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ABSTRACT

Accurate estimation of the uniaxial compressive strength of rock is very crucial for the safety
of construction activities occurring in the rock mass. However, the uniaxial compressive
strength test is expensive and time consuming. Moreover, the uniaxial compressive strength
test cannot be performed in the field. In order to solve this kind of problem, many foreign
researchers investigated the use of the point load strength test for the estimation of uniaxial
compressive strength of rock. However, the result of research obtained for rocks from other
countries may not be directly applicable for rocks in Korea. The correlation between the point
load strength index and the uniaxial compressive strength for rocks in Korea is suggested in
the form of table by using the results of the extensive literature reviews and laboratory tests.
The suggested result is expected to be used for the simple and quick estimation of uniaxial
compressive strength of rocks in Korea.
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7 ZA7 QA Ik GhAle] YEAHFEAIGoN a0 2 A AR/ AR ] QEAEAIE P EastaE AR
A T Ak 12lo] Basiet. HelFA@ I @0l Fri} /Hssto] Btag A=) 2ge] Rssiehs o] 9lo.
22 QA1) Q3RS eE AVHsY Fietol el Aslar ek wiehq S0 Wl e B B AL
3ol Gh4je] YRS APstels B At sl T BN WA ERES ol gslel YEUFI=S ARl
739, 21014 7 FfE Iz T Sl g te] Aok 97t abalolck gk Shfol MHEY A7 ve th R of
W=7 A90] QA o ATEAAle] ANEISIh 2 Aol HoEAES ol gote] S ] ASUSYEE AT
ASHe AT olefal A BAS) QA B2 Fuele] BASiR BREACL ANE At 52 Faslel AXIstt aict

HIZLEAISS YEASUE ATY A7 W

TSI 1PN

qhAe] a5 AT HalE A7) AN RS B2k 5 S, A4 Aol A9 nlelgg A7 479
"I_

A, BF FeiQ] A= 57789 Ao 2 Uro] 4 2] Hols7d = Zl4(Point Load Strength Index, Is)S -3ttt Hols 74
% AL 30] Al Bt o et Bt o7 58 AgHoR a4 321 ] Bl Allo] 71 sleh o] itk
AT © = Hols A4t E5USr = AJTAIE Hol= A 0= defA] Sk whebA] Holgd A& ol8ste] of

HEEFU 2HA Sl ] ARSE|AL Sl YSUSAEE A70lee A7 aUilolA 2ds] 48 = i fHA] Helks
B A5 A= 2] 21739 Al (diametral test)F SHISF Al @ (axial test), SHA| Al&2] E5 Al&(block test), &3]
2 A= AlRd(irregular lump test)'s THIeE FEQ] A= A|@E o}85to] 4Fgo] 7Fssitt. ISRM(1985), KSRM(2007), ASTM
(2016)=> A 2] Hole7d e BEARHS AASIA

0.

20| 17t g

D’ Andrea et al.(1964)= 315} 60 ~70 T E] B2 AAAEE oIS EAIR S o] 8oto] AFASAEE o=
S AIAI5FSAEE. Broch and Franklin(1972), Bieniawski(1975), Singh and Singh(1993) 5-2 2173

01‘37 Y 2|4=0]] 24 9] SFAHAIS(conversion factor) S JoPH A0] AZUSFAHTEE IS 4= A= Aljtel .o o] A=
=UQJefA] Fe] ARSE|AT STt Broch and Franklin (1972), Brook(1980, 1985), Hassani et al.(1980), Forster(1983), Turk and
Dearman(1985), Chau and Wong(1996) 5-2 0] Al=.2] 21740] 50 mm7} 0P 78-9-2] M5 A|4=2] BHA HhH-S A ATt

ISRM(1985)°] oJ6}H 2HitAl = Hat2] 0 = 20~25 2] S HolA |t oA oF49] Z-oll= 15~507FA| 9] RIS KAl
Tk Smith(1997)= SHHAE 79t 54 7\]°—ﬂ| 2 FFERE AAslo] ARgshaL, 710 wrlol Al eitAl= T i
QI S ot ARl gk S8Rt S8 72 ARt o] A2 Eo] et ofekA 2l oFA o] 73, ekt
A7 QARSI 4 27 whzelth H awkins(1998)—‘,§—‘:"._—o‘j1/\} 2E ET|= oo dHel et et A7 ~6871
2|0 HOIE HolB g 2|z Aot S AR ZHS ARISISIH: Kahraman(2001) 5 $19]2] EHHATE oHHd 4ol 7‘4“&’5}%

73Folle YU 2271100 %7HA] S 4= 222 A1 4SISAT Fener et al.(2005) 2] w1l £AH Aol A & S A=
8.6~29A10]9] B> RIS K3k

Yilmaz(2009)+= FolsAI @2 SO (i) Al o] Yub o= o /o)1l E-asA|qt AJdo] ufle- 2] 0 2 4=3)%,
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Table 1. Equations correlating the UCS to the point load strength index expressed in various types

Rock types

Conversion equations

UCS Range (MPa)

References

Dolostone, sandstone, limestone'

16.5 X PLS+51.0 (*=NG*)

68-345(USA)

Gunsallus and Kulhawy (1984)

Sandstone’'

19X PLS+12.7 (*=0.81)

31-118 (Turkey)

Ulusay et al. (1994)

Limestone, marlstone, sandstone'

7.3 (P=0.82)

2-254 (Greece)

Tsiambaos and Sabatakakis (2004)

Sedimentary (various)'

29.77 X PLS—51.49 (*=0.78)

40-175 (Turkey)

Kahraman and Gunaydin (2009)

. 1 1.12 —
Sedimentary rock 1046 PLS (i —0.6D) 0-250 (Various) Tzallas et al. (2009)
Sandstone 5.69 < PLS"® (r=0.79)
Gypsum (air-dried)’ 7.557 X PLS+23.68 (°=0.94) 29-37 (Iran) L.
' Heidari et al. (2012a)
Gypsum (sat.) 11.96 X PLS+10.64 (1*=0.94) 17-30 (Iran)
24.2 X PLS—9.584 (*=0.91)
] 56.939 % In (PLS) — 1.6551 (*=0.929) . o
marly rock 14.416 % PLS"7 (P=0.90) 15-89 (Iran) Azimian and Ajalloeian (2014)
11.608 x 0992725 (£2=() 2)
Sandstone ' 0.13-5 .
(Calcareous) 2.59 X PLS+0.21 (*=0.65) (United Arab Emirates) Elhakim (2015)
Sedimentary (various)' 19.94 X PLS+4.84 (*=0.85) 8-120 (Turkey) Kaya and Karaman (2016)
Igneous (various)’ 8.20 X PLS+36.43 (*=0.68) 50-203 (Turkey) Kahraman and Gunaydin (2009)
Igneous rock’ 6.65 < PLS'** (*=0.91) 0-250 (Various) Tziallas et al. (2009)
Igneous (various) 16.34 < PLS+13.06 (°=0.79) 10-221 (Turkey) Kaya and Karaman (2016)

