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Summary

The purpose of the study was to develope the environmental-friendly
and permeability improvement of porous elastic pavement materials. First,
the study analyzed porous concrete through the pore-clogging test by
changing a size of coarse aggregate to look for a plan to extend life of
permeability as well as to satisfy the intensity required to structure. As
theresult, aggregate of 13mm, 19mm and 25mm satisfied the intensity
required and had each 16 months, 48 months and 66 months in life of
permeability. Therefore, aggregate of 25mm had the longest life of
permeability. Second, in the elastic pavement layer with pore, a surface
layer, the study analyzed heavy metals (Pb, Cu, Cd and Cr) removal
effect by mixing four kinds of scoria by each color and one kind of
basalt sludge with materials of elastic pavement layer to remove a
pollution source of heavy metals happened at the time of running of
rainfall. As the result, the study was analyzed in order of yellowish
brown scoria > basalt sludge > black scoria > reddish brown scoria >
dark gray scoria, but yellowish brown scoria is not enough in side of
supply since it has a little reserves. Therefore, it is judged that basalt
sludge i1s the most environmental friendly material which can have an
effect of cost reduction and of the material cost reduction by waste
treatment and an effect of environmental conservation and of a heavy
metal pollution source’s removal by recycling of waste matters.

Consequently, it is judged that it is the most reasonable to use coarse
aggregate of 25mm on the porous concrete layer and to make laying of
the elastic pavement layer with pore by mixing basalt sludge on the

surface layer.
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Table 2.2 Surface course materials with permeability(Z3 A &, 2002)
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Table 2.3 Properties of porous concrete
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Fig. 2.4 Relation between compressive strength

and porosity(Z1AEl, 2002)
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3.1 Efelo] %
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18719 E4S m gk olsh g Eolojel B P Arhstst
| e vololol $iE 7t e JATel B AAe Yagon
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Eolofs] Zueld w@ A FAA YA (adia) &2 M=) WES A
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ol

2 Azs ol A4 GANAR ¢ e T, AW, s gL
2T 24 Eolo] AxAAR s T Holoje] Txol FA o B AAE
2Es ala vk S8l ALgEE AT Eolojo] g AwAe wuTE

= Fig.2.59 #At 25 A¥ud Edt(tread), Atol=4Y(sidewall), 7}7Fk
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(grove), olo]® ~(apex), A¥(chafar) 12l <lgz}o](inner liner)® A
o] AvHHelsd, 2000).



Fig. 2.5 General structure of the tire
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Table 2.4 Composition ratio according to the use purpose(*}tf <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

dol Zefof ste kA E AADLFE WEA AREstolof it ZES E£RE
< FolFo] EoloE He A= 9EE ote HE FECdXE SBR¥H
NRE 3 AR&3t). 7HEEE 2 Blololo] T gk FiolH wAdE, imtRA,
AT 58 F7MM Y. Fig. 2.6 carbon blacke] 3}st1+x2E Yehfar
o B 20~30umd MIEAZE WrtRA I JIAEE Fol7] fd Ed =
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Fig. 2.6 Structure of carbon black




3.2.1 =] sEfolof A B A2 A%}

Ak Bt S7HE dEfelojo] WAIRRE FEE| Frbsta o, A}
Aol Aoknt A =X B3I PE O wet HJLE A FHElolo] uhAyk

7HeS d3lEe Fvkebal ATk(EE A, 2006) wule] sEfelo] WAl B A
852 29 Table 2.59 #t}.

ol\
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Table 2.5 A mount of production and recycling of the waste tires(KTMA)

T i 20034 20041 20054 2006
EERE
A1 2k (ton) 272,280 260,266 275,072 282,990
A 8- (ton) 239,870 246,101 267,351 272,066
ANL&E(%) 88.1 94.5 97.2 96.1

o] & A § H3E Table 2.63 #Zo] Yehidlch F5o] & o]0y
2006 A ALE WH F 63.3%F AL, 1yl 3 Holu HwES
BEE Thgol 8ol 12.6%, HE S 1UR AMgsE Y9¥o]go] 3.1%, 1
a1 71E} o] go] 17.1%5 2A38F3i T}

o] 7kl #Efolo] iy o FE AT AHA o FUkste] 2006 % 7]
# 33,092ton ¢ 12.6% AEZS Holx gtk

