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This research investigates the possibility of using calcium carbide residue
(CCR) and fly ash (F) to improve strength of a silty clay .calcium carbide residue
(CCR) and fly ash (FA) are both waste products from acetylene gas factories and
power plants, respectively. The mixture of CCR and FA can produce a cementitious
material because the CCR contains a lot of Ca(OH)2 while the FA is a pozzolanic
material. The soil stabilization by the CCR is classified into three zones: active, inert
and deterioration. In active, the natural pozzolanic material in the soil is enough for
the pozzolanic reaction. Hence, the input of FA in this zone insignificantly improves
the strength. The strength in the inert zone can be significantly increased by adding
FA. The FA improves the densification and the pozzolanic reaction. The
deterioration zone is not recommended in practice even with the input of FA. The
unsoundness due to free lime hinders the strength development. The rate of strength
development of the CCR and FA stabilized silty clay under soaked and unsoaked
conditions are the same and close to that of cement stabilized silty clay. This shows
that a mixture of CCR and FA can be used for soil stabilization instead of ordinary
Portland cement.
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ACI = American Concrete Institute
ASTM = American Society for Testing Material
CAH = Calcium aluminate hydrate
Ca(OH), = Calcium hydroxide
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d' 3‘/ a ana i) [ a Y
M13199 2.2 Fueaumanalnssuativesnislsuilgaaualsuud (Berger, 2005)

The Chemical Stages of Lime Stabilization of Soils

# Process Reaction Effects Speed
1 | Hydration of quicklime CaO + HzO —> Ca (OH)2 Consumes water & releases Fairly fast
(calcium oxide) to heat. Drying action for Sec-Min
calcium hydroxide. muddy soils. Required to put
lime in a form that reacts
with pozzolans.
2 | Saturation of the waters Ca (OH) , — Caﬂaq + OHrlaq pH increases. Calcium ion Fast
with calcium hydroxide. becomes mobile. Seconds
3 | Saturation of ion Caﬂaq + Na-clay <> Naﬂaq + Ca-clay 1) Ca’ occupies cation sites. Fast
exchange sites on clay 2) The ionic double layer Seconds in

particles with calcium

ions. Increase

thickness decreases.

3) Water bound to clays

aqueous and

minutes in soil

concentration of ions released from double environment
both in pore water and layers.
double water layer. 4) Clays coagulate and
flocculate.
5) The physical properties of
clay minerals change.

4 | Alkaline attack on SiO0, + H,0 + OH'laq > H3SiO4'l aq Strong function of pH. Moderate
silicate minerals. pH = 10.5 Min-Hrs

5 | Alkaline attack on A1+3-minera1+4OH71aq(—> Al(OH)47]aq Strong function of pH. Moderate
aluminous minerals form pH 2 10.5 Min-Hrs
aluminate ion.

6 | Polymerization of silica- Si30 5(OH) 5'3, Si 4O 6(OH) 6'2, etc. Preparation for colloid and Moderate
complexes, for example: gel formation preparatory to Min-Hrs

new mineral precipitation.

7 | Formation of hy-drous H3SiO 4'1 aq+ Al(OH) 4'laq <> Presumably pore filling Moderate
calcium alu-mino- AlSiOZ(OH)S-z +H,0 CAH-CSH- like materials. Hrs-Days
silicate col-loids & gel X Caﬂaq + AlSiOz(OH)S-Z > Some strength development
as pH stabilizes or drops (Ca AISiO OH)S)-2+2X
due to hydroxyl
consumption, e.g.:

8 | Formation of hydrous Chabazite, Strength development Slow
calcium-aluminosilicate | g ALSi,0,,*6H,0; Tobermorite, requires considerable silica, Days-Weeks-
minerals, e.g.: therefore needs maintenance Mos-Yrs

Ca,8i,0,(OH),*4(H,0)

of high pH.
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M15199 2.4 FoMUUANIINMEATNLIATTIU ASTM C-618
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Soil Property Silty Clay
Physical Properties :
1. Specific Gravity 2.76
2. Liquid Limit 62%
3. Plastic Limit 22.63%
4. Free Swell Ratio 1.4
Unified Soil Classification CH

