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Summary

Recently, as the scale of national and international construction has becom
e bigger and also as Jeju island is named as Jeju Special Self-Governing Pro
vince, it is inevitable to build large scaled public works for it to be reborn as
a free international city in the world. And also with the gathering of populati
on into Jeju city, there will be enlargement of dwelling site and business are
a, so that skyscrapers will be built and the underground space will be used.
As the city is enlarged, the skyscrapers will gradually go upward to the mou
nt. Then it is expected of large scaled public works, big building structures,
underground structures, and high earth cut slope therefore there will be a de
mand for study about earth foundation. At present in the case of Jeju, the st
udy about soil is vivid, but it is not sufficient about rock mass. Therefore it
needs mechanical data about basalt, the volcanic rocks, and other various data
about engineering trait of the rock mass.

So this study researched the physical and mechanical traits of Pyoseonri b
asalt(the Acicular Feldspar Olivine Basalt; FOB), Trachybasalt, and Scoria an
d then implemented absorption test, bulk specific gravity test, permeability tes
t, and strength test to see their influence on strength, and at last analysed th

e failure criterion on rock mass. The result of this study is as following.

The basic physical traits of the three intact rock are as the following Tabl
e 4.1~3. As the bulk specific gravity is higher, it showed the tendency of de
creased absorption and permeability, and the tensile strength showed as much
as 1/9~1/18 of compressive strength.

It showed a little difference between anticipated strength from schmidt ha

mmer test and the real strength from uniaxial compression test, and there we

_ix_



re more errors in high strength given intact rock. Therefore I expressed them

b-R

in exponential function as the following. o, =a-e”", a and b are variables ac

p

cordant to the kinds of intact rocks and are suggested as following.

The strength of intact rock is dependant upon various elements but this st
udy took the strength test according to loading speed, anisotropy of the intact
rocks, and water content. The result showed a tendency of that the more loa
ding speed is fast, the more they are closing to horizontal or vertical directio
n, and the less they have water content, the higher is the strength.

It showed different result on the failure criterion of rock mass according t
o each of them. While the failure criterion of Hoek-Brown evaluates cohesion
much lower than that of Mohr-Coulomb, it evaluates higher in the aspect of i
nternal friction angle and the failure criterion of Lade evaluates both cohesion
and internal friction higher than that of Mohr-Coulomb. As there are different
results according to the failure criterion, it needs thoughtful decision to select

failure criterion of rock mass.
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Table 2.2 Mineral data of Alkali basalt from Jeju Island

ZA SESHH]
S102 46.29~62.18%
AlO3 13.90~19.65%
Total Fe:O3 4.25~13.59%
NazO 2.710~6.54%
CaO 1.02~10.32%
Ti0: 0.26~3.51%
MgO 0.10~8.69%
MNO 0.09~0.23%
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Fig. 3.5 Photograph of specimens for this study (43mmx86mm)
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Table 3.1 Result of Absorption and Specific gravity test
xAde A5 ZAYdE AFS Scoria
T T
ETE(%) Hl, & ETTE(%) Hl & ETE(%) Hl &
1 2.523 2.440 0.917 2.829 7.428 2.123
2 2.833 2.380 0.891 2.846 8.825 2.025
3 2911 2.346 0.908 2.849 8.540 2.030
4 3.446 2.222 0.833 2.851 7.697 2.067
5 3.153 2.299 0.782 2.870 8.930 2.009
H gl 2.523~ 2.222~ 0.782~ 2.829~ 7.428 ~ 2.009~
" 3.446 2.440 0.917 2.870 8.930 2.123
Tt 2.973 %V 0.866 2.849 8.284 2.051
4.000 r 7 2.500
3.500 1 2.450
3.000 | 1 2400 2
= ~
.g 2.500 1 2.350 s
£ 2000 e {2300 &
4 ) b=
< 1.500 f . 4 2250 ‘o
< ‘e g
1.000 | = Absorption 12200 &
0.500 [ ---#--- Specific gravity | 2.150
0.000 L L L L 2.100

