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Effect of rice husk ash on compression behavior

of high-calcium fly ash geopolymer concrete
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Abstract

Geopolymer concrete is an alternative material that is more
eco-friendly than Portland cement concrete. To promote the use
of rice husk ash which is a by-product from biomass power plants
for domestic geopolymer concrete production, this research
investigated the physical properties and behavior in compression

of geopolymer concrete utilizing high-calcium fly ash and rice

husk ash from 0 to 60 percent by mass. The 10 M sodium
hydroxide and sodium silicate solutions were used as alkali
activator solutions with the ratio of 1.0. Geopolymer concrete
specimens were cured in ambient condition for 28 days before
compression testing to determine compressive strength,
modulus of elasticity, and Poisson’s ratio. The results showed
that geopolymer concrete using 20-percent rice husk ash
exhibited the maximum compressive strength of 259 MPa.
Modulus of elasticity of the geopolymer concrete varied from
12,000 to 19,000 MPa as compressive strength increased.
Poisson’s ratio varied from 0.19 to 0.31. Moreover, the stress-
strain curves showed an increase in ductility of the geopolymer
concrete using higher rice husk ash contents due to higher plastic

deformation before fracture.

Keywords: geopolymer concrete, fly ash, rice husk ash, ambient

curing, stress-strain curve
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ash) mzﬂ%’ummmmﬁn (ground granular blast furnace slag) tJudu

V30UITINDIIUYIR 1WU Auv13 (metakaolin) Wusiu Auansazane

MAT-15-1



Ll

N15U529039IN153AINTTATESIUKIYIA TSN 30 The 30™ National Convention on Civil Engineering
Uil 28-30 NawA1AN 2568 2.UT2AUAITUS

May 28-30, 2025, Prachuap Khiri Khan, THAILAND

nsgfuueanlalaeysirannsldyudimud vildausaannisiaes
wiiansueulaeeanledseninnsyuiunisnanilonsdiwesas 80 ia
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waaieuoanleduinnit 20 Wesidud [4] uazaAdedsiiuniin
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iudnilva [5-8] Uszialnefinmsimzugninunniiga unauan
nsfwdatnannsailydudemadulsdliiimdsnuiang vl
\AaLiunau (rice husk ash) Faduveadediuiu 25 Wesidudves
Usunaiunauianun i unaviildiuiiadanigenn 65 - 90
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vilewedwnsaounin fufu mwiAdedivldvinisdnugaands
\Banavesnssuusidnvesilonedmesnouniniidunanszninadi
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2. 528Ul
2.1 Jngiy

2.1.1. k) aoguaziiunay

Flenediweinouninliinassuaadengunsneiiviinuunaidey
oonlafunnnt 20 wWesidus Fesuunegluduqmunin ¢ (cass O
AIUNINTFIU ASTM C618 [4] anlsslniiusdiang (nsliddne
nanuisUszmelng) auiwng o.winng 2.8 danuaisding
(specific gravity) Wiy 2.67 sunirvasitassiidnvasdunsnay
A Feunazvuneymaads winiu 33.2 lalasiuns fauandugy
7l 1 (n) wanshseimaisnuussdiond (X-ray diffraction) JUfl 2
wanslfiudndrassiilassasreuuuldidundnnsoodmgiu
(amorphous) Wudulngfulassadrsmdnuisdiuriinensunalalad
(armalcolite: (Mg,Fe?*)Ti,Os), wuniglawlslss (magnesioferrite:
MgFe,0q) waziuddlus (mayenite: Cai,Al14033)

iunauldinainnisinauigumniszning 900 - 1,000 o
wadoa Wunaliiiy 1 42l lulsslifmdsodnnavesudon
Wdas Tule iaes 91 a.aiedn o Innzia 2.4303 Taedaanu
dsdum Wiy 2.22 symeaveadiunauiisunseitliasiianeuasd

snu lassaeweadunavdidngiunuvedugiuaesddn (silica:

Si0y) warlassasananusdurinasalnullad (cristobalite: SiO,)
wagAend (quartz: SI0z) Aekandlugun 1 (v) uay 2 mudafu
o & o P v < | a o
ndnuuduuaiieliivuineyniadnas (Anadewiidu 25.3
TulAstuns) F9@111503UNIURZIATIUDS 325 (sieve no. 325) Aae
H P % | a s 2 & | °
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nasgwaviiwnavaninsamlameisimerfuiun1smaILY
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. - - ¢ A e .
p9AUsENBUNILATIINATSTIAS1EY N5I5 eesedend (X-ray
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19199 1 B9AUsENBUMLATveLI1aRELALIEuNAY

osRUsENEUNINAL (%) ey wwnauy
SiO, 315 94.3
ALOs 17.0 0.759
Fe,0s 14.0 0.435
Ca0 20.9 0.737
SO5 5.56 0.110
Na O 2.88 637 PPM
MgO 2.77 0.498
KO 2.14 2.01
TiO, 0.396 515 PPM
P,0Os 0.305 0.759
MnO 0.109 0.128

