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Abstract:

Geopolymer concrete is a new material in the construction industry with good performance and efficiency.
Moreover, geopolymer concrete has good mechanical and durable properties against chemical attacks. The need
to produce superior materials with a higher strength-to-weight ratio and better physical, mechanical, and
durability properties is a new trend in the field of construction and building materials to achieve optimal use of
resources and sustainable development. Due to the high consumption of cement, conventional concrete is known
as an important factor in spreading harmful greenhouse gases during the production process of this important
adhesive. Geopolymers minimize carbon dioxide emissions and may be a partial substitute for Portland cement in
the construction industry and can play a valuable role in sustainable development. Geopolymer technology offers
a solution for the use of industrial by-products containing aluminosilicate phases. On this occasion, today, many
efforts are underway to use new technologies to produce environmentally friendly concrete, or in other words,
green concrete. For this reason, this review article has extensively investigated the mechanical properties and
durability of geopolymer concrete.

Keywords: Geopolymer concrete, concrete, sustainable development, construction management,
properties.

Cite this article as: akakzadeh,A. and Dashti rahmat abadi,M. A. (2024). Reviewing on the properties of
geopolymer concrete. (e201567). Civil and Project, 6(10), €201567.
https://doi.org/10.22034/cpj.2024.469647.1310

ISSN: 2676-511X / Copyright: © 2024 by the authors.

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/

Journal’s Note: CPJ remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

*Corresponding author E-mail address: hakakalireza@yahoo.com



https://doi.org/10.22034/cpj.2024.469647.1310
mailto:hakakalireza@yahoo.com
http://www.cpjournals.com/
https://doi.org/10.22034/cpj.2024.469647.1310
https://portal.issn.org/resource/ISSN/2676-511X
https://creativecommons.org/licenses/by/4.0/

https://doi.org/10.22034/cpj.2024.469647.1310

03938 9 ()l o 4
http://www.cpjournals.com/

Sroali gl o (PleB 2 (53950 (s

Toobl Cuwosy olid dedozo FSI> Loyl

Ol (oDl o1 olZils w3 alg oyl pas 09,5 ¢ Loliwl-Y

RS S SRL RN IRLT RN TS 35 SN ISUIE ISRV FL L 2% IS NYURPL PSR <5 I FIPLE 25 JEUCIRG JRH IOt

TR

SHI rondisii i iinl o 09 ol plbo U 5 0 Slas b jlo 5 CHlo Cario yo Lugi 0olo (5 padisi

5 Y s v Susglio Covd b i pllas adyi 4 L o] (plead DMz ol 0 (enlio (ol 5 (Sille Sloogaz
g oolitn] o liws (sl laizlo pllas 5 jlo 5 colo die jo (gl Ly, g ploo 9 (KilSo o K58 ole>
e s WL slojl5 Lisy o« g Lol laie 0 Glas (YL e o 0 pane o ool bl desi 5 ilio ]
Koo g iy (o S @0 Ly )5 ST Lt Lo oy 55 095 o A g il o Ay w5 b 40
Eoslis A3l o Il dness o slonis) ] A Wl o 5 Al Glaitlo Coio o Ll o S i iRl col
g pel Coolio 5. a20 o )] SlCawgiiiod)] o ool irio il SYsamo jloolitu] sl Al yord s
et b e Lo )0 sy g g o (510 50 LT Sl nyd 510 (5508 I 5T 4 Sz Sl slo I
Srokis 5 plao 5 Slle (ohsF 00, sy 0 (g0 o il Sz et el Gl 40 e S R0

Pl il S e Glasl drwgd (50 (6 peubi 885 0 (guadlS OlalS

hakakalireza@yah00.Com : Jgiue o g Sy i8Il oy 3



https://doi.org/10.22034/cpj.2024.469647.1310
mailto:hakakalireza@yahoo.com
http://www.cpjournals.com/

&M’G"L}" Cozy (S Lb;:lc,oél} S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o.c EVROA]

doddo -)

9 Sed Gl Glitle wlas 5 a5 09d (oo 0y Gludl s @y a5 cunl GleiBle wlae (o oge 51 (S0
@ 5958059, 5 T ce s 4 alie slo s 4 50958 Slge g (S las) awls ol eloms Jolis conlio JSi
Ao 00lituh aiwg slire 4 €Il drwgd 4 axg5 0% s 5 (Jasre o) Plae ool o] 3l gl loss g3
A5 50 (5,555k D9y ous] sl Jud 5 (G935 i (sl 68 (sl g (rl gl wlie 5wl 5 oo colizul
Sl (g3, ¥ dg0 rpw aloz 5lesle (pl odgh (aimme sy )Ll s Sl ey az g5 .l 00,8 10T iy 5l in 1) 0
&ly sl p 3L Gl Sl SYgams ailil 5 (ed Sl c g 5 G aiile 655l azg L S pas gz 0 CO2 515
(Anjomshoa, 2024b; Sood et al., 2023)s55 o AL (5 9,0 51 pl (2ol g sl drwss yws o pls
CO2 (ol s slajl5 (oo 5o el 00y apoms Cunj slo (S5 sly Jgame ailiyy Sloces B pae o133l
25 6rdy caml @l atlin las sdee OMSLL I 00 (Ko e (o0 LSt |y Slez iule)S 5l aoye £ 550>
2l sy s b e (sla a0 15 45 2y (slo o3l 4 (5 ysbo 4y el (505 050 e o Laripe sl o3l B, Sl
Slews (nl ooyl 09de (Anjomshoa, 2024a; Wasim et al., 2021) ai,ls aisu ,9,8 (5,0l 58T il ool a5l ol

b 45 035 oo a5 el 053, 0im 53l e 0l leses ol 2 opdle 8,5 o )L8l i iS4 b3 5 YL

(Pacheco-Torgal et al., 2008b) was o (:STy Jsloe slaarwl

Azl |y ey o5y glods = ykae 1VAVA Jlo ;o uing duged i ol o cated bawgs ,b gl youdy g5 #MMaol
Slr 5295 o oo b parlys (6)slid dnngi JLio 40,8 (Byme (som dw LS b Logll SlSCLas Slge 5l say0
.(Davidovits, 1999) a sl jeudyg) » e ciliee S game adgi g o)

