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The Geotechnical Properties of Municipal Solid Waste Incinerator Fly Ash
and Cement Stabilization

oV Jin-Woo Cho, Ax14?, Ji-Yong Kim, &#44®, Sang-Jae Han, 244, Soo-Sam Kim

£zl

._4

83} A AbaA | Graduate Student, Dept. of Civil Eng., Chung-Ang University
gt} wrAL3 A Graduate Student, Dept. of Civil Eng., Chung-Ang University
8}3}
761

|J$_|‘

7} vrAl9 A Graduate Student, Dept. of Civil Eng., Chung-Ang University
F83 W4, Professor, Dept. of Civil & Envir. Eng., Chung-Ang University

o2 ol o2 ol
2 88 8
o

BOROR K
L
rﬂOHOHOH

ofN ofN ofi ofx
e Jo do o

SYNOPSIS : Solid waste incinerator is expected to become widely used in Korea. The
incineration of solid waste produces large quantities of bottom and fly ash, which has been disposed
of primary by landfilling. However, as landfills become undesirable other disposal method are being
sought. In this study, an experimental research is conducted to determine the geotechnical properties
of municipal solid waste incinerator fly ash(MSWIF) in order to evaluate the feasibility of using the
material for geotechnical applications. Basic pysicochemical characteristics, moisture~density
relationship, strength, permeability, and leaching characteristics are examined. The results of MSWIF
are compared to other MSWIF and coal fly ash which are used as construction material. In addition,
the effectiveness of cement stabilization is investigated using various mix ratios. The result of
stabilized mixes are compared to the unstabilized material. Cement stabilization is found to be very
effective in reducing permeability, increasing strength, and immobilizing heavy metals. This results
indicate that MSWIF with cement stabilization may be used effectively for geotechnical application.
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AAAReZ 2+F FFLFERY FTHI A F7Ista o, 4% £33 53 e F40]
o @A Fule H7IE HEHHE Y R R HrEo vdEHI e AAHoY, FEI} FL& $¥
vetoll A wi el oJgt HIIEY AHEdE videAe FF udyd AR BF 24 d429 9
FA Aol Ut} oo i Aoz HIE FFH 90%, FHY BRAEE FAAA HIE wEA
AEAEE AFAT I, HE Fod FUIEFC] AY R 719 @AY ¥vag o 9Fs v
o] Bow, HIEE o] F v 27X Yool dFH Yt o]y d 87 we AR
€ H7E 2Z4AY BE&E ¥ol7]l 93 Aoz AGL{uEo] ¥ ZA ¥ #H 7] E(Municipal
Solid Waste)el 27Ztx18] 8] && 2001d7}7] 20%0] 3202 S7HAZ B E AZAIANEE gFsn
ATHE 74 1999). o] A3 =A ¥ HI|E A7 8]AFA(Municipal Solid Waste Incinerator Fly Ash,
o]t MSWIF)29] 2 Fo] 433 F718 oz oditgrt

FWel 9 MSWIFY AHwdHs 2y e sz e Aoy oA AdF 8K v Hol
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g% HZIEY Adde A7 Aoy 53 23 FHLFEA 59 AAFH v $F4HoZ 2L £
AE AN F Ak 599 BHos MSWIFY AutEslz S4(52 715 AAAR, HEA, A
AE AFA, wgx BEA ) E2Hoz Be A7 AY=gdn 9HCollins, 1977; Poran and
Ahtchi-Ali, 1989; Goh and Tay, 1993; Schuster and Collins, 1979). WetA] 2 AL E A thBE o
1 e Il MSWIFS] X|ut-3sts &8 7leA S dotrax I Ald gAl2 MSWIFY x|uhz s
A QRS FW & (99 MSWIF 2 Coal Fly Ashe} Hlw3dle 7 EAHS dolrgton, 43 &3
A€ Fets T AHE M3 Xejd | E MSWIFS] EX48 3713t

2. AR

21 MBAR

B Q7o AHSE MSWIFE 4g ooizbaeld Aaen) sluss 2ogniolc, A2 349
AP 1~2%2] WA E AT ARen Aveld Az & g

