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Abstract

As civil engineering and construction works are actively in progress in Jeju
recently, proper estimation of the deformation modulus on basalt for analyzing
the reliability of structures is regarded critical. However, geotechnical assessment

is still insufficient.

Deformation Modulous is currently measured through field test which requires a
great deal of time and cost. Many of domestic and international empirical
formula are introduced through the case study in order to resolve this issue.
However, it is struggling to estimate proper deformation modulus for intensity of
bedrock and deformation characteristics. Therefore, correlationship on the
estimation of deformation modulus at basalt area in Jeju is analyzed by utilizing

experimental value at the site and RMR classification value.

Comparing to correlationship of 5 other different types of rock referencing
advanced research, it is observed that basalt has an equal correlationship with
gneiss, lower than granite gneiss and andesite while it has higher correlationship

than granite and tuff.

By analyzing characteristic values of basalt rock and RMR classification,
prediction equation has been calculated. However, correlationship was barely
found and application seems to be inappropriate. Additional research is needed

by undertaking extensive analysis which reflects characteristics of the rock.
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=

LENGTH OF
Y SOUNDCORE > 4INCHES (100mm)
RQD = PECES (2.1)
& cm
L=17cm
RQD =Z rock pieces=10cm . 1gg (94)
L=0cm = Core run total length
Nopieces=10em |
L=20cm g g RQD = 33"'17"‘3":"3*43"'?”30 (%)
s 200 \
S|z
= .
L =43 em 3 RQD = 59% (FAIR)

Mechanical
break caused by g o

the drilling

process L=0cm
No recovery

-

Fig. 2.2 Procedure for Measurement and Calculation of Rock Quality
Designation (RQD) (Deere and Deere, 1988)



Table 2.1 Deere(1963)°ll ©]a SFAEF7Iel we} RQD HHE 443

Ao A vy F= A5 90~100%, FE 75~90%, HE 50~

=4

e
ol
rlo

75%, &= 25~50%, "-5- 25% olst= Askal vt

Table 2.1 Classification of Rock Quality Using R.Q.D (Deere, 1963)

.. . R.Q,D (%)
Description of Rock Quality ( Rock Quality Designation)
Excellent 90-100
Good 75-90
Fair 50-75
Poor 25-50

Very Poor 0-25

Palmstorm(1982)2 AlF2Fdo] E7F5 3t Ao d Ao A|FHoLE 9]

€% RQDE Aol &7bste® th53 o] Atste] A o2 RQDE

A3 F A= AE AdskAT
RQD = 115— 3.3 (2.2)

v wel AHY Ao &
Jv <45 ¢ =, RQD = 100(%)

o

1% UEhRE RQDY A% H2gY W 0%} Aol AL 100%S
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N

FAMS 7HA 2 v (Kim, 2015).
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Table 2.2 Rock Mass Rating System(Bieniawski, 1989; Abbas & Konietzky, 2015)

(a). Five Basic Rock Mass Class Classification Parameters and Their Ratings (R1~R5)

Parameter(R1-R5) Range of values
. For this low range-
Pofnt-load > 10 MPa 4-10 MPa 2-4 MPa 1-2 MPa uniaxial compressive
Strength test is preferred
of
irtact ok
terial
1] ™ Uiaxial cormp. o= o s . o 52| 15 | <1
: > 250 MPa 100-250 MPa 50-100 MPa 25-50 MPa MPa | Mpa | MPa
Rating 15 12 7 4 2 1 0
Drill core Quality R.QD 90% ~ 100% 5% ~ 90% 50% ~ 75% 25% ~ 50% < 25%
2
Rating 20 15 10 8 3
Joint Spacing > 20 m .6-2.0 m 2 mm y mm < mm
2.0 0.6-2.0 200-600 60-200 60
3
Rating 20 15 10 8 5
slickensided surfaces Soft gouge > 5mm
Very rough surfaces slightly rough surfaces slightly rough surfaces or il‘iickg“ge -
y . Not continuous Separation < 1mm Separation < 1mm Gouge < Smm thick )
Gondition of Joints No separation Slightly weathered Highly weathered or Separati 01\ 5
Unweathered wall rock walls walls Separation 1-5mm 'Cem?d fon = omm
Continuous ontinuous
Rating 30 25 20 10 0
Toflow per 10m
turmel length None <10 10-25 25-125 > 125
(£/m)
Ground 3
e | g 0 <01 0.1-02 02-05 > 05
Gerrd conditiors Completely dry Damp Wet Dripping Flowing
Rating 15 10 7 4 0
(b). Effoects of Joint Orientation in Tunneling (R6)
Strike perpendicular to tunnel axis .
pe Strike parallel to Dip & —20°
- - - - . tunnel axis p 0" -20
Drive with Drive against dip
Dip 45° -90° Dip 20° -45° Dip 45° -90° Dip 20° -45° Dip 45° -90° Dip 20° -45° .
P P P P P P Irrespective
of strike
Very . Very . fair
i favorable fair unfavorable v fair
favorable unfavorable

