5l eslatul b cow skl 4o
oslie (559 3l sladdsl et e 23y pls 5 Zae i el (GBS Cunglin Salo3 g (55570 ST (oS Cunglie
Qlﬁ\fﬁngw)oﬁogwdlﬁb‘fquU&oxwwju&dlﬁgngdwlowr:b‘dl

ol 0018 Cnd 355 4 1) Ea0mme (p yidin Bgi (9,0 3, alle S ale Ceoglie

L g Cenglie Conns

35
30
25
20
15 : :
10

5

(]

s dasle s Sls

RIS 4y S b &g Canglie (line and Jlaged VY S
Fig. 13. Graph of determining the strength of samples to each other

a3 Slallae b ool Cawsy gL duws o
03 S O yg0 dy calides sl ol )b 8,90 5 (sl cwidige (owliiime) Sladllas 4o guw S ) 5l eolitwl L3 sla Lo o
ol 50 odal ey gl b alises pubisee Lawgs asdS Slalllas S p ol A Jgom 50 .ol a8 5 1,8 solatul 540

Caltte piione Lawgs ool )| oy2s Laly, A Jgus
Table 8. Experimental relationships provided by various researchers

S g9 (R?) @75 Lalg, Ol @39,
- - Log UCS = 0.00014y,H; + 3.16 ISRM (1981) \
S anls /AT Log UCS = 0.043y,H, + 1.2 038) )8lo g LS, | Y
l,S S anle oyl | /YA UCS = 6.97 x e(0-014xvakHs) (Vo)) pleped v
(o)l 1S auls o Sal VAN UCS = ¢(0.053H; +1.332) e 5 e ¥

S v

Sal 5 Zonglys “/oA UCS =3.201 R — 46.59 (YeoV) o Sen g ks | 0
Gl Kiw g5 14 /aY UCS =0.0137 R 2272 (Voo h) Gosd g SGbsS | #



http://dx.doi.org/10.22034/JEG.2022.16.2.1016553
https://ndea10.khu.ac.ir/jeg/article-1-3078-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2022.16.2.1016553 ]

£y VE Ol ¥ 6 slad con 5l dlor ¢ dige b a4 200

9 (Guia
Sosly /AN UCS = 78.59In (Hr)-239.2 Y
V-1 9) o, Ko
S Ao «Sal Q‘)&A‘*’ 9 >
«/Vo UCS = 2.855 g 00632R A
aLo,S Bg¥ caglgs -V
et VEE: UCS(MPa) = 2.05 vyq -137.39 adlllas ol po a
e +/A+ | UCS(MPa) = 16.211 1s50 (MPa) - 49.263 adllas oyl o Ve
o . UCS(MPa) = 16.903 Is50 (MPa) — ‘
Kals /AN 18.938 axdllas ol o )
B UCS(MPa) = 27.127 1550 (MPa) —
. VAUN .
S dwlo / 11531 aglllas cpl jo \Y
Sels Ve UCS(MPa) = 2.90 BTS (MPa) + 0.65 sl ! o WY
. UCS(MPa) = 4.8802 BTS (MPa)+
L /84 )
S dos / 37849 adllas ol o ¥
e ‘/oY UCS(MPa) = 4.44 BTS (MPa) +7.81 adllas oyl o N
ool g SHV ool (2885L (25w sae R (0 sae € (Sas anils Qr/CM3) ¥ el s : HS

&L

99,8 olily sl swlid IS ael L (flo A W5l 5, o el Wil gwiige gwlid ey AT (QES 600

b 035 S Jle; &S 18 05880 ase 6V okl Bigi 00i 18 50 sleSiw 0058 (5,13, Jow bl VFY e Bole
o (90,8 oSl iyl owlids IS Al Ll

I aex (o) 5 ol Jigs S (Sl oy sam s g0 iludis AYA0 (i g I3 M i bl e (g p9aie
(B soeiny slalad 5 Jigh (owiten cmb Sow JI8) (ane 0323l wily

Aggson, J. R., & Curran, J. 1978. Coal mine ground control problems associated with a high horizontal stress
field. Society of Mining Engineers of AIME.

Ahmadi khounsaraki, V., Uromeihy, A., Nikudel, M. R., & Amiri, M. 2024. Angouran mine access tunnel
stability assessment using the experimental classification method and fuzzy hierarchical analysis
(FAHP). New Findings in Applied Geology. doi: 10.22084/nfag.2023.27215.1542.