2.1.2. @r5azargnseguLoanla

arsazanonszduneanilafildnanviilonedimeinounin
Usznaunaeaisazarelafeulansenlas (sodium hydroxide
solution: NaOH (ag)) #alanannisazansleidieslensenledveuds
fifiauuians 99 wWesifud Fethuszun (tap water) auiiannu
Wuduresansazatewiniu 10 Tuans (Molar: M) wazfimsgisdimig
Wi 1.33 Avansavanglalfsudawng (sodium silicate solution:
NazSi0s (aq)) 9iU3anas Nas0, S0, waw H,O Wity 16, 33 uag 51

¢ & Y] o w = ) v
LﬂasL%u@ﬂﬂauqﬂuﬂmqﬁJaqﬂULLaglJﬂ'J']ﬁJﬂ']Qi]']LW’WWl'mU 1.60

2.1.3. 498594

1aIUazLden (fine aggregate) L unsienenu (coarse sand)
AmSunumuazrdenouNIATANNINTWNILIYIAY 2.63, Auenda
AMUazL8en (fineness modulus) 11U 3.09 LLazﬁWmi@lﬂ‘%uﬁﬂ
(water absorption) Wiy 0.17 Wasidus duaiasiunenu (coarse
aggregate) Lﬁuﬁuﬂju (limestone) ﬁﬁmumlwﬁﬁqm (maximum size
of aggregate) AU 3/4 17 (19.05 w.), ANEAFARIINALLE B
WINAU 7.36, ANNAINTILNIE WINAY 2.70 LLazﬂ'wmiam%mﬁnmﬁ’u
0.54 Wasidus N13ARLIUIATEINATINALID BALATIIATINVENUT]
ANNINANUTBMVUATBIINTFIU ASTM C33 [11] ﬁ’mam’iugﬂﬁ 3

120

-8 Coarse aggregate ——Fine aggregate Upper limit ASTM €33 (coarse agg.)

Lower limit ASTM C33 [coarseagg)  — Upper limit ASTM 33 (fine ags.) — -Lower limit ASTM €33 (fine ags.)
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2.2 msmSeusaeg9dlonadiuesrounis
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. - o . o A ae o
drunanvesdlenadieinouninfilvlunuideisnsdwmdnnis

. - A . - v . Y
ponLuUdIUNaNIlanedesAounInuaLiany [12] Tnan1vun i

| =~ a s o dg v N o ), % 9
drunauilonadiuasnouniadi lanwdonsdulaoiindinues
a1sazatensygukaanlatudwindu 0.7 uazdnsdlaeunin
YBRAAULIATINYINAU 0.24 AUEAIIUASIN 2 S1eTdIUNET Y
TugUnuumsnysgadsil R - a - b Lile R viueiia Myuufigumgiivies
(ambient curing), a #1184 WasidudvaudLnau uag b nuneda
gnsndrusenineansazaslufendfinadvansararelafalansen
lonlagudrmin (NazSiOs-to-NaOH ratio by weight) &edidnvaiu 1.0
ASLUIUNSHANT LONBALUDSABUNSALSUAUAILAISNANLEADY, LON
wnavu wazansazanglaieulansenleddsetuduna 3 ud udn
Wunsekazfiunieyluan1igdudadIusia (saturated surface dry:
ssD) aslUluveawanwarnaudefudunal 3 Wil ndwnturee
WaasazaelaRgugane LaINaNi ALAudn 3 Wi Wienasu
=1 al a I3 a 1 I3

sraziIan 9 Wil indlenedimesneuninmaradluiuunaemingy
M39NITUANNIFUNIUAUENA1 100 LY. UAZAIINES 200 3. Fam
drdundevinateluneuwihluidedraielanesanniannelu
ABUNSAABLASBALYE (vibrating table) Wusyegiaanlaliiu 1 und
urazdIuNEY vaeslegnsdlenadiwasaaunindiuiy 3 Ju ety
PANRALVDINANISNAGOU WAIAINATU 24 FIL39 YN1SO0ALUUUDY
fegedlenediweinounin uaniluiuimeukunatainla (plastic
sheet) itotasiumsszimeresauiulufeauazungumgiivies
Fellgaumaiindeniiu 30 ssrwades auasulian 28 Tuneuthly

nagaunall

P PV a < I A v '
a919% 2 dndrunanvesIlenedmesnounsanlduSinaLdwnausng 9
(kg / m® o0 19IAOUNTR)