Metamorphic (various)®

18.45 X PLS—13.63 (*=0.77)

24-211 (Turkey)

Kahraman and Gunaydin (2009)

Metamorphic rock® 12.36 < PLS" (*=0.75) 0-250 (Various) Tziallas et al. (2009)
Schist’ 11.103 X PLS+ 37.659 (1°=0.74) 40-108 (India) Basu and Kamran (2010)

. 32.07 < Ln(PLS) +16.83 (1*=0.884
Phyllite’ 16.61 % PLS+3.47 (1'2:0.2(343) ) 17-52 (Portugal) Andrade and Saraiva (2010)
Metagreywacke’ 11.91 X PLS+11.29 (*=NG*) 32-74 (Portugal)
Hornfels® 24.36 X PLS—2.14 (*=0.99) 96-273 (Iran) Fereidooni (2016)
Metamorphic (various)® 15.10 X PLS+17.30 (*=0.74) 66-263 (Turkey) Kaya and Karaman (2016)

Sandstone, limestone, dolomite,
marble, gneiss4

23 % PLS+13 (*=0.884)

35-288 (USA)

Cargill and Shakoor (1990)

Coal measure rocks”

23.62 X PLS—2.69 (=0.86)

15-149 (Turkey)

Kahr: 2001
Other rocks* 841 % PLS+9.51 (P=0.72) 7-152 (Turkey) aman (2001)
Chalk, pumice, tuff* 3.86 X PLS>+5.65 PLS ("=NG¥) 3-13 (Canada) Quane and Russel (2003)
Various (All rock)* 10.91 X PLS+27.41 (*=0.61) 26-211 (Turkey)

Various (n<1%)"*
Various (n>1%)"*

24.83 X PLS—39.64 (°=0.72)
10.22 X PLS+24.31 (*=0.75)

26-211 (Turkey)
45-204 (Turkey)

Kahraman et al. (2005)

Various*

9.08 X PLS+39.32 (*=0.72)

61-203 (Turkey)

Fener et al. (2005)

Andesite/basalt, sandstone,
gypsum, marble*

13.3291 X PLS+7.4353 (*=0.639)

22-189 (Turkey)

Yilmaz (2009)

All types® 10.92 X PLS+24.24 (*=0.56) 24-203 (Turkey) Kahraman and Gunaydin (2009)
All rock types* 10.58 < PLS" (*=0.66) 0-250 (Various) Tziallas et al. (2009)
All types* 16.48 X PLS+10.27 (*=0.81) 8-263 (Turkey) Kaya and Karaman (2016)

*NG: Not given in the references, *UN: Unknown, 1: Sedimentary rock, 2: Igneous rock, 3: Metamorphic rock, 4: Various rocks
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Table 2. Correlating equations expressed in various types for rocks in Korea

Rock Types

UCS-Point Load Strength (MPa)

References

Shale'
Volcanic breccia'

23X PLS+13.342 (*=0.88)
15X PLS+8.054 (1°=0.94)

Chung and You (1997)

32.42 < PLS+32.218 (1*=0.87): coring L bedding plane

Black shale (Daegu) 52.60 X PLS—48.851 (*=0.89): coring || bedding plane .
Red shale (Dacgu! 30.66 X PLS+ 28.726 (rz=0.91): cor%ng 1 bedd%ng plane Kim et al. (2001)
20.86 X PLS+40.623 (*=0.84): coring || bedding plane
Tuff (Goheung)' 22 X PLS+49 (*=0.903) Kim et al. (2004)
Limestone' 8.313 X PLS+24.853 (1°=0.786) Woo (2005)
Sandstore! 21.58 X PLS+6.06 (1°=0.839)
18.11 PLS,,, —0.09 ("=0.962)
Shale! 16.28 X PLS+31.26 (=0.626)
15.95 % PLS, . +12.77 (*=0.852) Min and Moon (2006)
Mudstone! 17.65 X PLS+12.01 (*=0.750)
15.77X PLS,,, +3.06 ("=0.857)
Sedimentary rocks' 20.26 X PLS+12.69 (*=0.808)
17.87 % PLS,,, +1.04 ("=0.931)
1 -
Sandsltone 19.32 < PLS+6.08 (1°=0.738) Min et al, (2008)
Shale 19.25 X PLS+17.20 (*=0.745)
Limestone' 27.774 % PLS—4.7748 (*=0.78) Kim et al. (2012)
Black shale (Daegu)' 15.84 X PLS+17.39 (*=0.84): coring L bedding plane
Red shale (Daegu)' 15.26 % PLS+37.74 (*=0.89): coring L bedding plane Kwagetal. (2013)
. 5 2_
granfte (J%*) i 48.465+12.1959 X PLS (r2:0.867) Lee and Lee (1995)
ranite (C*) 39.005+ 17.7828 < PLS (r=0.839)
Granite porphyry” 22 X PLS+3.108 (*=0.96) Chung and You (1997)
Granite (Chunyang)-J** 16.203 X PLS+11.059 (’=0.882) Woo (2005)
Biotite granite (J*)* 27.84 X PLS—9.818 (*=0.821) Baek et al. (2006)
Biotite granite (C*)* 6.064 < PLS+12.60 (*=0.860) Eom et al. (2008)
Granite (Geochang)-J*> 33.5 % PLS—31.2 (*=0.75) Kim (2015)
Schistose granite (J*)’ 14 % PLS+0.618 (°=0.94)
Biotite gneiss® 17 X PLS+4.856 (*=0.91) Chung and You (1997)

Granitic gneiss’

13 X PLS+8.123 (’=0.94)

Biotite gneiss’

16.656 < PLS+21.239 (*=0.84)

Cha et al. (2007)

Gneiss®

16.24 < PLS—1.52 (1*=0.870)

Min et al. (2008)

Gneiss®

16.24 X PLS—1.52 (*=0.870)
12.84x PLS, . —13.11 (*=0.93)

ari.