Hefolo] 1 3 FEEo7F FF FHEfolo] o] ThE o] & Al A FEA
A T oz ofEARE AA 9 #HEtolo] WAITF] tisiAE 3] A
7b A& Aol o=y HEfolo] it 3] Al aRIE ThA| o] AFE el

A FEH7 F438] SojE ALm e

v}
o



Table 2.6 The present situation of recycling of the waste tires(KTMA)

2003 2004 2005 2006
T TE || FF || T F | | 2 | A
(ton) (%) (ton) (%) (ton) (%) (ton) (%)
wE F | 21,766 | 8.0 |20629| 7.9 |25008| 9.1 |33002| 117
Z}i bz =] 2913 | 1.1 | 1,156 | 05 | 1,396 | 05 | 2538 | 0.9
A | 24679 | 9.1 | 21,785 | 84 |26404| 9.6 |35630| 126
= A E
H ; Lo |153675] 564 152892 586 |170521| 620 |173209| 612
=]
A olg | A% 27| 7465 | 2.8 | 8625 | 3.3 | 5425 | 20 | 5922 | 2.1
§ 27 161,140 59.2 |161,017| 61.9 |175946| 64.0 |179,221| 63.3
2 myd | 4383 | 16 | 5275 | 20 | 7939 | 29 | 7075 | 25
Alagg| 28
°]¢| %z | 4204 | 15 | 2414 | 09 | 282 | 10 | 1,762 | 06
27 8587 | 31 | 7689 | 29 |[10801| 3.9 | 8837 | 3.1
g 194,406| 71.4 [190,491| 73.2 |213,151| 77.5 |223.688| 79.0
AAWEFelo] | 20937 | 7.7 | 24,054 | 9.2 |26445| 9.6 |23,759| 8.4
g Zux5542 | 24528 | 9.0 |381,556 | 121 | 27,755 | 10.1 |24,619| 8.7
7] 45465 | 16.7 | 55610 | 21.3 |54,200 | 19.7 | 48,378 | 17.1
FAEEF 239,870 88.1 |246,101| 94.5 |267,351| 97.2 |272,066| 96.1
n) gl & 32,410 | 11.9 | 14,165 | 55 | 7,721 | 2.8 |10924| 3.9
u} A 2 272,280 100 |260,266| 100 |275072| 100 |282,990| 100
g A soll A= dEfolo] 1 S ALt Ves 7 AR FE
3| Adatar Qo tEAQl oE va, diE, wd, vEds SollA B 5 3l
U} Table 2.7 Axl=o| e uF FHo] &{H= &5 AFEE a7E &
|2 ekl 3ot



Table 2.7 The application with the sizes of rubber chip
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I Ase A=A

1. 523+

fm

1.1 AHE 2 2314

Algol] AFE3E AWIEE oA ABAEE DA B FEASEAWES ALE
siglom =3kAl= DAF AlES AFESESITh ARRE AWESE 3184 - 284 &
A& Table 3.1~3.29] YEeFNSIT) Table.3.3& &£349 3184 EAL e
Fia=

Table 3.1 Chemical composition of cement

constituent chemical composition (%)

Si0) 30~36

Al,0, 12~18

Fe,0, 0.25~0.35

CaO 38~45

MgO 10.00] 3}

S0, 274
S 1.0

Table 3.2 Physical composition of cement

Contents Physical composition
dAHE (%) 0.99
S kg/m?) 2.9~2.95
ZEE(>45 ) 2.0 o]s}
1t 978 Cum) 10~13
HI A (om?/g) 4,210
2o F73 (%) 3.46
Hl & 3.04




Table 3.3 Cemical composition of quick setting admixtures

constituent Si0, Al,04Fe 0 CaO Na ,0 K,O| MnO P,0. LoI | total
Contents | _ | sogl _ | _ |3g41| - | - ~ 137.87/80.86
(%)

LOI : Loss of Ignition

T

B A E FFEEIYEY dubdor AlEH = 13mmEFAe 19mm,
25mm, 40mme] =AE 717} vl A Elal AMEE =Ae] EEF o=
Table 3.4 KS F 2503(F< =4 4% 9 S48 Agwdi)d o8 549 2
#o]il Fig. 3.1 KS F 2502(=A19] A7tE Ald¥)el o8 449 =8

EZ3olth

Table 3.4 The measured results according to KS F 2503

FoZ A AW A4 (mm) 2 Z(g/cm”) =T 5(%) H] oL
13 2.43 1.99
19 2.62 1.90
25 2.64 2.24
40 2.64 2.21
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(d) Grain size(d,mm)