‘ W W1 -
FIUNAN NaOH | Na,SiOs N3 Uy
Ay | unau

R-0-1.0 400.0 0.0 140.0 140.0 687.1 1,015.0
R-20-1.0 320.0 80.0 140.0 140.0 680.5 1,005.3
R-30-1.0 280.0 120.0 140.0 140.0 677.2 1,000.5
R-40-1.0 | 240.0 160.0 140.0 140.0 674.0 995.6
R-60-1.0 160.0 240.0 140.0 140.0 667.4 986.0
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2.3 msvedeusiogilonediuesnauns

vianuuiieesdlensdiuesneuniniigumaiveansy 28 fu
Fohminuaz S sshegafiofunmarumiuiy (density)
N1SNAARULT 8MIANE9TULTIS (compressive strength) 109 dd
gangu (modulus of elasticity) 8ns1auiigs (Poisson’s ratio) wag
NFINAIUFUNUS TENT19AUAUAUAIINLATEA (stress — strain
curve) Teshogilenadeinounindduneunas seaziBeadazy
Tuanmsgiu ASTM €39 [13] uaw C469 [14] musiy Fadsgunsniin
ATULA ULATAIULATUANIULUILANA UAINYING (combined

YY) '

compressometer — extensometer) Audegrsilonediuasnaunin
wanhlUliussdaluniomeasuifinuanansalinsegan 500 kN

(500-kN capacity universal testing machine) A288RIIN1SLALIIEN

oA

KUUAIUANNTTNTEAA (displacement control regime) FadlAvniy
0.5 fadwnsieundl 1iloaunsandontimdsgageanauienounns
URreInTINANLAL-ALLASEALS SIenTImageU vinnTinns
n3z4n (displacement) TuiiAn1enuea (longitudinal) wagmILTI1
(transverse) voad 20t 19laeldns1uadtges (displacement
transducer) fifin19a 2 /i sauﬁgﬁmﬁumLLiaé’ﬂﬁwqﬂﬂsiﬁ"iﬂLLsa
(load cell) ﬁ’uﬁﬂmﬁ‘hlﬁmmﬁﬁaaLﬂ%‘aaﬁuﬁﬂsﬁaaﬂa (data logger)
51 EDX-200A 8% KYOWA riulusunsa DCS-100A JU7 4 uansnns

Answietadlonedieireuninivaunsainisnageuiiieides

3UR 4 msdansaunsainamedeuvesiegailenediwesneunin

3. NaN1InagdU
3.1 palauUAgamen s iinavedlenediueinounin

A15797 3 LaniAldA e (average) wazA LD B UULINTTIU
(standard deviation) ¥@4AAMUILUL MATTULTIER LeRdADANEL
dnsndutive nnsanudiusITITAUAURUAULAT I
yauegmadeuilenediesnounindediuunaidunausig o o

91y 28 U

= wa o a a s N A YA v
A3 3 ﬂiuﬁﬂﬂb‘]lﬂ]\‘]ﬂ?ﬂﬂ’]WLLaSL‘Nﬂa‘U@Q%I@W@ﬁLN@iﬂ@uﬂimmﬁﬂiN’]mLﬂﬁ

WNAUFNS 9 2 818 28 Ju

AuantRdanenmuaziainavesilonefiweinounin u ey 28 Tu

‘ ey o .
dqupy | PR _— wendaABnnE gnsdu

(kg/m?) (MPa) s

(MPa)

Mean+SD Mean+SD Mean+SD Mean+SD
R-0-1.0 2,418.5+4.1 24.3+1.8 15,322.53+327.14 0.31+0.04
R-20-1.0 2,380.6+9.1 25.9+1.5 18,997.66 +800.00 0.25'+0.00
R-30-1.0 2,388.7+6.2 24.2+2.0 14,380.62+890.22 0.28+0.22
R-40-1.0 2,339.3£29 23.6+1.8 14,681.46+1,960.41 0.19+0.04
R-60-1.0 | 2,343.9+27.7 22.3+0.8 12,973.33+3,429.35 0.19+0.08

