EMAKERR EERARERES

FERRERYE TR

+ARTE HI

¥

2008



WH B2 Em L

mEHK M IE =R

EHIN KR PER RS

FERRERYE TR

&

2008



HEHE M E &
of xS T MR mXeZ 'Y
20084 12H
EIMAKERE PESE KB
BERETEM LATE i

& R —9 T8 fHLBf

e

X= &

aul
=2
o

20084 12H

XA
il
X
©

XA
Wil
©

XA
Wil
©




A Study on the Development of Environment-Friendly

Porous Elastic Pavement Materials

YOUNG-IL KIM

(Supervised by Professor Jung—Man Nam)

A thesis submitted in partial fulfillment of the

requirements for the degree of Master of Engineering

2008. 12.

This thesis has been examined and approved.

Department of Construction and Environmental Engineering
GRADUATE SCHOOL OF INDUSTRY
CHEJU NATIONAL UNIVERSITY



iii
v

Hr

List of Figures

o

A

?ﬂ:F'LH’g‘ 1;!_; lﬂd%

II. 7]SE0] & et s

]
W
i

B
|

MJ
i/

& @ < G

ELFJ Eg] erg\_

1.2 Frd

0

il

o
)

i
-

10
10
15
18
19

IRt | SRR S——— )
2.2 " E}o]o]

20
20
20

]
M.
i}

|
en

1.1 A

21

M

1.2

22
w24

2. #HetololH

24

2.1 HEFO]O]H 0] BEBFA] A A wrerrrerrrmersseesssensseis s



o

o/

28
29
32

4.1 %O](Scoria) et eeaaieeeaatittanieeaaanoeaaiitsaaiittanisatnnosaansesaaitsnnittanntssannosasittsnninnnnn

=]
“

4.

32

37

2222 (Powdered basalt sludge) «w e

43
43

EK

I
@

43

48
sl

56
59
61
vor TP
%7

o

76
76
89
89

=]
h='

3.

_Eﬁ

23!

91

i



List of Tables

Table. 21 Properties Of porouS Concrete ............................................................ 6
Table. 2.2 Composition ratio according to the use purpose
(q»m(f‘)j’ 2000) .............................................................................................................. 13

Table. 2.3 A mount of production and recycling of the waste tires

Table. 2.5 The application with the sizes of rubber chip sooeeeerrmeeeeemeene 17

Table. 2.6 The current status of elastic pavement construction in Jeju 19

Table. 3.1 (a) Chemical COMPOSItion Of CEMENt -+ swwseerserrsseemsrerssresssresseiinens 20
Table. 3.1(b) Physical COMPOSItion Of CEMENT - tesstmtsiiessressemssnreesreenesis 20
Table. 3.2 The measured results according to KS E 2503 -eeeerereeeseneeennns 21
Table. 3.3 Cemical composition of quick setting admiXtures -« 23
Table. 3.4 Mix proportion ratio of pOrous CONCrete s e, 23
Table. 3.5 Total concentration of discarded automotive tires = 24

Table. 3.6 The result according to leaching test of the waste tire chips

.......................................................................................................................................... 27
Table. 3.7 Chemical composition of mordant dyes s, 29
Table. 3.8 The result according to leaching test of mordant dyes ===+ 31
Table. 3.9 The sampling location and each colors of scoria «eeeeeeeeeeeeenees 34
Table' 310 Chemical CompOSition Of Scorias ................................................... 35

Table. 3.11 The current status of the stone sludge production amount
and treatment expenses (71:1 7] Og, 2007) ............................................................. 39

Table. 3.12 The present status of the scrapped stone material disposal

(F1 7] B3, DOOT) weereeererssmeesssessssstssisse s s b 39
Table. 3.13 The production amount of the Powdered basalt sludge

(F1 7] B3, DOOT) wreeverereerssmeesssessssssssissse st st 40
Table. 3.14 Chemical composition of Powdered basalt «eeereeeeeereeeeeeeees 41