Sl Jslowe 5 (A pginagll 5 (S1) 158k 51 (28 Loagll DS olso 51 T 50 a5 sl (22 5yl 55 5
Sollas (SilSe oy 2 ol (oo il 05 5551 e ogDe w5y o sblie 3109 (on o3liinl o s &
(Hardjito et al., 2004a) 5,5 o,Lsl 005,55 sl Jame jo YU plgo 4

solaul T adgs sly aS (gl adgl olge 1y 5 aiiad lows glsil 51 6 lans (gl (crmlin (3501 o ol 555 2Bly o
ol Sladsi 25T ales odgams el odle ol 3 (lslid 5 5 )l (Jsome I sloyorly 5 o Glog a4 S 955 (o
b sl 00T g ylowws sl 0,55 51 CO2 uiile olo 0T JLacsl 5l cpl pliy sl Jgore slo lowa 51 oS Lo
.(Khale & Chaudhary, 2007; Kishore et al., 2023) w5 o 65 sl> Setadly (yisgu |

el Lagi Sl sl sl pogie cul igd oo aSlil serligs Glyte 4 s SSkewsieegll 4 Sla el
oS G (ploend ATy o gl yerki 8y STy o sletg VAVA Lo )3 fhangs Bjex (el
s St )3l 4 e a5 Cnl Vb cSLB L ez o oLl DIl SIS slo Jslome 5 aale DS Lwgines]
30 9 yhuamad] JLad Cow g el [5le,8 (2STg cpl ol oo SIFO-Al Glaigy Joli a5 058 (o (Jliws S aes b IS
(Manzoor et al., 2024) 545 o ploul of Kcilo az 0 Voo 5l 2S5 G561 slos o sleo
IS STsl 4 b gl ob as a8 sl o0ty o515 AlO4 5 SI04 425 oz 51 Slinagl TSl (5 pourly 555 a5

aSs sla #lygw 0 (H30T NHYY (Ca™ Lit K'Y Na™) e slo (g Sigd oo Jaie oo b ST plos
o oy 555, ciogi sl @Vl (b lhaol oS Joluis 65 > Sialea U1, ABY e L L wiyls s42
(Alahmari et al., 2023) 542 oo osliiul

Y4



é.c M,Lg.bl.g] Cozy (S Lb),:i.c,ool)‘ S/ YY-F2 (Vo) 2 AT 039, 9 Ol).o.c EVROA]

AL by Sl » e Jyore G lp 00iS Jloanel (Rl Ko Glete 4 reehiss R b 2B JLS x
(Zaid etal., 2024) sas o idg |y cid a5 Conl S Mol G podi iy ;500 O le 4 Gl o0

sl 5 Ll b (slayanl 5 job 4 a5 o)l 0)Lil (esran SlShewginesll (6 yonhs Slse 5 (cromy il 4
ol L &S (egran 5 (ab (Voio Slaslr 5l sl oo S o 5l 195 (0 | 5 ronygf Slge g (o0 osal 5 (sages
O3 e Olgie 4 atlg o el 08 adg wigd (oo Jlad mraes Sl 5 s S gy aiile LS lo
Farooq ) cusl PFA &l seudy 685 ool G aiiS Joe i SV guaze 40 ailiyy los (sloyed 03500 (6l "QLA.S.,...»
etal., 2021

il g o juile ~Y)

Ly o] L5l 5 058 oo o 3BT slos o Bone a5 cenl (OlSihiwging)) (Sone Sgm pitamns o pouli o35
sk .(Ahmed et al., 2021) s5s o LS5 425 5oz Ol lawgiogd] (5,5l dos b 350l (g0 dw lo L ile
51 50 (Si-O-Si 5 Si-0-Al) wi¥lssS cloing b dlgo Jgl alo yo cansl Al yo 30 cls cygmmslys yarkysss ozl s IS
b yagise > OH (sloog 5 ipgs alpo )5 im0 JSii 1) jogige J5 )lSbe 5 00l ateSll 0pnSg 000 slo 2 (25T
Sliwegd] san slo,lis-Ls (Thomas et al., 2022) aias o oS5 1) dw (pl g 0iiS 0 ol5T T 5 00 Jaite ;500 4
ol oadools las VS o (SIS s 4 SeSilew sl
cocee

(a) (b)

(Singh & Middendorf, 2020) ygulis pouls 555 01,8 51 Sslods pgeai 1V IS

S (plgS gy =T

S LaS Cangliio (o) p2 V-

G roekigss i )50 50 Gliniow sla)l5 ST g Cul a8 F 1B ) 050 olSiulejl 50 0028 by (S
& bl o S5 oo 3l (a5 o (6L Cuaglio 2 4T el il (o (S ol 9590 55 e 03l Jols
S Mz Canglie 5L Ceaglio polie 5 0,5 snalice (Vo 1£) ) Kad 5 ol 6,8 (o ),5 s 350 ddlS sbs
|y e o2 e 60k SaSTE b (OPC) Jgamo 0l loses £0+ 223%0la 53 (e Caoglio g CHSS 828 Ceaglie
sk o2 bslia 10 OPC Ly gol yS 7V y3Sile a5 auzil o (V1Y) o Kan 5 slog 45 > 0 il
Sls Hlas (Y +2) 551 g gl Slinlej] 05l oo (ciad Cuoglie 5 SIS L2uiS Coaglie og,Lid Cuglin ialydl 4y e
Ll 5 5551 ok ms e al3 1y 5 ol (5 L8 Conglin gl a1 b 25l Y 58 o g5l o5
e Sl Canglin 1o gz B g YU (sloo 3l ooliul 45 > 45 S e adgi cpmly sl eaglie b oyt daone
L oo Gl 1) Cuoglio i 50 5 (ygamsliz yori g5 muacilSo Wls o (5] e ooy Giali8l a5 sl 1S3 4 p3¥ S
Anjomshoa, 2024¢; Nurruddin ) sgs e oy CenSi a5y Y sloo 10 (5551 Joe 5 SYsb ylej Gae (Jl> oy
Hassan et ) s5i o 5L (g lid Cooglio a5 yoie YL adgl (551 Joo loy Sow 5 sles o IS 15b 4 (et al., 2018
Ol adgl Sl sygl Jee ploy oe o g Led o aS ols yLas (Y1 F) gl 90 4 plol oo wlislesl L@l., 2019a
ard W los o Gl sl Jos autr w3y 950 60k Sl syl si) OBl Cuagliio anugi 4o gl oaas



&M’G"L}" Cozy (S Lb;:lc,oél} S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o.c EVROA]

Lo (i (lgie a0 1y ol Kbl asj0 Vo slod (Y01 Y) gtie g Big> Sliolejl .o b cel Vo Gae a0 o Kl
Y (Vo) ol 5 &l placs awgs of Kslo axy0 £+ sloo 10 (655] Joe aige oy a5 Il j0 wams o oyl
S8 las s oliiws sl 59, V50 (aaSTg .axisl o ,Ktle a5 YO 1) (6,591 Joe digy slos ylaimma ol .o somlive el
Cooglie 10 (5,0 OF ialidl 3 ladse .o edslice (Y2 VA) o)L, en g pgadl g (Y2 V) )] Ke g dlilae (Y4 ) Y)
el A 4 S, 5590 Jee ploj tal38lansl 1) of Sl az 0 4 sles [0 (5,50 Joe el S v o (5 Lid
(Gorhan & Kirkll, 2014; Patankar et al., 2014) os (5,Lad Cooglia iol3dl 4 e cclw VY + g