Kwon (2012)

Granite (C*), Biotite granite (C*),
Granitic gneiss (J*), Porphyric granite  14.73 X PLS+23.33 (*=0.80) Woo (2014)
(%), Alkali granite (J*)*

*C: Cretaceous, J: Jurassic, 1: Sedimentary rock, 2: Igneous rock, 3: Metamorphic rock, 4: Various rocks

HH] T
Pells(1975)]l ©JobA 24 2] A7 2H AT M(dolerite), L2to]E(norite), 214 (pyroxenite) T 22 F 0] AS5UA=7
T FAoll=9F20 %9] A= HY 4= QISITE Vallejo et al.(1989)-2 ¢5-2] 2fo] 2 QI5to] ARRIET MU 2] SHitA|7 | o] 2R
02 A2 24 Rusnak and Mark(1999)+= YFEHIR= Al 0] Ayt Aobr] A7 | 22 20 = s 4siairt.
Fener et al.(2005)- 419 7, F419] mA] 22|, Z12|a1 A9l el o] 2l 7t ehitAlgof s nld 4= la= A9

o
= 1= =TS}
A|AIoFATt. Kahraman and Gunaydin(2009)2] A @3} Tziallas et al.(2009) 2] Z3A AL Aol oJohH SHIQY, WA, ElZtoe
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& FHlo] Qofz] SHbAO] ARIARK7} A gPA10] SHEASTE QuEE 0 2 T 91tk Singh etal (2012 107H9] A2 o
29150 2 745 318700] NX T4 Zo1S o] g3le] leA|ofo] gho] thet HelE7mAI4:0t AEUEAE Afolo] A
2 ANBHACE. Aol ofshel el et sabAe] 2jolrk glglon, QR AlRrteleg whe w S e ME S WAV Tk
o], H oA O Qlsto] ofafgt Holrh Ak Ao & Fslalt, el AN 0. 75k etAlo] ofgt ghalo] Hsted g
A

7t B 0B 2 QRS A B el 2to o] 7Hd S-a3t 8]l o= THsiqih

Chung and You(1997)= =] 419l Fold ol e YSUFHE, Hote7d=o] Helet 67l 5ol tizt d5d=4dr2t
Hols73 = o) FHTAE AN, DEUFAT o} Hoks7dm o] /AR Aol ﬁ]*](y—KerC)% Z=Aos 74
H0r] K= 13~239] W2 23S 2h1 glom] 7} 952 A= 0.88~0.967 2 =& Al#V e Holrt 1@t 671
AZT-S T K= 15, ZHAK) = 0.642 A1=o] o] Wit mhA] ol ol8ote] Fae] AEU=FE 579
= AEEE TE RIS AR 22 ARSI, Min and Moon(2006)HKim et al.(2012) &= - Aflatet €4
7} Hol= o f-E A9 A U1t 24 Zfolof) 7915k A 0 & SflAlsH3Irt Kaya and Karaman(2016)-2 “d<1o] o
2} P4k Shakafld(pyroclastic rock), SHt, Ao 2 EJA QRS SI5FA (chemical ) 41434 (clastic), 1)1l FHAIYRS
A (foliated) T} H] B (nonfoliated) 0.2 T2 AlEsle] KIS AF45]9ict. 0]5-8 9h o] 2812 70| FhatAlo]|
T IS nIx|H wheba] bAl o] ARlof| mhEhA] thE SHIAITE o8 2 Aljtetadtt. T1EuyEHol 0] A= YERH
I A ETNE B EH 2] AAAI=0.77, 2T 0.85, 2HERT0.59, 4199t 0.49, EJASTe] A9 AIG-=0.85,
SkebA EjA9t0.15, 4K/ E12190.59, Eﬂ/‘é%}ﬁﬂ AAAT=0.72, GV 4 0.56, HIF/EHA 0.55 % TiA|= /g1l wf o

S A EAAe] ARAGT} E Y

c

rU

l
|

EBRERL

Lee and Lee(1995)°]l 2JoPH = F-720] U] sPdetolld S789t Hols7dAlaet A5 Ato| o] A Al (r=0.902)
R} E=2A1 o139 (r=0.916) 1}t 51739(r=0.931).0.2 51| S5 AATAL | .

Kim et al.(2012)-> YAA] ol F25h= A2kt o2 ASUSH L Hols3 T Ale] o] AEAE ds1510™
= U B 2|9 0] A3jefS o 438 At} BlwsiSirh. A-AT, FURt ARltolet: Sl RaEx] o] whet A7t
ThE = k=223 A Heidari et al.(2012a)2 ©[2H2] Gachsaran S0l UERA= A0 gypsum rock) Q] Hota7d A4
o} QERIZHE O] AP Aol chE A1ofe] A etolls AFgel] B AL ARSI, Cha etal, <zom>2 A=
HoleRg 7] B elol st 9l 54 S0 Bkl dfato] ek 249 2t AR ApaAe 2]
J} 5196, ATAZ} V-2 018 ol Aol ATAR AN 18T 49 219 QUF A s
MPa 271 £0] EI21EE Min and Moon(2006)& 2. Efelofah AA|ef2 i} o7} moliz o] 45 Eiole)
QA B BEEA0) Ao] TR o2 24l

e =
Abbs(1985)°] A1o]] SJstet oskat 71go] Gl Thakd erale] 9 b7} 4o] B1HEE. Goodman (1989)2 747}
2 PHE 79249 B ARgo] -2 QA4S B % 91802 Folofof § Eoiek. Bieniawski(1989)= RMR

=
e AREE RO, ESUASAETT25 MPa o512 HelMs Mol dm=AlrE ol 8-t AN e AV WESIA &

o _IO
s

TUNNEL & UNDERGROUND SPACE Vol. 28, No. 1, 2018



78 © Hak Joon Kim

9}‘3]' Vallejo et al.(1989), Smith(1997), Sabatakakis et al.(2008), Nuri et al.(2012)2] A @of| Ak okt b o] ShatA|4=7} o] 2F
2 73%F& H Itk Rusnak and Mark(1999)2] A9 Axjolx= Aot ehitAl7F ot E et 22 22 AF SRIstg] ot of2qt
761530] E¥5kA = 223k . Koncagiil and Santi(1999)°]l 2JshH 5573 e A= 7t 2 o4 2] 739 ¢hol B 2A| 57kl
78] QLom Alm o] Hofof whet thofet g Bl whebA Hols A= (A0 B dAJsH 75k 2t
Z]tt. Quane and Russell(2003)> Hota7d =75 MPa o] 7ot el A of| A= A3 THA| 2], 4 MPa ©[ste] ket QP4 oA
AAFTAAES A 7S TSI Tsiambaos and Sabatakakis(2004)+= E[AR1 A3, o]3]Q), ARY 59| Sl
of whet o7} 132 AT o 52] A9 Aol ofohH Hols7d A4t 2 MPa ©[5h= 13, 2~5 MPa Al°|i=20, 5 MPa
B} o] & 74-9=289 ShtAlTE H I Singh et al.(2012)0]l 25 Hole3 =45 YS5USE L= Highohs Sl
149} 24 At o] HOIE B l=d| HuleiANs-9] 2 2te | E(Khondalite) @F41of| 4 2] )7} QIATE AHEA © & 7okl 2HikA
= gho] 7ok 7] it wetA] HotsdAlle] Aut= At Zeto] thEA| siialEofof eittal AEX|low ot
T 25 MPa©loh o] SHHAI= 14 ~16, 2 21 ~245 ARISIIEE A% H-foll= EHtAlRo] da A& Wk
= 0|72 AYe] SfetaA], oRM, mh] P52l Afeolol ofet A 0 & F7613IT). 12t Cargill and Shakoor(1990)°] 914
AAE T 2 EA] A7 B 2t