— il —



Table. 41 The place in fleld permeabﬂity LESE soreerrerereseniiiii 49

Table. 4.2 Uniformity Coefficient(Cu) and Coefficient of Gradation(Cg)

in FleldS ........................................................................................................................ 51
Table. 4.3 Investigation location and Section In Jeju sweeereerreereeseennniinn, 53
Table. 4.4 The rainfall property with rainfall evernt ... 53

Table. 4.5 The sum and SS average concentration on location rainfall

runoff (Unit : ma/L) - Beerrvceeecllnc e B e, 53
Table. 4.6 The compute a pore—clogging meterial input e o4
Table. 4.7 Dimensions of test specimens (Unit: mm) «eeeeeermeeseemmsmnemeni. 63
Table. 4.8 Dimensions of Cutting machines (Unit @ mm) seeeeeeeeeemeesemn 65
Table. 4.9 The result of constant head permeability test ssreeereeerrmeeeeenne 71

Table. 4.9 The result according to leaching test of elastic pavement
materialS(Unit : mg/L) .............................................................................................. 75
Table. 4.10 Criteria of hazardous material with the solid waste leaching test

(URIE 2 IIIG/LL) rrreerereerersssesesssnsss st st sttt 75

_iV_



List of Figures

Fig.2.1 The concept map Of POTFOUS CONCIELE wwrwmrmrmmmssisisieiesniniae, 5
Fig.2.2 Relation between compressive strength and porosity
(7]:]}{1]—;“’ 2002) ................................................................................................................. 7

Fig. 2.3 The mimetic diagram of normal and water permeability concrete

............................................................................................................................................. 9
Fig. 2.4 General StruCtUre Of the tire s et 11
Fig. 2.5 Structure of carbon bBIACK s eseeessrmermiiriiseenie it 14
Fig. 2.6 The basic section of elastic PAVEMENt - serrsserssrermssesiesesiisenies 19
Fig. 3.1 Grain size distribution curve according to aggregate

(a) 10mm aggregate (b) 13mm aggregate

(¢) 19mm aggregate (d) 25mm aggregate (e) 40mm aggregate -+ 22
Fig. 3.2 X-ray diffractogram of Discarded automotive tires ::::wwwwee 26
Fig. 3.3 SEM photogram of Discarded automotive tires s e 26
Fig. 3.4 X-ray diffractogram of mordant dyes - ssseesememseerisereisnenees 30
Fig. 3.5 Colorific Distribution of Scorias in Jeju(f-85, 1995) e °
Fig. 3.6 The sampling 10Cation Of SCOFIas s - s smsrsstussecressesissenmssnenes 34
Fig. 3.7 SEM results of each COlOrs Of SCOIIa « tsssemmsnerrrsseesmmsersisscriasans 37

Fig. 3.8 The Flow chart of the Powdered Basalt Sludge Production -+ 38

Flg 39 SEM results of Powdered basalt Sludge ........................................... 49
Flg 41 Photograph Of Compression LOSE sreerrrerrressesenitstnteee e 44
Flg 42 A diagram Of ﬂexural Strength F@ST rrrrerrerrmerenneee e 46
Flg 43 Photograph Of ﬂexural Strength LOSE srreerrrerrmmerrrerrte 46

Fig. 4.4 The result of compressive strength and flexural strength with
aggregate ....................................................................................................................... 47

Fig. 4.5 A diagram of variable head permeability test apparatus in field

Flg 46 The reSUlt Of fleld Dermeabﬂity O sroerrrrrerrernersritiiiiii 50

Fig. 4.7 Photograph of permeability test in field (13mm porous concrete)



Fig. 4.8 Grain-size distribution curve of samples in Jeju soeeeeeerereeneeeens 52
Fig. 4.9 The diagram of constant head permeability test apparatus - 55
Fig. 4.10 Produced constant head permeability test appara «: e 55
Fig. 4.11 Produced constant head permeability test apparatus « 56
Fig. 4.12 The test piece of permeability test it 56
Fig. 4.13 The result of pore—clogging test with field grain size « 57

