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Abstract

This study evaluated the suitability of the Powdered basalt, which was produced
during collecting and processing the building stone, as Liner using physical and
mechanical method. The liner compound was mostly composed of Powdered basalt. The
cement and sodium silicate compounds were used as additivity. As results, the
compressive strength was bigger than 14kg/er’ which satisfied the reclaimed land
standard, Skg/cr. The constant of percolation was 9.863x10~® when it contained 83%(5
versus 1) of powdered basalt in 28 days and this data also satisfied the Liner standard,
1x1077. So the quantity of the Powered basalt should be less than 83% of the whole
compounds when mixing with cement and be carry out under humid environment. when
mixing the Powdered basalt with the field solid, a member of the sandy soil family,
the quantity of the Powdered basalt was reduced up to 60% at first and ,then, it
was appeared to be increasing. Lacks of ithe activity, Powdered basalt can not be
hardened by itself. So, if adding the Ca(OH). a resistant factor of pozzolanic
reaction, into the mixture, may make it possible to be used as the material of the

Liner.
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EARS] vk, 265~2.7¢] & Ak g 9 AgdAE ARAY g
22.3%~23.00%, 2 AL 1657% ~187%=; AAAFE 346%~573% = A4 0]
e Aoz veyth AR d& aE dyAgZ

of Exst, HAPAZGYFHS 1.62g/ar~1.675g/cnre] HHol| ExEam Sl
Fig.32& Ao tiaide BoFa vk @A e FF45E 542E-06cm
/sec. & UER}IL lT

el MRS oy tl2ng g9 REy|FE

o]
ftlo
JZi
ofo
ol
N
rr
2
i)
o
offt
e
M

59 (Unified Soil Classification System)ol|l 2]slo] E/3sH ML-CL3 A A
S 2 e

Table. 3.1 The Test Method for the powered basalt

Item Korean Industrial Standards
Hl S A KS F2308
of - 2ATA A KS F2303, KS F2304,
SRR KS F2309, KS F2302
A A KS F2312
2229 KS F2322-95
2 A A A KS F2343
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Table. 3.2 The physical of the powdered basalt

Test Result

Tests
Contents Powdered basalt
Specific gravity Specific gravity(GS) 292
Water contents Water contents(%) 35%
Liquid limit (LL,%) 22.67
Liquid & Plastic Plastic limit (PL,%) 1797
plastic index (PI) 47
Shrinkage Limit (SL,%) 15.32
Shrinkage Ratio (SR) 243
Shrinkage Limit
Volume Change (Sv,%) 9.77
Linear Shrinkage (Ls,%) 3.06
. Optimum moisture content(%6) 21.57
A compaction
Maximum dry unit weight (g/cm) 1.65
Grain-size distribution curve
ek A—A | 100
| |
| | 1 80
: :
| | 160 =
| | %
| | 140 O
| | oy
| | )
| | —A1 20
| |
0
10 475 0.1 0.075 0.01 0.005 0.002 01

Grain size(d,mm)

Fig. 3.1 Grain-size distribution curve of powdered basalt
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>
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Water content(w ,%)
Fig. 3.2 Compaction curve of powdered basalt
Table. 3.3 A &9 A Ed mE FFAF< 505 YeRd Zolo AlgdZ
F25E AR Foldel weh ARe FuE gastn FRAFE of

sto] Zhaste AL &+ Ak Fig 332 dREs F4A5 BAE e 2

o]},

Table. 3.3 Coefficient of permeability of Powdered basalt

void ratio K(en/sec)
degree of compaction €
100%% 0.747 3.905E-06
90% 0.845 1.072E-05
80% 1.191 2.790E-05
70% 1.503 1.616E-04
65% 1.605 2.636E-04
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Table. 3.4 Direct shear test result

Tests

Test Result

direct shear

Contents Powdered basalt

relative density30% 29.16°

angle of shear relative density50% 31.49°
resistance(i) relative density70% 33.74°
compaction test result 37.34°

relative density30% 0.0962

relative density50% 0.1565

cohesion(c)

relative density70% 0.0144

compaction test result 0.7628
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Shear stress( T, kg/cm)

Fig. 3.4
(Dr30%)

Shear stress(T, kg/cn)
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Horizontal displacement (D,mm)

Relationship between Shear stress and horizontal displacement

i y =0.558x +0.0962

0.0 0.5 1.0 1.5 2.0 25

Norma stress(o,kg/ cit)

Fig. 3.5 Relationship between Shear stress and Norma stress (Dr30%)
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Shear stress( T, kg/cm)
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Fig. 3.6 Relationship between Shear stress and horizontal displacement

(Dr50%)
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Fig
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. 3.7 Relationship between Shear stress and Norma stress (Dr50%)
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Fig. 3.9 Relationship between Shear stress and Norma stress (Dr70%)

_24_



—a— 203 (0, 5kg/cm2
4.0 1 _e_zote 1kg/cm2
—— 2B 2kg/cm2
—o— k3 4kg/cm2

3.