* 1191ANNTNANLRAYDITIUINAIDEN 2 TUINTAVUA 3 TUVBILFALFIUNAY

AuvLivesdloneduesrouninfindnainidnassunaioy
getuiunauyanaeing o daneglugis 2,339 1 2,420 Alansuse
Qﬂmﬁﬁmm?}qﬁﬁﬂﬂﬁlﬁﬂaﬁwmwmLLﬁumaaﬂauﬂ%'mﬁWgu%mué
nosnuaua (2,400 AlanfusognuiAniuns) syt uwesUSinand
wnavdaaliarumnuiuresilenedwesaeuninanas (Ansedi 3)

Mdssunsesavesdlonediuesreuniaiildidwnay 0 20 30 40
uaz 60 Wosidus a o1g 28 Ju difwvindu 24.3 25.9 24.2 23.6 uaz
22.3 MPa muddiu mafinuSunandwnavann 0 Wy 20 wWesidus
TagthminsmesSinaudimuniliidsuuseatiafivtu 6.6
Woesidus sgslsfimu devsuandunauludunaudaniy 20

@ 3

Wosidus MdsSunssdaiuunlduanas 6.5 8.7 uaz 14.0 Woasidus
Fmsuilenadiwasmounsan idwnay 30 40 waz 60 Wosidum
ANUEIRU LU NVRINIR IS ULSIERVe 9T laned s ABUNI AT Al

YSanaudunaune o uandluguil 5

30 T
25 1 +,/——/+\+_\_+_\6
20 +
15 +

10 +

5 4+

Compressive strength at 28 days (MPa)

0

] 20 30 40 60

o ” o o o Ricehuskashcontent(%) ., o
g'ﬂ‘Vl 5 wulifuvesiaeiulsion al 21g 28 TuiuUinasiunauly

drunauIlenediuesnaunsa

vondadanguduausd (secant modulus) wardnsnadiudies
AUINUNINAIANULASIARIUYY AULASTANINVING LATAINULAY
o 1. AUASEARINE1INAY 0.000050 WA 2. AMLAWYNAY 40

wWesidwivasidssunsdn [14] Awendabanguvesdlonediues
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AounIadediUTnaafiunay 0 20 30 40 uay 60 Wedldud w01y 28
Tu devndv 15,323 18,998 14,381 14,681 Lay 12,973 MPa
muddty Tuvagiisasainthediainu 0.31 0.25 0.28 0.19 uaz
0.19 muddu 3Ufl 6 wamsuwlun1siudunazanasuasenda
Sanguivusinandunavludunaudsndrefuuunliuveaidsiu

Y = o ' = a s o A A XA
RG] ‘U\ﬁl’ﬂﬂ?ll@(’]ﬂﬁ&]WV'&!‘U’UEN‘GIEJ‘WaaLMﬂiﬂauﬂi@lMﬂ?L‘Wll“U'LlLiJEJ
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20000 T
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Modulus of elasticity at 28 days (MPa)
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3UN 6 winlduveswendadangu a 81y 28 TuduuSuaudunauly

' a

dunanTlonediuesaeunin
FUN 7 UanInsImANAL - AIINASEA (stress - strain curve)
= a < o dg v v Y 9
vasilenadiwainouniniildidunay s o1y 28 Tu Auduuay
rgegavainslauduiusiinananauiiedeneaditesneunindl
USinauiunauiiuudsaonasosiunuiliuuesmassunsdnuasie

v '

naadangulugui 5 uay 6 mudiy NMinTuYeUTINai WAy

3
uile 20 Wedidud vilvinuasuavesdiegsilenedimeinaunin
dlegnnasuiinsesunninniu (Gohud) sudumnueioauniign
(Ultimate strain) ivuiinlganas ogelsfinuennuadeasanats
waltudududieslenedwesneundaldusinandunauuinnii 20

>
VA W o Pa

Wesidud Feustintanmnanfiannuwmies (ductility) 1ndu

30 1 —Stress-long. strain curve (R-0-1.0-1@28d)
—Stress-long. strain curve (R-0-1.0-2@28d)
Stress-long. strain curve (R-0-1.0-3@28d)

Stress (MPa)
&

0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030 0.0035 0.0040 0.0045 0.0050 0.0055 0.0060 0.0065
Longitudinal strain

()
30 7 ~=Stress-long. strain curve (R-20-1.0-1@28d)

~Stress-long. strain curve (R-20-1.0-2@28d)

