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Abstract

Fly ash is the most widely used supplementary céitiars material in India owing to the
abundant quantity of coal reserves across the poustill, large quantities of the material
cannot be used due to their mixed quality. Addaibn the variation in fly ash properties due
to the variation in its generation and handling caase significant variation in the properties
of the resulting concrete. If unutilized, the flshais dumped in ash ponds filling up space and
polluting the environment. This work aims to redtioe variation in the property of concrete
arising from the variation in the characteristi€¢$lyp ash and to allow the utilization of lower
quality fly ashes by blending them with higher gtyabnes.

Twelve ashes, including 4 pond ashes and 2 prodesdees were obtained and characterized
for their physical and chemical properties. Theirde contents were measured using X-ray
fluorescence and crystalline contents were measusety X-ray diffraction. The specific
gravity, Blaine’s fineness, and particle size disttion were also measured. The morphology
of the fly ashes was observed using scanning eleatnicroscopy. Pastes, mortars and
concretes, at a fly ash substitution level of 30#&&re produced and their hydration
characteristics, phase assemblage, and compresserggths were studied. Hydration was
studied using isothermal calorimetry and chemibainkage and phase assemblage using X-
ray diffraction and thermogravimetric analysis. Tinduence of individual physical and
chemical characteristics of fly ash could be stddig using a combination of the techniques
used. It was found that although it is difficult relate the performance of the mixes to any
particular characteristic of the fly ash, fineneskca content and alumina content appear to
have the most important influence. In order to hgemze these characteristics, blends of fly
ashes having widely different characteristics waepared. It was found that even when fly
ashes with very different properties were blendedether to homogenize these three
properties, the variation in the heat of hydra@ownl compressive strength reduced drastically.
The blending of the fly ashes based on the homag#aan of one parameter allowed an easier

understanding of the influence of the other paransetn performance.



In order to better understand the influence of baeogenization on hydration and strength,
numerical modeling of the microstructural developief fly ash pastes was carried out. It
was found that the amorphous content and particeedistribution of the fly ashes could be
used to obtain a good prediction of the strengtreligpment in mortars and concretes. This
implies that these two factors have the largestiémice on strength development. The results
from modeling also allowed a better understandirip® rate of hydration of fly ash particles,
which are otherwise difficult to measure. Additibpait was found that modeling could be
used to predict the variation in the heat of hydraind compressive strength arising from the
variation in the properties of fly ash. The valoésthe parameters, once determined for one fly
ash, could be used without any modification for dktger fly ashes.

Overall, it was found that the measurement of Biariineness can be used as a simple and
effective means of assessing the proportions ickviaarious fly ashes must be mixed in order
to reduce the variability in concrete performand#hough other properties also play an
important role, the control of fineness alone cagmiicantly reduce the variation in heat of

hydration and strength of concrete.

Keywords. Cement hydration, Fly ash, Blending, ModelingldZianetry, Chemical
shrinkage, XRD, TGA



TeTS V2T &2 3 & T AT H Il o SR o HROT HRA H Jod 3Hfeh A9 &7 4
SEAATS TRAT STl ATl GXh hieiss AT g1 Y oY, 37ehr fATHT Ioraedr & FrRor
QI T ST AT F 3TN A1 ThIAT ST FehdT| ITARTFd, Fells Vo WLl 7 3R T
e 3R EsToler #F fretar aRome ashie & aquit 3 FgeaquT fRestdr T HROT 8 Feell ¢
e 39l T ST &, oY Fellg VLT &l AW Te@led H Setg H R feam e § 3R
ATATERT T TGN FXAT & | TG HIH ahic &l Flcd H TG &l A H & ¢ | Folls
U Y TAATATT F AT @ et g1l 3R A 0TI dlel HIFGIAT & IULNIT I 3T
IOUTdedT dTel ST & T 0T e 1 A &t & faT|