MSWIFS] Aur3sts 44e Adstn $#44 448 A7Asns 2442 sAk BE TEAS A
AEE AYsa

22 A8 S8 % 24

MSWIFS] AE8Hs S4E Uolnux £ dATdA: 7% TA/FRNIET, A%, H9zi,
pH), A, ZENY, FFAY, 335 209 ANAAT. A7 APER B2 AY Py
2 E 10 AN

1 ANY FF 2 4

ANgRE | wF | 4= | pH (#%=4| 83 | 93 | 4uwE | A@de | 54

"7 &

NE4Y |KSF |KSF | zaney| XRF | 202, | KSF | KSF | KSF | 9449

MSWIFe] A ubg-ahs JAE AHstn 833 F348S AA 87 98 AWEE FHHZ 0~ 40%
A 7 Al Az EFuE £EAHL 0, 5, 10, 15, 20, 30, 40%2] AWES AwE 20%9)
M3 E 10%, 20% T3t AFS AASAT ® O, ZE, FFAEY ASodE AHE wgu 2 o0,
5,10, 15, 20%2 3t AFE HAABEAT dSAEAEY FFAPELE g5 e 9223
FrAsE A Aoe AESUSAEY HA BEFAFE DA E 20% thAFgSEn e F
AEzEES 95%0]4oZ A4 Sem, ¥ol 10cme PVC HolZ 2 Agsted Fysigch Alde 7}
FALE TtE7IE M-St HUFE 95%0| 4oz 28U FAT F AFL HAASAY. B4AY
e a(side leakage)E HA3}EH7] Y3le] H4EAL o] ANHA YIS AL Hon om 7
9t 0.5kg/em®, 48t 0.4kg/em™S H &8t £FAPL FyatgT).

oo oo

3. MSWIFY] xu3 &y 5o
31 7128y

FAER] MSWIFY] 3t EE Sl 2 A H9] MSWIF(Ashl) 2 270 A== e, AH)e Coal Fly
Ashs} vt § 20 VERNIT. MSWIFS] XRF B4 AT ZALAQ 7712 94 o9l Aurakol
e 280l XEH e & F Y ol MSWIFZL ZALulArel 771x) €4 2l S9+ Zn, Pb
5 F55E Bol X¥stxz gUy] wEolzl Bad k. Ashl 2 Coal Fly Ashe} Bl is] @ MSWIF:=
Si029 ALOs9| FFae] m¢ RS & F UJ2v Ca09 A$ 7.57%F T3z ¢lm K¢ Na
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59 dse FHoles Tl 27 1470%, 1395%2 AHH o2 MSWIF ol F450 e
g 5 Utk o E ARYEY Aot 2ZARY 24 RN A4xTAH FoldA sdY Aoz
9eY 53 2y MSWIFY He4Ee Aoy, A", 222 A=A A28 1 Aol e
slem 2ol HE AYAld TEHE FAARAHEY, BHY 5)9) TR FPNE T
A 2 9o 2y MSWIFY S342e N9Ho2 308 2d A0 d4ch £8 Coal Ashs )
&t MSWIFE FALAFS 7712 U4 o]9)e] df o] AUAHoE ol MSWIFE Coal AshH Ut}
239 B9z 4e UEde ¢ £ U AT dBHo2 Fly Ash W SiOp9h AbOsE BT
of oj2l¢ A4Ee BT H&L MSWIFY ABgety 4ae 24 9%L nAA 2e Ao o4y
H, 2R Afoleez EAsY Fly Ashd) AH4Ae] ¥ nAE Ca09 FH Brtelgole
K'sh Na)el E44 ga40] Eol BV)Woz 838 slsao]l Bouz ol Bg WTFHe A}
T4 & Agn g

Lo oo

& 2. MSWIF9] 384 B(XRF £4)

Material 2I3E | S0, | ALOs | FeOs | CaO | MgO | KO | NeO | LOI | Total

MSWIF 6.17 2.64 0.53 757 173 | 1470 | 1395 | 1455 | 61.84

Ash1® 1887 | 837 263 | 1982 | 418 6.45 6.08 324 | 6964
LA 44~47 | 28~31 | 4~6 | 1~5 | 0~1 1~4 | 0~1 | 7~14 -

2529(1999); Dol &4 21(1994).