L wss,S esmlive oy 13 a5 C8F 18 ) p 0y00 (VoVF) oI5 )65 5 05565 bawg 3 5, sl Joe oloy O
aS 0l et 3,08 093y (6 L Cuaglie (iolEl il YT 4 0 5l (o, Zile ax 0 AD 9 £0) Sl 5,90 Jee Lial3l
Sl olislesT (Joseph & Mathew, 2012) s )las cuglie 5 g BB 506 el YF 51 ios 9l Joe obes
- B AA O G5 aw 6).4....1435) u...v 039y YA L o)‘j)V 6)Lm3 waL{L‘o u...m.‘ FLERY-X) < ULA-A.A-' (Y’\V) u‘)lg.a& 5)La55
o 1y 039, YA (6)lid Canglie duoyo AY 5l oo a5 ols lis (Y2 V) o), Ken § (0655 lawg ;500 Slinlej] .l aus s
Al 0,55 0 )y b (FA) ol juS 0380l b ()l (59l dos by, sl S5 £93 5l 5l By 55, V50 Gl
53 0 (5,90 Jae Do (5l s ol &S s o (a3 (Y4 VY) > Slislejl o blie 10 0,5 caws 4 (GGBS) gl 5
2 Gty o bale sl el Jgeme )5l Jes 40 00,0 £F 5l 555 a5 ol w0 AL o Kiile a0 0 sles
AbbaS ) o g,él.‘:‘ Qo yo AA 9V\~ 333) YA L o)'j)‘/ ‘_g)LmB gMjLD.c Cnnd ‘L’>J9w 6‘5@ G)BTL}A.C S L),Jsjlsb.n d..\l.:
Cunglio Hlaie a5 ams oo lis (ISl 5 (g0l aS L al o515 055 (5 el by 0 (9, »» liulesl (et al., 2020
(Arunetal.,, 2019) <l ojs, YA Cunglie 4 o3 039, V (5 Lid

2 G poadighs o (o)lid Canglie Wil co /Y @ /Y laalr a4 Ol Cas lEl (YY) S g 0655 ataS 4
o Sl (YY) aesl Sliaslesl oS S o wes jrals «F 5 oY saslas 4 L8 coed Gl 1) g0l S wl
@ Ol dig Cans a5 ol las celo YE Gae 4 () oL, Ksle ax ;0 Vo sles yo adgl o] Joe cov (5 peulss
ol e FO U ol S 4 oL e ol Ll Y0 6 lid Cglie piSTas 4 pliiwes (gl sasilas
Log (V-1 ) oL Ken g difase 5(V+\Y) o) K 5 (6,501 Lawgs oo (505 ojlail +,0 51 jieS a5 Cudls 399 Canglin
Aliabdo et al., 2016; Sathonsaowaphak ) o saalie +/F aigs jlade (gob uSB @ mlbe oL Cas @) 4>
2Ll Jeloee cand (1al33 L 1) (o lad conglio tals [YVY] LSl ¢ o5 K598 wlinlejl a5 Jl> s «(et al., 2009
2 Groebgs o lp aes oo Lis M15 NaOH s M10 Jolxo 50 2 (sl +03 4 +.F 5l g0l oS 4 ousS” Jlad
B s gl VY Gl s lis a5 0l i Ve mbe ) sl Connd g oS 5 gl 3 aily 0,65 0l a0l
] 4.]55‘;&;.1.30)950)@).“:43

sinleyT 1) el YE o @ ol Kl amj0 Vo slos [0 adsl (691 Joe b (6 poudigsy cyin (YY) )18 4 (5,5
Log osalie fpes el Casay YO L ol Na2SIO3/NaOH cois b (sl sl (6)lid Cwglin 2Slas g 2,8
Jgde a5 ol yLis (Y1) e Jawgs 500 Slinlejl o alomil 55 (Y 18) o), Se g gaulde (V1Y) ) Se g dblose
U’i‘ el Vool wy)‘m).: u.ul.a ‘_gLQ: M)Y}a ‘5‘)45\ MM\\C Lg‘).’AS‘o)‘é‘;M;M)ysﬁdas»‘)?u u_:li‘.L».».u
L @llae MY+ (65 1,0 Jlade copl pogdle .08 co Slociin (V0 + Q) & el plocs o SLLLI, lawgs L3 sl 5l axsly
Cns b s Ss g NAOH boglseo 51 oolazal .o cdl age oloxe a0 (Ve +2) o Kee g Sblglusgle olisle;]
(Ryuetal., 2013) ws Jld 1, sob S gl pouls 655 Cusilys (SI02/Na20 = 8) V)

AR



&M’G"L}" Cozy (S Lb).:lc,oél)‘ S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o_c EVROA]

WSM Ca.nglﬁ.ogsw)).g—r—r
e dl ol bl (g lad Caglin 5l (6 S Lad (6 pandi 93] oy SIS LaiS Caoglie aS oy Las (Y0 0) g, lo
Sl 00l oy e B awgy (U by opl 51l ol

atties Al oo JialS (6 ,Lid Caaglan ial38l L cainS gl ioli8l Ce p aST 00, 5158 (YY) o) Ken 9 55
et Canglie g BISLE it Casglie (5,568 B (GGBS) agil 5ol 0,65 o)l b (g0l S 05500 a5 0l
L1y sied Caglie zals (Y419) o5 5 (> ,04) Sliule;] .(Abhilash et al., 2016) o,ls (s Led cooglio 4 s
Sl bgolad cuglie iolidl asyl il b ols lid aoyo Ve o doy0 V0 o)l b g0l sl 055l alidl
Cenglio ¢(6 poudy 655 (i ¥l Jgde BB 5 aS olo Las (V1) o, g (s L_g.:l;....l.o)'—l o ools 5l 09> s
Slioles] ol a8l sy el Y8 Soe s o Kl ax 10 VO slos [0 0 Giale )8 in a0 i g (5 Lid
s 0,55 0,b iy b (g0l S s )0 B0 51 (g,lid Cnglin OIS aS ols Las (Y- VA) JiSg¥l g llg L Jawgy S50
¥l Jodo (S5g slyp onnlice fred 0 l0 0929 B L2iS Coglie )0 4298 BB Lilbl e 3Kl dgl S
Sl 85l Jee 5l oolaiwl a8 ols ylid ol L (YY) e o 6,1 Lawgs oo &81,1 sl o0ls auslie .ol plal 55
Slos o 69l o o s (6)Lid 4y LAES Sl fiaS Am 0 40 5 (65l A sheed Sand il G ok
Syl Jass

pl9d (o) =Y

5 ol gl 8 pl )0 Caslie Jle (lgis e (yme )d slo bae 135 50 b 2UlgS (lsie 4 Ol oo 1) plso
SYob dnbe yos Sy Sl B poe Sl AT 353 0l (i Sy (et Sl (S e a5 JI> o alierd alos
Anuradha ) el sols lis o535 alss mMe Gl Jase ;0 0l Lo b ool a-lis (50 10,5 iy yo5 clewl 00y (>,
el Gl Sos dpl g IS (Olalgas ozl e a5 sl 00l atuine 4 Cawl JSow (Jl>= ol b et al., 2014
(Neupane, 2016) ssis  Jgoro oy o 50