Fig. 4.14 The make a comparison between pore-clogging test and in field

permeability te@St Mg Wi g o B e 58
Fig. 4.15 The result of aggregate size in accordance with coefficient of
e e aa T TTOIOIPPROON TR PO RPORTIRI. 59
Fig. 4.16 The result of aggregate size in accordance with coefficient of
DEITNEADIIILY wrrrersresersseseeses ettt e 60
Fig. 4.17 Dimensions and forms of test SpPEeCImMEns srrrerreereermreeeneeennees 63
Fig. 4.18 Forms of CUttNg MACKINES «wseresseeesseressseeimsssssssetisseessssessissesnnisnenes 64
Fig. 4.19 Tensile strength of mixed Samples - s 70
Fig. 4.20 Percentage of elongation of mixed samples s 70
Fig. 4.21 Elastic pavement sample of permeability tesSt «reeeeeeeeereeemeeee. 71
Fig. 4.92 Diagram by the\KSLP --#&. - $4.3  SE. ... ... 74
Fig. 4.23 Adsorbed amount of Cu(copper) with samples e 81
Fig. 4.24 Adsorbed amount of Pb(lead) with samples = 81
Fig. 4.25 Adsorbed amount of Cd(cadmium) with samples :eeeeeeeeeeeee 82
Fig. 4.26 Adsorbed amount of Cr(chrom) with samples = e 82
Fig. 4.27 Remove rate of Cu(copper) with mixed samples = 84
Fig. 4.28 Remove rate of Pb(lead) with mixed samples « e 84
Fig. 4.29 Remove rate of Cd(cadmium) with mixed samples =« 85
Fig. 4.30 Remove rate of Cr(chrom) with mixed samples e 85

Fig. 4.31 Remove rate of mixed samples(reddish brownscoria) with heavy

metals

Fig. 4.32 Remove rate of mixed samples(black scoria) with heavy metals

_Vi_



Fig. 4.33 Remove rate of mixed samples(yellowish brown scoria) with
heaVy metals ................................................................................................................ 87
Fig. 4.34 Remove rate of mixed samples(dark gray scoria) with heavy
metalS .............................................................................................................................. 87
Fig. 4.35 Remove rate of mixed samples(powdered basalt sludge) with
heaVy metals ................................................................................................................ 88

Fig. 4.36 Photograph of permeability test in field (porous elastic pavement)

.......................................................................................................................................... 89
Fig. 4.37 The make a comparison between permeability test of porous elastic
pavement and in field permeability test of 13mm porous concrete - 89

- vil —



Summary

The purpose of the study was to develop the Environment-Friendly
Porous Elastic Pavement Materials. To do it, this thesis has attempted as
the following three.

Firstly, this research thesis has changed the size of thick aggregates of
10mm, 19mm, 25mm and 40mm, besides the aggregates of 13mm used for
pore concrete, as a whole, and then this thesis has made the analytic test on
the required strength as the structure. The result indicates that the
aggregates of 10, 13, 19 and 25mm have lived up to the required strength.

Secondly, this research thesis judged that the functional deficiency of
pore concrete resulted from clogged pore, So this thesis has attempted to
make pore clogged through indoors test. The result shows that the life of
permeability has spanned from 13, 20 months to 40 and 48 months. The
aggregates of 2bmm have had the longest life. Also, through spot porous
test, this thesis has estimated at 22 months the life of porous concrete of
13mm built in Jeju Island.

Thirdly, this thesis has analyzed the removal effect of heavy metal iron(Cu,
Pb, Cd, Cr)with the mixture of Scoria 4 Powdered Basalt Sludge 1 with
elasticity pavement, in an effort to have the removal effect of heavy metal
pollution source to arise from raindrop-runoff of elasticity pavement. This
result reveals that heavy metal iron have had the tendency of being removed
in order of Pb>Cd>Cu>Cr. Additives have been analyzed of having the
removal rate in order of yellowish brown scoria > dark gray scoria > black

scoria > reddish brown scoria > powdered basalt sludge.
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Fig. 2.3 The mimetic diagram of normal and water permeability concrete
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Fig. 2.4 General structure of the tire
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Table 2.2 Composition ratio according to the use purpose(4}tH <3, 2000)