MSWIF2] 718 B4 X 94 U tt& 2 9] MSWIF(Ashl) 2 Coal Fly Ash¢} ¥ 23l ® 30 e}
WAt MSWIFS] H]F L 218F =2 dukdd EYA] vFgtol vdy @& ge Holx ed, o
£ Gray and Lin(1972)°] AA A& o] &3t AAIg viel o] djFE 9 MSWIF/F &) Hl(hollow)
Hefo] gAZ FAHAUY] WEolet wdEh 2Y 19 veld vhel o] MSWIFS UE EAAY
A3} #2000 %] FHLL 82.6%, EFHFFHLum) 73%E dRE HAE AV JAZ FAHH AL
< ¢ At FFAFCwY FEAF(CoE 42 7.38, 2222 H|IAH JEEII} F5F Holgon
pHE 4d7tgldS Yetdidth 2§ 20 AAIg Hleh Zo] MSWIFS Huldxdxs A-gsue &
zt 1.68g/cm3, 18.2%0°]t}. Coal Fly Ashe} ulws] £ wj MSWIF$} Coal Fly Ashe] EAxE 2 zo)& U
B A @gtew Ashidt® I JEF X7 ¥ &3

¥ 3. MSWIF] 7]|E 24 uI

- A A4
=Ll s 84| ae | o | B9
° |D10tmm)| >2mm | 0074~ 0002~ |<0.002mm |g4=u}(9%)| P es
Material (gravel) |2mm(sand) |0.074mm(silt) | (clay) (g/cm®)

MSWIF 2.18 0.0042 0 17.4 ' 75.3 7.3 18.2 1.68 7.80 CL

Asht? - 0.009 0 15~20 75~85 <5 - - 10 .

b

- l%E‘Hl s | 229231 0~8f’037~ 0 7~18 71.5~90 <5 19~2 | 12~15 | 7~11 | ML

25 499(1999); Dol-&4 21(1994).
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10 1 0.1 0.01 0.001 14 16 - 18 200/ 2 24
Particle size(tnm) ater contents(%)
a9 1. MSWIFS] 458X FA a¥ 2. MSWIFS od 34

3.2 oi8tx ®”Y

ZUY MSWIFS] 98- EAS ZU Coal Fly Ash$} vt #F 40 vtelidct. @ d4nlo &
MSWIF¢ 9227458 2 3o Yellidlch 2§ 30 Yetd v} Zo] dEAEAEs s
vlo] wel 0.76~1.48kg/cm’e] HHE YeEhdUdTh FH5uo 82 FEV FHEA FoR

we] SN AzEoAE FEusgo] nuggn odd ARe 2 AYEe] U 2
g e RezA FAPEH FaFIAE pAFHe dgo] au, B AxZHE

=) IR
===

AT RoE G ZA TS AR & & YJHGray and Lin, 1972). 3
ARG G AT B4R YR R4S 7tz 0.13kg/em’, 45° 2 VERG o A TSud B2 547
2o W32 1Y 4o AASIEY A4 BEFASE 54 19%~20% Atolol A 8~9X107 cm/secE
vetio] 7te HEAY BgAdsE YA AXFenly dxFdq e §8SEY Addidoes §
FAF7E k=l o)+ Benson¥ Daniel(1990)0] A A g Fo] A g4H9 AX —21-‘—0]]/\1“ A7t Ww
87325 veldo] Fo] AAL v E HH g FEFAAE YAV B4 F2E UEHY) b
Rolg} Bargch Fu Coal Fly Ash® Blasiiyd EAX 9} npA7lE & ol& B ]z] oro}l x| uFE
g & tEAS RAFAY

H 4. MSWIF9 983 =4

\’% AEGERE k) W -0} 7} B
Material (kg/cm")* (kg/cm®)? ¢ )? (%10 %cm/sec)?
MSWIF 1.48 0.13 45 0.86
(Coal Fly Ash) 1 “'3 O"’ 1 32 ~45 10 ’“’25