Anon, 1979 Classification of rocks and soils for engineering geological mapping: Bulletin of the International
Association of Engineering Geology, 19, pp. 364 — 371.

Azarafza, M., Ghazifard, A., Akgiin, H., Asghari-Kaljahi, E, 2019. Geotechnical characteristics and empirical
geo-engineering relations of the South Pars Zone marls, Iran, Geomechanics and Engineering, An
International Journal, Techno press, 19(5), 393-405.

Bell, F. G. 1992. An investigation of a site in Coal Measures for brickmaking materials: an illustration of
procedures. Engineering Geology, 32(1-2), 39-52.


http://dx.doi.org/10.22034/JEG.2022.16.2.1016553
https://ndea10.khu.ac.ir/jeg/article-1-3078-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2022.16.2.1016553 ]

e b S ety (SO 5 e S5y s n A

Bell, F. G. 1992. Salt mining and associated subsidence in mid-Cheshire, England, and its influence on
planning. Bulletin of the Association of Engineering Geologists, 29(4), 371-386.

Bell, F. G. (2013). Engineering properties of soils and rocks. Elsevier.

Cargill, J.S., Shakoor, A., 1990. Evaluation of empirical methods for measuring the uniaxial compressive
strength. Int. J. Rock Mech. Min. Sci. 27, 495-503.

Cicek, S, 2020, Adaptation of Coal Mine Floor Rating -CMFR- to Eastern U.S. Coal Mines, Thesis submitted
to the Benjamin M. Statler College of Engineering and Mineral Resources at West Virginia University in
partial fulfillment of their querulents for the degree of Master of Science.

Folk, R. L. 1962. Spectral subdivision of limestone types. In W. E. Ham (ed.), Classification of Carbonate
Rocks. Am. Assoc. Petr. Geologists, Memoir |, 62-84.

Ghobadi, M. H., Amiri, M., Aliani, F, 2020. The study of relationship weathering, mineralogical and texture of
peridotite rocks with engineering geological properties (Case study: peridotite Harsin city, Kermanshah
province). New Findings in Applied Geology, 14(27), 43-54.

Ghobadi, M. H., Amiri, M., Aliani, F. 2020. The study of engineering geological properties of peridotites in
Harsin, Kermanshah province (A case study). Journal of Engineering Geology. 2020; 14 (1):105-132.

Ghobadi, M., Amiri, M., Rasouli Farah, M, 2021. The study of geotechnical properties of Qom formation
sandstones and their using as borrow material (case study: Latgah village, northern Hamedan). New
Findings in Applied Geology, 15(29), 55-70.

Hebib R., Belhai, D. Alloul, B. 2017. “Estimation of uniaxial compressive strength of North Algeria
sedimentary rocks using density, porosity, and Schmidt hardness”, Arab. J. Geosci. 10, p. 383.

ISRM, 1981 (b). “Suggested Methods. Rock characterization testing and monitoring”, In: Brown ET, (Eds.)
Oxford: Pergamon Press.

-ISRM, 1981. “Basic geotechnical description of rock masses, International Society of rock mechanics
Commision on the classification of rock and masses”. Int Rock Mech Min Sci Geotech, Vol. 18: 85-110.

ISRM, 2007. “The Complete ISRM, Suggested Methods for Rock characterization testing and monitoring,
International Society of rock mechanics.

Jamshidi, A., Nikudel, M.R., Khamehchiyan, M., Sahamieh, R.Z., Abdi, Y., 2016. A correlation between P-
wave velocity and Schmidt hardness with mechanical properties of travertine building stones. Arab. J.
Geocsi. 9 (10), 568.

Kahraman S., 2001, "Evaluation of simple methods for assessing the uniaxial compressive strength of rock™,
Int. J. Rock Mech. Min. Sci. Vol. 38, pp 981-994.

Kilic, A. and Teymen, A. 2008. Determination of mechanical properties of rocks using simple methods. Bull
Eng. Geol. Environ., 67: 237-244.

Klemetti, T., Van Dyke, M. E., Compton, C. C., & Tulu, I. 2020. Insights into the relationships among the roof,
rib, floor and pillars of underground coal mines. Mining, Metallurgy and Exploration.

Li, X., Wang, E., Li, Z., Liu, Z., Song, D., & Qiu, L. 2016a. Rock burst monitoring by integrated microseismic
and electromagnetic radiation methods. Rock Mechanics and Rock Engineering, 49(11):4393-4406.