Stress (MPa)
&

0 N N N N N N N N
0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030 0.0035 0.0040 0.0045 0.0050 0.0055 0.0060 0.0065
Longitudinal strain

(m)

30
~=Stress-long. strain curve (R-30-1.0-1@28d)

25 ~=Stress-long. strain curve (R-30-1.0-2@28d)

y,

Stress-long. strain curve (R-30-1.0-3@28d)

Stress (MPa)
s & 8

«

[
0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030 0.0035 0.0040 0.0045 0.0050 0.0055 0.0060 0.0065

Longitudinal strain

~=Stress-long. strain curve (R-40-1.0-1@28d)
25 4 —Stress-long. strain curve (R-40-1.0-2@28d)

A~

Stress-long. strain curve (R-40-1.0-3@28d)

Stress (MPa)
&

0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030 0.0035 0.0040 0.0045 0.0050 0.0055 0.0060 0.0065
Longitudinal strain

~=Stress-long. strain curve (R-60-1.0-1@28d)
~=Stress-long. strain curve (R-60-1.0-2@28d)
Stress-long. strain curve (R-60-1.0-3@28d)

/(’X\

Stress (MPa)
N
&5

0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030 0.0035 0.0040 0.0045 0.0050 0.0055 0.0060 0.0065
Longitudinal strain

3UTI 7 sy - annueseavestloneditesnauniaiildusunaud

wnav (1) 0 () 20 (A) 30 (1) 40 ua (3) 60 Weddudvossinandimia

AINE1831NNA 999 aN3TAUBLANATBULUUNSIA (scanning
. = a s a da |a v
electron microscopy) U893lanedluesmeunInniusuiaudunay
#ie 9 Aawandlugud 8 uwandliiuinilenedwesaeuniaiildusunn
% P ¢ ¢ a | 2 & o 9 '

Wawnauaude 20 Wesidus Januuuutaziiuiioweiiuuinni
nsafldnasufissednufeiiioninnsinduresUsunadanids
Wussdvsznoumaaiidrdgluasisduvesufizerdlenedwels
LT (geopolymerization) d9aRBAITALTUTDIAIAITULTIOALAE
vendadanguvesdlonefimesnaunin lunemssiutu vinld
Ysmandunauinnnids 20 wWesidud liusingeuniaveadiunay
AundeddlilivinugAsemiornujiseiieaunsdiu (unreacted or
partially reacted rice husk ash particles) tsnn1nTulutilonsunin
daliassairswesilonedwoinounininnuuiunazanuuduse
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U7 8 amndesganssmiBidnaseunuunsinvesilonediuesaeunindily

Usinaudunau (1) 0 (1) 20 (A) 30 (1) 40 uae (3) 60 Weddudlaethmin

4. uvagd

Y ' o v Aa a a a  a
msldidunavsiduiiiaseidvsinauaadeugdunisuinile
a s a v a saa v v
nodwasrounsalaeldasazasludeulansenlodiianududy 10
Tua1s dmsraduvesansazansleifeudainanivaisazanelan oy

lansanledviiu 1.0 wazutlugumgivies FreUsuugeanuaun

TunssuussdrunTuiiowlSeuifisunvilensdiuesaouninueasn
AREN IR AN
ANUTUILLLYBITlanad a3 AUNI YN 1R AT US UM
wradeugsiudunaulialndlAssiuanuruiuivesmounIaily
Yudwdnesauaud waznisldidunavilianumuiuiuvesile
a < a o a a Y] Nag v v P '
nedwasnauninanauioSsuiisuiunsiAldidaseissagie
-
Len
AsiufureslSutandwnaunldsiududtaserinleinngesu
o ai a s = A & a s a  ag v
w5ednvesilanadiwesmounsatiudu Slonediuesaaunind id

a v '

YSunaudunauwiniu 20 WesidudlagdminvesuSunad e

[ o '

fimdssuusedngean agndlsfinnu mnldu3unaudiunavuinnia 20
Woasdud i lidesuusadnanas
asldUsunandiunau 20 Wesidusd vlidlensdwesnaunind

oA '

anaadavgugeauieIiu nsiiTuLaranaseendatnvguy

ERA}

=

STTuagjﬁumummmﬁwﬁﬁmwﬁa
é’m‘ma"su{]wwaﬁiawaﬁmai‘ﬂauﬂ?mﬁl%’l,ﬁﬁaaau,ﬂal,%auqq

S unauTuInauansefuilandaus 0.19 & 031
yonand Usinandunavitlélugaunanannnin 20 wedidus

Hefiuanuaansalunsasuulagusneuitivesilonedos

o vy oA v A = £
ﬂGUﬂiﬁlﬂLu@\‘i"\]’m?ﬂﬁluﬂ'ﬂmLWlJEJ’JlI’]ﬂ‘U‘L!