(Sl 00y s CFR A0 1o ¥+ Y e b 45) ;133585 SUjlas slge 51 256 lopes yood 55 (aboond 25T
oekis gl 1y an T8 90 (Ve A) o) Ke 5 (sl o] ailaSis b LT ol STy 500 g tamsl alos Lol aulin 51 S
0,5 slgidiny sl b & 00d U lo 3% Lal 5 Shaes cilisee ol onil o laes Slye land 55
0 SoS Cuaglie gy g AlKins (S 4 45 e gl s DY gare o ftage a5 C-S-H g cyili g

g e ailip leww b 50 00,08 b a4 ole sy iz aied pdy o] oleend M ply j0 S
a5l a4 il ux o w4 Wlg e oSSl W0lge (S 0 (Embong et al, 2016) aes 0 7, balse ylogw
(Zhuang et al., 2016) o.ib ol o3l o> b yuoss

Sl o plgd y yige Jolge V-

Sl o o s -1V

ol o0l ylias wlidxs z2ST1.Singh et al., 2015) cul sul> 4 mle Cas 3 K L Na sazas jlzs R) SiO2/R20
wlidss (Hassan etal., 2019b) coul Ggllas Cgllas  SlSe Caglio as olitwd 5l 555k puf pouly 35 oz )l S5 &S
Conglite (Sl giogl] (glo Lo dnnsgs ds 4 yiaS Sk (slgime b YL ollE glgiome a5 ol ool jlas L3
Si/TNa b Jtws,S el wigh oo Jad anSg om0 pudw b s a5 sloendiosy [V YA] a0 ol 311, perdy g3

Yy



&M’G"L}" Cozy (S Lb).:lc,oél)‘ S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o_c EVROA]

395 (oo JSE5 FIE 51 iy e 50 LI Sy uliiiegil (sl Jli S Ll ains oo JoS25 a8 L I
JeSias g 05 (0 dBlol anSg 08 o & s SILew o5 polie 4> 51 .(Rakhimova & Rakhimov, 2014)
599 b 9ol yS B pad )0 dlie aigd (oo Joo Sl slaaly g ol oo 2ol oz BB jsb 4 be codliny S
Al (Somna et al., 2011) (/¥ ) YU ooisS Jlad 590 ;0 a5 Jb> 10 oy 5 anye g 55,5 (LVA) o5 oS Jleb
Gl STy Jpamme dngi 5 it Sz Pl 5| o26 Slie plasl s @ Baae cainals (Szs8 osgamma 5 yiSzsS
SIO2/A1203 ceeis b« Jgoro ,ob 4 (Koushkbaghi et al., 2019) scsu g |y pouls 55 oy Ceaglin ¢ Julss
(Reddy & Elavenil, 2017) ol oo aiitucs poudy 655 e Caglin ¢V ,+ 0 Na20O/AI203 o g YA B Y,- oy
O S S ey el a8l cams Casglie ogs (gl SIO2/AI203 ciis (o sogazme ol 51z, Ol s
oS Yozl g A5 598y 1 JmmnS s S0 dansgs o0 iz O slyime a4 45 ol 00 (3155 S j5bo 4 (5 poulsSs
clale goldl b ol (oS oley g il molidl adgl 5.5 ole; s o (Pilehvar et al., 2018) o,ls K ol

(Zhang et al., 2016) <l zals Yoo JgucS 5,50 18 1uss olgo

ouiibows (glguzmo —Y-)-Y

5 S Ll 00,5 sgsme o e 53 9 o Sl el Sl s Sy S0 sl (LB L s Jlad sasilsr 1
@ aliy less ( Joere 0,0 (Reddy & Elavenil, 2017) coul auie S¥game 4 Sluls pais bos uzes
Olowms JoSo 3lge wiile (Y5500 s (s yorki 55 (2 5o Lol S (o0 Jos ouiilonr lgie 0 (Ygjo pllae L L (ol
Jsloxe b slge ol (Singh et al., 2015) awn Si g Al 51 e Y559 zdlas onl wgd oo osliin] ool lyie 4
U okl i 50 45 wms (oo (laS Bgd (oo Jlb gl Blge ple g el GnSgy0ea b S5 008 i sla
oo oL STy gl b oml g8 058 o)l st ST wiile SLmsiagll (slo ssiilinz 5 LS onisS
b oz lz o |y b 5 a5 adgl olge sl a5 cnl sals a5 lils o954 (> ] L (Naveena & Rao, 2016) was
bl Sglis o oS Slge bl (5le JUud 5l Jol> (2aSTy sole ciny el o S oo Wl LB L oot Jlad
SlSlwgingl] Slas 5 G yile o 5l (Sl Canglie a5 ol ol 5 5,8 .(Khan et al., 2018)ccl 65,5 sbx]
plfin o STy Lase jo |, O a5 058 o 25U g0l inST oud Jd sla aSics o (N-A-S-H) sow 4w plasel
5Ll aile ola 504580 a5 el oy Slpiiay uizen (Fernandez-Jiménez et al., 2005) oS o 7,15 (o S
3 Sslite laytisle b Sogsdl cpl (Jlo cpl b oS o Joe OPC (i j0 0aiiS S lgie 4 o yew sl g
(Naveena & Rao, 2016) a)ls gob S 5 e sl yaudy 553
2 LS ousas Jlas —Y-)-¥
Payd et al., ) cusl oLl o0 Jlud cdale 5 oS 5 0,05 o 3l &5 55 aaseine 8 Shoc 5 plgs p a5 Lolge 51 SO
Jos SFAL Gaxs dlge 55, YU (b8 Lulyd coni (genlin yocdy 958 sl 00isS JUb (s 4 L8 Jsl=e (2019
2 o Ul &35 (6,513 ol caonl 355 o SI-O-AID (slaniges 3l ozms (s yous g5 o & yeie 5 W35 (o0
oolitul 4838 o oLl 0asS Jlad slge 51 (sl 0 S il ol b low (2350 lge 51 YL S5 b ool g
(Pacheco-Torgal et al., 2008a) ol Sgliie gl b euS 5 ;0 b ailflox & 90 4 SH 9SS sl (1 5 gl el 00
sk aslllas (Moon et al., 2014) o s g0 guli 4 o SH 9SS (oS 5 5l o 3iie o8 oo Jed o Jl> ! b
Job 4 Sy s o aidge a5 Jl> o (Yahya et al., 2015) 55 ¥ 5 +/Y0 o SSISH s a5 w0 L
SSISH s a5 ol oals aseine (Hardjito & Rangan, 2005) sg oLl8 sl sasS Jlad 0 ¥ BF 5l 4> LB

Ceaglin o pasrive Hlade 51 518 (ol b S o SeS iy Cuoglin d plwmmw ;o yidon GeSdw 9929 o 4 YL

T MPCM

Yy



&M’G"L}" Cozy (S Lb).:lc,oél)‘ S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o_c EVROA]

