[ Downloaded from ndeal0.khu.ac.ir on 2025-11-26 ]

[ DOR: 20.1001.1.22286837.1390.5.1.5.0 ]

VWA Ol g Sl ) osled cpomy Mo s pdige (pulidipme 4 35 \RAA%

dode 5 6,Ld Cuylas wlows ) shinay o 20 Jaily, 41,
Sl A8 i 51 eslital b S s Kiw izl

s ey 05 8 Olden L e 5 o820 1 g Ll L.é,o)/\.é%
Ol o wdige 03,5 (Olkan dl g _odlal 33T ol&iSls 1 sy b 54l
CAYNY ik AN 3l 53 5w 56
o.\.&

sde 5 JCS) laosys sl olid Coslin dwlms Hslaieay ool 28 5

Ol ol 3 eslinal s e eslinad pwdige ooy n Sl ok 3 S Yl
5> Al Sl Suse sy cnl S5 eld L et s O e ) Olsea
5 s Oliima T (605 51 22850 sde o 5 el 2SSl eslinad Sl ey 4 o]
DS de sl mally Al 6l ISRM 5 & sadl o (S 50S s 28 5 05,k abox )
il iyl JdoS s o dlis (pl 5s S Wles S AL 3dane 2 S Ll
Ol e Gl Sl pas kailsy sl ol 00 vl Ceeal 4 e s L
O 1) s Sl @l o K ¢l 2 Ol 5,55 &S ol ol 1 L 2l
Brsts grls S 512,50 ATV Sleslinad b Jals; ol &8 cl s 5 4 3 Lan
k38 5 s (ol S S S 35 5355 b (S5 p el 10
Ol g o g 53 @Bl ali jpdmasbmS el Al 0 S ol Wbl o se

L1555 Olkes

JECIUCIVAN 15 PR VRTS SR K- SV FACIIUN L CAPCIESUIP PYE PR W LJpp Y%

khanlari_reza@yahoo.com J s ok 53


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.1.5.0
https://ndea10.khu.ac.ir/jeg/article-1-367-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-26 ]

[ DOR: 20.1001.1.22286837.1390.5.1.5.0 ]

\ VA WAL Ol 5 5l ) oslad ooy dlor s ptige alidi e 4 23

PRV

LS e ol onfage 3l eVl e 5 (5o mncSS (guLE8 Cuaslie
Glos S Hsba (S slaes s 53 swin) 5 o laedsn b 55 & diea
Glasylllial 3 bbb ol e Bss s S andl s e eslinad
5 el iS5l esbizal [V£] 4] ol st 451l AISRM 1981) 5 (ASTM1984)
o3l el S (55125 sl pand pios b S 51 S s o 55 IS
Caslis 4 b OG!S 28550 e 6, Se3lll 5 esde bluy ool
Db sl el 2 DT a5l e Lige | S anet VI Jsde 5 (55 5encSS (5503
[o] as a8 8 o Caplie (pond gl e b 255 Olsea VAL Ay 2l s
G Sl el T el el play s sige VAEA Dl s L ol
ol g e by ol 2 bl el 0581 s craman 5 sl slgiiy | e
Jsde 5 5o meSS (LS Conslin (ot (51 S SIS 53 VAT By LIl 3 aows
sl mnd $ln eisl oaes DNV 0] i eslinad (S wllas arezl
33,5 o elid gles 1S sk Contl iS5 5V TCS) * ik 3355 sk (55125

L T N L N e B R e o
i 5 il S me N L slac ol e o5 515 5 5m 5 Condl 38 Sl e
SIS b 5 e S has & Wil e 5 VT L LG el 2
(ISRM o8 ol S5 4 o3V [4] ol e 0355 Y0V 36 6550 glils S N
Lol ast Lo 58 5l eslinad K (gl2s Cuslis s 5o 1978)
0] 5,5 iS¢ 25t (ASTM 2001)