4 d1els @ 3R 2 FEfed T afed aRg 7@, faRise areca gred fohar arm 3R 3
#HiTcreh 3N TETA iR Aot o forw gl & | 3eTeht 3iTeraTss Al Tora-Y GTadH e o 3uzter
T AT 3T 3R FopTeoly AT TR faade 1 3uAier T AT ST 2|, soleT &
Scohsed, 3T 0T TR faaRoT off AT9T a17| FHFEl TG T AThTRAT, Ehfolar Selerelel
HISShIERITT | frgeprar §, AR 31 concretes T 39ANT FT 30% @W—Tvﬂéﬂ%f gfaeamaeT
TR W HATIT 31T, 3c9TeaT fhar § 3R 39 Fo-aete [FAwarsi, Twor garer T, 3R
ST dTehd ITAT AT R IAT| BTS2 FHATURT SsATfATT 3R Tarafaes T
3R TROT FIISTeT T 3UIRT FY TR faadeT 3R aafafaafics faeeyor &1 39hier &
T fRAT AT TS VA FT Ffrd Hifae 3R TEafae R[AYat & g #v
3T TRIAT AT T § SEAATA dheileh & HAToTeT T YA k| Ig 9rAT IAT o
glelifeh ATF@AT & JeeleT al FollS Ter, sTehta=AT, Ffoleht Aoal 3R TegfAaT areal
& fordr off TaRIY ofafoT & |1y SIS ARl ¢, Ig Fod HAgeaqul Tefa giar & 5T
fIRAITAT3it gresioier et o folw, camaes &9 O fafdeet TaIwdT3iT arel #ed! 7@ & Fsoit
IR | g 9T 1T o FET Ik foh ST Sg T & A T fafeveeT yuit ohr veh Arer A
Y ¢ & goT clleT T[0T GIANUNS di  ToIT, STerdistet 3R ARG clrehel I a7 3 seelrd
P! e | AFWT Teh ITHET  THEIAT o TR W AW & FTeFH0T & Y&l W 3T
URTHAET & JeTd T Teh 3T THST T AT Y |




g15321eT 3R dlehd W 5T BIHISIATS IR & THTT ST S8R &3T T FHST & foIT, Falls Ur
UTC & ATSHITCIFIR S [ahTH b HEITcHD HAISToidT o fohT ITAT AT| g 9T 31T o FelTS
VT T 37ATPR ATHAT 3R T HTHR TAAUT ST 3TTTT el o TolT SEAHTET TohIT SIT Hehdl
g AR 3R Fshre &F drend & AT & Ig #Aiasaami| sqer Adde I8 § & 37 & R
T dTehd TAhIE U TIH §3T TITd & | AT F IROUMATIRT FellS VLT HUT ST g8
T 2T T SR THSA T AT AT 8, ST 3eaUT hfdeT § 3faRerd, g grar a3 &
ATSToIT T STEAAT TTFARNEN dAThd & dATTATT H 33RA F o7 8153 FI I+t 3R
Hepfd Afeda T izt & forw fhar S dedr 81 v ar wrs ver & fav feiia
WRTHTET & ATl T SEAATS [haT ST TehdT ¢ 3T Folls 0 & forw fonddr off Feee &
=

ol TAITRT, Ig ITT 1T Toh soleT T FeIdT &l AT I 3 Felel H TRt i
e el o ToTT ANST 3T Fell$ Ve H 3eTUT T 3Teholel hiat ol Teh TXeT 3N Ferelr
TIET & & H SEAAT [haT ST Hehell & STaIfeh 3w 0T 8 HgcaquT ${fAhT fsial &,
37ehel HeXclT &1 AT halol GTS32UT 3R Shehie T clrehc shr 1T 7 IRl T o T
el &

hras: WA gIE3UA, Foll$ UL, el ST, ATSTAIT, HANAL, hiFhel ehol, TFa3MRET,
ALy
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Glossary

OPC Ordinary Portland cement
PPC Portland pozzolana cement
SCM Supplementary cementetious material
PFA Pulverized fly ash

FA Fly ash

BA Bottom ash

PA Pond ash

RHA Rice husk ash

ESP Electrostatic potential

SEM Scanning electron microscopy
XRD X-ray diffraction

QXRD Quantitative X-ray diffraction
TGA Thermogravimetric analysis
DTG Differential thermogravimetry
PSD Particle size distribution

CS Chemical shrinkage

w/c Water to cement ratio

w/b Water to binder ratio (binder includes cemamd SCM)
Aft Ettringite

Afm Monosulphate

DoH Degree of hydration

CS Chemical shrinkage

PAI Pozzolanic activity index

Vil



Glossary

Cement chemistry notation

CaO C

Sioz S

Al203 A

FexOs F

H20 H

SGs S

MgO M

K20 K

Name Cement composition
CsS 3Ca0.SiQ

C2S 2Ca0.SiQ

CsA 3Ca0.AbOs

C4.AF 4Ca0.AbOs.Fe0s
CSH> CaSQ.2H0

Mineral name

Alite

Belite

Aluminate

Ferrite/ Brownmillerite/ Ferrite solid solution

Gypsum
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