S odd e 5 0)5 sl Sy 4 oliws lp 60l ;a1 (sl oot arogs VIO SSISH s sy als a4 Lo
5 Cenglie clale aal381 L aS el ools lad (LS Slalllae yiio gl SH bl 550 53 39 canslin b ssiili oyl
2 i il ol oole i Ko slp SH 3l sasive aides 51 51,3 ol onl b .(Nazari et al., 2011) sl oo il
Baes AAB ;5 Caslie 2aldl eonl ogdle 2uils 355 LT Canglin dnmgs uizmod o b ouilons ol o0 slo S5
VUL SV PURWAR VO 1 IRV INPU SRV SSCS N Ve G PY | 1291 I SRS B WERPITIPRSL gy [PERIR] o IRYCS I W AY
e sl oaiilnz plgd § (SilSe sla Sy p (sree 55l I oo i 1) (2llB (sl ouisS Jlad SISk Jpoko
los S byl sl oyl b8 bons Jled &Y games  SeilSs o Shos i Sllllas (Chi, 2012) cesls 65l s
od i Gilize oLl sls susS Jlsb 5l s, YA Soe 0 a5 oLl L oad Jlb O 5, Caeglie ol alol YU
P e o ClE LYL lalos o (Jgeme ailiyy (x b annlie o (g5 (chad 5 (g)LiS Coglie 5 0l (g 092
Karahan & Yakupoglu, ) o (5,155 T esows Sls,S e 0asS Jlad 5 0unSg,0u8 mdus 99 10 5l o)l s oy 40 000

(2011

(C-S-H) s &Sl Ol oo 316 -F-V-Y

STy basgs C-S-H .8 5 )15 w0 9,90 adsl (w50 Cunglin ;0 ()T (25 30 (6T o SlShassinagllysy (0 yorly
o )iy slo bsleo jo igd (oo JoSaS Gl 5 0 (e GESTy 51 g Sl diz o Jlws )57 005 (o0 UK T L o
Jbd (5ol 2 VL Cuogliia b S egis b Glajod joos 10 C-S-H g N-AS-H sl J5 0ol gililie 5 093 0,65
slge a5 o5ia (Koushkbaghi et al., 2019) ol coglia (iolidl o 45 65)ls 9529 duS 5,008 s Jawsgi 0ol
elS” Dol 31 (oS o wiiph o 4Ll C-S-H 5 ke 5 youlyf canglie s ol (20lS (sl ons Ak Gitno
(Yipetal., 2008) uas o 7,

Sl az,0 YV 5o (13STy sl b 0,65 o)l (55l JUb sal b 0)65 05l [ (oSS sla bgloe 5o
501 58 0,85 0l 5 ol S g5l JUb 5l oS 5 s 4 oL, Kl a0 B s STy a8 b s el LI
ol bade o] S log, o515 4 ol g 0,65 0,k oS 5 b o pes Cwglie l58l (Paya et al., 2019) el
55 by 9S00 5 Tapmsly Sl b 9l 093 0355 o)l [ (g0l yaS o sarlysfy (il i (3l JUed
sl g jlade & Siws C-A-S-H 3 K-A-S-H(Ca, K)-A-S-H & s dssgi a5 0 g 59 C-S-H/C-A-S-H 54
(Nath & Kumar, 2013) s,ls s ;0 PH g oS

oSy a0 -0-)-Y

05155 4 S5 3 el a0 05155 555 (5,518 53 85 el 52 0,8 4yt Sy Ko 5155 055 5mebss 5
5 oadalil plgs slaiale ;T (Alsubari et al., 2018) (ST, slas Ko )0 0315 4 55 (459 dawss ol b ,> 5 3L
cbale 5l SaSSBy o C 03, yuuS> Cgllasl QIJ.,.»L Oy S &lp &S wilesls olad g_g.’.lt’.)‘b g Slalgw slalaxo
& by e ols> g PH o xan (Chindaprasirt & Chalee, 2014) coul oo oslatul 0y 000 maow 5l 6 5V
oaals as ol lis asllas ol (28,5 13 dalllas 050 gy 00l jgaboes .0 Sldlgw Joloxe jo a5 S - ) jeudiof)
Slddgws Jolore (o200 ;0 diges a5 ol odalive Jloj Cuoglin yiiy als a5 Jl> j0 o)ls 05z g Cuoglin ;o 55zl
(Sukmak et al., 2015) 55 colKs 5 drwss by o585 Lol Juo s )5 )18 70 8 juie

2 Na20
3 Na2co3

4 K2Si03
5 MgS04

A



&M’G"L}" Cozy (S Lb).:lc,oél)‘ S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o_c EVROA]

plsd @l 5 4,5 1,3 Gialejl )90 (i 999 5 o)y oF 53 (o0l S5 aiils plrosijlo (g 3l (goaxie SLaS 5
89y Soy9algms dpl Canglie 5l eolituwl pizen (Thaarrini & Ramasamy, 2016) coul aiils ol e 4 1, o5
o iolo;] g co (gmyym cloos adgs o)l duoy0 B g (Kol jor Slasls oy 00 51 aS 55, FY 5 YA o sladiges
«(Shafig et al., 2017) col a3, )15 130 cod oS a3 (5 9abse o (5 Lid Canglie 5 JE> aS ols ylas
oz alojl (2550 50 Gupms sl 00l iS85 wili gy (lages 5 2S5 515 8 00 )KL gt yochiss
2 Vb oz ailiy lows doj0 O (sladiges a5 axidl ,o Ll .(Jeyaseela, 2024) 5,5 o )18 Gz g Slagas cil
0aiiS 5 oole loie 4 g VYoje laie 4 Luedinsg ;S ¢y 315 Le 5l onlazwl el ogdle i s Lds g Slalgu wl ol y
St |y SiSG 55 plgs o Shae azgi B sk 4 ol S (Vs 5 o] 09d 058 o)l iy dtugy FuS
oolaitl (gl ok 35 5 plool i (1w ST )3 Vb eSS 5l 09d (oo dpogs (5 j5b 4 el onisy

D9

$29 Jos 0590 —F-V-Y
Ogliie (g BB b 4 Glow adgl Slge e 4 dy SSSP5 sl p Gloj 9 9] Jee sles b Jeadljgins b
Najafi Kani & Allahverdi, ) Livgs joulysi sl pos (539, pue 5 il sloans] 3 .56 (Zhuang et al., 2016) <ol
Oizad ol 0093 Gollas Cooglie sl (59] Joe YL slos a5 ol oo 1,155 .l 009 purte o Kl a0 AD b
Kuenzel etal., ) s5s 0 00ls o 5l 8lle 5 (e iS85 mae 3 (8l (o Curglo,y 45T Sl o 155
oz 5l S Jl ol b .(Heah etal., 2011) ogs oo o0l 5 5YL (6,5] Joe (slod clngliio dnugs gl (2012
e 06 0 LDA.S}QJ ‘5:‘)} cels )"L';’Y}L’ S ‘51).3 ).’YL, b 5 Si-O-Al-0 &b 6)5] J,o.c as ..\.S‘oo; c)L..‘L\
Sysl Jos Lo slos jo jeuligiy sladiges a5 oy 5 SVsb loy Gaw o SYL Coeglie o,y a5 Cuwl suls aseine
o,8les 4 oliws lp ealigds olge B (5,50 Jos (o5 55k 4 (Najafi Kani & Allahverdi, 2009) o
598 oo ol ases ol JS b a4 (Sata et al., 2013) ceul poe LT (slojlo plociul Lai> (gl digs plgs 5 (SulSo
ails olyom 4 1) 65 b sl (65Lid Caoglie Wilgs oo ol Syl Joe (slod b oo axsle SiSi gy slao )5 a5

