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Abstract

The recent increase in demand of stone/aggregate material has brought about
environmental pollution caused by dust, wastewater, stone dust, and sludge
caused during the development and manufacturing of the material.

This research studies ways to solve the above problem and use stone dust to
minimize environmental pollution. And since stone dust can be easily acquired,
this research looks for ways to maximize its recycling into liner material. From
this an analysis and comparison of solidity, compressive strength, permeability,
weight, and Pozzolan reactions of powdered basalt sludge, cement and mixed waste
forms, when freezing and thawing occurs. Also, the change in length and cracks
caused by contraction of waste forms are analyzed, and the compressive strength
and coefficient of permeability rate were compared based on a theory provided in
the research, “A Study on Suitability of the Liner by Powder Basalt Sludge(Jung
Man Nam, 2005).” Results of a decrease in the range betwcen -13%~-31% was
discovered when more powdered basalt sludge was included. In the weight change
experiment, the weight decreased by more than 9% when powdered basalt sludge
content increased. There were fewer cracks with more powdered basalt sludge, and
contraction increased with more cement. The compression strength decreased and
coefficient of permeability rate increased with more powdered basalt sludge, but

this material can be used as liner material if the content is below 80%.

- vii —
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Fig. 2.1 Condition of quarry and a stone processing plant in jeju
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Fig. 2.2 The storage of stone processing system and sludge
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Table 3.1 The physical of the Powdered basalt(Nam ,2005)

Test Result
Tests -
Contents Powdered basalt
Specific gravity Specific gravitv(Gs) 2871~297
Water contents Water contents(%6) 3H5~3B5
Liquid limit (LL,%) 22.3~230
Liquid & Plastic Plastic hmit (P1.,%) 1657 ~18.70
plastic index (PD 3.46~5.73
Shrinkage Limit (S1,%) 13.32~16.60
o o Shrinkage Ratio (SR) 1.23~3.21
Shrinkage Limit — — -
Volume Change (Sv,26) 354~9.82
Linear Shrinkage (1.5,%) 2.36~3.65
) Optimum moisture content(%o) 20-25
A compaction - : X - —
VMaximum dry unit weight (g/cm) 1.62~1.670

Grain-size distribution curve

100

80

60

40

- 20

10 4.75 i 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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Table 3.2 Direct shear test result(Nam, 2005)

Test Result
Tests
Contents Powdered basalt
relative density30% 2916
e 0 .
angle of shear relative density20% 31.49
resistance(®) relative density70% 3374
compaction test result 3734
direct shear [
relative density30% 0.09%
relative density50% 0.157
cohesion(c)
relative density70% 0.014
compaction test result 0.763

gt ZRE s v Agde Frbshke Aew urhvch AU
0~ o5, A2el(e)e 001 ~0.15kg/cm® A rwola ek mefsh fArg 54

S u=
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Table 3.3 Chemical composition of Powdered basalt(Nam, 2005)