AnAnssuUszna

%

lasans3deilasusudssinaaduayun1sideannesuduas
Inermans Ideuazuinnisy (19u) Pansaluminede
(6641/2566) wavlasunisaduayuainnu 90 4 awiasnsal

wInedy newuivendunaulny fIdeveveunm AneRAT YUY

MAT-15-6



NGCE3()

N15U529039IN153AINTTATESIUKIYIA TSN 30 The 30™ National Convention on Civil Engineering
Jufi 28-30 NWAIAY 2568 2.U5TAIVATVIUS

May 28-30, 2025, Prachuap Khiri Khan, THAILAND

wagas. nug il NlvAugidewmdeluseninniswieufiegi

o v a wa = = o A P
VI(ﬂﬁi’]‘UVWi’eJ\'iUQUWﬂ’]iﬂi’]‘hlﬂiﬁ]LVIﬂI‘L!IﬁEJLLa%ﬂ']iﬂ?Luuﬂ'ﬁ‘Wﬂﬁﬂ‘UW

AAIYAFINTIULEET AMYIAINTTUATENS PRINTUMNINEHY

LBNEN5D19D9

(1]

“Data Page: Annual CO, emissions from cement”, part of
the following publication: Hannah Ritchie, Pablo Rosado
and Max Roser (2023) - “CO; and Greenhouse Gas
Emissions”. Data adapted from Global Carbon Project.
Retrieved from https://ourworldindata.org/grapher/annual-
co2-cement [online resource].

“Data Page: Annual CO, emissions”, part of the following
publication: Hannah Ritchie, Pablo Rosado and Max Roser
(2023) - “CO, and Greenhouse Gas Emissions”. Data
adapted from Global Carbon Project. Retrieved from
https://ourworldindata.org/grapher/annual co2 -emissions-
per-country [online resource].

Davidovits J. Properties of geopolymer cements. In:
Proceedings First International Conference on Alkaline
Cements and Concretes, Scientific Research Institute on
Binders and Materials, Kiev State Technical University, Kiev,
Ukraine, 1994, pp. 131-149.

ASTM International. Standard Specification for Coal Fly Ash
and Raw or Calcined Natural Pozzolan for Use in Concrete
2019; Designation: C618-19.

Hardjito D, Rangan BV. Development and properties of low-
calcium fly ash-based geopolymer concrete. Research

report GC1. Perth, Australia: Faculty of Engineering, Curtin
University of Technology; 2005.

(6]

(14]

MAT-15-7

Diaz-Loya El, Allouche EN, Vaidya S. Mechanical properties
of fly-ash-based geopolymer concrete. ACI Mater J 2011
(May-June):300-6.

Chithambaram SJ, Kumar S, Prasad MM, Adak D. Effect of
parameters on the compressive strength of fly ash based
geopolymer concrete. Struct Concr 2018;19:1202-9.
Ozbayrak A, Kucukgoncu H, Atlas O, Aslanbay HA, Aslanbay
YG, Altun F. Determination of stress -strain relationship
based on alkali activator ratios in geopolymer concretes
and development of empirical formulations. Structures
2023;48:2048-61.

Davidovits J. Chapter 11: Silica-based geopolymer, sialate
link and siloxo lonk in poly (siloxonate) Si:AL>5. In:
Geopolymer chemistry and applications. 3 rd ed. Saint-
Quentin: Institut Géopolymére; 2011.

ASTM International. Standard Test Method for Density of
Hydraulic Cement 2017; Designation: C 188-17.

ASTM International. Standard Specification for Concrete
Aggregates 2009; Designation: C 33/C 33M-08.

Pavithra P, Reddy MS, Dinakar P, Rao BH, Satpathy BK
Mohanty AN. A mix design procedure for geopolymer
concrete with fly ash. J Clean Prod 2016;133:117-25.

ASTM International. Standard Test Method for Compressive
Strength of Cylindrical Concrete Specimens 2 00 1 ;
Designation: C 39/C 39M-01.

ASTM International. Standard Test Method for Static
Modulus of Elasticity and Poisson’s Ratio of Concrete in

Compression 2009; Designation: C 469-02.