_12_



(c). Rating Adjustment for Joint Orientations (R6)

Strike and dip orientation Very . Very
.. favorable fair Unfavorable
of joints favorable Unfavorable
Tunnels 0 -2 -5 -10 -12
Ratings Fondations 0 -2 -7 -15 -25
Slopes 0 -5 -25 =50 -60
(d). Guidelines for Classification of Discontinuity Conditions
Parameter Range of values
Discountinuity < 1lm 1-3 m 3-10 m 10-20 m >20 m
length (persis—tence) 4 9 1 0
Se; tion None <01lm 0.1-1.0mm 1-5 mm > 5 mm
(aperture) 6 5 4 1 0
Vert rough Rough slightly rough smooth slickensided
Roughness
6 5 3 1 0
Hard filling Soft filling
Infilling None < 5 mm > 5 mm < 5 mm > 5 mm
(gouge)
6 4 2 2 0
Unweathered Slightly Moderately weat Highly weat— Decomposed
Weathering weathered ~hered hered
6 5 3 1 0
(e). Rock Mass Classes Determined from Total Ratings
: 100-81 80-61 60-41 40-21 <20
Rating
class. no. I N I v v
Description
Very good rock Good rock Fair rock Poor rock Very poor rock
(f). Rating Adjustment for Joint Orientations
Class no. I 1} m v v
20 years .
. - 1 year for 1 week for 10 hours for 30 minutes for
Average stand-up time for 15 m _
10 m span 5 m span 2.5 m span 1 m span
span
Cohesion of rock mass(KPa) > 400 300-400 200-300 100-200 < 100
Friction angle of rock mass > 45 35-45 25-35 15-25 <15
(de-grees)
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AFEes 715 54 255 Uao= H7F o] 2= Adolw, el 90%
o] %fo] FgAdo] g th el dFero R Aol P glrk. HEh FAA]
29 Aukg oz AAY(ELA+0~200m)et FAHA T(EL.+200~600m)ol <
i ], o Alge] AP A AR st A A S5 E Al

P ZAME el BEEA gkgel wEl RMR #/F84 F A
(R5)l skl A4E 2bgst=d 47 gk Kim(2001)°] ISRMel

o] 2

TR AL AT B AFH £X8 A2 A

?_
o, 24z I 55 AxsAR o] 28 S/ = =43, I 559

=o Fotuk AFrrt gle 240 A H= e 1083s 2 ArelA

MR 444 duHow 4 g8l

ofv
IR

)

Table 2.4 Seepage Water of Discontinuity (Kim, 2001)

T& Grade Description RMR
I The discontinuity is very tight and dry, water flow along it does 15
not appear possible
II The discontinuity is dry with no evidence of water flow 15
Nqn— m The discontinuity is dry but shows evidence of water flow, i.e 10
f11]1ng rust staining, etc
discontin
'ty v The discontinuity is damp but no free water is present 7
—ur
v The discontinuity show seepage, occasional drops of water but 4
no continuous flow
VI The discontinuity shows a continuous flow of water 0
The filling material is heavily consolidated and dry, significant
I . - 15
flaw appears unlikely due to very low permeability
I The filling materials are damp but no free water is present 10
Charge m The filling materials are wet, occasional drops of water 7
discontin
. The filling materials show signs of ouuwash, continuous flow of
—uity v water 4
The filling materials are washed out locally, considerable water
\Y 0
flow along outwash channels
VI The filling materials are washed out completely, very high water 0
pressures are experienced, especially on first exposure
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(KGS, 2000)
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2AEHAE AT} olUA HEHEAS AuoE 549 rHKGS, 2000).
241 =9 WA ALA

1) Bieniawski(1978)¢] #|<+2]

Bieniawski(1978)= =8 Atd 45 F3to] WHIATE e = L9
A& Aokttt o] AL RMRe] 50Kt & 2§ 182%2 a9l WA

d&u= Ao defA glon, RMRo] 5008kl Z-f-o= 2l A& ofof
HEKGS, 2000).