~ 4 =\ a = a =\ 4 4 9
AT NN 4.2 mﬂﬂ‘izﬂaumqmmmﬂumumﬂuﬂumnau ﬂWﬂLLﬂmGBEJiJﬂTihlllﬂ LLazinaody

Hydrated
Chemical Composition (%) Silty Clay Fly Ash CCR
Lime
CaO 26.15 12.15 70.78 90.13
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Silty Clay (CH)
Energy Per Unit Volume
OWC (%) Yd,max (kN/m’)
1. Standard Proctor (592.5 kJ/mS) 25 15
2. Modified Proctor (2,693.3 kJ/m3) 17.8 17
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Abstract: Calcium carbide residue (CCR) and fly ash (FA) are both waste products from acetylene gas factories
and power plants, respectively. The mixture of CCR and FA can produce a cementitious material because the
CCR contains a lot of Ca(OH), while the FA is a pozzolanic material. The soil stabilization by the CCR is clossified
into three zones: active, inert and deterioration. In active, the natural pozzolanic material in the soil is enough for
the pozzolanic reaction. Hence, the input of FA in this zone insignificantly improves the strength. The strength in
the inert zone can be significantly increased by adding FA. The FA improves the densification and the pozzolanic
reaction. The deterioration zone is not recommended in practice even with the input of FA. The unsoundness due
to free lime hinders the strength development. The rate of strength development of the CCR and FA stabilized
silty clay under soaked and unsoaked conditions are the same and close to that of cement stabilized silty clay.
This shows that a mixture of CCR and FA can be used for soil stabilization instead of ordinary Portland cement.

Keywords: calcium carbide residue, fly ash, silty clay
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311“ 1 XRD of hydrated lime and calsium carbide
Notation P=Portlandite(Ca(OH),, Cc=Calcite (CaCOs),

G=Graphite [4]
nrnagnlitunauiulqenmnmdndausiadie
Taitu (5] Bamsnouitmnzandmiuaumilanazey
Tutaeszminedenas 5 & 10 UffBeniifisthusle
waadiniun Ae nsuanudenBosuuantesdin
(Cation  exchange) UA%ensdudavaaiindin
(Flocculation and Agglomeration) ua:ﬂﬁﬁ‘%mﬂﬂﬂ'n
A4 (Pozzolanic  Reaction) Uﬂﬁ%ﬂ"luam\.ﬁ;ﬂu
Seauuanesiiu AssuunisuanudenBssuuan
ARnrasiumilen Batuswaudumilzariniy
dessneymerasdumienthuszqauidsegan
sssnmiszgadndaanuanidudmauasdndon
winfulszqauiifieg seewuaniignaadniifazes
ﬁumﬂmmminﬂw:qnﬁﬂaﬂmuﬁﬂﬂwqnSuTﬁ
dny FedudlensayuenadniuAumilen uasiBus
(Ca++) ImmumnaszdinilafidesuuaniiRaesiu
aﬂnuwﬁqﬂﬁﬁ%mua:mnm‘sﬂs:nau?wuimuﬂﬂ
Tuannazannarasdenuuan uazdanuay (6]

UfMennasudareadinu inuffidenntesonda
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AinfRauazinssrasiumileaintieyniadng
sfmo'fqLﬂuﬁumﬂﬁfmﬁum'::ﬁ’mﬂun"ju uaziing
Tnfuszinadiamunntuioqud 2 naveafiten
vaspsdangrvinliRfinman uarRianadanesdiu
wilgafldanas aiziAdrianwwaadnien
Wl donaliindedn sz Ny
qrasAumilenfisu danufiieneslsanuin
Mnﬂﬁﬁ?msm’iwqumqLﬁﬂuﬂuﬁ’udmﬁﬂ
unaBunlansenled Suvinliraamdusisnes
J']Tu‘[wwqq{u m'm1ﬂudnaﬁgq§m:a:mu‘8§m
uazagiunTufiu %muﬂ:ﬂgﬁmﬁmauazmmz
ﬁwuﬁﬁ%mﬁuumLﬁﬂuﬁaizﬁmmmnmiaamﬁq
BN (7]