Fig. 3.8 Absorption

Pyoseonri Basalt

and Specific gravity of the Pyoseonri Basalt
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Fig. 3.17 Container lid Fig. 3.18 Setting feature

Fig. 3.19 Measurement equipment
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Fig. 3.22 Prepared specimens for this study
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3.4 Schmidt hammer test
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Table 3.3 Result of Schmidt hammer test

- - L [esisy aans
5‘— 45 48w 3 '
T A s A © T N/m®) | (MPa)
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Fig. 3.28 Photograph of Ultrasonic velocity test
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Table 3.5 Classification of rock masses : <A, B Group>

=]
T T A B
HArke, AT, AW, el
5 b= e) = [e) © o
) E Aol oFEu A 5ok, Abek, =g ek 9ok s SAEY, FAEY, A5, A
e Fet, Ase, AR, A, fm|d sk 3% A

5} O = o ~
e ol 2% St haw g9rs aw Fastn AR, 49Rel Ad gm I
74 Aol dad A, AAES 2SR (o] A9 gl A, Avel A
500~1,000 gr & o] <] Ao 42 22 HHt dHo|eAdHde] dAfale] BAAX gl
Ao ol s 2 wo} s AL A g ool ol dou] ghwle] M
Ep Al oot 4 jx ae g 54 e A

Table 3.6 Relationship between Ultrasonic velocity and Uniaxial compre

ssive strength

o = o = B EHE WA S5 oM GRS & g g ®
"oe s (km/sec) (km/sec) (kg/cm?)
= g o A 0.7~1.2 20 % L 300 ~ 700
B 10 ~ 1.8 220 N 8.0 100 ~ 200
* ol A 12 ~ 1.9 2N~ 700 ~ 1,000
B 1.8 ~ 28 3.0 ~ 43 200 ~ 500
W o= o A 19 ~ 29 iz~ 4.1 1,000 ~ 1,300
B 2. St Al Asy ~ S8 500 ~ 800
. o A 29 ~ 42 A7) % H'8 1,300 ~ 1,600
B 4.1 o]+ 57 o)A+ 800 o]
= 7 o A 4.2 o)A 5.8 o] A+ 1,600 )%+
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Fig. 3.30 Photograph of Uniaxial compression test

Table 3.7 Result of Uniaxial compression test in the Pyoseonri Basalt

MY ARG ARYFAE
o, SER %8
AysE | Avsd | Adss | Aded
kN MPa kN MPa
1 79.25 04.57 32.38 22.30
2 45.44 31.29 43.55 29.99
3 51.62 35.55 45.52 31.35
4 53.03 36.52 41.85 28.82
5) 75.59 52.05 31.16 21.46
6 71.30 49.10 35.21 24.25
7 43.56 30.00 21.03 14.48
8 61.55 42.38 48.84 33.63
9 69.59 4792 28.42 19.57
10 47.21 32.51 39.99 24.78
i 9 30.00 ~ 54.57 MPa 1448 ~ 33.63 MPa
3 Tt 41.19 MPa 25.06 MPa
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Fig. 3.31 Compressive strength of the Pyoseonri Basalt in the dry state
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Fig. 3.32 Compressive strength of the Pyoseonri Basalt in the wet state
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Table 3.8 Result of Uniaxial compression test in the Trachybasalt

o, RESE S8
2 o3} g2 EE 232
kN MPa kN MPa
1 247.50 170.43 170.90 117.68
2 256.30 176.49 204.60 140.89
3 265.60 182.89 170.20 117.20
4 280.60 193.22 225.40 155.21
5) 270.50 186.27 184.00 126.70
6 250.88 172.76 214.30 147.57
7 265.59 182.89 177.50 122.23
8 270.09 185.99 175.90 121.13
9 216.77 190.59 161.40 111.14
10 274.80 189.23 174.00 119.82
H o9 170.43 ~ 193.22 MPa 111.14 ~ 155.21 MPa
o ot 183.08 MPa 127.96 MPa
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Fig. 3.33 Compressive strength of the Trachybasalt in the dry state
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Fig. 3.34 Compressive strength of the Trachybasalt in the wet state