v

!
rhu

ol

H

—_

rr

N

==

Al=9] ol
Vallejo et al.(1989)°| 2J51H A| =7} E3}E| o] Q12 790l ShAHAI7 T SV 5= 73 3F0] IQIL). Nuri et al. (2012) 5 o|2k #]
o] A3k, Aa1eh AR HoAlm SHAIGTH XA B AR T Il B selt). 6] A3t A etE T} ARQF
O] FoAl = EMHAI(22.7)7H A ZA & SHHAIR(11.8)2F 2 Aol E K =T Alete] S=0] Bl Y5772 Ao 71Q1sk=
710 = ATt 12U Bell(1995) 2] H-g a7 etoll tiet 2ol ofobd, G-a5h A= 0] eHitAl=T7~26(8 14),
ZA 2O MHAI = 15~30(8+F 20)012UTE: Smith(1997)9] ATl G837t A2]9e] MHAI(23)7F ARA=(27.2)
Hr} o] 22 282 B 3} Hawkins(1998) 2} Kahraman et al. (2005)2 AU T 0 Hols 4 e A47F =0 A2 who
B2 doi= IR Eole] SHAE ARG Ze EsISInt 1eu dSUSAETT 25 MPa ofsiel &4
=

|
=
(hydrothermally altered)® 1912|738, g=ra7t @Al v = GRS A9 ¢l Kohno and Maeda, 2012). 2242
=, e o] ¢ ol gkl Faka Tl ot ol et Gart Almet A = o] gl 7] A7t 3l
ek
AT,

HA9| o B =24

YIS e ST R Ao] FYEAT HolS A= Ao R Algo] 4= He 53] ¢f4o] ol 4
Soll= HTIAEN AtAS7H 2R 4 et mebA] Greminger(1982)= 14*8}%—%5114% ol-gsto o Al e] A=t
FHEE FHY BT AT & 9haa FEIIT Broch(1983)= S8 Ao R S Aol Al
222 0] 45}0] oFA 7J0] oS ZA4als Ui S A|A] o}MI:} Vallejo et al.(1989)¥+Kim et al. (2004) 2] Agofx= 273
Fo g A HFH LA E ZHFo 2 =t gt @4 i) Rusnak and Mark(1999)= UEUE7T AL 915
A= A7 S o s 4t Hels A Al S B8 A2 TAHSIAITE Kwon(2012)2 1871 Z|HollA] & 260711°]
e} AlEE AiFeto] HolEd Aot AU =] JBAAE B A2 flsto] Ea&H 2 d HFo s NX
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0] TARAE Aele] LEE AT SR AR I, UEAE A U A4 ARl A
T SRk 2 At Mol A7 AEUFA L} T =2 A4dS H 3T Min and Moon(2006)°1] 25k 52 =
EAEHS TR -S4 o E|He] Aol Mt ZHetolA dofl ol A7 dS5USdaet o =2 S |
St AEUS7E0] S8t dlEgke] AARK) 7H R 0.93, 2 AHRR2 0.790130C,

PAlo] F-EIeH EALTHE Ho x| gFejehe A AA|0] Extdd o= <l

of| S A 4= Uch(ldris et al., 2011; Elhakim, 2015). £5] 434 94 2] Z-9oll=Bd/do] Aok dEd=7d=t Hot
S A (coefficient of variation)7} 212} 39%%} 59%©]tkKulhawy and Prakoso, 2001). Diamantis et
al.(2009) = 12| A2] S AREQYS] SHHAIG7} thA BAE = o] f-8 APASHA Rl T, AREQYe} A8 (serpentinization) 2] X}o]
tog OH/J o]— I:]—

2
g
I{g
rE

9] Fol

AollA Aol ke ThoA WAER] o v g FoP e Aol Mol Aoy dE9dSAIRS Ta8d 7
Qo= ARizgto] tha BAbE 7S oAkl 4= 9lrh Pells(1975)2} Read et al.(1980)0] 2J6PH YEUE73 0w oF Mol 2| 4=9]
AT A 0] SRt Fke ol whet ZRith 55] ASUSA T Aot Ao Ao A= A7t ko = iR s
o] o]iHAg31 H-olli= o2fgt 2l )7 B ZiTt. Kim et al.(2008)2] AollA I, o]g/d 44 o] 79 M7t o] m] )= el

Fo| Fgo| F=teoll w ERiTt Elhakim(2015) 5 4 E=ito] Ao|7h Aelgh 4t 9l F-9f shutz= 145l

Ao I3=E

Palchik and Hatzor(2004)= T34 B8k porous chalk)olx2] A A= EE F=E°] 18%OI4 40% 2 S71oPH 2HHA|
71 180J14 82 A AL B 1S3 Kahraman et al.(2005)2 3=-50] AU Hols 7 A |a=2] AtAof o] %]
+ FFS AP fIete] 38F(EMIY 118, WA 9%, =AY 188)9] oAl it AgS 438i3itk Palchik and
Hatzor(2004) 2] A1t} Fe] F=57 ShtAl = 2321 AIAIE Ho|Z] Ska=t| o] o] =0 vkl Aol digh Ad
& =43t §hHO Palchik ¥} Hatzor= 1714] 4E5RS thdo 2 A =afielolr| iR o2 s 9ict. 1835801 1 %E
o 2 25 2R TR0 & oPAS Lol ZF IR AR ATRAP | R ool TRt A Bt o] =3keH, 3580l
o] 28 73ek oAo] FaEo] 2 AT sHAT o 2 ¢S B Fereidooni(2016)94 S 2o vt A dTe] ofst
H Mol AT A]42}t -5=5-2 WHlE| 2 (Inverse exponential ) HAIE H It 121} Kahraman et al.(2005)2] A3 AytE 24
S F=EC] & PFo] F=EC] 2R HEHT B ARt Ak ek webA S=E A0 2321 AT A=
H QP4 0] TRt FFollt 285 )= 2 0= whETh

ne

AN A 29 W% A

Broch and Franklin(1972) 7J9F 9F49] 3-oflet ut] A] o] b4 W2 HFs1A] oot HslksAla71o) Al 4 2 114
& Z7(D)E 715 5= Tk SHTE ISRM(1985) % $F4do] I 735t 7 9olle A1d 21 2 Alo] 7HAL b4 A& A 4(D) 2
{8l QA7 HATAL g5kl T2]u Basu and Aydin(2006)2] #lo]#4] A} 574715 o18et o] ofshd St shdet
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Hoy Aot sbdere] & AT (cone penetration) =7 B ZItt. wEbA AATRE oF4 0] mhajA|of 2 Ate] ZFAE d2fsto] ok
BEAG & BAs = 7ol iAol B7AIs7H838] ool Al B A0t ola2 Aol  AiE 2