InAemareatiuinnTAnETRgUsTAIMIYIN
Aundlpenistinnuaa@nanilud uanidinass
Wenauminstiyudumdlamlasesing (8-10)
nnuasBunandlud fananifiadeafiuyy
10 wpsnfinansnninuasidenaniluduazidi
aptfipnaansatunsdurindsTugasenguana
AdneuBid (1]

CaSi0, = afler
CaSio, gel sedimentution

Liquid of water
satutated with
Ca’ and OH™

Ut 2 winmamaUdugeRndasyuena [7)

unanditinquszaedifeAnunaansdiu T
Tunnstiusuugefnmilen afutenisimmningedn
pasRumitsansuninuasidanats ludusiitasy
wasmdngraauszndneananuaaananflud uaz
Wassfimunzanlunisuiulgeindednnesin

wiflen

2. suiflwuisiqe

2.1 MAATENAIDENAN

fudinun i tunsadeaded inAumiteatuiin
pzneu  mulumanendamalulaigaund fiu
Fratnludnumzulssnmisziuaangn 2 - 3
winganAafiu e tFAuf ANy nsfmdeniuuacd
mavudiausiosdign annthsindangtedinluie i
uhatEkausranuanidudaduduteuliuands
senanfulaeliflanaszann 1 fa 2 wufins
wazvinmstpuRudneirdnstasAulitunaidna
i Aufinunnstessaurmazunsaesd 16
snafnds Aurdadsrunndasszuuiennin
(Unified Soil Clossification System, USCS) \iuiin
wilgafifanmwanafings (CH) Aamtiasdnazdl
Awinfu 2.76 Anaman wazRiananafinvindu

Xpuay 61 WAL 22 AIHATAL ATHARILHUUAY

PgaflagnuASafENANINNMTUASALLLEINTT -

awsgmainiy 16.9 Alafladusiagnuiafiums
BN aNYiiLSaAy 18 fndesnd
annaziifiAwingu 1,130 Alathana ArdRsING
UandaBaT (Free swell ratio) winfiu 1.4 S1unn(é
iunsuandadi n‘qmw{fum‘sunmu?iﬂu'fﬂﬂnu
uan (Cation Exchange Capacity, CEC) winfiu 27.6
meq/100g (milliequivalents #ia Aunileq 100 n3N)
n1anszansrunnazidafuuansdegud 3
sefusznaumaaiiuanstunnsedt 1 auiulidn
mnuanGaneludtnnaaymatgfign
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5 N " fauus I NHBNG
=¥ iy : :
B ([ Broeadu | 161 | 1Bummndui
2
e 3 (3p8Rz989 OWC) owc
» - ' - .
g
. il NAWIUNITUA 1A1 | umdALUUgINdn
Ji ﬁﬁ‘ ] a0 AT
’) o o s Py 21gUN 461 |7, 28, 60,909
Particle diameter (mm) '
UInmnan 3 A1 | 5% 10% usy 20%
gﬂ'ﬁ 3 MINTTAWWAARTERNIARY
uaadanAsfud
wiflen sssuarninuaaiBanalud 5
ARn
fnsndmssnin | 8 A1 | 0,3,6,9,12,15,18,21,
2.2 MAuARIGENATS (Ud
o0, UasnIn-
mnuan@eNANS(UF (Calcum Carbide Residue) 7ilE
s o waaBenAndlud
Tunsfneidelfsuanaeyiasisian wiv s )
B L. oo simLAnnoadin
5 WAAAMIIANY 9111A SUNDFINNTIN JINTA
/08(%)
uAsLgy Mnuasdenailudgnisdandoeitnie
suflgomg 200 semeades w3 ol
2.3 1inaay

e ;
FINILUAKILLATEY Los Angeles abrasion machine
UAYIBHHINATUATILDS 40 ANANIUNIEHAD
winfiu 232 A19N9ER1EINIAARTANIUA 3

avfsznaunaAiuamstumnanadt 1

A5199 1 pedusznaunaAfizasRiuwileaunfiu-

arnanmnuAaBenAsud uasitinaay

Chemical composition (%) [Silty clay] CCR | Fly Ash
sio, 2010 | 232 | 4569
ALO, 755 | 157 | 2459
Fe0, 3289 | 016 | 1126
CaO 26.15 62.09 9.45
MgO 0.47 0.64 2.87
SO, 492 0.62 1.57
Na.O ND | 002 | 007
K:O 3.17 0.01 2.66
LOI 344 3227 123
B 131 03 061