2.

Shear stress( T, kg/om)

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Horizontal displacement (D,mm)
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(2) statA 54
Aot AMEEHAe A 548 dolrux XAd FFEA7|(X-Ray
Fluorescence, XRF)E &3] Fo4wS w4319 h

AEel PHe oF 8672 YEh okdvtEdeS wa gt FAES
SOy + Al,Oy+ Fe, 0,7t 7839% = FF& ol Fil & A= Yerwth E3 PH 4
24 o % Mo, K0, No,0O7% °F 18% S AFA|&kaL glo] o]59] 7pie] 2
of o] AAEE 2 mole o om ol o3 FAItEE FHE HERE B
GETH(E A 9 32, 2002).(4(3.1))

o
h
r_‘&‘i

MO+ Hyo—M(OH)y—M,, +20H (3.1

A71A M: Ca, Mg, Mg, K, Na

Table. 359 Fig. 3.12¢1= XRF& 3 @5 Mol thete] 243 @794 A
o stets x4 BEMAAE BT 384 =4S B At EY So,
o] FFo] 5266%= YEIY M He H&S YEhder o 9 FHE
831%= Al,0,7} 14.67%, Fe,0,7} 11.06%% LEFRtTh.

50, B ALOE ARHA Fol FAHE u(OH),S BHgdel Huywgo e
(tobermorite : O - S0, - H,O)E BT F A& Aoz AddAvt(z=49 9
391, 2002) AL,0,°l 7% Ca(OH),st Wrgatel 3¢uo - Sio, - HOE 3438

Ao} Meate dEAEE Wyt TEAINLE doZ Aew wwwn,
(=A™ 9] 291, 2004).
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Table. 3.5 Chemical composition of Powdered basalt

Sample Contents
constituent (%)
Si O, 52.66
Al, Oy 14.67
TiO, 1.93
Fe, O, 11.06
MO 6.33
010 8.31
Na, O 2.84
KO 098
MO 0.14
B0; 0.34
LOI -
total 99.26

LO.JI : Loss of Ignition

E0. 0=

50.0F

40.0-

30.0-

Contents (%)

Z20. 0

10.0F
|:|_|:|_ Pl | DI ﬂ. Ul DIDID |E |-.' |g: ;“'.\\u
N R

Chemical composition

Fig. 3.12 Chemical composition of Powdered basalt
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Fol A= 3H 5H 7/l Ao ARwe AAstel Aoz st
AgEel Bed W g5ty 4L srs) gste] 2% 4@ AAsd A

ol AFEE AlFEE 1000 o] oE 24A7F o)A @A Axd ARE ALEES

=4

o}

Table. 3.6°1= AFES 7] &85 #otsty] 98 AAd A =it
A (Korean Industrial Standards)< YeEF T

A9 ZAI= Table. 370 AAEAT. ZF SAHAAE= 33 FAX ] Hdtgholth
Fig. 3.13% Fig. 3.16v @4 H A5 JEvEFHE YERdAT H59 g2
258~267=A Az Ql EALSE wfo] A4 BlFgk 2659 Hl2d FAE e
o A 9 A= AlEAY AASAE 40%~41%, A= 22.65% ~
2548%=; A/ AFE 1552~17.302 et dddH o] Alsed ] o3 Al
g A HATTH = 186%~19%, HNAxzGTZFS 1.715g/cn ~1.73g/cn’ & &
LEbbaL STk Fig. 3149 Fig. 3162 @A =e] td=4de HolFa gl

Eoko] BH7)Ee =R FW(Unified Soil Classification System)ell ¢]3lo] &

Fod AAEE SWol BRHEE Aow vewd

Table. 3.6 The Test Method for the Powered Basalt

Item Korean Industrial Standards
H] A1 KS F2308
N - A A| KS F2303, KS F2304,
A=A KS F2309, KS F2302
AR KS F2312
FFAE KS F2322-95
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Table. 3.7 The physical of the soil

Test Result

Tests

Contents Soil.3H Soil.5H
Specific gravity Specific gravity(Gs) 2.58 267
Field density dry unit weight (g/cm) 1.48 1.49
Water contents Water contents(%) 15.27 13.51%
coefficient of uniformity C, 13.33 13.33
grain size analysis —
coefficient of curvature Cc 167 1.67
Liquid limit (LL,%) 41.00 40
Liquid & Plastic Plastic limit (PL,%) 25.48 22.65
plastic index (PI) 1552 17.35
Optimum moisture content(%) 18.60 19.00
A compaction
Maximum dry unit weight (g/cm) 1.715 1.73
permeability Test | Cocticient of permeability of 7500 o4 | o105
compaction sample (cm/sec)
Grain-size distribution curve
100
\ 1 80
1 60
40
20
| * O
100 10 1 0.1 0.01
Grain size(d,mm)
Fig. 3.13 Grain-size distribution curve of site soil sample 3
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Dry density(rd,g/cm)