S QbA10] FPAKRS) AR 2 A AL el o whe 202 shlskant. £ U AL} Ao] e mlA) ok g
S70) R gEe T QoI gPHe] ] Sfsto] 2L AN HR AR QR G S )

o =
AREAIEE Fde] o 2kg o= itk T EE Ao AR Aol et e - olle SiAE B g 2l d

Chau and Wong(1996)°1l 261 LU0} Aot Atol o] ATiAR= o419 =735 of QP o Hl g, Al=9)
Aole} 217} g7 Q49| ;olEH|7} ke mIxich

Rusnak and Mark(1999)+= #6157 =20 ASUAS745 Ao o] TAPF tefsiA o= o7& 4ol AU E A
O FAgsH, Aol A=A o] Fo9ehd, 1210l T+ Alelafo] o] AA| gf 2fe] 529 37FA] = AXs=t] 55| A5US4E
Al ZRA1o] FAgshd e 7Hg 2 aQlo s A S 22 2|99 FUSH eAolEte dSUSATI S 4= k= Ao
T}, Kaya and Karaman(2016)2] 739, E17]| 55 Sal2]<] &FAof thgh 2hatAI4(17.92) 8 AY-S Folo] AFEsi=d| &2
2|0 7]&E FRIZAIA A9 AvE 23R 2olE HtE Woo(2014)°] &JsPH, &4-&°]
ARt AR EE7]R] Alm & Liro] A Hahs 715 S ARIEHAIE 24 A W w2 A E Bt

BEH 0= HolSAEATE ol85to] YSASAEE AT 7320l AREShe A= &4 A-70] B/t oA

|2jollte PRI O] 2173, b4l A= o] Aolof 217 9] Hlg, Amo] B, ASUFATo} QP v, P40l F57, o419
FTR7HE Lol et LA Ao 2fo], oA e, A= o] Aok, Fole, F=F, ol EAIA Al 2] 5 A, ZolgH], o
SUSE Aol Al AA10] A42H, niAM] +FE 5o vt aQlof] ks et 55] A2 duba o s 2 2|42

At Aolette Fote L FEE/d o) 2ol 5ol ofste] HsHA] b=t dEUSAIE L HolsAldells TLRt AlE7 AR
()

2] ¢Fo B g SAGT | kS vhS 71 0 2wk

i)

Mo St
riol
ﬁ
N
*®
o
_‘O
c
B

[
d

Holsd=Alret YSUAS T A2
Fener et al.(2005)2 21712] =2l AXE LEASF7I(y) 2k HolS7d =21 (x) o] ABaAE gofoto] AXlsl=, e
PAROR= y=ax, y=ax+b, y=ax’, y=ax’+bx 52| T}t FE7} 2 2™ y=aLn(x)+b, y=ae™ 5] TAXIE Azimian and
Ajalloeian(2014) ol olsto] AIA= ATt AR FollA y=ax FEN7T 71 Ee] ARREAL QloH o] Aol aS SHitAl2t
SIS o

Sabatakakis et al.(2008)2] A3 A}o]| oJ5PH 2|4=<(exponential function) = FEHSH AFFAAA 0] AGAIL0.81)7y &
Ho] 091 7-9-2] AZA0.71)Ht 27 o =94t} Tziallas et al.(2009) = EAZAL ATHE 0] 8510 BE 7o) o4, Bzl
Shet, WSt Aledell tigh AiAA S B & ARIStE=T] A7t 94 Sl ot B w8 AARE HAoH
B2 Alefetal Z 2tok= /I Heidari et al.(2012b)0l] 2JsH o573 =245 o851 49 ASASH =S 74T

o y 2o 09! ghAE ARSShE ARty BHE 2he Ao B At BYkE Har
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Forster(1983)+= AW 0 & HolSH A5 o851 HREFoll A8 E= (0] d5ASH =S 4P 7
Al 2ZpA0] @AFS A1 Fe w £20%°] RZ}L 50| getet o= T 4= Qlrfal wesioln:. et
Min and Moon (2006), Diamantis et al.(2009), Sheraz et al.(2014 ) Elhakim(2015) =419 2|42 ARgoto] 71" =
Tohs 785 Aol A7 00lof e ASU=F 7y =2 dH +?<HO}L o] Yo Aot S
7Fotod gkte] Haprt o A= RS A126eIH. web dEdS ot ol d e Alaol A
3 712 HASHIT
ol TAlret AU L 0] FBUAE AR =Ui9]e] =525 E Polt] A7AR?)=Table 33} 2Tt Table 1°]]
AR b=AR| O] -7, TRt A emRE fojil AFE Wt 27 A= F29 0.83, 9Mdet 0.79, H/9%0.8201%1 0 oV
2 cheet Aol BoRl A7gAIG=0.722 71 Rkt Table 201 AXE =X ] Z-9olls, Theket Alolx] A2 273
A <] FEE B2 B4 0.84, 3HIR0.85, B4R 0.900]%10 ol H’Hi THJH Aol fofrl B A= 0.8002
71 WI9kTt. Table 31| SJobH =] LE Hof|A, ydHo] 03] SHtAIGE AMSSE 7-9-2] AAI= ThafRl AlofA] dofzl
AAAERTE= th Wgkony T ot 32| Atttk Vallejo et al.( 1989)4— Rusnak and Mark(1999), Cha et al.(2007),
Elhakim(2015), Kaya and Karaman(2016)2] Il A = yZdHo] 091 EHAIG7| B 3]0 v walo] At 7T Eofz]
1 ST Kim et al.(2012) = AF 3]7REA 2 ol gstez e 2 Ak7T LHt sl 2 2ot fIloH, L3 sl7hEAellM
o171 ZK(26.43)°] Min and Moon(2006)©] A|QFet A7 H) & o] 8510 Ao 4H26.30) T AR ATE Hylo v g
AA ST FolRl gk AR Zhe TSI
USUSAEO] AP flotod 249] ehtAl7F =ui@lofA] d] ARREAL QLo RMR URRERO] AE5ASHE Aol
259 A7 F AREEIAL Qlnt. TP AS Ut oA Al Al 94 A, 71 AR, ARl HEld T2 F
= o] TRt FEfQ] AR Ths ekt Al ARG Sl 4 9] AEASAEE APk Aol 71 e Ael Ao = wd

o

n
ofi
e
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Table 3. Coefficients of determination (r?) for equations correlating the UCS to the point load strength index

Rocks in foreign countries Rocks in Korea
Various type equations Conversion factors Various type equations Conversion factors
Sedimentary rocks 0.83 0.74 0.84 0.76
Igneous rocks 0.79 0.88 0.85 0.92
Metamorphic rocks 0.82 0.80 0.90 0.78
Various rock types 0.72 0.71 0.80 0.77
Total rock averages 0.79 0.78 0.85 0.80