Fig. 3.1 Grain size distribution curve according to aggregate (a) 13mm

aggregate (b) 19mm aggregate (c) 2bmm aggregate (d) 40mm

aggregate
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Table 3.5 Mix proportion ratio of prous concrete

G 5=
(kg/m’)

2063

1993

1972

1864

G
(F==A)

1628

1523

1485

1385

W/C

31.8

30.6

30.9

29.1

330

360

372

371

105

110

115

108

13-180-0

19-180-0

25-180-0

40-180-0




wefolo]

W ARAA AGE dAetelofs A FAPPOE 1~2mm, 2~5mm=L7]
g4 @ T Eel detelo] F& dArtelo] ARG JA HAANA AT
woton QA4E 2 A4E WAHd: 99 AunE AL T
oJeAANRNE AAALE ol s LA ¥ H A AA 0.3mmolske]
glolel F& Abgahgich.

f

2.1 XRF ¥4

X-Ray Fluorescence Spectrometer(XRF, SHIMADZU, XRF-1700)% 3}s+

AE BAX Az Table 3.6 Fig. 3.2¢F #t}. Glass bead A ¥& 100T ¢
=LA AxzAZ AR 0.5g% &A(LieBsO7, lithium tetraborate) bge <%}
o] Azadon ARHe Aol AU,

L.0.I(Loss of Ignition) 950TC ¢ L XoA A&E
S48t 950TC 9] oA H$-7] Ao FAdA dul} A4S =X o v
A HAERZ ofgfe] A5 A&t AlAbelSiT)

= 5 e A =3 T
LoJ= EH+AS)L Olfia;%gﬂ P+ AL OFF] 09

BXAAT e2(C)7F AA AR oF 83%= xtAstal gow 1 &o F£4
() 7.0%, 2k2(0) 2.5%7} AFA8kar Yo} T3k AshF-ES w= 43 Ay}
ofA(Zn)o]l 47.4%, DA(CD) 33.74%= HF-ES A st dom, 1 o 3}

(S) 5.8%, A(Fe) 4.5%, Z¥(Ca) 4.8%= A staL it} o] o= YZ(Ni),
dFrE(AD, 72(Cw), ZHE(Co)E ofF ARk HElolo] FAAHECRZ 74
HAG.(L 54, 2007)



HEeloloj ol AA FFRE dolHr] 98 X-Ray Diffractometer(XRD,
PHILIPS X'pert-MPD System)& &3to] dolr 3ttt A 8E59] HA 9 Y=
AR S A GAAPES o] §ste] EERAEE FH slar, A4S 7 X-
A FHE(CuKa)E ARESHAL 7 A9 40Ky, 7HEdRE FAF S
2°/min®] £E=2 A% FAMH S ARS SFiT

2 A3 Fig. 3.37 #Zo. HEelolojEEe F=2  Zince Oxide(Zno) ¢}
I[ron(Fe)o. & FA%H FxIS
=3

HO
fUO
i
1

% % glov], MAPA JH ACE B & 9

2.3 SEM #4]

HEfoloj i do] YA} RYGH HHE HHET] St FWEFAARER A
(Field Emission Scanning Electron Microscope, SEM JSM-6700F JEOL
Co.LtdA Mzl & &3l #&3 A= Fig. 3.4 2l ddlA Be 23 2ol
Hefolo] EHE wig- =S 3 7]Fo] AT RIS ¥ Aow #F

= At

Table 3.6 Total concentration of discarded automotive tires

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

Ratio(%)|47.36 {33.74|5.81(4.76| 4.48 | 1.35]0.49 | 0.44 |0.44| 0.31 [0.28|0.27|0.24




Consistent Elements in the ground Tire

83.0%

OcC
mH
oo
ON
HS
O Ash

6.0%

50.3%

|BZnmClOCa OFe mSi OB MK O Ti MCo MNi DA ECu]]

Fig. 3.2 Consistent Elements in the Discarded Automotive tires.