B3 e b S mhae b pelad 53 45 sl (9395 glabs slls Coal 2

©3Vsh Ao pume (§5) SIRe L aS s )ls s sl S Jls 5s 3 gl e el

). Schmidt Hammer Y. Shore Sclerroscope ¥. Schmidt E

¢. Joint Compressive Strength


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.1.5.0
https://ndea10.khu.ac.ir/jeg/article-1-367-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-26 ]

[ DOR: 20.1001.1.22286837.1390.5.1.5.0 ]

ALY G SUPIINE CIMPCRENN Y PR PSPPI I SCIN DY SRR IRV I ) PO

Aen 055 a2 slsal Gl S Jee el Bl 0 () JS) L5 w0
Sl S e (5 Sl a0 U c,:\JSJQTc,..iS/jpjabschwdbﬂéﬂfé
DS 63V 55 s oS ol eda e b cnilize [3le3T pl 3 el 513 sus s
S 3555 01 L

S (L8 Conglin 0 JiSr S5y 5 397 s0 6,8 powe L Ul o L 22850 sue
S35 Dl Casla Ll R onl 3 olid Caslie Gl oS o 1y bLS )
Ao 53 (o Olgpe oo Al 035 (Ko g5 alam Sl (530 Jolse b o 5 ol
plndl iy S mhan 4 1S (65015 sl 5 (Sa3lee drs (usk
D] el sl 28 5l eslizad 5 2alesl

Sl S 5l eslinul b0 N S
Ye ..Lib J;‘.X;— waﬁdlfc&wo)).}cjlﬂ.wéj)fw‘&&-)‘o.}m.»:\r&.a
Lwr e A Sl oS Wesls 5l e e 35 rL>_u.\ ol gl 5l o513

GAS b 5 kil oS ol 58] AT st 6,8 Kl ady 31 5 ol il


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.1.5.0
https://ndea10.khu.ac.ir/jeg/article-1-367-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-26 ]

[ DOR: 20.1001.1.22286837.1390.5.1.5.0 ]

\eA WAL Ol 5 5l ) oslad ooy dlor s ptige alidi e 4 23

Jsd 5 aS (g polie sbe pl gl y s S e ) Jods slle (2S5l el
e glyls ealie 5 el Blsl iS50 sue Sl e 4 dites Sue Cudle ()l
Ao 3 s 4 e S (6,813 dsly STAYT L S e S ke Slkie I ke
23 et S 2ES5L sus s S esd eslaal Bl A sa il
Sl 2bosss Sh b Bl Ve sae 1 o ae el Al gy sde S S se
.JJS oslaiul c@?r—-ﬂ-? )‘J.;.A Ml?uﬂ

Bt szl gl Coedl (S evaal N Jgds

e e S @M;JI-\ZA
oy slaas
o2l o Y o &
®R)

-4 -t0 +£0 +4

+Y/Y +Y/¢ - - \e
+Y/¢ +Y/0 -Y/0 —-0/¢ Y
+¥7\ +Y/¥ VAl A4 A\
+Y/V +Y/+ -Yyn -Y/A £
+Y/Y +1/1 =N =Y o
+\/Y +V/¥ -\" =Y/ Y

L fys 939

335 b alaly 53 s pe DAl (GlAllS (Gla oy plil b Sl ol el 6

A3 S d)ﬂ@? Oldas Ol 53 315 OF galym Sosbrs 555 853 Ul 5 L il S
g b a8 e SHU ablie L sl (0l sl gl e a3l B 55 e
Sopsh 5 tdes Jiso &S L S asiie (b Kw gla taskh el 5 SU blis
5SS Gl gy ol SIS S8 5 Al K 5 bl S 1 Ly
Lo 35S A S sy Caadl S )8 s S s s Sl
23 S Caedl LESSL B a5 ol laedls S 4 e il oS

Conglie 5 SLES e Ay O3 et 5 ssSde G I (61 paisad b e ol e


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.1.5.0
https://ndea10.khu.ac.ir/jeg/article-1-367-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-26 ]

[ DOR: 20.1001.1.22286837.1390.5.1.5.0 ]