1.90 r
| Compaction curve
1.80 -
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1.50 -
1.40
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Water content(w,%)
Fig. 3.14 Compaction curve of site soil sample 3
Grain-size distribution curve
-1 100
1 80
o
160 =
{40 S
\ °
[a 18
\A\ 1 20
e 0
100 10 1 0.1 0.01

Grain size(d,mm)

Fig. 3.15 Grain-size distribution curve of site soil sample 5
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Fig. 3.16 Compaction curve of site soil sample 5
313 AHE Z &3
(1) AHE
Ao AbEgE AJWE= oA AatE = CAF 55 L2EH T AIUMEE A}

gatgom EahAt DA AES ASSAT ASE AWE B84 - Beld 54
<2 Table. 3.8~Table. 399 YEFN ST} Table. 3102 &3lAlo] 334 EAFS
B9t

Table. 3.8 chemical composition of cement

constituent chemical composition (%)

S0, 30~36

AL, O, 12~18

Fe,0, 025~035

8:10 38~45

MgO 10.0¢] s}
SO, 2.74

S(&H) 1.0
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Table. 3.9 Physical composition of cement

Contents physical composition

Faad (%) 0.9

A% (kg/m') 297295

ZHE (>45um) 2.0 o3}

3t 173 (um) 10713

H WA (cn/g) 4,210
Z2ge 37 (%) 346
H] 5 3.04

Table. 3.10 Chemical composition of quick setting admixtures

constituent &02 Al203 F€2 03 ca o NGQO [(20 MhO P2 05 LOI | total

Contents (%)| - 6.59 - 36.41 - - 3787 | 80.86

LO.I : Loss of Ignition

3.2 MEE 2t AlSEH MY

Aol HA7r=EFS AME T2 1%=2 st o, z} vjgdulo] izt &5lz H3S F
sto] W/(C+SG)(C: AIFIE, SG: A)H) &= 375% = gttt olw EHZ o
75~125% YEFRE:

%5 UE(hollow cylinder)d Alg ¥ Ad WHS R2gH E£3d7]|E A5
EFAEE EFE s HD-21510x20cm)E =5 A&t AlgAE A3 et o

S Bg=o Y& AHA 20~24] 7ol A & F

o
ot
auj
auj
o
g
i

e
el

r]j

ol
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Fig. 3.18 Specimen prepared for this study

Fig. 3.19 Curing Apparatus
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«——The lower part

Fig. 3.21 The making process of specimen

_35_



322 dF Y NE 2 AFEY FFAES AT AN¥A 49

FrEAAS S FAAE @59 ARy dFES S8 EFAERA AR 3
2] 0%, 10%, 20%. 40%, 60%, 80%, 100% = 3lo] ThAIE S Faste] A4
e} Aol zAEe oste] FFAE AFAE A¥ste]l AEsdt ® dF &

W QAT olete] ArlUE 91.0%9} 895%% AQBae] FAP ARAS
3]

Fig. 3228 A @ARe] oste] £4e] WER £4AY AR dEw TR

FTAE L7 APt gHoltt Fig. 3.23

rir

2,
ofh

of
>
il
Gl
5]
Lo
Gl
>

Fig. 3.23 Samples saturation

3
2 AR 4Ese s ANEEFARS FHYES

57

€ FAA = Fig.
Gang Mortar Cylinder Mold)
SAAE A2 AT

EPARE B9 EWUIE o8] EBFF vhe B Qo] dith B 43
% 2

_36_



Fig. 3.24 Three Gang Mortar Cylinder Mold

3.3 AIEEE

Fig. 3.25 Permeability Test Apparatus of concrete
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Fig. 3.32 Setting feature

Fig. 3.31 Container Lid
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FIAA AZHRAGAA E=o] A B AFHAAAA AFA ] o IFoR A
Aol WA Fhe] A5 Ak o]® st FFAF FA AT oAt As
Aoz Ats ),

Fig. 412 FFAlFe AHE & Atolo] #AE YEhidth. 1A e
S AAH ARES] o] S s FEATE HAste A vEhdl ey
AlRIES] FFeFo] 50%0]8tel 49 FAle WE Fol W F Ao yEuh

Table. 4.1 Coefficient of permeability of specimen

Curing time I7. 14 28
(day)