Zn0

804

counts

0 10 20 30 40 50 60 70 80 90 ] 40kv  X11,000 Tum WD 7.1mm

Fig. 3.3 X-ray diffractogram of Fig. 3.4 SEM photogram of

Discarded automotive tires Discarded automotive tires(><11,000)



3. %9](Scoria)

s e thedolm (A, HaA, A3 S)Q dHGEIE o
Azt ek wkavkr 7] = a2 Ho A Adiol wAurE ¥

AN FeE RAe szeolscoria)dt Bk oleld AT AFEHAOD B

o]"g} G}, Helab spabale] HRAQN Ao BAL FA shate] @mo] 4

d F 3 Fue] B2 olgste]l & A4E 3600719 71 UsE Lo Bl
ek, AFwEel = sl de) Bxue] glom 4H3} Axshe Wyom
AFH oz Mgsel du AFEINE o8 9§70l Ik olAd /Y3

o FHFor L (Basalt cone)®t A (Cinder cone)d F =H=Z A EHFS
Ko, Axe Aaks B s HA 7l d49 sk (Volcanic cone)2A
104709 BE3sla gFEL 57 sitdds So| FAE FAFolu)

] 2&5He 48 s E FA st s EEolEt L st
=d, 2 T #7°]l 32mm o]ded Aol ikt (Volcanic block)t &tw, o
T o= Ar sEAY BFdeE A AS sAkeH(Voleanic bomb)e]2tal 3}
H o]lE &Stol FFolA FAstHA WzkEo] ntEolxl Flojth. E4fo] Bt
stal 7ol 4~32mm Aol 3= S st (apill) E= 24 (cinder)o] 2t
I &kar, 4mm ©|ske] MAES F4b3](Volcanic ash), 0.25mm ©]8te] 7FFE 3
AR (Volcanic dust)o]@h &1 o]g]3dh At Bo] dalale] HAEo 9= A
=% 23 oKScoria)Folg itk AFEolr FAE BATE BE HE WY

= F kmolH, E3}oA 3km A &Ho+= 1ecm 719 =3 o7F 10cm FA=
=5 oleva st ~FEotr FAHE BATF B¥AYGL AFgole] EA49
-9, 23 ol 7Fe o] wa ZAEgoe = AlEHT. olyd xHA

5 9ol rga 2aeobt @AEe] SeE Y4sn Ak,
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Table 3.8 Samples gradation

2 A Cu Cc H] 5
] 7] - 4.74 1.40 2.70
AF5-(A) 5.05 1.56 2.65
455 (B) 15.5 1.61 2.77
L55-(C) 4.92 13418 2.75
K| ‘ | \ GiaAR 100

S w220 |

—*- 22 () | 80

VT

12 () | ;g
N
EJQ X K

S ATSK 110
s ;

Percent finer(%)

100 10 1 0.1 0.01

Grain size(d,mm)

Fig. 3.7 Grain size distribution curve with scorias
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Table 3.10 Chemical composition of scorias

Pnlaamcee Si0; | Aly03 | TiO; | Fep03 | MgO | CaO | NagO | Ko0 | MnO | P05 | LOI | Total
(Color) wt(%) | wt(%) | wt(%) |wt(%) [wt(%) | wt(%) |wt(%) |wt(%) |wt(%) | wt(%) | wt(%) | wt (%)
2| ] &
(ors] A1) 43.51 120.82 | 2.87 |12.61 | 4.06 | 5.32 | 2.12 | 1.68 | 0.19 | 0.48 | 6.24 | 99.90
= =

=AS )
Y2 48.99 | 14.53 | 2.42 |12.27 | 7.93 | 8.73 | 2.67 | 1.33 | 0.15 | 0.45 | 0.14 | 99.62
&

ak ‘
SREBI| 4o 60 | 14.28 | 2,38 |12.30 | 7.46 | 8.21 | 3.02 | 1.63 | 0.15 | 0.52 | 0.83 | 99,37

a} ‘
%\O%(C‘] 43,45 |15.63 | 2.79 |14.62 | 8.25 | 6.99 | 1.42 | 0.58 | 0.18 | 0.49 | 5.82 |100.22




100%

80%

60%

40%

20%

0%

Fig. 3.9 Chemical composition of scorias

OLOl
EP205
B MnO
OK2O
B Na20
O Ca0o
B MgO
OFe203
aTio2
HA203
O Sio2



Table 3.11 SEM results of each colors of scoria
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Fig. 3.10 The Flow chart of the Powdered Basalt Sludge Production
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Table 3.12 The current status of the stone sludge production amount

and treatment expenses(37]1%, 2007)