ARV RRCESURPIINE SIPERCH 5 PR VRPRPSI K-t RCI TP FPRN TRy I 3 UL I

il ol laesls (55 ol e BUI L o3l 13 Lol () eSS (gLt

Ao S al) Coe g Kiw atnza ¥l Jsde 5 (g Lid s slie duuls (51

Jade 5 golis Coplan pslie diul=e C/?QJ‘J’;&%'L;LJ\ 3,8 R Sl s

ool n IV] el s B o Ll 5 balased b 5l &S el S azezN)
S Wlos S )l S Te gla el dwlows (gl 1 (g3date o 2 Jaly, ilsie Oliies o0
b gy olgiy Ll Gimmen Lloks S b pme walsl s 0T oy Sege 3 S p

sl 0l 43\)\ Y Jﬁ.l}- BE Olages

w3 By,

Sl Ll ) Ko BtV e 5 (6oL Caeslie dlne (sl (V4714) e
Y] AT s S
o = 6.9X10[0A16+0.0078(H5><}/a)] o)
E, =600.5x(H .y,)-20.276 ()

Lil»» S V» Jo—b Q)} 7{1 cCA:A.J»\ 6.2-..» Sde u.a;-u HS .19_3\}) u-i\ BE)
(GPa) S azeezVl Jse By 5 (MPa) (6,50 S 515 canslis o, ‘(gr/cm3)
S0 8N B sl e gl el cpl a8l Tl S & r)'\J.J.JEL.Ja
(1A' S Fm kS Ay
G, = 0.52¢00Hs) )

2l Hy on 8 a8 b e dMPa) (o) measS o515 Canglie 0 4l 5o

o] ool (gr/cm3) S o A5 035 Vg 5 Sondl e 320 S0k

ISRM 1981 slgiy Gl
Logo. =0.00014y H_+3.16 ®)

). Deere Y. Kidybinski


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.1.5.0
https://ndea10.khu.ac.ir/jeg/article-1-367-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-26 ]

[ DOR: 20.1001.1.22286837.1390.5.1.5.0 ]

\ AY WAL Ol 5 5l ) oslad ooy dlor s ptige alidi e 4 23

waj‘ gf*:‘f)b u;’“"“ SAe Hs g(PSl) &)}’”& ‘5‘,5‘;: Qﬂju.a O-C Ua{\) U'-’-‘ BE

o (grfem’) K o Al 03 Y s

W) o585 0, dal,
LogJCS =0.00088y,R +1.01 0)

DY el KN/m?) K e A=l 055 Yy s

(VaVY) "o gadT dal,
JCS =0.33x (R xy)"™* @)

(gr/cm3) S o Al 055 Y landl e sde asls Rodal, ol s
[0] sl Koo MPA) (6 550G o1 5 e slie JCS

35 b Lol 5l eslinal (5l 5 Sl g (Sen Gb aily, oS Sl 5 4 p3Y
S S 0353 sl (£S5 515 sl s 3 asliel (51 il oIS S 5
Jadr 55 3,15 Ko (530S oS5 Cunslio b (6 2 Bl 5 sl Seilin i 5,55
Sl sde b Lol 5 calises Oliies w55 ol 311 Lol y JJJW)'\J_Q_; oY
ol ol el Bl K ezl Jade 5 (6 eeSS (gule Caslie (ol
Lo 3 00 5 ples &Nl J5e Bp (MPQ) (55 eSO 0515 Caaslin O7pg Jsdr
L o b 28 5l Jols 22550 shael i 5w RN GRL (ommecG o515 e slis
Y dsde s S0l ol @rlem’) S iadls P 5 blss 0 S5 o TN
laesls 31 eslizal (sl 1 dkois Lalgy Wles,S 3 ikiie sl oyl e aba
il € 5 s ol Oua bl pees 3 8 S &) el S 1 ol
POl i s S e B me 5l sl (sl 5 e 03 S5 Ll S 0 ST S
el ol Sl Lo a5