WaeedtiuntsAneniFarnTssemuliiusione
Funsuimng Sminann 1eansNidnendn
witszmalne sauruazuNsILes 40 AN
A9FUNITYINAL 239 NITNTEINLIUIAARSUAAL

Faquit 3 aedUszneuynaaiiuanatumaedt 1

2.4 F8nasay
fusnagranauninuaaBunafluduas
WinaasgnuadaluuuumsInszuenmun Wk
ANINATN 50 M. WATEY 100 an. Meldndsen
MMIUABALLLGINIIHINTEIN NARBUATNNIATI N
ASTM D1557 nnsfnenlsenaudqeansdon A
dauusnAnudvinarasninuaaidenasludlag
undafunannnupaBenandlud doussesar 0
fia 50 danfigeeAnuanalnnisVamindadaes
Aunsnnuaadenad luduasdinaay tudssnin
wpalenandludfivnnzan  essdendiiauls

A9 WARIAIM TN 2 fapgnafilFannnisunda
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axgniadtewanafin uaznfigoumgvies e ls
FatnemusrezaaLniieInts shdaetreduhl
MINNSNARBUAIRIBAUNULALT (Unconfined
Compressive Strength) AMHN1AT§IU ASTM D2166

Sasrnnanaft 1.0 ww it

3. nan1534n

U 4 ugmeA AN TENdNANRIBAUNIIAES uaY
Wrunnuaadenadlud naiesneesindedn

unmﬁmqnéﬁu.unﬂﬂmﬂu 3 Toasias]

Am T T T T

g

-

P olts |
il

£ 1

IR .

3 T

£ E

4 PR

I i i
o 0 20 30 0 50

Calcium carbide residue content (%)

31MA BndnazasnnuaaBenand ludsanidesn
Tuging Active zone fnAssiaunuAeaasil
MafiaduaanmeasnInuasBenansTud
(ccR) Tnifadufyintifidndagedutiasannasd
Ca(OH), gnlfTusumun Freuffteedlranila
ndamarlsamdifogumussanma o iner
zone afinanmnnindaisudntinsuasfuualiiy
#azanas Tugas deterioration zone fndssidnfianas
TuerfidnisiAnturesuianam nan
unal@auanflud deflnantannnan
wasiBenanSludfudunnsnnifinluyin il dnean
mMafinufjizen
snAdanfunsetunstednumsses
maUsudpnmnessdintu 3 Teulasnisaannin
uraldenafluduadinaasas i tufumileouiu
naw gajamneihiaulshunadedisunum

weainaesTunsusuuqeindedmis 3 Tau Tagas

s namarauriidsaunuisiudateusnts
AMIREUITIAND ARRANITRAsI T msdau
. ° v o ¥ ¥ .
FdnmAssaTsINTuT LA hidusastaeaan
gavingrasstsamidnanafenalndasugunis
WanniaslngarEneguniugesananasey 4o
ey liinedansdindulafimuncanesinans
o & ¥
TunrTnaudmsdauyianunreedis w1 nan

upalenAs U uazifinaes

Dry unit weight, 7 (kN/m®)

13 1 1 1 1 I 1 1 L
4 16 18 20 2 A 26 23 30 2

Water content, w (%)