P g2 oA e gh P ool &4 9(1994)

2 1.00E-05

1.88E-06

strength(kg/cnt)

Unconfined compressiv

Hydraulic conductivity(cm/sec

1.40E-07
14 16 18 20 22 24

Water content(%) W ater content(% )

29 3 RS Be AEYSAE 29 4 9AESY N e F5A5
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3.3 =% 25 Ry

MSWIFe] F3& $F3FE dolrry] Hdta] §49 pHE 2~302 FAANIEA SHAAEE & 23

£ ¥ 59 Jegit. MSWIFE Pbs} Zng 53] ®o| &3t e 74% o & glon RTLEER
z} °J*«l HFahg 2o =A X (Klark number)$} B3l BA A3 L Fre £23F2EQ 41
A< & F Yo ol 27 F9 FEHFEC & A MSWIFI %—_,—_qgv wEo)e AzEy

]
MSWIFQ] Y HE A olg FEE SEHYE FH ANE LFGAE JtsAol F Aoz didd.

E 5. FY MSWIFY 3% 3% (ppm)

A g5 As Cd Cr Cu Mn Pb Zn pH

L2 13.54 70.32 14.60 7751 70.91 257.33 1832.24 2~3%A

MSWIF7H )ite] 919 e Mol 2345 §254¢ dotuy] Astel #A/2TZALEl A48 82
Ade ANHAT oW FFE £2540 Y 2 9L WAL A% F Sy pHE ndSnA
27) pHE 29} 622 Uro] AYE AN F 1 AAE E 6o ANSAT

E 6 55% 82498 23 (ppm)

g 7}3 & As Cd Cr Cu Mn Pb Zn % pH
£&%(27IpH 2) <05 394 0.04 34 3.1 48 518.8 7.00
423 (27IpH 6) <05 1475 <0.01 1.29 21 24 162.3 7.80

FU 71EA 15 0.3 15 3 - 3 - -

flo

7129 H71E FAY(Z7] pH 58~63)9 g3 MSWIFe] £&A4d 23 CdE AlYdT F2£E
71&3) oldte] £&F%EE YEUR oY CdE 7€ 03ppmeS A 2743+ 14.75ppmE Ve o] o]
of 3 o] Weasdigy AzZtdAct pHY TS sty Aste 7] pHE 22 AA S Ad4dsg
25557l F7sIR e ole FEEEY EAA £7) AAAAM FFEH AT EU) gEoE @
g5y, g} dA %7] pHE 58~6322 1A HAZE IAANGHA AT §&EAF ez g
ZH A FEFE £EFEAHL FHgslrie ESES Aog wddo x7] pHE 22 A¥ET F$E
Cd®lo] Cu¢t Pbe] €53 7|&2XE ESE & F Ut

Awrz oz MSWIFY £&A3247 FaAlFEE F Cd9 Port Adidez 13T £5HE AS ¢
% gl = o]= Luz and Almeida(1998)2F Kammon and Jang(1999; Cd=10.4, Pb=19.6ppm)o] A} A] &
ulo} o] iR E MSWIFS Cd9} Pb &% %7l vhe AT7ZAHe dAste AolojA AL A o
o gig Fo7F daditty Bddr.

4. 2HH 31 H MSWIFS Xx|u-Z 2t By

MSWIFe] ¢tA 3ol A|AES} 3|7 Zol %o] 9l 0.7 (Zimmerman,1977; Terrel,1979), dux oz
AMESS} M3Es MSWIFY ZEE FUIAI 3 SFAFE ZaA7e A2 43A o oy 43
o] 7% MSWIF9] %% A|(Poran and Ahtchi- A111989)9} Pbo] £2EA T B AFMHE ANEE AL
sty MSWIFE ¢H¥ 3 Azt 713 RAHFoZ ALHE AHEE 2E% XEWES A WE(Ordinary
Portland Cement)2A A 37 HEEE AYAE)Y EFJES L2dA L24AA AxI. AHE
£ 28tzH4(Ca0), o|AbsHT4(Si02), AL Fu E(ALO) FHELE o] AEEC] HAZF 9 90%o°]
A& AR Ao
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41 O R Y