é}w = o..\:»)? J.A‘s.c 9 >_]a.».?u> Ja.:‘).w u‘f‘ ).v‘).: 5o U‘ @U}i u...:blS u\.cl.: JA‘ U”‘ 9 Ml)

ok 55 Caonids plgs gl Sig -Y-Y

Mg oo a5 el plgs p oo oS Jalse 5 (S s piudedi o)l o)Lil o B g ale b pln 0 h Cueglie 4 plg
9 50933l Jol5 o155 Glisebol b yory sy cams (al Bl phe 0gdly slge pl )3 i Corglie § (S pge i Cae
Conslin o7 agme Aoz s 5 Cosslie o6y iydshi ol plgsl slawme &3l Loz (sl B 031l &y vnmlin (55T Jos
Calodds 00ls s gam sloasli ) 40 jeulighy Y pis b ply jo

SpMdgh —-Y-Y

b oboond OMem 4 yomie g yeudigls 0 y95 polie plu g Of 3585 e saimsylis (ASTM C 1543) (5 ,5353445
Soaty 45D 50 5 yardishy e Sle 4 sl 0959 el 4 Wl o s pdudsas als (Castel, 2016D) sgi o (S
Slas ) 6 paudeas b las o 0 plgs 3485 pli> w> (Deb et al., 2016) S SeS gowl SMas pl s 30 40 Canglia
0aiiS (g0l S SlSliwgiagll ool s 153 o3lail 5 (65,5 JSKi (o515 cwlio 01,5 (Shaikh, 2016) aas
5hoolawl b as” ols olis s .(Pacheco-Torgal et al., 2008a) vas zalS 1) (6 pdudsii oyt 0uSos Sgupe b Wilg5 oo

S RoCA
" AE

Yo



&M’G"L}" Cozy (S Lb).:lc,oél)‘ S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o_c EVROA]

oS Coslazdly 2als ao,s VE Cuglie (o dsilSlie st 5l solitul b g atbl il38l do s F Canglie 0asS , inS
KONG ) 5500 o5t 4 sl (lie (015 a2 10 5 i pilo Sl Cushoy @5 4 (0l o5l b (g g tal38l 4y jmie
0o 5alS il Ve sgas b1, o o Jidl 5 58 (5 piudeis Cenl Sen &3l o958l ciyeimen (BT AL, 2007
Sgds oo yria yids Ol (6 pddeii g S (5,Lad Coaglie 4 ule yiis e 45 Sl 00l (5,5 a5 (Pan etal., 2017)
QIS Ll Wil co e ghow s b 5 Ol 0 285 sole 45 Cusloads asuive yozes.(WONQPa et al., 2010)
(Medeiros & Helene, 2008) wiS s .5sl> T 54,5 51 wlgs cad g 303 2al38l duo,0 VY a4y aoyo VY 5l

5 (Castel, 2016b) 1S 35 o)l & Gloww 4 O S ylogms 315 oo 51 lcedsl b sl (2 lgo o JTons] jeboas
Ol glaime iul33l (Chithra & Dhinakaran, 2014) ol o550 auo e (il b ogs digs 4 aS « JalS oS1)5
Hemalatha ) ol S 1538l «(Koksal et al., 2015) ol Koo 9 Sl S o5 5 «(Bernal et al., 2012)
a5 Conlodds 5,155 i p 05 ($pdude a4 el Jgax BB cuslio (5,9] Jese 5l luebsl 9(& Ramaswamy, 2017
b 4 Db 4 a5 Wi I3 5 T (6 idh maiins (sas T o3l (sl llB o Jlsd slooaslnr nlo 5 yokiss)
(Leong et al., 2016) w ls Ky LD

digige i ol —Y-Y-Y¥
Corinaldesi ) ol J5u26 g 533585 4 atusly ul (ASTM C 642 ookl ROCA) (Kinge iz s
Sleaas] gla S Singe wda Ca pw 040 0 (550310l ASTM C1585 (yg031 155, b 4 (& Moriconi, 2009
L oolped 5 dlge plo Songe i ey g (Wardhono et al., 2017) wb oo ial38l Gloy cndS b (Sal) Jlas
A 33k AlaSin (2 Slyona ke a5 (il 5o s 4 edg;00 YU ol (L3 iliSin (2 lyime oo il
Chen & Brouwers, ) ol o jo (Joere ailaSis auoy0 Vo o (ggl> a5 Sl yads 85 51 50l (08 a5 il ao )0 VO L
S 5l e e e slyime 3l St sarlgts (S5 S g Sae tlime 4 sl osd gykae s 8 () 2007
a5k adsl s 0 Al e 9 lge (nl e aS s lo 3 i bl (b (sl 438, IS 4 (555l Jes SiSS g eatinn
93155 Sgm Jgo G b (5 oy 85 e 45 50 (Chen & Brouwers, 2007) wgis S 59,500 sl 4 e 5,1,
2995 e fie p S elS N0 390> 0 (ol Jlaw (Shnge 03> Ce g Ve YA g Vea VT (0S5 000 o)
Cd ey 4 Sygldes 59, YA 5l am C30/37 oS Canglie b ool oy SO (Jl> crod 50 05500 Csles o aia
(Collins & Sanjayan, 2001) al oo Cewd Celus o i, 9350 @opoyio a5 skS +/YOV L ol h Ssge

Gk 5l e o o] Jlasl s 4 (eg S V2D 5 yiagil 0+ >0) dolie ghe oo 45 aas oo olis bl ol
WS 0 J5S 1y arkyss (ROCA) (Sige i s s s g giasll J5 jons ) 95250 ladysie 5 atage oS,
@ e T oo (Sol) b SlaacsT sl nS1s o cusys O3 5l sob; lade ;0938 (Gunasekara et al., 2016)
Sy7se slalad (Castel, 2016) o5 yorlsy Yl (Sige wior Sy 5 Sudyd S a4l 10 5 mly oo oSy
O 2 St Sap S g5 5 Wigdigo  smrlosmgiagll a5 L Gragih Voo B gl Vo Lo y) 55 ataga 38Ls o
(Gunasekara et al., 2016) g5 0 oalice o510 Jodsiie L3l b ool

5 APl ) oo ails b oads Slowl o)l o o Jlud SlaiasT sla muS1s (g, S aile) SYg5e olge (y0,S aslsl
doyd A BT 1) sy (Shage i oy Wilioo 58 omly Slonms 0 9T Cond b Gloges Slge & (355 (gl
<33 0,55 0, AL sl peuls 55 (59, oo plal Wlidms L olgie 4 (Pritchard & Speake, 1987) sas zals

Olid 053 51 peidighs 10 (58 i ity Jgere b A Cans inbejl sladiges a5 by las ol nSE L/ opal

8 RoCA

2



&M’G"L}" Cozy (S Lb).:lc,oél)‘ S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o_c EVROA]