Sample Contents
constituent (%)
SO 52.66
Al, Oy 14.67
- T 193
: Fe, 0, 1106
- 130 633
CaO 8.31
M, O 2.84
- K, O o 098
A 1RO 014
~~~~~ B R0, 0.34
- LOI -
- total 99.26

1.OI : Loss of Ignition

spetal = owis PHi of 8672 Uthth cresigds

|
AN
oX,
Ehd
rlo
%)
S

+

ALO+ Fe,0,7F T839% % F%% o)Fal iz ez vt 86 L ALY 7
4 Fol &AAMEY Ca(OH), 119 5ho]  E}¥ 2 2}ol E(tobermorite : CaO -
S0, - HO)g #A% £ g oz wckdrh(zAN S, 2002) AL,o°l B
Ca(OH), &t Wgatel 3Ca0 - SO, - HOS #Ask Aaeh whgsto AN E A 7}o]

oot LEOMSS dod Ao shrdrth(EAN T, 2004).
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Table 3.4 Compressive strength of water curing specimen(Nam. 2005)
Curing time 7 14 23
(day)

Specimen (kg/cm) (kg/cm) (kg/cm)
100% (0:1) 222.18 321.91 370.80
50% (1:1) 166.97 227.77 243.41
20% (4:1) 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 3.5 Compressive strength of air curing specimen(Nam, 2005)

Curing time 7 14 28
(day)

Specimen (kg/cm) (kg/cm) (kg/cm)
100% (0:1) 191.54 186.30 22723
50% (1:1) 114.75 143.16 173.65
20% (4:1) 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) 2568 14.63 14.23

Cement Content (Powdered basalt © Cement)

‘.15_



oA @A naAi Musex dfel 80% oldel HY HFAN: F4V]

Table 3.6 Coefficient of permeability of Specimen(Nam, 2005)

Curing time 7 v 14 28
(day) T

L cm/sec cm/sec cm/sec
Specimen

100% (0:1) 1.638E-08 1.180E-08 7.323E-09

50% (1:1) 5.291E-08 2.225E-08 1.110E-08

20% (4:1) 4.328E-06 9.481E-08 ]912E-08

17% (5:1) 6.271E-06 1.738E-07 9.836E-08

13% (6:1) 2.693E-06 2.438E-07 1.925E-07

10% (9:1) 1.493E-05 9.342E-07 8.38E-07

Cement Content (Powdered basalt : Cement)

Table 36& 2zt wighal® 454 vehia vk ARE g el $uh
fw waAS @S GolAi AL B 47 vk AWE gl 17%eldelar 28
olab A mEAME A5 ARMY FEVE 1 <10 VFe) BHshe Aew bt

2leh.
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Fig. 323 AWE gqado w2 A gds ggsspdadvges N
st Aol o] Iyl A mito] Mreixel gfakel FAaAFH |Izket Sl Aol
o] Azto] 4o AusHA olFoiA L gem, el muel 519 A Aol vt

Ebuba itk ciela AR zelx] shearel Aadel wit sishA Amel wish: 9

stAl vhebba gloh

Fig. 3.2 The shape/surface in relation to the Cement

Content by scanning electron micrograph(Nam., 2005)
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325 AlulE 9 F3l4

Cosel A AEE DA RE EEAE AR A gsl

[

Agtell AgE AHE
shata - 22d FAE Table

He et

o

=

oul #ataAlye DA AES ALEstlrh AHEE ARIE

37 ~ 3890 vEIWQT Table. 3.9% &3t 338t

x

=

Table 3.7 Chemical composition of cement

constituent chemical composition (%)
SG, 30~36
Al Gy 12~18
Fey Oy 0.25~0.35
CaO 38~45
MgO 10.0°1 3
SO 2.74
S(3H) 1.0

Table 3.8 Physical composition of cement

Contents physical composition

2E7F (%) 099

2% (kg/m) 29~29

ZH (>45m) 2.0 |3}

vt 42 (um) 10~13

H EEA (cn/g) 4,210
Rzeo] /1T (%) 346
5 3.04
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Table 3.9 Chemical composition of quick setting admixtures

constituent SO, |ALO | Fe, Oy CaO | Np,O| K20 | VRO BO, | LOI | total

w
=~
o]
=1

Contents (#)| - 6.59 - - 36.41 - - - 30.86

LOI : Loss of Ignition

33 AAME 54
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Table 3.10 Heat of hydration for cement(Kwon, 2004)

compound heat of hydration for day(cal/g)
(Molecular formula) 39} 7 289 | 902l 1d 659 | 139

C,S(3Ca0 = Si0,) 58 53 30 104 117 117 122

(5,5(2Ca0 » Si0y) 12 10 25 42 54 53 59

C,A3Ca0 » Al,Oy) 212 372 329 311 279 328 324

CAF
(3Ca0 « ALO, » Fe,0y)

69 118 118 98 90 111 102

cnaal Fo] (GASHGSE W Ewrh wae Fapde g 7leirh Atk
C,S7F 6% Z7b R CuA7Y 5% Shetd 7hztel 2398 19 55cal/g ¥ 4.1cal/gol
zorah, 3906l 98cal/g 2 80cal/g, 79l 99cal/g % 189cal/gel Z7vst, cal/g
v-g0) o) o) wkg-Aol Arkir BWIE 5L ATh (AR, 2004)

3392 Aol 4=sielel o3 i 147

Mulre] girel weh wReRdsRae e ek 2w Edast 2ol
watarinl 1 @ ewstd uel 2aeE: BF B FEAch o B E FF
of olefd st gelut @agEe] QRFEsL fopdn wdel W AF

o wobglty uwpeldl, Swetlel e ARMER Fshele] i FEWHol Fobol

sorol Amal /) wiel wrp :7wsl Qefdrh wkron (ST Fahv) whe
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W ozo4w B@el 2w GSv FaERsh m#y] Wil 2713 vt
4ol wae] gapel Atk A FEwgol BEN GAFY GAREOR 27
gt A BEoAi: soax] Ptth ZRTEACANES RETEICA
drel FEALSACAUS] watel (57 Wyl o] 2/14wo Ad

AFSACARE: GS7F Bl WEel PrgEel wdel Fom, P4
*

dofli- REXEATAME vl 5 ol YHHh(ALFE, 2004)

Cih

¢S
Ty,
__/' \.‘ Etiringite

Rate of Heat Evoiution (cal/fg- h)

! P
J; o b
N

Tina
Fig. 3.3 heat of hydration speed curve(Kwon, 2004)

Fig. 339 #awd&y 5148 Uebd Aoz gt go] 3749 daR rRed