AME wWgelel B2 AS4e 39 200 AASAT T9 200 YERd whe} o] AlMEZ g
9 MSWIFe] DASAE A45Hu e MSWIFS 2 3ol& Holx| gttt AlWE wjgue] oe
AyAzaAss FAPsule Ass ueE Ho AZUEE 168g/em’ild 172g/mAA 4 %
At oje AWES uFo] 31524 u$ 2y WEo] AW st Ao EFAY
Fo| Z7lagly) dEold BRAY. FARFHE TR0 FAAN @S ¢ F Uk

4.2 ZxRY

v gtel el G wWE MSWIFS AEAEZ =S RIATE0SH-VFEITAANM Hd3HY
50% AFAML 71&r)el Wste 29 5 63 Zuh AWE wjFush SR wet dEAFAES
APAFE Z71840 ole AUE Hrte @ Fauigd} L&A Bgo] 1 ol ALHY 9
A F7HYALS AHNE uhgo] A&gd wet Frizez A& Ao QY £ 27 F4 7Y
ZE F7tEe nlate A 149, 8Y AEE R ez 3 FIHFC] Agted ole A Td7AAE
z7] Fawgez Adad ZE F7t 2 Wdd o]FRHE ETEE 4% AV BT
a2 Qelg Bedh E AFASE e 100~300 kg/cm®e) M2 74 (stiffness)ol 4F3] EolA
< ¢ & YAk o9 whgt FA(Cracking)el i AFF L dopd Ao diFs o} oo i Ao
gastrtn Az

350

s
2 . //: € 300 oY
%«-’E‘ 6 ‘/.// g 250 A‘
gé 5 / /“7 g 200 /M TR
§ E ) I//}-// 2 s /’é/ —yares
E 23— 3 g // MY
2. i F 10 =L s
1 S 50—
D ot
0 5 0
0 5 10 15 20 15 ° 3 10 15 20 k13 30
%Cement(by WT.) % Cement(by WT.)
a9 5 AWE wjguld @& F= 24 6. AAE Wi ot HPAF

43 4R Y
AHE wignlet FAL e

| | P
TTAT
2 S4A4E Zase A%E dui

a9 79 AASE. sidEet FALel F4E
o

=
=
& b ole AHES Eo] BEEaHA AHE g WHER
Q) ettringite®} tobermorite7t FFWE ANFSEN FFAFIE Faddotn dddt o3 FEAS
o ZAFE AZATL AEE HAOE d4dTh
’8\ 1.O0E-03 E 1.00E-05
E ﬁ “e-s% T c-10%
E LOOE06 \ ? o \C‘w" > c-20% i
S \ 2
5 . :\\\w _é 100807 e,
: \\\ 2 \
% roeos ] iy Toury -E 1.00E-08 ‘
o - - «
5 e RAL B R s
E' LOOE-09 E 1.00E-09

Q 5 1U] 15 10 25 o 5 10 15 0 5 30

% Cement (by WT.) Curing time (days)

a9 7. AHE wige s} FAL wE FFAT
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44 3% 250y

AMEZ ¢tAsd MSWIFS T34 2548 Zoli7] H3td AHE wigs], ¥A4Y, 281 %2
7] pHoll W& &&AIH S HASAY A2 Q2 F5E5EY 557 7I€A oo ¥
Hoz £E2¥ 5/ B2 Cdet Phete AEsty =2 e TH(d 8, 9)

gl e FF& £EFS AHRYE Cdo A5 AMHE Wigurt 71855 £E %] 543
A9 EL, ol AHE 7‘:.47}011 M2 g9 pH F7HI0~13)E U3 H Aol 1 FoHdolel gt
"ttt Pbe A$ole AHME wign|7t F/EFE 8FFo] FxEus = A wiFEH o) FERHE
Al & o] FUt3teE 73"% et e, ol ¥EFA o220 Pbe S 2 ¢tE] =AM
AgEo] 2 ojfg FFAI(Cernushi et al,1990). FALH %7] pHell M FIF& £E542 4
B gAdo) F/E-E FFS5 £5FL Aasde, 7] pH 629 27] pH 2914 4%
go] Z713e & & AU "M pHF FEFEY £E54Hd 2 4FE vgs A @
don pHel s MSWIFS 93 % ¥ (buffer capacity) £3 F87&% &% 32% 9L nAg
o 4t}