Composition(wt%)
Tire type
Synthetic rubber Natural rubber

Passenger vehicle 55 45
Light truck 50 50
Race car 65 35
Heavy-—duty truck 20 80
Aircraft 0 100
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Fig. 2.5 Structure of carbon black
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S7HE S dEEl Srketa Ao A, 2006) =] wElelo] dhAEF 2 A
g8 9] Table 2.37 2t}

Table 2.3 A mount of production and recycling of the waste tires(KTMA)

T L= 20034 20043 20054 20064
EERE
A 2 (ton) 272,280 260,266 275,072 282,990
A& (ton) 239,870 246,101 267,351 207066
Al 2-E-E(%) e 94.5 97.2 96.1

ol & AEE @2 Table 2.49F o] Yeigln. FFo] & o]&oH
2006 AA AZE W T 63.3%F AAskar, I Wl ot Foluk BkEs
WE= ZhEolge] 12.6%, dErelolS AU R Agshe 99l 8ol 3.1%, e
I 7)eF o]&o] 17.1%% A3t

o] 71¢d HEelo] wH He LIS &M o7 Zvste] 20060 % 7
= 33,092ton °f 12.6% BE=E Holil It}

detelo] 15 H SEEot FF dEelofd] ThE o& Al F=A<)
Ads & AR o FHAN A ] Hepolo] M| thej= s 3
7b 9= Aeiw, ef=A | HEtelo a3 AFe] aF-T TEA 9] AdE e
AA = EEH7F 543 5ol AR oy



Table 2.4 The present situation of recycling of the waste tires(KTMA)

2003 2004 2005 2006
T T AN T F | | T % | T % | A
(ton) (%) (ton) (%) (ton) (%) (ton) (%)
A H | 21,766 80 20629 7.9 |25008| 9.1 |33092| 11.7
Zi W& 512913 1.1 | 1,156 | 05 | 1,396 | 05 | 2,538 | 0.9
27 24679 91 | 21,785| 8.4 | 26404 | 9.6 |35630| 126
= A E
= 153,675, 56.4 |152,392| 58.6 |170,521| 62.0 |173,299| 61.2
3| 9 48
A lolg |78 27| 7465 | 2.8 | 8625 | 3.3 | 5425 | 20 | 5922 | 2.1
f 27 161,140 59.2 |161,017| 61.9 |175946| 64.0 |179,221| 63.3
:E] g | 4,383 | 1.6 | 5275 | 20 | 7,939 | 29 | 7,076 | 25
A lag| TAHe
ol | =z | 4204 | 15 | 2414 | 09 | 282 | 1.0 | 1,762 | 06
B 8587 | 31 | 7,689 | 29 |10801| 3.9 | 8837 | 3.1
&7 194,406 71.4 [190,491| 73.2 |218,151| 77.5 |223,688| 79.0
A AErolo]l  |120,937 | 7.7 | 24,054 | 9.2 | 26445 | 9.6 | 23759 | 8.4
Q Fuxt5Z42 24,528 | 9.0 | 31556 | 12.1 | 27,755 | 10.1 | 24,619 | 8.7
&7 45465 | 16.7 | 55610 | 21.3 [54,200 | 19.7 | 48,378 | 17.1
TALEZF 239,870 88.1 |246,101| 94.5 [267,351| 97.2 |272,066, 96.1
] gl 32,410 | 119 |14,165| 55 | 7,721 | 2.8 | 10,924 | 3.9
b 272,280 100 |260,266| 100 |275,072| 100 |282,990| 100
g HAzl=d M e #Hgele 1F HS ALEst= Vles 4 IJAEE e
sl Jidbstal o thEAQ dE we, diE 52U HEHE FolA B 5o
th. Table 2.5+ AXI=eAqe] 1 o] &= 5 nHFEd A7E &
| w2 Uehd Aol



Table 2.5 The application with the sizes of rubber chip

a5 3 A7) 8 b=

4~10mesh | 73 ¥4, $5% 1H, 13 ofA~FE

10~20mesh

20~30mesh | AAEx} WE, AZA| A8 1F o}jATE

30~40mesh | Z&28/ 1F A&, 294 2A, 7131271

40~60mesh el 11‘?—/%%}52 4=, Beola HE, AFAEY] 1w
S, a5 o}~FE  FNZ )