Section ‘97 ‘99 ‘00 ‘01 ‘02 ‘03 Note

Stone Sludge gq7 0 | 983 800 | 780,000 | 733.500 | 790,300 | 787,800

(ton)

Cost of

Disposal | " yyg | 1476 | 117 | 110 | 1185 | 1182 10000
won/ton

(one hundred
million won)

Mooz TAs= HE Ao TAZ Bl AFZdA TAE= HE
SHAES @A A3 GAAZE od9 AVIEs Adets AAA dad

NBY G AR TS AEFAL. AFED NA E TIAA 24

%< %7487 Table 3.133} Table 3.149} 2t}



Table 3.13 The present status of the scrapped stone material disposal

(#1713, 2007)

Section ‘03 ‘04 ‘05 ‘06. 9 Note

Amount of

Construction Wastes 169 4,380 6,524

2,493 @
(ton)

Amount of Basalt

About 40% of
Stone Sludge 68 1,752 2,610 997
Wastes(ton)

@
(two plants)

Amount of Production a4 876 1.305 499
per Industry (ton)

Amount of Estimated 449 11,388 16,965 6,481 13 Plants
Production (ton)

Table 3.14 The production amount of the Powdered basalt sludge

(#7149, 2007)

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

MEseA e Ao F4L2 ‘03d=FE APE Hden

Aol flom, 04dmel 05 =] TS HolM B
=7F soiwtt. AAl AViEAE A Sl AEH= A

—

5000282 FAHHAT, 2005\d% #HFAA S AFFAA AL

™

AhESohE A 45,5309 408 =2 9F 18,000% o]ge] ¥
5o

Hl
)

o.(7171<, 2007)
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Table 3.15 The physical properties of the Powdered basalt sludge

Test Result

Test
e Contents Powdered basalt
Specific gravity Specific gravity(Gs) 2.92
Water contents Water contents(%) 35%
Liquid Imit (LL,% 22.
Liquid & Plastic iquid limit (LL,%) 61
. Plastic limit (PL,%) 17.97
Limits plastic index (PI) 47
Shrinkage Limit (SL,%) 15.32
) o Shrinkage Ratio (SR) 243
Shrinkage Limit
Volume Change (Sv,%) 9.77
Linear Shrinkage (Ls,%) 3.06
. Optimum moisture content(%) 21.57
Compaction : : 3
Maximum dry unit weight (g/cn) 1.65

]

R T e e

o
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Fig. 3.11 Grain-size distribution curve of powdered basalt
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Fig. 3.12 Compaction curve of powdered basalt
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Table 3.16 Chemical composition of Powdered basalt

constituent bample Contents(%)
Sio, 52.66
ALO; 14.67
Ti0, 1.93
Fe, 0y 11.06
M0 6.33
GO 8.31
7Y 2.84
KR 0.98
&L 0.14
P05 0.34
LOI =
total 99.96
¥ LO.I : Loss of Ignition
60
< 50 ]
540 t
g 30
200 |
S |
0 ﬂ B - I e
& ‘9& & Q&& & S LS

Fig. 3.13 Chemical composition of Powdered basalt

Chemical composions
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Fig. 3.14 SEM results of Powdered basalt
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Fig. 4.4 Photograph of flexural Fig. 4.5 The specimen for flexural

strength test strength with aggregate
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Table 4.1 The grain size distribution of the waste tire chips

Grain size(mm) Finer(%)
4.75 100.0
8 .35 63.8
2.36 13.2
2.00 0
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Fig. 4.11 Grain-size distribution curve of the pore-clogging materials
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Table 4.5 The sum and SS average concentration on location rainfall
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Table 4.7 the result according to leaching test of the waste tire chips

(Unit : pg/L)

3k & Cd Pb Cr As Cu Se n Mn Ni Ba F

KSLP| 0.75 10.023 | 0.18 | 0.14 | 2.03 | 0.33 1 4,156 | 11.73 | 0.79 | 26.33 | 0.79

Table 4.8 Criteria of hazardous material with the solid waste leaching test

(Unit : mg/L)

5 & | Cd Pb Cr As Cu Se 7Zn | Mn Ni Ba F

Korea | 0.3 3 1.5 | Yo 3 — - - - - -

Japan | 0.3 3 Hs; YA IS - 0.3 = = - - -

US.A 1 3) 5) 9) - ) x > - 100 -

Zne 7% 4,156pg/0Z 71 ¥ =8 YEeH, 3o Ba, Mn 2
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