Em(GPa) = 2RMR—100 (&, RMR > 50) (2.7

2) Serafim & Pereira(1983)¢] #|<HA]

Serafim¥} Pereira(1983)= RMR©| 500]3}2] 49 2 AMHEMES T3 4

DAFE Aot on vuwd F33 odutoa= AX AT B2k ohike
AL W AT ol UF =74 U4 Aol 9tkOh and An, 2010).
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(RMR*lO)
Em(GPa) = 10" % (¢t, RMR > 50) (2.8)

3) Aydan(1997)3 Mohammad(1997)2] A <4

Aydan(1997)3 Mohammad(1997)= Z+2F o8& Ao Ald A4S F3ho] of

=

g o} 2ol RMRY} W A3l #A 2 S A kst th(Lee, 2007).
Aydan(1997) i Em = 0.0097 X RMR**x 1073 (GPa) (2.9)

Mohammad(1997) ;  Em = 0.562 < RMR* + 0.183 (GPa) (2.10)

4) Hoek-Brown(1997)2] A<t

Hoek-Brown(1997)& Serafim & Pereira(1983)¢] A|¢tAlo] vlmw 2 k3 3k of
kol tisfA = 2 w@Xxnt odto] Bt H o= U =4 4o Ao
A= DS AAHsy A H AFAS A A vH(Yu, 2009).

GSI— 10
M
Em(GPa)le( o )x % (2.11)

GSI= RMR,y —5

(¢, GSI > 25, o < 100 MPa)
242 S WPAF ALA
1) Kim(1993)¢] Al<t4]
s WA S Faks S Aolatgnt o] Ao ) oS Ao ZAla
goz

HEo Y] wiiEel, v At Hla -2yt Rk 54

S M & dkedatar glvk(Lee, 2007).
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Em(GPa) = 30exp” 07 RMR® 173 (2.12)
(RMR* = A&t4 2 daarak v4g A49)

=

2) Jang & Kim(2003)2] #|<t2]

sle] 24 Aol FUASARS Batel 248 thyel WAASe ¢
Hho]l F3ls 5 2 RMR #s ol &3t AaaAAE dFsdon, AldA+E F
ok Aze AL obdlst ol Attt
(RMR*lG)
Em=10" " (GPa) (2.13)
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Fig. 3.1 Uniaxial Compressive Strength Test of Jeju

7% 9 AAHE %= =vH(Yang, 2015).



Fig. 312 AT TUHASAE A4S 233 AT A XA AAH
26171 ¢] ¥ =<%r=7}%(Uniaxial Compressive Strength)el] thsle] H 55, 54
5o AR Ed dARGor G2 YEd Aol

Table. 3.1014 Holx]= upe} o] Xz 4=
= 190, HAFs 1200, 3

B o] Yol tha A e etk

= o) =
TFEFe AY

M= S5

ny e
ol ]

IRERRECINEE

L=

r1r

2578, HA = 36

Table 3.1 Uniaxial Compressive Strength Test Results of Jeju' s Basalt (Unit: MPa)

Sortation | North-East | North-West | South-East | South-West | Total Area
Minimum 17.0 12.3 17.2 14.2 12.3
Middle 52.5 56.5 40.5 455 52.5
Maximum 145.8 1489 79.1 1184 1489
Average 65.9 58.6 45.2 54.8 59.0
S;“i‘;?ii 359 276 171 26.0 299
Skewness 0.63 0.41 0.60 0.61 0.73
Kurtosis -0.72 -0.21 -0.60 -0.33 0.00
Data 79 121 25 36 261
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Table 3.3 Regression Analysis Result for Uniaxial Compressive Strength

Fl,}{l;;i;)n Regression Analysis Formula gzssﬁgir;i;fl
Exponential Em = 0.428 EXP(0.0134 U.C.S) R? = 0.17
Linear Em = 0.0138(U.C.S) + 0.5515 R? = 0.22
Logarithmic Em = 0.6777 In(U.C.S) - 1.2922 R? = 0.16
P%‘ll;‘ndiﬁ; Em = 0.0001(U.C.S)? - 0.007(U.C.S) + 1.0845 R = 0.24
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Table 41 RMR(R1) According to Rock Types

Sortation Basalt Gneiss Gram'.t oid Granite Tuff Andesite
Gneiss
Minimum 1 3 2 2 2 2
Maximum 14 14 12 15 15 15
Average 5 8 7 10 9 10
Data 41 63 9 30 54 32
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Fig. 4.4 RMR(R4) Frequency According to Rock Types

Table 44 RMR(R4) According to Rock Types

Sortation Basalt Gneiss Grani_toid Granite Tuff Andesite
Gneiss
Minimum 6 8 7 11 0 4
Maximum 28 30 10 29 30 28
Average 18 20 8 20 17 20
Data 41 63 9 30 54 31
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