60~80mesh ot FAEY, dstyA, 1FAEFS 19 A, 2HA
EEAS

80meshol 5+ ifﬂﬂjﬂﬁ__, Z o} 2 FE f—%‘%fé, AR, AFAES 1y g
G2, THA YT, ~x o] Y

b edd i dRlew A" aF Y dE= W 6m~0.6mn
o] 3L

stol i, FE 70~80% =R A2 Aert mAd IS dS 5 Y}
AREEE W e AAEARRE HEelo] lkes A7l oF 0.5~1ke A
T7b ZnjEd o] WHLE 1977del QAIEA(F)NA ApEtE e FA L

548 AAARE A B B4 A D w4l o3 1] BelH A

2 ists AE ¢ e B ookl WA B VhaTe FeiEde] s &
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+—— Elastic Pavement

i I Primer

&0 4« Porous Concrete

— Subbase

Fig. 2.6 The basic section of elastic pavement

Table. 2.6 The current status of elastic pavement construction in Jeju

Constituent School Nursery Golf course Other
Total (Place) 264 394 20 -
construction

(Place) 80 119 15 500

2.4 e XA A

A setoloje] A@SPPo A HeiolojH e BT THLIAE
sEtolole]

J
e 29 F & dot $EAEAAE S5 EgRAe) gl

AMAZA AFEEHE ¢FEE Cu, Pb, Cd, Cr 59 S35533E2S FU982 3o
THE Ao, o] gk 232l A AEA Y] dlow FEAQ] Aol I



= o
sqe

. AMEA2

Aol ARESE Al EE HE TEWATAUMEE AH83iglon &34 - &2
Table 3.1(a)¥ Table 3.1(b)oll YEHATE
Table 3.1 (a) Chemical composition of cement
chemical composition
constituent
(%)
Si O, 30~36
AlL,0, 12~18
Fey 0, 0.25~0.35
CaO 38~45
MgO 10.0°] 3}
50, 2.74
S(St 1.0

Table3.1(b) Physical composition of cement

Contents Physical composition
T (%) 0.99
% (kg/m?) 2.9~2.95
HE(C45um) 2.0 o]s}t
37 (pm) 10~13
H) A H (em?/g) 4,210
B 2E o] 7] (%) 3.46
v = 3.04




1.2 = A

B oA s FEIgEd duwbdor AlgEHE 13mmE A9 10mm,
1

J|m

19mm, 25mm, 40mmée] ZAE Z+7F v FA50 a3 AFEd A9 =84

=A% Aol Fig. 3.1 KS F 2502(&A1¢] A|71e Al @dubi)o] & =A
H JEEFEIMo|t}

Table 3.2 The measured results according to KS F 2503

FoZA APAF(mm) | 2 “(g/em’) F7&(%) H] 31
10 2.43 1.25 gl
13 2.43 1.99 I
19 2.62 1.90 Y=
25 2.64 2.24 g9y =
40 2.64 2.21 Y=

100.0 10.0 7100 (a)

. G ’.ze(d. ) :
0 (b)

100.0 10.0 1.0
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Fig. 3.1 Grain size distribution curve according to aggregate
(a) 10mm aggregate (b) 13mm aggregate

(c) 19mm aggregate (d) 25mm aggregate (e) 40mm aggregate
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Table 3.3 Cemical composition of quick setting admixtures

constituent| SiO, Al,( Fe,( Cal Na,( K,Of MnOl P,0 LOI total

Contents 36.4 37.8/ 80.8
(%) 6.59 1 7 6

LOI : Loss of Ignition

Table 3.4 Mix proportion ratio of porous concrete

ol =gkt

“ i @Al ramy| v I ?@)
10-180-0 100 256 0.39 1264 2106
13-180-0 105 284 0.37 1370 2063
19-180-0 110 314 0.35 1320 1993
25-180-0 il'148) 348 0.33 1230 1972
40-180-0 108 372 0.29 1387 1864




2. wEto]ol Y
2.1 wEtoloi 9] 3hehA A
B AgeA ALgd sElolol VA4 FaHeR 1~2mm, 2~5mm7] =

sha % ERele] wEol
0.3mmol o] HEfolo] HEg ALgait).