HeIZAEASe YRUASAE

rige

al o
=2| Al &+t

=Ljof|A g2 AAtE0] HHAE TSI 0™ E[ZQR2 Table 4, 239, /39, THRT 9412 Table 591 2T Table 3

B
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Table 4. Conversion factors correlating the UCS to the point load strength index for sedimentary rocks from foreign countries

Rock types Conversion factor UCS Range (MPa) References
Sandstone, limestone, mudstone 21-22 (P=UN¥) UN* Carter and Sneddon (1977)
Sedimentary rocks 29 (*=0.884) 10-200 Hassani et al. (1980)
Sandstone, siltstone 16 (P=UN*) 27-180 Read et al. (1980)
Sandstone 14.8-17.6 (*=NG*) 17-39 Forster (1983)
Limestone 26.5 (*=UN*)
Sandstone 24.8 (P=UN¥) UN* Hawkins and Olver (1986)
Siltstone 9 (P=UN¥)
Limestone, sandstone, anhydrite, halite 21.8 (*=UN¥) 17-217 O’Rourke (1989)
Sandstone 17.4 (*=NG*) NG* .
) Vallejo et al. (1989)
Shale 12.5 (r*=NG*) NG*
Siltstone 14.7 (P=UN¥)
Sandstone 18 (P=UN¥*) UN* Das (1985)
Shale 12.6 (P=UN¥)
Mudstone 16 (*=UN*) UN* Wilson (1976)
Sandstone/limestone 24 (P=NG*) 41-85 .
) Smith (1997)
Shale 12.6 (r*=NG*) NG*
Shale 21.8 (*=NG*) 1-140
Siltstone 20.2 (P=NG*) 10-140
Rusnak and Mark (1999)
Sandstone 20.6 ("=NG*) 10-140
Limestone 21.9 ("=NG*) 35-240
Sandstone 14.1 (*=UN¥) UN* Jermy and Bell (1991)
PLS (Total)-25.3 (*=0.71)
Limestone, marlstone, sandstone 22:5;3 ; _1 ;f;;g;gz) 1-260 Sabatakakis et al. (2008)
PLS>5 - 28 (*=0.53)

Limestone, marlstone, sandstone 23 (’=0.75) 2-254 Tsiambaos and Sabatakakis (2004)
(Sg;lisatgfus) 2.86 (=0.64) 0.13-5 Elhakim (2015)
(Sf;‘::j;tary 18.74 (P=0.85) 8-120 Kaya and Karaman (2016)
Sandstone 19 (author’s suggestion) 31-118 Ulusay et al. (1994)
Mudrock 21.4 (*=0.856) 1-110 Lashkaripour (2002)
Chalk (<}, E]29h) 8-18 (*=NG*) 21-63 Palchik and Hatzor (2004)
sandstone, siltstone, 13.4 (*=0.89) 1-11 Agustawijaya (2007)
Sedimentary rock 13.55 (*=0.48) )

0-250 Tziallas et al. (2009)
Sandstone 15.70 (*=0.62)
Wet Sedimentary rocks 102(51(455521’5;6(;};%5(}?)5)’ NG* Hawkins (1998)
Limestone (dry) 14.7 (*=NG*) 29
Limestone (wet) 15.8 (P"=NG*) 18
Sandstone (dry) 11.8 (rz=NG*) 12 Neri etal, 2012)
Sandstone (wet) 22.7 (r=NG¥*) 3
Gypsum (dry) 14.4 ("=NG*) 33
Gypsum (wet) 16.0 ("=NG*) 20
Dolostone, sandstone, limestone 23.8 (I*=NG*) 68-345 Gunsallus and Kulhawy (1984)

*NG: Not given in the references, *UN: Unknown
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Table 5. Conversion factors correlating the UCS to the point load strength index for igneous, metamorphic, and various rocks from

foreign countries

Rock types Conversion factor UCS Range (MPa) References
Basalts' 20 (P=UN¥) 30-132 Read et al. (1980)
Dolerite' 11.8-14 (*=NG*) 79-114 Forster (1983)
Granite' 16 (*=0.563) 25-119 Ghosh and Srivastava (1991)
Granitic rocks' 15.25 (=0.960) 98-251 Tugrul and Zarif (1999)
Igneous (various)' 18.22 (*=0.77) 10-221 Kaya and Karaman (2016)
Granite (considering cone penetration)’ 18 (*=0.97) .
. N 6-196 Basu and Aydin (2006)
Granite (no correction) 21 (*=0.93)
Granite (Dry)' 30 (’=0.96) 11-288
. 1 5 Irfan and Dearman (1978)
Granite (Saturated) 24 (r*=0.98) 5-262
Igneous rock’ 14.40 (’=0.88) 0-250 Tziallas et al. (2009)
Greenstone® 7.4 (P=NG*) 12 Forster (1983)
Quartzite’ 234 (*=0.960) 75-76 Singh and Singh (1993)
Metamorphic (various)* 16.96 (*=0.72) 66-263 Kaya and Karaman (2016)
Serpentinite” 19.79 (*=0.74) 19-126 Diamantis et al. (2009)
Metamorphic rock 18.15 (*=0.78) 0-250 Tziallas et al. (2009)
Various’ 23.7 (P=0.774) 1-250 Broch and Franklin (1972)
Sandstone, quartzite, norite’ 23.5 (P=NG*) 55-312 Bieniawski (1975)
Hard rock’® 21-24 (1*=0.884) 17-159 )
. Singh et al. (2012)
Soft rock® 14-16 (*=0.813) 10-77
Granite/tuff’ 12.5 (*=0.533) 18-180(Avg.=100) Chau and Wong (1996)
Various’ 22 (P=NG*) 1-250 Brook (1985)
li lomi
Sandstone, limestone, dolomite, 24 (P=NG¥) 35-288 Cargill and Shakoor (1990)
marble, gneiss
o 13.38 (*=0.533) 2-22
Various Karaman et al. (2015)
14.81 (*=0.624) 5-263
All types’ 17.92 (*=0.79) 8-263 Kaya and Karaman (2016)
Basalt, granite, hornfels® 24.4 (P=NG*) 70-305 Quane and Russel (2003)
Hydrothermally al k (dacite, tuff;
ydrothermally altered rock (dacite, tuff, 16.4 (P=0.85) 1-25 Kohno and Maeda (2012)
sandstone, conglomerate)
All rock types® 14.49 (*=0.62) 0-250 Tziallas et al. (2009)
15 (PLS<2), 20 (PLS 2-
Dry Sedimentary & Igneous rocks® > (PLS<2), 20 (PLS 2-5), NG* Hawkins (1998)

25 (PLS>5) (*=NG*)
*NG: Not given in the references, *UN: Unknown, 1: Igneous rock, 2: Metamorphic rock, 3: Various rocks

of oJobH shgere] XA 0.882 7 wokom TRkt 2 0.712 7P Woth EAYe] A= 2.86 ~29(F T
17.7), B 11.8~30(H 19.0), B/ 7.4~23. 4(H1 17.1), THFRH A2 12.5~25(F 1 19.0) 0] 9IS H ek =¢lo] L
E AR Aol A Lofzl ghitAle] B2 18.10]30rh.