Venkatesan & ) cool oS ailip Glosw 4 o 0l ;S og S5, Jdo a4 jeudiely U5 1) caims o
.(Pazhani, 2016

ol ye5 buxo plp yo Ceoglio -Y-Y-Y

ASTM o laibiul) sozled onijo3 sladaze 5 (Sl 5 15 035,008 15 ¢yl 9iile) (plooeds oz il ) yorlyss)
oo s (605 Wlgi so (o, S slgize iol38l (Deb et al., 2016) sas o lis 095 5l os3 Hlaws Cwglie (C 452
rbgs (Pan etal., 2017) ws’ S&o5 1, o] ozl e (5 yre 50w s 0 g aee alS w0 Ve sgus B
OLES G deml g e Slalgas o509l g Sl 3 (5 59abgl Aoz I el ladaone 4 S (6 VL Cooglia
Ol 1y o )s ¥r Y fallh (cealed bame (om0 ;0 (5385 )3 )90 )0 Ll ool (nl 5 lad Cunglie ans oo
Canglin 5 (g0m,s PO B Fe 1als (oyme 10 6558 5l stelis slog Sam y Ay lases oy a5 o 4o s o
aglin 5o b 3L2atsT gla Sl yarlysy 45 Conl o1 5| Sl beazsly (Castel, 2016b) was o Lt |, (5 Lis
a8 oo i 0 b, 38 gl el iy (Shaikh, 2016) ses o Lt sozrles Lamms s o (6 g Caoglie bz il b
S J 50 09d sae) 2B 5y el 4 e Wl oo i o0 ¥ SG g sl (o pme 50 peckigly (85 )3 45
sl 3 s Vo B e ol el Slyione oI5 4 oadSS b LT (ol S b ek S,
(0 =¥+)Ca0 L 5, sowails b ooy Sl o)Ly 40,5 aslasl (Olivia & Nikraz, 2013) oS caoglio <SG, 94)gun
IVE=IN e 1) sl g5 cazles Lo iy ) Conglie wilsi o (VA—/)) MQO 5 (/Y¥—/A) Al203 . (/¥A-YA) SiO2
(Kirupa & Sakthieswaran, 2015) sas zs!33!

e ol 50 Cuaglie Wilg co Bgel ks 20,0 B¢ 5 g Ay JwSE so 0 Ve 5l solatul a5 ol ool 3,155
Sangeetha, ) aas ol38l H=z e BB b 4l sl gss (obyo sbeojle 1o Dlalguw alas (Jlin olgie 4) (AE) ozl
448 5oy il b oads lol o)l urlas 955 41ly (5 y0ei 535 SOo (slaigad (53 2 slaalllas cnl  opdle (2015
Ol S5y 50 Slodalice bl ss s adiges a5 0ls (Lis idgs 0uls jsabbge duoyo Vo S el gun dul jo alan VA S
03,57 o le S Eud WS o0 JB (opme )3 S Vs Do gl oS lKie 69 Sy S Bayb 5l Lol waims ool
(Kong et al., 2007) el ouss

15 e sl Jyans o b dmlia 5 555 Jlia 5108 55l o & yerks 45 6,5 e ol oJl ol b
a0 o (LA (ool e ol

Sl b 4190 il —F-Y-¥

Ariffin et al., 2013; ) ol ool plol calises liime Jawgs ol plp 50 jeudigd) Caaglie 5)50 40 (g0l Glidss
5 el Joloee cdale 4y ol pl 50 peudy 55 Canglie ciml oo ools lis A JSb o a5 jghilen (ISmail et al., 2013
Gasabst S50 ) sl o a3l S Lie b 4 (5 anlygis 45 8l i (Vo +0) aiiggdyped 0 Simes wlod o
rorkisdy Caeglie a5 e (o LA (nl 900 m 3l oo B Lo )0 Vs 10 B Sy sdlse del 55 s, T e
(Ismail et al., 2013) s,ls S o] Some Hlislo 4 Sads a0 sl ol o Jad SlaiassT sla S b ool aslu
(Singh & Middendorf, 2020) el cdss; jeebs g SlSlawgingd] Cgm b guml ppoubss Jdo @ o pas j0 o 50
ool 55 Canglin 8IS S0 a1 S gl o Jpbne e 55 588 18 Lo | o 45 o 0 o
Al ey 4 ws S ol uisen o] (Hardjito et al., 2004b) el 00gr suoyo Yo sga> ok S 4l
Jolome 3 olo VA e 4 youl 55 (Sladiges uizrad S (o0 Joo (Jlo ailipy (loss G a0 S il 2l 50 Susglie
o dS J 0w aoys A ey o9 siels L(Ariffinetal., 2013) s )3 )18 5 re 10 ao,0 ¥ S5 gas el

9 H2504

Yy



&M’G"L}" Cozy (S Lb;:lc,oél} S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o.c EVROA]

oeals aS Jl 5 w0g a0 YO olo VA o a5 10 Caglae malS ol lid | (gas 0 Ve 5e ials aili  yloww

MC'S'H J)QSM)‘SA).EJQJ MW)DUUM‘DM)Q;A w).vc\aol.a\/\j\ )‘w._v u\...l.v).)ul.o.......:u,uu.nsl.a.o
2 62l S N-ASH J5 00, oo sl g aS Jbo o sl ansls ailip gl o p s BB i ol el
Sg8lg del Joloe )3 (5 9abge ol V5l Gy (S (sladiged )3 00,0 0 5l a8 (359 (Rl 0Bk aidls yedlygs bSLe

[Olivia and Nikraz, 2009] w5 saslie %Y jlaie 4

| | | | water
(Na) ——Si—0—-Al-0-5i—0 —Si—0-) —— Si(OH)4 + Na* + AP + 0H-
I I | | Acid
0 0 0 0
Geopolymer Silicic acid

Si(0H), Condensation

| | [
—Si—0—S8i-0-Si— +4H,0

| | |

0 0 0

Gl alam 50 05310 Y IS

Olgw plp 0 Cwoglio —0-Y-Y
oz wile Ciuw Ll pd (B yme )3 Jgene b ar 5 15w RalS ] slge o Sles Wlgh cod (50 boloue ;0 5is 4555 0
(Ol o b (030l gy Slge ils Lo 4 b yeidy 55 (ASTM, 2017) (ASTM C 150) 5,.5 o 1,8 Slagus
J cpl b (Castel, 2016a) as,ls (RSA) Sl alaz pl s ;0 (OPC) Jgore slo (0 4 Cond (650 Hlons Ceaglite
035 oy 550 1o 03 Iy Sget 1y W ranlygis b Gogama Sl Sliios
63 pudS Slilgu] &5 5 (CaSO4Y 3 H2032 Ca03 Al203) ol il sbul 4 1) Slilge ale> laasis 5]
0555 0,00y s LS D5 co i (59,95 S 5 b blucsl cels 45 i o G 00,5 [(CaSO4) (2H20) 5l jo
(Chenetal., 2014) coul ool aw 00,0 # B F e a0 40 jouly 8y )0 Slilgw Jgloe clale zals o ol 0gd
Bl e Sldlgw wo 3 B Jaloee )5 5 abse i b avalie )5 o Sldlgw o0 B Jolxe )5 5 abse (o eulysls
Jolore ;0 488 VY S 4y a8 gk S b (5 jecigs) sl diged (6500 Biod ams (oo LS |) (S ReS CoiS
s &S 0l yLid s (Sanni & Khadiranaikar, 2012) 5,5 ) p cdidgr 00l (e a0 Slagas 5 S5 980 g dns!
dlos o5 Jlej 52 2 13 o yodkisSS a5 MBSl Ll )15 S92y o diged a5 sbo waaglin 5 a5 J5
Sy e @ Glors (LB sl (g 4 (olCn 08 e gl mhaw 4 ol Sl SO0l del Oj90 4 Sl
ol (Singh et al., 2015) 0gs o solice yourls sy oy ;0 (i — (LB [2STs 0iS o dlox o ailaiws 51 pdy
Wlgs oo blusil iz 5 955 (o0 blasil & oo g 00,5 Qi 1) Ol a5 05 (o o] peiim LB 5 S0 25T
S obml G el 5w (59, (Ao slo S
o0 3Ll WS 4l 5 yarlysss (DeD et al., 2016) aliwsib aoys ¥ L 4 (ol a8l arksss 5,50
23 (55 Caglie  Ken il oo aisLs (Castel, 2016a) gy 4wy S b 0 weadisis 5 (Hwang et al., 2013)
30 5,5 S ke O 5l e b diged sl Cwglan jo e BB rals a5ls Cwglas Gl 5l sl § Olalgw e il
Pre yd Sl diged sl p &5 (J> )3 sl oads (8155 (oo e Sl F s Sla5u) 10 bgles Sy Jolone (200
IVEY] canl ooz sanlice coglino 1o g BB 2ol oo jwie Slgw 5170 5 maow Sligw 5170 sla ol