2

2.1.1 XRF &4

HEelolo] Eeo] X-Ray Fluorescence Spectrometer(XRF, SHIMADZU,
XRF-1700)% 3}t & H-4] A= Table.3.5¢F 2t} Glass bead A|HL& 10
0Ce 2w AxAZ A& 0.5g¥ £A4(Li2B507, lithium tetraborate) 5g

=
2 Egstel Agsgon] AL Yol P

Table. 3.5 Total concentration of discarded automotive tires

Element | Zn | Cl D Ca | Fe Si Br K Ti | Co| Ni | Al | Cu

47.3|33.7
Ratio(%) 6 A 0.81(4.76/4.4811.35|0.49/0.44|0.44/10.3110.28|0.270.24

243 &4&C)7F AA AR oF 83%E A8t glom 1 9o F2(H)
7.0%, 2F2(0) 2.5%7F AHAstaL k. HEdF Ashiis WE 43 A3 ofd
(Zn)ol 47.4%, A2(CD 33.74%= HFZ= At lem, 1 o 2HS)
5.8%, H(Fe) 4.5%, Z+(Ca) 4.8%%5 #kAetaL Qlth. o] flolx YZAND), ¢F
"E(AD, 7E(Cw, ZHE(Co)E oFF WA uk HElojo] PR BAH]
oh.(25<3, 2007)



2.1.2 XRD &4

HElolo]H o] AAH FFRE dolHr] 9 X-Ray Diffractometer(XRD,
PHILIPS =~ X'pert-MPD System)& &sfo] ZolR okt Alage] A9 et
TAE SallA AAALE o]&3te] FEFEE +#H 3 %la, 42 78 X-
A FH(CuKa)E AFESF I 7FE A2 40Kv, 7FdF FAF WH-2 2°/min
o] £ A& FAPPES AR it

A} Fig.3.29F £t #HEro]oHe F=2 Zinc Oxide(Zno) ¢} Iron(Fe)o

a
2 A" T2ds ¢ g e, BEAd AEH] AR & 5 gl

d

2.1.3 SEM &4

HEtolol e i I FHE AFHE7] 98t AWMEFAPAAEVA
(Field Emission Scanning Electron Microscope, SEM JSM-6700F JEOL
Co.Ltd Atz & T3l #ash A3 Fig.3.3% #rh addA rE 23 2ol 7
gho]of
A,

- =yt Aty ERE 7]go] 1T £AESHA ok Aow #iy

=5
ne)
rlo



Fig 3.2 X-ray diffractogram of Discarded automotive tires

"

4.0kY 11,000 Tum WD 7. 1mm

Fig 3.3 SEM photogram of Discarded automotive tires
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olo] & 1go] Ph5~6¢ ZHF 25mLE 718t 2A417F wyl 3 Z34(Cu, Pb,

Cr, Cd) 32 F24(AAS: Atomic Absorption Spectrometer) 3o, 1

A= Table.3.6 ¥ 2t}

Table. 3.6 The result according to leaching test of the waste tire chips

Element Cu Pb Cr Cd 7n
Concentration |\ 1000 | 02060 | 0.0013 | 0.0369 | 4.1560
(mg/L)
HEelo]ojo] FTFE 24T AI} Zno] 4.156mg/LE U AETHAoH, 9
AL XRDEA A F FAAXFEo] ofldd Aoz Azd Ay X =
Aolth. o9e] Cu, Pb, Cr. Cde 0.1690mg/L. 0.2060me/L. 0.0013me/L.