). Barton Y. Choubey v. Aufmuth


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.1.5.0
https://ndea10.khu.ac.ir/jeg/article-1-367-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-26 ]

\ ' AY

OGS TNE COMICIR | PR VRPN -+ S I PRt SRR i N PR B

sde b b, 5o Cilise i Jaw g5 ok &1,) ol gy o tege 31 B Y Jgde
[o] [PYECORPTICIN I PR VEPRPSPPINE < PRI K-UCIPPI FIRNCIOR | Erigin

References Proposed correlations* r Validity range
Rock type Tucs R
Aufinuth (1973) Tucs=033* (R *p)' 0.80 25 different lithologies 12-362  10-54
E,=4911 84 * (R * p)"* 0.75
Kahmman (1996: in Yilmaz and  oycs=0.00045*(Ry*p Y 096 10 different lithologies - -
Sendir, 2002)
Gokeeoglu (1996: in Yilmaz and  ayes=00001* R 0.84  Marl " "
Sendir, 2002)
Yasar and Erdogan (2004) aucs=0.000004 * RE'” 0.89  Carbonates, sandstone, basalt 40112 45-55
Dearman and Irfan (1978) Tues=0.00016* R = Granite 11-266 2362
E=1.89*R, —60.55 093 (Grade I to IV)
Xu et al. (1990) Fucs=298*e 0067 Ry 095 Mica-schist 9-56  17-53
Ei=1.77%¢ 007 R0 096
Aucs=299%¢ 0067 R 091  Prasinite §-145 2164
E=271%¢ 00" R0 091
aueg=298* ¢ (06T R 0.94  Serpentinite - 2
E=2.57%e 00" R 0.58
Tucs=378%¢ ST AD 093 Gabro = -
E=1.75%¢ 005" R0 095
aucs=126%¢ “2T R0 097 Mudstone = p
E=0.07%¢ 031" Ruxp) 0.89
Deere and Miller (1966) aucs=997*e VTR 004 28 different lithologies 22-358  23-59
E=0.19*R, *p*—1.87 0.58
Beverly et al. (1979 Tucs=12.74%¢ PO 20 different lithologies 38-218 -
in Xu et al., 1990) E=0.19*R *p*—12.71
Cargill and Shakoor (1990) g S=330e UM o3 Sandstones
Tucs=1817%¢ ©02°R2) 98 Carbonates 352271 2749
Kahraman (2001) ducs=697%e POTRT pIg  Carbonates 4153 1570
This study Tues=145 g 07T RD 092  Granite 6-196 2065
Ei=1.04%¢ 006" R0 091  (Grade I 1o IV) 2376
Tues=092%¢ B4R 0.94
E=0.72%¢ ©057 R0 092
Yilmaz and Sendir (2002) Tucs=227%e B0ETR 091
Ei=3.15%¢ ©0S*RL) 095  Gypsum 15230 3044
Katz et al. (2000) aueg=221%e 0070 R 0.96  Limestone, sandstone 11-259 2473
E,=0.00013* R™ 099  Syenite, granite
Kidybinski (1980) Ayg=052% ¢ 00724 Coal, shale, mudstone, siltstone, sandstone - -
Shorey et al. (1984) Fucs=040* Ry— 360 094 Coal 313 15440
Haramy and DeMarco (1985) oucs=099* R — 038 070 Coal 746 1244
Ghose and Chakraborti (1986) oucs=088* Ry — 12,11 087 Coal 1341 2853
Singh et al. (1983) ducs=2.00* Ry 0.86  Sandstone, siltstone, mudstone, seatearth 12-73 10-35
0" Rourke (1989) ducs=4.85*R; —T6.18 0.77  Sandstone, siltstone, limestone, anhydride 14-215  19-52
Sachpazis (1990) Tucs=429% Ry —67.52 096 33 different carbonates 22311 1660
E=194*R —3393 0.88
Tugrul and Zarif (1999) oucs=836* R —416.00 087  Grnite 109-193 6472
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