Specimen cm/sec cm/sec cm/sec
100% (0:1) 1.638E-08 1.180E-08 7.323E-09
50% (1:1) 5.294E-08 2.225E-08 1.110E-08
20% (4:1) 4.328E-06 9.481E-08 8.942E-08
17% (5:1) 6.271E-06 1.738E-07 9.836E-08
13% (6:1) 8.693E-06 2.438E-07 1.925E-07
10% (9:1) 1.493E-05 9.342E-07 8.38E-07
0% (1:0) 4.670E-06

Cement Content (Powdered basalt : Cement)
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Fig. 4.1 Relationship between coefficient of permeability and Cement Content
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Table. 4.2 Compaction test result of Powdered basalt and soil sample 3

Maximum wet unit | Maximum dry unit | optimum moisture
weight(g/crf) weight(g/cr) content(%)
Specimen No.4 No.4 No.4
0% (0:1) 1.969 1.487 24.50
10% (1:9) 2.060 1.525 26.00
20% (2:8) 2.031 1.542 24.10
40% (4:6) 2.037 1.593 21.80
60% (6:4) 2.046 1.615 21.10
80% (8:2) 2.039 1.642 19.50
100% (1:0) 2.001 1.66 21.8

Powdered basalt Content (Powdered basalt : soil)

Table. 4.3 Coefficient of permeability of Powdered basalt and soil
Specimen 3
K (cm/sec) void ratio

Specimen No.4 e
0% (0:1) 1.56E-05 0.748
10% (1:9) 2.35E-06 0.726
20% (2:8) 1.51E-06 0.725
40% (4:6) 9.89E-07 0.729
60% (6:4) 1.62E-06 0.741
80% (8:2) 1.98E-06 0.765
100% (1:0) 4.670E-0 0.747

Powdered basalt Content (Powdered basalt : soil)
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Table. 4.4 Compaction test result of Powdered basalt and soil sample 5

Maximum wet unit | Maximum dry unit | optimum moisture
weight(g/cm) weight(g/cm) content(%)
Specimen

No.4 No.4 No.4
0% (0:1) 1.874 1.49 25.8
10% (1:9) 1.943 1.53 27.0
20% (2:8) 1.938 1.55 25.0
40% (4:6) 1.957 1.59 235
60% (6:4) 1.952 1.60 22.0
80% (8:2) 1.999 1.65 21.2
100% (1:0) 2.001 1.66 21.8

Powdered basalt Content (Powdered basalt : soil)

Table. 4.5 Coefficient of permeability of Powdered basalt and soil
Specimen 5

K (cm/sec) void ratio
Specimen No.4 e
0% (0:1) 1.010E-05 0.836
10% (1:9) 2.132E-06 0.845
20% (2:8) 1.087E-06 0.825
40% (4:6) 2.345E-07 0.779
60% (6:4) 1.861E-07 0.788
80% (8:2) 2.058E-06 0.875
100% (1:0) 4.670E-06 0.747

Powdered basalt Content (Powdered basalt : soil)
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Table. 4.6 Coefficient of permeability of Powdered basalt and soil Specimen

3H relative density 5H relative density
Dr 91% Dr 89%
Specimen K(cn/sec) void ratio K(en/sec) void ratio
e e
0% (0:1) 7.840E-04 0.868 3.140E-04 1.353
10% (1:9) 6.755E-05 0.795 1.162E-04 0.777
20% (2:8) 2.321E-05 0.788 1.212E-05 0.756
40% (4:6) 8.013E-06 0.785 6.842E-06 0.741
60% (6:4) 5.850E-06 0.767 5.439E-06 0.731
0% (8:2) 5.705E-06 0.835 5.520E-06 0.757
100% (1:0) 1.072E-05 0.845 1.072E-05 0.845
Powdered basalt Content (Powdered basalt : soil)
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Fig. 4.5 Relationship between coefficient of permeability and Powdered basalt
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Table. 4.7 Compressive strength of water

curing specimen

Curing time 7 14 28
(day)

Specimen (kg/ci) (kg/cir) (kg/cir)
100% (0:1) 222.18 321.91 370.80
50% (1:1) 166.97 220.77 243.41
20% (1:1) 66.99 94.46 140.32
17% (5:1) 50.57 83.96 106.93
13% (6:1) 51.86 73.69 103.14
10% (9:1) 51.73 57.77 83.15

Cement Content (Powdered basalt : Cement)

Table. 4.8 Compressive strength of air curing specimen

Curing time 7 14 28
(day)

Specimen (kg/ci) (kg/cr) (kg/ci)
100% (0:1) 191.54 186.30 227.23
50% (1:1) 114.75 143.16 173.65
20% (1:1) 64.57 61.63 53.01
17% (5:1) 57.26 55.92 49.80
13% (6:1) 55.23 51.36 38.25
10% (9:1) 25.68 14.63 14.23

Cement Content (Powdered basalt : Cement)
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Fig. 4.10 The shape/surface in relation to the Cement Content by

scanning electron micrograph
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