0.0369mg/Le] Tw% olZ°] H=HATh
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X-Ray Fluorescence Spectrometer(XRF, SHIMADZU, XRF-1700)% 3}3stA
Contents

Constituent | SiO0, | Al,O;| TiO, |Fe, Oy MgO | CaO | Na,O | K,O |MhO | P,Oy | LOI

Table. 3.7 Chemical composition of mordant dyes

3.2.1 M A Y= o] XRF &

L= = |
RLA T



LA dukdae] Wi AA AET AL0,(0.37%) |, Tio,(0.08%), Fe,O,
(0.66%), Mo (0.50%), a0 (0.68%), Na,0(1.720%), P,0,(0.01%)E =tA|&}aL

glor], ol e AA Jrel 49%F AN Y AR o}F vhe ¢tz 74

otg o] A FRE LolH7] 98 X-Ray Diffractometer(XRD, PHILIPS
X'pert-MPD System)& §3dle] dolR YT AlaEe] FHA9 dxot 2 E
A TRPALRES o] f-s5lo] EA ElR M) YA, BAe ] X-A [FE

(CuKa)E AFE3EA L 71 A4S 40Ky, 7FHEdHF FAF S 2°/ming &%
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Fig. 3.4 X-ray diffractogram of mordant dyes
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Fig 3.5 Colorific Distribution of Scorias in Jeju(&£7 <, 1995)



2 Ao A AFEH Folo] AMHGAE AMALS Table.3.59F 7231, thx A2l U
7FR1 9] At A A (Redish-Brown), 22 (Yellow-Brown), 774 (Black) 1
2lar o3 M(Dark-Grey)S 3t 71%] A A FH o] AFg31E o1 Fig.3.95 A9

AFEE Fole] AR ol

Table 3.9 The sampling location and each colors of scoria

No. Color Place
@ Dark gray A 1] 5
@ Black 23 (A)
©) Reddish brown 435 (B)
@ Yellowish brown H4ZE (O

Fig 3.6 The sampling location of scorias



4.1.3.1 XRF &4

XA #3472 7] (X-Ray Fluorescence, XRF)Z o] &3f 3}sHE21S 2 A8t 2y}
Table.3.109} 2t} 7|4 @9 = FA19 v (Ratio of Weight)e]™, LOI(Loss of
Ignition)i= 950%9] XA AR5 HE T2 FAE 543l 9509 &%=

A 7T el FAle] Hlolt.

Table. 3.10 Chemical composition of scorias

Si02 A1203 TiOz F6203 MgO CaO NazO KzO MnO PzOs LOI Total

Constituent) g0 |wt(90) | wt(%) | wt(%) | wt(%) | wt(%) | wt (%) | W) [ wt(%) | wt(%) | wi9s) | wt (@)

Reddish
48.60(14.28] 2.38 112.30| 7.46 | 8.21 | 3.02 | 1.63 | 0.15 | 0.52 | 0.83 | 99.37
brown

Black |48.99|14.53| 2.42 |12.27| 7.93 | 8.73 | 2.67 | 1.33 | 0.15 | 0.45 | 0.14 | 99.62

Yellowish
. 43.45115.63] 2.79 |14.62] 8.25 | 6.99 | 1.42 | 0.58 | 0.18 | 0.49 | 5.82 |100.22
rown

Dark gray|43.51|20.82| 2.87 |12.61| 4.06 | 5.32 | 2.12 | 1.68 | 0.19 | 0.48 | 6.24 | 99.90

FdE2 Si02+ Al203+Fe203=% gFgo] of 75%0l 23, Mo m& 4kst
o 2AHE 1Y Sio2e HAMI A Folrl & TS Helw, Al203
= 3] Fe203E 44, CaOE A
24 K20= ¢34, Tio2e 434 Fol7F 242 & =S Beld Sio2e &
ZHA 2 Al203,Fe203Mg0e  S¥AZ Fgd = gJon, A £
Al203+ Fe203+MgO2] ZA¥E HW HzZdMFol7l 34.04%, HAMEo7}
34.73%, A7} 38.5%, 3| Eo|7F 37.49%% FAMFo|>43] M Fol>

W

g7} A7, MgOE B2, Na20%E 4
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4.1.3.2 SEM &4

Fol4F o dA EF FEE A ET] st AEEFARdAE Y] A (Field

Emission Scanning Electron Microscope, SEM JSM-6700F JEOL Co.Ltd)AFd

2 Falo] BAH AN Figd 73 2Tk IdelH B Ax) o] Folo wwe



SEI 50KV X10,000 Tum WD 7.7mm

SEI 50kv  X10000 1 WD 7.9mm SEI 50KV X10,000 n WD 7.8mm

Yellowish brown Dark gray

Fig 3.7 SEM results of each colors of scoria
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Table. 3.11 The current status of the stone sludge production amount

and treatment expenses (7171, 2007)