= A0 ehtAl Bt ghe: 7ol i ejoll A Fe] ARSE AL Qli= 24 Hik= 210 oM oS E R [ofm|eh ATE Holx] ¢F
ATk 1 Aol AXGE AL Atol] SfehH oFRt QFAS] ShitAIGT7 B 2R 3RS B0 B & Table 49} 5 Follk 4412 =
73S G S s vlolEofl tioiAlgt F7Fe 0 2 oA o] i SHHAIGE 24Tt Table 6). ISRM(1981)2] Y5054
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Table 6. Average conversion factors for different rock types from foreign countries

Rock types Conversion factor UCS Range (MPa)
17.7 0-345
14.1 0-50
Sedimentary rock 138 0-25
14.6 25-50
20.8 50-100
21.1 100-345
19.0 0-288
Igneous rock 16.3 50-100
20.1 100-288
17.1 0-263
Metamorphic rock 120 0-25
21.6 50-100
17.6 100-263
19.0 0-312
14.9 0-50
. 14.9 0-25
Various rock types 150 25.50
17.5 50-100
20.6 100-312
18.1 0-345
13.8 0-50
13.3 0-25
Average for all conversion factors 147 2350
19.5 50-100
19.6 100-150
20.4 100-345
22.6 150-345

o] oJgt At Hizof OJohH 25 MPa ©J5k= A (low strength) 22 =AM (very low strength), 25~50 MPa= 259, 50~
100 MPa-& 573%, 100 MPa oA ¢t 5.2 Z74¢to| sidth. Table 6] 251 U24=7457} 50 MPa 01 5191 mE oA
O] Pt SHHAL7 15 H T ZRITE E3] Y274 7125 MPa o511 (P E= Al 0 2 o G sG-S Y oH, 10
olslo] ¢ vk ShAIE Hol= 7425 )90t 50~100 MPa2] 442 $4HAI=7119.5, 100 ~150 MPa 2] %Mﬂ 2 Sl
19.6. 02 FARSISITE T3 100 MPaold ¢FA1 9] Bt SHEAI=20.4, 150 MPaold oFA19] Bt ehtAl-=22.60|3{th
QIO A ZALE FollA B2 222, SHHAlIG-= Bieniawski(1989)2] Aotk o] UEUZ74E71 25 MPa o1de] 4l
AR ALRSH= Zlo] PAEH 25 ~50 MPa 943 SHAHAIS 15, 50~150 MPa ] 43S SRALAIS= 20, 150 MPa o2 443823
O] SAAGE AFESH= Zlo] A-sH 7] 0 2 mhkE]

rlol

i)

24 Al 7
SO BRS 7A150] Shbo] tiet Q72 S-aeil o] of2 EgolH Table 73 21ck Table 3] ofs}l s4ote]
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BARE0.922 7P =3 om HH20.76 02 7 Wl HolS I Al o] S AdS Al2leld, ElAeke] gl

- a
o] &= Al Aellr] @il ehitAlo] B2 19701300 SR A AE olet 390 el B2 =49 19.7,
AT 17.3, A 4 18.82A4] oF 1= 2k 3RS H Ytk
=] oA 0] ShitARRe] Batghe: o= Alell AT nRZ A2 B ollA 71l =tilell A Fe] ARG EAL Q= 24 Bk 2t

& AEI=TIT: o] Hotgto] S0MPacl51e] 9= Q1212 50 ~100 MPa 9412 3HHA7119.6, 100~150 MPa 9442] ghAHA|
T 124k =9 Al2] 7-9- 50 ~100 MPa 2] 942 2HtA7H19.5, 100~150 MPa 2] 9412 SHA-19.60131 0 B = =
Hieh=<] FA0] hHAl= AUl wet A L] fARIIEE =il ARl 3712 79 U757 150 MPa o<1 ¢4
ot A9 A A 2R LOU Htgko] 150 MPac VRl oHAS Yo = Aile ehtAls- Al 85 4= 1Sl

y
[\
o
S
]

Table 7. Conversion factors correlating the UCS to the point load strength index for rocks in Korea

Rock Types Conversion factor UCS Range (MPa) References
Sedimentary rocks' 15.01 (*=0.82) 8-179 (middle 94) Lee et al. (2000)
Limestone (Janggun)' 12.566 (*=0.570) 49-87 (avg. 70) Woo (2005)

. ' 2431
Sedimentary rocks . 23-174 (avg. 89)
18.11 (axi.)
| 23.02
Sandstone . 35-174 (avg. 106)
18.06 (axi.) .
2573 Min and Moon (2006)
Shale' T 42-138 (avg. 93)
18.70 (axi.)
| 23.25
Mudstone . 23-93 (avg. 54)
16.94 (axi.)
Shale' 14.4 (*=0.86) 20-150 (middle 85) Lee and Youn (2009)
Limestone' 26.43 (*=0.78) 38-161 (avg. 88) Kim et al. (2012)
Granite (Chunyang)-J** 17.67 (*=0.97) 49-137 (middle 93) Baek et al. (1997)
Glassy volcanic rock? 25.4 (=not given) 66 Kang et al. (2005)
Granite (Chunyang)-J** 18.089 (*=0.869) 56-136 (avg. 101) Woo (2005)
Biotite gneiss (Total)® 18.90 (*=0.82) 14-220 (avg. 92)
Biotite gneiss (Gonjiam)® 16.137 (*=0.81) 27-181 (avg. 76)
Biotite gneiss (Bundang)’ 18.231 (*=0.82 15-200 (avg. 81
_r e . ( .g)3 ¢ ) (ave. 81) Chaet al. (2007)
Biotite gneiss (Gwangju) 21.369 (*=0.69) 72-216 (avg. 126)
Biotite gneiss (Dukso)® 17.877 (*=0.72) 15-220 (avg. 99)
Biotite gneiss (Yangpyung)® 19.642 (1*=0.85) 14-209 (avg. 76)
o . 222 (’=0.79) 15-160 (middle 88) .
Biotite gneiss . . Kim et al. (2008)
11.6 (axi.) (*=0.72) 18-145 (middle 82)
L 15.90 (*=not given)
Gneiss” 25-170 (avg. 95) Kwon (2012)

11.13 (axi.) (P=not given)