_41_



Table 3.9 Result of Uniaxial compression test in the Scoria

Scoria®] HUAFHE

o, RESS 8
Asts | Aved stz | Aned

kN MPa kN MPa
1 25.25 17.32 19.44 13.39
2 39.71 277.34 27.09 18.65
3 24.89 17.14 18.93 13.04
4 33.31 22.94 18.88 13.00
5) 31.21 21.49 14.62 10.07
6 34.23 23.57 28.66 19.74
7 29.05 20.00 24.37 16.78
8 29.71 20.46 16.10 11.09
9 30.20 20.80 12.26 8.44
10 24.45 16.84 13.83 9.52
i 9 16.84 ~ 27.34 MPa 844 ~ 19.74 MPa

3 20.79 MPa 13.37 MPa
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Fig. 3.35 Compressive strength of the Scoria in the dry state
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Fig. 3.36 Compressive strength of the Scoria in the wet state
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.37 Apparatus for Brazilian test
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Fig. 3.38 Stress distribution of Brazilian test

Fig. 3.39 Photograph of Brazilian test

_45_



Table 3.10 Result of Brazilian test in the Pyoseonri Basalt

Maximum Stress, 6max (Mpa)

A e A YAE
o, GES e
Aas | Aded Aas | A
kN MPa kN MPa
1 19.97 3.44 13.41 2.31
2 19.16 3.30 16.65 2.87
3 19.16 3.30 17.40 3.00
4 19.92 3.43 17.82 3.07
5) 18.28 3.15 15.45 2.66
i 9 3.15 ~ 3.44 MPa 231 ~ 3.07 MPa
o 3.32 MPa 2.78 MPa
5

L Average : 3.32 MPa

D : in the dry state
W :in the wet state

Average : 2.78 MPa

D5 W-1

W-2 WwW-3 W4 W-5

Fig. 3.40 Tensile strength of the Pyoseonri Basalt
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Table 3.11 Result of Brazilian test in the Trachybasalt

Maximum Stress, 6max (Mpa)

2W ARete] AYAYRE
o, RESS S8
Asts | Aved stz | Aned
kN MPa kN MPa
1 62.41 10.74 47.06 8.10
2 65.40 11.26 42.55 7.33
3 58.02 9.99 31.57 6.47
4 58.34 10.04 45.40 7.82
5) 90.75 9.60 38.73 6.67
i 9 9.60 ~ 11.26 MPa 6.47 ~ 8.10 MPa
== i 10.33 MPa 7.28 MPa
16

Average :10.33 MPa

-
N
T

D : in the dry state
W : in the wet state

D2 D3 D4 D5

W-1

No.

W-2  W-3

W4  W-5

Fig. 3.41 Tensile strength of the Trachybasalt
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Table 3.12 Result of Brazilian test in the Scoria

Scoria®] | thlg7 =

No. RESS S8
Asts | Aved stz | Aned
kN MPa kN MPa
1 14.20 2.44 5.14 0.88
2 13.76 2.37 7.20 1.24
3 10.48 1.80 9.48 1.63
4 15.36 2.64 8.43 1.45
5) 15.00 2.08 8.45 1.45
i 9 1.80 ~ 2.64 MPa 0.88 ~ 1.63 MPa
== i 2.37 MPa 1.33 MPa
5

Maximum Stress, 6max (Mpa)

Average :2.37 MPa

A

D : in the dry state
W :in the wet state

Average : 1.33 MPa

W-1
No.