Nl

o o)

Sor ol

rz Jpr
R

fjo

50 6
E‘) “ " opay 09 (PHS) oy 14g@n§j E‘) 5 = o3 041 (GHS) = o} 1401 (HS) [
v g 0aeH) oy 14 eH2) F . L o 0eH) " opy) 14e)(H2) ~
2 30 = \
E=) B
« «
£ \ £’ \\ /
§ » \\ 5 . B "
Q Q2
g g \—~¥<\—.
5 ., 5 /\._\ ~——
O A
0 0
0 10 20 30 40 50 0 10 20 30 40 50
% Cement(by WT.) % Cement(by WT.)
a9 8 %7] pHS FAL WE Cd $2F a9 9. %7] pHS ¢A8Le WE Pb £5F

T OEES 9SS FAANY 959 PA3H(Ca0)E 73 £7] pH 622 £EAPE 2HE E
791 AAEATE B 62 AINE AdAAYsA ¥ MSWIFS vlws] EH Cd, Mn, Zno] £&3F2 7
oy UHA FHEY %%a&% H &3l AY 713 A2 & 4 Atk AlHE 20%9S AoE AY
Aol R E £EF55Y HaAE YEUA &gen 238 pHe F4%522 Cr, Cy Zn, Pb ©]
29 Fx7t FUMHE AE ¢ -’F ),191‘:} ol Cr, Zn, Pb o] 2529 544 ZgstglAd A4 HA
O Yoz #AddEHg ANE 20%94S HUME S ALt 2494

% Cr, Zn, Pb °l—8—%° %%%“] woked, ol AlWES X Y TEJEA (S0 AlLOs)9
©] CSH(calcium silicate hydrate)$} #8383ty B89 silicate 334 E
W&o}t k¥ oh(Bishop,1983).

ot

E 7. 44 38(Ca0) A7t BE 55 8248 23 (ppm)

B Y= As cd Cr Cu Mn Pb Zn A% pH
e a0 | <05 0.94 278 3.06 <001 23599 3.09 12.46
el o X 0 2o | <05 <01 374 382 <001 251.94 3.16 1273

(Alﬁé ;%%L <05 <01 1.27 093 <001 1.99 0.04 117
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5. 48 ¥ £ o7AA

MSWIFS] A &&e 98 | urgss
AL & AU

N3 NAE AAee BE 4¥AH hed 2 FEL

am

1) MSWIFY] 7|8 EQAY 2 g3t A3 2 Ao A8 MSWIFE 3 o8 34 MSWIFS}
et o] xpolE Ho] S MSWIFE AHAo2 3atgdEe] Aeojg BY Aoz o4dn. Coal
Fly Ashe} vl@siR ¥ A RAME AolE Bov EA4A 42 H34 4dL FAlste Arbgsd
H AgE e E RAFA

2) MSWIFe] £2& 8ENFAY NAES EFsIA & MSWIFE #3 T84 Cdot Pbe] &5 %
o] 71FAE ol AL Al oo dig o] Basirin A

3) AMEZ AP MSWIFE ZE7r 718t SFATE F4eH
& ¢ F AR wEA MSWIFE AA A 71E
Cu ¥ Cro] &&7154° AR

4) ojae] ABNTRE WA AF wYstz v MSWIFE AWEZ ¢HAg3Agd 3¢ 2ubgatzo
Z QgLo] A5t Ba=EE FU o 29 MSWIF tig F7e A7 st A
Ztgith. B3 FRFol L U7tE FEMa, K)o A MSWIFS AMES AIZEHNY =
7 3 5 GRAG77R ] A HAge wE AukFstA dFde AErb fEEE AlHWE FA st
g8 AP FEFEEY FUNAHA £E540 HHEHgk ¥ Aot
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