A 1HaE 2e F3e A% 4% el vehie wesaolt) o) wdvas F2
Aule] dEgads Ade Fol GAZ fedsle] £ o@ Row wAA

sbol Hy) wWEo) HAuroluro 2 4~5cal/g2 #Al vhEbvith 1% Fsigbeol
1 —227F A w28 27k vebdel o] R e AWE Fo} GgSe] Fatel o F ol
B, fsd AR FAlML & RRe AT Aok 19 FHRAde REESA=A
Wl 4] 30~50cal/gol watd, olF FaRdLwE AAME Hopx At BEE F

Aol 214 ghm¥lch(NeF, 2004)
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v. 23

A1 Ay R AR
411 sAFHAH

P4 7 geol da maclEe] A% AY WNKS F 24568 TF AT $

3
g Alg WS ol gstdt). Fig. 412 4 &8 Ad dAelth A &3 1Cycle
> wa A FAlNe eni gialo g aho] 4Tl A ~18T L wej | aL, th ol i=-18T
oM 4T A48t Fig 428 SAA9 2% wstelth “1glelA 9} 2ol FAFH
AR AU TAAe &l wek wakA Hitrl AR ok 3ARP-4ARE Ak
3 % sje] Mo vehdlelr gled 2w wehzh o A e ks

LFERW S Zlo)at thiz & e FAA FAel enivishi vpebd slolth

Fig. 4.1 freezing and thawing apparatus
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Fig. 4.3 The inside of freezing and thawing apparatus

(1) 3t %249
Q1 ALY S A E BT A dekel e A 7,
Ba1 e 712 302 200Cycles 3ol < = R e s B

Fig. 4.4 Electric Asphalt Core Drilling Machine
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Fig. 45 Schematic diagram of Permeability test container
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Fig. 4.6 Permeability Test Apparatus of concrete
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Fig. 4.7 Schematic diagram of Permeability test setup
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Fig. 4.12 Specimen prepared for this study
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Fig. 4.13 Schematic diagram for test setup
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Fig. 4.14 The making process for specimen

(2)]F% 4 A3
rE v g BAAY Fig. 4159 0] $5x10m! A4dd A9 &= (Three Gang

Mortar Cylinder Mold)# @ A &2 9} ANEEGA R FEFEE SAA

S ST e =

s

sEARE 28 £33 ogste U@ T e el vtk vy el

hogng sl sta AR

lul

d 2o Yo AeolA 24472 ol & AR

@

R

oA s FerAsEe] ARG ol wae yurh dAFre exv

20+2C" = frA gt

_35_



,d

o
-
dlo

grte Auel AW owye m2e Egvls Asdd ERAREG TH
76%1017412mm, 10x10x40cm& =5 Ab&3te] A3 A& A3t Figdl6€ F53f

o, 7lolwis @ FrwsiA el AHgE FEoltt .

Fig. 4.16 Prism mould for this study

_36_



A

et

Mo
4

v. 4% =2

51 52484544

51.1 A=A

5T AFFEADF 23 ol

Table 5.1 Freezing and thawing after Compressive strength

Curing time 7 14 28
(day)
Specimen (kg/cuf) (kg/cmf) (kg/cr)
100% (0:1) 273.4508 341.6784 450.2824
50% (1:1) 160.9399 232.2202 344.9196
33% (2:1) 86.20477 115.8149 199.3313
20% (4:1) 68.35327 84.32037 136.7317
17% (5:1) 48.61738 53.0143 95.96593

Cement Content (Powdered basalt : Cement)
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Fig. 5.1 The relation between compressive strength and Cement Content
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Fig. 5.2 The relation between compressive strength and Curing time
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Fig. 5.3 Comparison of before and after strength
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Table 52 Freezing and thawing after Coefficient of permeability

Curing time 7 14 28
(day)
. ) cm/sec an/sec an/sec
Specimen
100% (0:1) 1.239E-08 1.105E-08 9.844E-09
50% (1:1) 8.942E-08 5.552E-08 4.944E-08
33% (2:1) 3.442E-07 9.409E-08 6.562E-08
20% (4:1) 3.908E-06 8.323E-07 6.705E-07
17% (5:1) 1.430E-05 8.957E-06 8.667E-06

Cement Content (Powdered basalt : Cement)
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Table 5.3 Freezing and thawing before weight of Specimen

Curing time 7 14 28
(day)
Specimen kg kg kg
100% (0:1) 6438 6504 6634
50% (1:1) 6355 6470 6492
33% (2:1) 6325 6410 6442
20% (4:1) 6205 6271 6305
17% (5:1) 6199 6233 6291
Cement Content (Powdered basalt : Cement)
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Fig. 5.19 Loss in weight rate (7day curing)
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Fig. 5.22 The shape/surface in Cement 100% Content

by scanning electron micrograph(1000:10000)

Fig. 5.23 The shape/surface in Cement 50% Content

by scanning electron micrograph(1000:10000)
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Fig. 5.24 The shape/surface in Cement 33% Content

by scanning electron micrograph(1000:10000)

Fig. 5.25 The shape/surface in Cement 20% Content

by scanning electron micrograph(1000:10000)

Fig. 5.26 The shape/surface in Cement 17% Content

by scanning electron micrograph(1000:10000)
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