Li, Z.-1., Dou, L.-m., Cai, W., Wang, G.-f., Ding, Y.-1., & Kong, Y. 2016 b. Roadway stagger layout for effective
control of gob-side rock bursts in the longwall mining of a thick coal seam. Rock Mechanics and Rock
Engineering, 49(2):621-629.

Liu, S., Bai, J., Wang, X,, Yan, S., & Zhao, J. 2021. Field and numerical study on deformation and failure
characteristics of deep high-stress main roadway in Dongpang coal mine. Sustainability, 13(15), 8507.
Morales, T., Uribe-Etxebarria, G., Uriarte, J.A., de Valderrama, I.F., 2004. Probabilistic slope analysis state of

play. Eng. Geol. 71, 343-362.

Nargan, T., Kucuk, K., Deliormanli, A., Saydam, S., & Koca, M. Y. 2012. Ground control for underground

evaporite mine in Turkey. In Mining Methods (eds: T Onargan) pp 33-46.


http://dx.doi.org/10.22034/JEG.2022.16.2.1016553
https://ndea10.khu.ac.ir/jeg/article-1-3078-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2022.16.2.1016553 ]

. VE) Ol ¥ 6l ceas 5LE Ao ¢ pdige ool o0 4y 553

Rahimi Shahid, M., Amiri, M., lashkaripour, G., Moradi, S, 2022. The estimation of Hamedan limestone
brittleness index using point load index and porosity test. Geopersia, 12(2), 331-352.

Ronmar, C. 2016. Correlation of rock strength between uniaxial compressive, Brazilian and point load tests: a
laboratory study.

Salimi, A., Rostami, J., Moormann, C., & Hassanpour, J. 2022. Introducing tree-based-regression models for
prediction of hard rock TBM performance with consideration of rock type. Rock Mechanics and Rock
Engineering, 55(8), 4869-4891.

Shalabi, F.1., Cording, E.J., Al-Hattamleh, O.H., 2007. Estimation of rock engineering properties

Taylor, R. (1988). Coal measures mudrocks: composition, classification and weathering processes. Quarterly
Journal of Engineering Geology and Hydrogeology, 21(1):5-99.

Using hardness tests. Eng. Geol. 90, 138-147.

Wang, H., He, M., Zhao, J., Zhang, Y., & Yang, B. 2023. Cutting energy characteristics for brittleness
evaluation of rock using digital drilling method. Engineering Geology, 319, 107099.

Xiao, W., Chen, W., & Deng, X. 2021. Coupling and coordination of coal mining intensity and social-ecological
resilience in China. Ecological Indicators, 131, 108167.

Xin-le, Y. A. N. G,, & Yong-li, Z. H. A. N. G. 2008. Experimental study of effect of temperature on coal gas
permeability under gas-solid coupling. M5 772%243K, 14(4), 374-380.

Zhang, S., Nie, W., Guo, C., Peng, H., Ma, Q., Xu, C., ... & Liu, Q. 2021. Optimization of spray dust suppression
device in return air tunnel of a coal mine based on CFD technology. Building and Environment, 203,
108059.


http://dx.doi.org/10.22034/JEG.2022.16.2.1016553
https://ndea10.khu.ac.ir/jeg/article-1-3078-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2022.16.2.1016553 ]

Journal of Engineering Geology, Vol. 16, No. 2, Summer 2022 50

Investigation of geomechanical properties of rock units of the eastern tunnel
of Pervadeh Tabas coal mine and presenting experimental relationship

Mohadese Sadeghi?, Naser Hafezi Moghaddas?*, Mohammad Ghafoori2, Mehrdad
Amiri3, Ali Bashari*

1.M.SC engineering geology, Department of Geology, Ferdowsi University of Mashhad, Iran

2. Professor, Department of Geology, Faculty of Science, Ferdowsi University of Mashhad, Iran
3. Ph.D., Department of Geology, Faculty of Science, Ferdowsi University of Mashhad, Iran