D-5

W-2  W-3

Fig. 3.42 Tensile strength of the Scoria
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Fig. 3.45 Apparatus for Triaxial compression test

AHgHel L
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Table 3.13 Result of Triaxial compression test

Confining Confining Confining ) Internal
Cohesion .
Pressure Pressure Pressure (MPa) fric. angle
(5MPa) (10MPa) (20MPa) (°)
BRI
5oy 42.53 101.72 182.65 5.35 50.25
LT =
F=Hek
S H o 173.64 331.10 454.44 16.99 60.66
LT =
Scoria 28.14 57.93 89.96 2.33 37.05
200
<& 5MPa O 10MPa A 20MPa
= 160
=3
s
S 120
V3
i 80
]
=
>
a
40
O oo 1
0 40 80 120 160
Axial Deformation, AL (10mm)
Fig. 3.47 Stress-strain behavior of the Pyoseonri Basalt
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Deviator Stress, Ac 1 (MPa)
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Fig. 3.48 Stress-strain behavior of the Trachybasalt
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Fig. 3.49 Stress-strain behavior of the Scoria
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Table 4.1 Comparison with each Basalt (1)

ae | ave  |mad ave swd ave L0
o) 5% |kN/m’ 27.1 215 - -
EFre | % - 2.973 2.0 6.53
" F 2.896 2.337 2.444 2.89
E5AS em/s | 1.0x10"7 1.21x107 - -
A 9 | km/s - 3.95 - -
et&=7 % | MPa | 1480~355.0 41.19 40.305 52.563
147 % | MPa| 11.3~145 3.32 3.138 5.266
2] B o] 21 %.(2005) A H-8(2002) | W17 €(1999)

V Wt}& 3 (Large-vesicular texture)
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Table 4.2 Comparison with each Basalt (II)
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4.1.3 Scoria
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Fig. 4.3 Photograph of the Scoria
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Table 4.3 Comparison with each Scoria

9] Scoria & o]

R s kN/m* 186 -

T T & % 8.284 6.28

v 5 2.051 2.54

FFA S cm/s 3.04x107° 5.26x10™"
Sz o e km/s 2.67 -

=4 MPa 20.79 -

Mg MPa 2.37 -

2] B A1 %3(2002)

_58_



4.2 Schmidt hammer BHEA2F AZAFZL T | AF2E2HH|

2 (413 o] Schmidt

400

L O  Pyoseonri Basalt O Trachybasalt

350 A Scoria —--—- Correcting curve

300

250

200

15@ ™T

100 4

Uniaxal Compressive Strength (MPa)

50

0 10 20 30 40 50 60 70 80

Rebound value

Fig. 4.4 Diagram showing relationship between Schmidt hammer
rebound value and Uniaxial compressive strength
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o17]4, R : Schmidt hammer HHgtA| 5=

a, b1 &Fol WE WHF

’

Table 4.4 Parameter of each samples

(4.1)

a b A=

xAE A5 3.24 0.059 93.6%
S dF ¢ 11.67 0.046 83.7%
Scoria 3.79 0.058 94.9%
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4.4.1 Mohr-Coulomb®| Iji|#Z=

ero]l FI e E FHsH7] skl T gto] ARSI Stk o] HIqFFEo R
o] 7] = Mohr-Coulomb 33| 7+, Hoek-Brown 333+ % Lade 3}3]5F<=0l
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Fig. 49(a)= Mohr-Coulomb®] ¢ Z¥qftFS A do|th, & dxe
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A A 37 Zehd-e Fig. 49(b)olA el o] Mohr-Coulomb 74 2 Q1A
A ot Mrrth ofgo] EAEA ®Huh weA HAl &A= 10k SE
HarZd vt o)

HAEeF Ao e F&EH o2 Mohr-Coulomb 33 7F+#S eEhE &4

oL p=q, T 03 tan’ (45° + <;5/2) (4.3)
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webA, g, ¢ S TSI e #A 7 "k
q, =2 S tan(45° +m/2) (4.4)
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Fig. 4.9 Mohr-Coulomb failure criterion
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Fig. 4.10 Mohr's circles and Failure envelope for the Pyoseonri Basalt
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Fig. 4.11 Mohr's circles and Failure envelope for the Trachybasalt
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Shear Stress, T (MPa)

Normal Stress, ¢ (MPa)

Fig. 4.12 Mohr's circles and Failure envelope for the Scoria
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4.4.2 Hoek-Brown®| Iti|#&:

Hoek$} Brown(1980, 1988)& dujwts E3st:= otwto]l A2 b3t
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o =0y | o
(M) Zmb??’-i—s (4.6)

2 FAE F Ao o714 GSI>250122 =052 Fil, 0y =<0~20MPag

ez 03/00 =8 ((alf—03)/00)2 HES Sk

Table 4.5 Calculation of o,/s, and ((01/_03)/0(;)2 in the Pyoseonri Basalt

03(MP3) Ulf(MPa) O3 /U(c ((0'1'[ - Ug) /O'C>2
0 25.06 0.000 1.000
5 42.53 0.200 2.243
10 101.72 0.399 13.396
15 127.45 0.599 20.135
20 182.65 0.798 42.126

Table 455 ©|-&3to] (4.6) #AAS 2" o= I2jW Fig. 4133 2t

60.0
50.0 |
= @)
§ 40.0 r
e 30.0
=
@ 20.0 |
10.0 y =31.839x + 0.9226
0.0 ¢ : :
0.0 0.5 1.0 1.5
63/6,
2
. . . O3 01— 03 . .
Fig. 4.13 Relationship between — and |———=| in the Pyoseonri Basalt
UC UC
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Fig. 41322 %8 m,=31.839(7]&71), s=0.9226(4H)o]c}.
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ARloz AMdAe 7Y, o] A 7277t k Aol o, AT H7]A

T3k, o, %= 2 (4.8)3 (49)°l tidste] ¢, cate I

-

o 11
Oem

(4.9)

91 Hoek-Brown 33| 50 258 o33 %2 (c) 477MPa°l i, W 5-v}
A 7H($)& 52.47°°]t}. o] Mohr-Coulomb 33 52 22 ¢=535MPaR t}
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Fig. 4.14 Estimation of failure criterion in the Pyoseonri Basalt by liner

regression method
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Fig. 4.15 Hoek-Brown failure envelope of the Pyoseonri Basalt
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O3
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0y = 0y +127.96 X 68.083 %

Table 4.6 Calculation of ¢,/0, and ((0;,~0,)/0,)* in the Trachybasalt

03(MPa) O'1f<MPa) 0'3/0'0 ((0'1'[—0'3)/0'0)2
0 127.96 0.000 1.000
5 173.64 0.039 1.737
10 331.10 0.078 6.297
15 360.41 0.117 7.287
20 454.44 0.156 11.527
15.0
E 10.0
g &
& 50
y =68.083x +0.2488
0.0 '
0.0 0.1 0.2
63/0,
. . . O3 01y~ 03 2 .
Fig. 4.16 Relationship between — and |———=| in the Trachybasalt
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Fig. 4.17 Estimation of failure criterion in the Trachybasalt by liner

regression method
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Fig. 4.18 Hoek-Brown failure envelope of the Trachybasalt
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Table 4.7 Calculation of ¢,/0, and ((o;—0,)/0,)* in the Scoria

o;(MPa) o ;(MPa) o5/0, (o) —03) Jo,)?
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Fig. 4.20 Estimation of failure criterion in the Scoria by liner regression

method
50 [
- 40 r .
= Hoek-Brown Failure envelope
A 37.05°
s
e 30
@z 20
o
$
7
10
5 20 Mohr-Coulomb Failure envelope
-5 5 15 25 35 45

Normal Stress, o (M Pa)
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Fig. 4.30 Failure surfaces for the Pyoseonri Basalt shown in Octahedral
plane. Mohr-Coulomb failure surfaces shown for comparison
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Fig. 4.31 Failure surfaces for the Trachybasalt shown in Octahedral
plane. Mohr-Coulomb failure surfaces shown for comparison
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Table 4.9 Comparison with failure criterion estimated by each method

Mohr-Coulomb Hoek-Brown =
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or  [16:99MPa| 60.66° |14.69MPa | 60.70° |28.11MPa| 65.83°

Scoria 2.33MPa | 37.05° | 222MPa | 47.60° | 2.82MPa | 39.40°
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