Section ‘97 ‘99 ‘00 ‘01 ‘02 ‘03 Note

Stone 987.2| 983.8 780.0| 733.5| 790.3| 787.8

Sludge 00 00 00 00 00 00
(ton)

Cost of

Disposal 15,000
(one 148 147.6 il 17 110 118.5| 118.2| won/ton

hundred
million won)

ATH O WAFE AR 2uA WA vH ATEAA BYAE AR
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Table. 3.12 The present status of the scrapped stone material disposal
(#7144, 2007)

Section ‘03 ‘04 ‘05 ‘06. 9 Note

Amount of
Construction Wastes 169 4,380 06,524 2,493 @

(ton)
Amount of Basalt

Stone Sludge 68 1,752 | 2,610 997
Wastes(ton) @

(two plants)

About 40% of

Amount of
Production per 34 876 1,305 499

Industry (ton)

Amount of
Estimated Production 442 11,388| 16,965| 6,481 13 Plants

(ton)




Table. 3.13 The production amount of the Powdered basalt sludge

(171, 2007)

Section ‘03 ‘04 ‘05 ‘06. 9 Note
Basalt Stone
Sludge(ton) 442 11,388 16,965 6,481
Cost (.)f. Disposal 6.6 170 954 97 15,000
(one million won) won/ton

AL R0 WAle] =AHL (3P EEE

)

g 2A7} 9o, 03dme] Ak
AF o] flom, ‘04dEet 05 BARS M He A de] 50%73
=7 solwt. AAl #ArieAe dAES S8 AdEe 4EEdAs 1ded oF

15,0008 02 FAHEAT, 20059% HFAAe AbAAl AatEs VEew
4

5,530E°] 40%4%== °F 18,000& °l%e] HAHE Ao
= FAHANT.(3H 719, 2007)

422 dF G HEESHA S se4 A

XA P EA7](X-Ray Fluorescence, XRF)E o|&3| 3slstixS A%

ihd

113 2o FAHAELE Si0,+ ALO, + Fe,0,7F 78.39% % FF5 9]

K

3 =
9t Aom vehgeh, ARG A& pHE 9 8.672 Lheh} eFuvtely
s

-

S wa vt pH A5E429 cuo ¢ Mgo, K,0, Na,O 7} °F 18%Z2 A}A|3}aL

glo} ool steial gl s HH 2 mole o om ol I8 Azhely

B
)
+
X
1
=
E
1
=
:
)
&
s
N
£
=

2

S

=
<



gherol 52.66%= e 714 B wgSs Jehuged o o s
8.31% % Al,0,7} 14.67%, Fe,0,7} 11.06%% ‘Febs

Table. 3.14 Chemical composition of Powdered basalt

. Sample Contents(%)
constituent

SiO, 52.66
Al, O, 14.67
TiO, 1.93
Fe, O, 11.06
MgO @38
CaO 8.31
Na,O 2.84
K,O 0.98
MhO 0.14
P,0O, 0.34
LOI B
total 99.26

¥ LO.I : Loss of Ignition
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Fig 3.9 SEM results of Powdered basalt sludge
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Fig. 4.3 Photograph of flexural

strength test
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Fig. 4.6 The result of field permeability test

Fig. 4.7 Photograph of permeability test in field

(13mm porous concrete)
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Table 4.3 Investigation location and section in Jeju

/W — | o0 | O Q
Tl =3 R
el IS B S I s
A RIEE:
o
B
B | o
Br oF o M
of ﬂ Ho | X
T
c% ot el %
N o)
M| = o il
& M | X oy
< | B m._ <
=
DL
= | NF
53
B
Tix|E|w
piid m TIX | X
S A
~ [ W | Fo | Ho
0 \UFL

Table 4.4 The rainfall property with rainfall event
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Table 4.5 The sum and SS average concentration on location rainfall
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head permeability test apparatus

Fig. 4.9 The diagram of constant
head permeability test apparatus
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Fig. 4.36 Photograph of permeability test in field (porous elastic pavement)
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