Granite (C*), Biotite granite (C¥),
Granitic gneiss (J*), Porphyric granite 17.68 (*=0.77) 23-195 (avg. 117) Woo (2014)
(I%), Alkali granite (J*)*

* 1: Sedimentary rock, 2: Igneous rock, 3: Metamorphic rock, 4: Various rocks, axi.: axial test, J*:Jurassic, C*:Cretaceous
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Table 8. Average conversion factors for different rock types in Korea

Rock types Conversion factor UCS Range (MPa)

20.6 (19.7)* 8-179

Sedimentary rock 20.2 (19.5)* 50-100
23.0 (20.5)* 100-150

20.4 49-137

Igneous rock 21.5 50-100
18.1 100-150

18.8 (17.3)* 14-220

Metamorphic rock 18.4 (16.8)* 50-100
21.4 100-150

Various rock types 17.7 23-195
17.7 100-150

19.7 (18.8)* 8-220

Average for all conversion factors 19.6 (18.6)* 50-100
20.0 (19.6)* 100-150

(' )* : Including test data from axial direction

=LHQ| Al ei5t0] ofst Al A2

A= TRt ksl ofste] e Hhe o ot oHRt e S B AlEfolo] fhlAle g Ak e AL
= 28517] ol o] AR A Al ofshd ShitAlE dFolu AR G EHE ASUSA e Rt dHdol Sle
20 =2 Pt ASA57457125 MPa ofste] 42 el ik thefsinz ghblle= A5A57357125 MPa o1
O] AR ARG SH= Zlo] FAFEH 25~50 MPa A4 S4HAI 15, 50~150 MPa ©/39] @842 220, 150 MPa ©]
gol A2 239 TAAE AR o] At Ao itk

e @l e A Helsd=Alrg WA S5 & SRS ol 85| AU =R ehitsH] H= = Hels7d
Ao whE SAR ghe AAIShe Zlo] Basht. ok dSUSdwof 9ol wiet shue] ghitAleE AlAfshe 22 efrtel

UZA= T O] Zjolof| wlzt FalAG=C] Zfo|7} IA| BhAYSE 4= Q=) of|E W ofH 94 0] A= 7} 149 MPadl 74
=20, 151 MPagl 749 239] BHHAE Al&afof sk= BAI-o] ok

EUFHEE P MHASE ol 8sto] Mol AR Wikt 7, 7F 2 H|EAE 71g5te] Hsksd A4l
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202 AT ALRE 4= Qled] A A B Aol A S Rlsto] A2 o] §ohk= Zlo] EAE:
Hawkins(1998)7} AZ3t B2 7t sHQtolA] A2 A== 15(PLS<2 MPa), 20(PLS 2~5 MPa), 25 (PLS>5 MPa)?l
d, Table 95 0|85} o] o] 2RHAIGE A PLS 1.5 MPa2 15, PLS 2~5 MPa2 17~22(8+t 19.5), PLS>5 MPa
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ZQIEAEE FASH AL B O S ST HSIEEAN 6.5 MPa(3-2 UEIFIE 150 MPa)olife] ol t
AN BIART} o 7181 Lo B R 230] SIAKE A sk Zlo] A48 Ao s wkert

Table 9. Suggested conversion factors for rocks in Korea obtained using literature reviews

Point load strength index (PLS, MPa) Conversion factor*
<15 Do not use
1.5 15
1.5<PLS £2.5 6 xPLS+5
2.5<PLS 6.5 0.75 x PLS + 18.1
>6.5 23

* Natural number

2 A ae] AEldS 1S5 Slote], Holsd e aS S8t A5USATRL Hols A=A @2 AlE A} 24t
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Table 10. Comparison of conversion factors obtained from this study

. 0 (MPa) PLS (MPa) Conversion factors
Rock type Location o J/PLS .
Test results Avg, Test results Avg. from this study
39,39,4.7,6.2,
_ , 6.6,7.0,7.6 >7 10
Granite (Jr.) Sejong 444, 46.3,87.8 59 22
4.8,4.8,5.7,64, 538 10
6.4,8.7 ’
75.2, 80.2, 88.3,
Conglomerate Okcheon 89.4,90.3, 98.5 87 54,5.7,5.8,6.0, 6.1 5.8 15 22
Granitic gneiss Daejeon 88.9, 90.0,90.8, 97 5.5,5.7,5.9,6.2,6.4 5.9 16 23

97.8,105.1, 108.0

7.2,8.0,8.3,8.5, 8.6,

8.9,9.0,9.2,9.6,10.3
Schist Daejeon 79, 101, 107, 102
110, 115 23,2.8,34,3.5,3.6,

3.6,3.8,4.7,5.7,7.1

8.8 12 23

3.9% 25 21

90.8,97.7, 107.2
Banded gneiss Hwaseong 1080’ 120’7 148’0 112 4.6,4.6,4.7,49,53 4.7 24 22

4.8,4.8,4.58,5.0,54,

5.8 2 2
. 101.2, 108.5, 118.3, 7.0,7.6, 8.5
Gneiss Hongcheon 125
140.6, 157.2 1.5,5.7,6.3, 6.6, 8.4, 7 45 . ’;
102, 12.1 :
4.1,4.8,5.0,62,6.3, 53 - ”
o . 103.1, 114.3, 131.3, 6.5,6.9
Granitic gneiss Sejong 130
140.6, 160.6 6.9,7.1,7.2,83, . 5 ’;
10.6,11.1, 122 :
160.3, 170.4, 176.0 56% 66‘?3’ 66'58’ 673' 68?7’ 67 26
Granite (Cre.) Tksan " 178‘5’ o 5'3’5'8’6'0’6'1’6'1 23
' A % 28

6.1,6.3,6.3,6.3,6.8

. 169.3, 184.4, 185.6,
Granite (Jr.) Icheon 194.9,214.8,225.7 196 6.8,7.0,7.0,7.1,7.5 7.0 28 23

. . 188.9, 191.7, 195.1,
Granite (Cre.) Daejeon 200.0, 2004, 205.5 197 6.7,6.8,74,74,7.4 7.2 27 23

*axial test
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Table 11. Suggested conversion factors for rocks in Korea

Point load strength index (PLS, MPa) Conversion factor o ¢ (MPa)
<15 Do not use <25
1.5 15 25
1.5<PLS<25 17 (or 6 x PLS +5) 25< 0¢<50
2.5 20 50
2.5<PLS<6.5 22 (or 0.75 x PLS + 18.1) 50< 0c<150
> 6.5 24 2150

wlojo} g}, obe] el 2|50 et ghbASE AXSeiehe £ ore] gkt o] 2

P 4= Lot shpe] Al g ARSohe ARt | AR S @SUSIEE TS A Ae= %L%Ek
[e) o
©
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2] Pl thet AT AT el SR .S MPa(3re QS A 25 MPa) TIRIS]
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