JUA 5 nanaviaRUNTUASARUNANITINGEY uAY

mMauaadenA3ud

WavinnnsuasafunanansiBentsranm Aaw
MR IgATlATANS uazUBNIIANNEY
mazanfANAnTy anUTHImnTHENNIN-
unaBenadTudiAndu Fusnelugud 5 nns
anasTaIminEinuRenailasenAtaann
fednnzrasmninuaadenasluduandnanes
AntiasndaAmannndunizeesdiu vinlhmise
smindeBaasanas MnuasiBunartudiain
Wignuszsavasnsmnisundanineiu danalien
e T T[T, R N1 I XA NG are
fldnendnedn waniaseUNTTUASATEANMTEY
WAN CCR UAT FA ﬁu%mtwhq-[ fiu uamatiiingn
wiagiminusisgefigavesdiunas ccrR  (Tifidin
ant) axilAanaemunIsANEuE D3N CCR
wasfinatiUBnnnadumansauindu wiog
sminuegegaeesiumileonas FA uas CCR 9xfl

fi'uﬁ'u%umumstﬁu{waﬂm%mm FA =~
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FA content (%)

4 o o ' ¥ ¥
Jun e mMasdauuuliudinazutinsadiumilen

wan CCR uamdinanstu active zone

Unsoaked strength, ¢, (kPa)

Soaked strength, ¢,, (kPa)

FA content (%)

o v ' ¥ ¥
3ud 7 fndssauuu Biugriuazutineasfiumilen

NEH CCR uazifinaati inert zone

Unsoaked strength, g, (kPa)

Soaked strength, g,,, (kPa)

FA content (%)

3 o & a 1 ¥ ¥
Jufn 8 fdednuu ugiuasutrnnesfumilen
N

nan CCR uazifinaastu deterioation zone

A 6-8 uamIATINFRRUEsTINeASANAN
WeauuuBiudiuasutrinasdaatnafumilaonas
CR  wandnaey fAnimannadumanzan tu
Active zone, Inert zone WAL deterioration zone
gmdndu T Acive zone mmifinidinaeutan
Pulprindsdaunudeafieadntion sreentu
Inert zone Beariinaiia@uzasrindednationn
apatndesaunAen fssunaananinisungaediu
(imgndn 7 H0) Vsnsudsssfinunzanfelosay
15 uarfiszeziaannIsusuIN (H1nndn 28 44)
Usurondnaasfimunzandniasas 21 Tu
deterioration zone (31!“ 8) ManmnIANilAtias

N9 Inert zone
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31M 9 naWmnESRTesAufiuFLg#ae CCR
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16000

Unsoaked strength, g,,, (kPa)
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o

31Jﬂ 10 maRmunrinddinsesdufiuiqedion

CCR wazfinaaslu deterioration zone

Ul 9-10 ummennsWRRindatUsTEzIOR
a1nnsuste inert zone WA deterioration zone
pudndy sxdiulddantaimmndndats 2 Toud
Anuoiz uazuaAlH#ae logarithm Function @il
wefinssnituidsaiunisvaurirdsdnuaafin
Buund (14-16) NIRMUINIAITAVBIAUNEN CCR
uazifinany ANsrezaIMsUNfineInUizen
vaglganila

4.98U5"8HRMSVIANBY

maRsduaamiamiminuieannde
fun1sanasrestinimasBumunzan e
dretnefiBinoudaeniady uane g
11-12) Tnefisnvaemisriminuiegegnezegi

Usnme finass3agay 12 uay 21 4M5unin
uAnEENATS (UASaEAZ 10 UaT 20 MINEAL

17.0

“ :/‘/'__.,4/‘/._.\' i
160 ¢ i
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> &
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’\j
1 1

—8— 10%CCR
145 =0~ 20%CCR B
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0 4 8 12 16 20 24 28

FA content (%)

o e : o, SO
311#‘ 1 prudiugsendamisgiminuiegegn
uasAnnufinaegrasANUTLgeMagy CCR uaz
iy

Optimum water content, OWC (%)

FA content (%)

31]# 12 AoARRLSsEn L BNy
O e e | PRV R R P T TRl
CCR wazLinasy

naRmmiIdsaumudsaiuUENoutin
anelu Active zone finnawAeuutastinssnnnas
Faquasloarfaluduinieasssngafiuiannm
Weawasianinuiideniuuasidenlansanlzd
dndufideeslraias b inert zone uifidnay
finaifindures CR  widnddnunuszfiaals
wasuias wlessn cer AddnTushBunouiu
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Fufiniagnainauuacfidousznauresiaqles
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