4. Ph.D., Head of Technical and Design Office of Tabas Coal Company

Received: 28 May 2022 Accepted: 20 Jul 2022

Abstract

The design of underground or terrestrial structures on the rock bed depends on the physical and
mechanical properties. Considering the mining method in Tabas coal mine extraction method is
long and destructive, the evaluation of the geomechanical properties of the rocks is more
necessary. In this research, the characteristics of the rock units of the eastern tunnel No. 3 of
Tabas coal Pervadeh mine were investigated. In this study, 3 samples of shale, sandstone and
mudstone were examined. Considering the importance of the subject in this research, new
experimental relations have been proposed, and their application shows desirable results. In order
to obtain geomechanical characteristics and empirical relationships, physical tests such as
porosity, water absorption percentage, unit volume weight, and mechanical properties such as
uniaxial compressive strength, point load index, Brazilian tensile strength, direct cutting test,
durability and brittleness index were carried out. To achieve the desired objective, the most
appropriate relationships are presented using the regression method. Statistical analysis shows
good correlation between different parameters in shale, sandstone and mudstone samples.

Keywords: physical and mechanical properties, shale, sandstone, mudstone, coal tunnel.

Introduction

Due to the diversity of rock types, the rock units of the western part of the Tabas coal mine tunnel
have different physical and mechanical properties. Therefore, an understanding the properties of their
strength and deformation properties helps to predict the engineering behavior of these rocks. Due to
the wide distribution of these rocks, special attention has been paid to their petrological, physical, and
mechanical properties. The construction of structures in or on these rock units and the selection of
these rocks depend on an understanding of their geological engineering properties. In this paper, in
addition to field and laboratory studies, the geotechnical characteristics of the rock units of the
western portal of the Parvadeh Tabas mine tunnel have been investigated.

Materials and Methods
The objective of this study was the investigation of the geotechnical properties of the rock mass of
the East Tunnel No. 3 of the Tabas Coal Mine. Firstly, the library method was used. To this end, a
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number of different sources were collected and studied. For this purpose, a number of different
sources were collected and studied. In the next stage, field visits were carried out. The next stage was
the field visits, which were carried out with the help of experts from the mine. During these visits, in
addition to familiarizing themselves with the physical conditions of the project site, other local
information was collected and used. Next, laboratory tests were conducted to determine the
mechanical and physical properties of rock samples taken from the mines and boulders, examining in
each test some of the factors affecting the test results. Finally, the relationships between the
parameters were studied. Finally, the relationships between the parameters were studied. The
investigated tunnel is located at a depth of 575 to 600 meters below the surface and its units include
three layers of sandstone, conglomerate and shale. In the present study, 34 blocks of rock samples
were selected for various rock mechanics tests to be performed on the samples. The rock mechanics
tests included uniaxial controlled-rate compressive strength test based on ISRM (1981), Brazilian
tensile strength test based on ISRM (1978), determination of physical properties based on ISRM
(1981), durability index based on ISRM (1979) and determination of compressive and shear wave
speeds based on ISRM (1981). All tests were carried out at the Laboratory of Stone Mechanics,
Ferdowsi University, Mashhad.

Discussion and conclusions

Based on the results of laboratory experiments and analysis of rock units, it is clear that the rocks
encountered in the western tunnel of the Parvadeh Coal Mine are part of the Nayband Formation.
These rocks include shale, sandstone and conglomerate formations. According to the tests and
classifications carried out, these rocks have a range of resistance from low to medium. Variations in
cement type and grain size, both within each layer and at different depths, contribute to their different
characteristics. The percentage of calcium carbonate in the rocks studied ranges from 8.9 to 4.56 per
cent, with a variable average of 5.28 per cent. Considering the classification of clay and calcium
carbonate mixtures, limestone rocks are classified as marl rocks. The relationship between the
percentage of calcium carbonate in the samples and the uniaxial compressive strength, porosity
percentage, tensile strength, and Young's modulus indicates good cementation of calcium carbonate,
especially in sandstones, and the percentage of calcium carbonate plays an important role in the
mechanical properties of rocks. All the rocks studied have a Young's modulus of less than 45
megapascals. The average Poisson's ratio of the rocks studied is 0.29, indicating their softness. It is
worth noting that in these rocks the Poisson's and elastic moduli and the bulk and shear moduli are
lower in sandstone rocks than in shale and sandstone rocks. As the density of the studied rocks
increases, the velocities of compressional and shear waves increase linearly (the correlation
coefficient is 0.95 in rocks, 0.9 in shale and 0.95 in sandstone and conglomerate), and there are very
close relationships between compressional and shear wave velocities in the samples. The Vs/Vp ratio
in the shales studied (1.97) is higher than in the sandstones and madstones (1.88 and 1.79), due to the
higher proportion of clay minerals in the shales.
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