Clolo ¥ e 4y e Sy Jolono 10 52T 53 0,55 05l 5,515 b (Ll ol JLb sla cly (59 absé
Slilgw sol> Slge sl by ks ol 45 oud 0y whuus (69 pendS Slilgw aB o Culy ax g BB Sojd 50
saalice LB moly ol a4y b ails ol dtugy s conous Sladgus Jgle yo (Salamietal., 2017) o a3l pie o juio

YA



&M’G"L}" Cozy (S Lb;:lc,oél} S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o.c EVROA]

aS o sadlive Gl ginagll ool Jo o yilo o2 g Lo &ls ol Ay o o2 e Slilgas Jolowe jo 4 S o w0y
Jaturapitakkul et al., 2007) ol o3 juie Sladgus dlas yiin Do sdins oyl

) a0 50 i (592 o A 9 ukens Sl (s Ol3T DI s giogl T Sl 4325 51 (56 Bas g 55 0
o yerligis 13 oS Ol s a8 el ools lias Slidss 5l SlKe Caaglie p (sl odes il b 2STy ol 09 oo
(Hardjito et al., 2005) 545 o osalive Sliguw bz (om0 i85 18 0le ¥ 5l o gob S wL

abgé olo VA 5l ey a5 0l lis ;1S b bglsue o pendighs sl aiges ) ooliiul b oad plosl lidios o S ol 4
o Wgei b aslie 0 Jsoxe 0 sl aiges Lol caiis csmlive (gl odos s et o Sllgw 0o )0 O Jolos ;0 (559
doy0 Yo gus il (5 ials s ps Tl ol estil medS o5 sliome 5 T o8 i o 4 a5 (2 perlysSs
o ez (el Dol a4y Bl 4SS S92y (oliend Slge 45T (63,150 50 2 e Dldlge isls L ()59 RelS
2l (S o s a4 (2 erly sty e ile 5 mhams 50 ol 4 blos 5 S

AS 2 395 Y-

Andrade ) wiss o¥s8 5, 8le (53,55 4 7o osilly jsbo 4y 5.00,8 3985 oy SR aSd Gk il (e LIS sl o2
sl (50 sl ojles plgo b Lo e OMSEe 0 5 @y 5l (o S slo e S 5l LB oYss  So,e5 (et al., 2014
o bl (59,0 oo U a0 IS sla (g Soii umily S8 iS58 g b sl (Guoping et al., 2011))
sob 4 ol e |y aliee o) (Olivia & Nikraz, 2012) ol o ,05 ganl g oo S50 4 IS sla g 3485 wg>g
3y (65 ojlail il are CoalS romiw lp aS glej 0,90 Sy ol

gy ool 00l AB L Jgexe il lew L aST 20 4 G (00 ey 655 (6Ll Ciaglie aS ol sols lis wlass
olis PH Lialesl el Jaare 50 5l yidon 0 peudigds )0 LIS cdalé g5 ol L .(Halim & Ekaputri, 2017) el
QA US2) el 552085 PH s Jsome 52 & Cad 0 poekighs VI e s pidais ialejl bl a5 sl
Cuoglio Wl oo Al G 15 Lo (il 3 g0 o3l o2 PH 5 IS 855 ot (IS 4l ead s
(Megahed et al., 2019) sas o33l 1) o pealsgiy 5 Lad

ol g aiile Cew Ll i o 6 i plgs (FA) S L ond aisle 0 yeriohy sl olalllas am b gillas
S s a5 3985 gl a5 0,5 5155 6,50 Géme (Glasuddin et al., 2013) o,ls sosdi g oo 4 Cons 23T
Wged 45 ol o S israd ol 00 oanlive 0S5 008 pudis (YL cdale b o 40 ey o515 2aSTy g sawsS
Bigad alaz 310 Jyone ailiy Slonw ol b aigad 4 Cad F M ok S 5l oad a5lo o2 saskiyss sl
2283 o o5 355 51 IS g0 398 pln 5o (55 sl Sglin (O LS 1S b ot 4l o ek slo
(Kupwade-Patil & Allouche, 2013)

oo O 9 (505 2 ly 50 Cunglio Y-V

Slagios oy b ol b sl i gl o3l plgd i 50 o Jalse 51 S0 ol Ol 5 (505 pl 50 ueglie
295 055 0 )l ye F £55 (ol ;S5 loads sl jerly dlge (59) o 0l 5 (505 plp 50 Ceaglie 850 50 diine
(Degirmenci, 2018) el suis plouldgilS e 4

Cs Qo y3 Vo g5 oy 0l g (595 g SIS 10 ot ol 55 (sl diged (5,Lid Cngliie a5 ool o0ls lis iliies
(Y+18) Kilgj lawgs a5 jshilen .(Fernandez-Jiménez et al., 2005) ol asly zals o JSew (ol g lb diges 4
oo il (5,18 Cnglio b oty ol o b dslin )3 (50l S LI L oad Jld yolis55 wanl o i f5S

u..)w; U—‘SQ;Q)C")J‘)’)é wsl.m).ui.v (Y*\*))i‘)oj) VLY wslﬁ.a u..\....: u"jk;\))@\.\.uijﬁ ﬁ‘ﬁ)éﬁ‘ﬁ YIY \.\4‘9.1

10 RCPT

Y4



&M’G"L}" Cozy (S Lb;:lc,oél} S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o.c EVROA]

DA b ot b g gy 5ST 5 o)l 0 45 55 0l 59,5 (il 1y bl enisS b Jslona iliia gl
U o)Ly sl ouilon 45 el ools les Sl 5)0s (oYUl Caoglie oS Joebiete [l s 4 puoes
abs oo olis 09 1, oYL )l Caglie (ai ol g (S & plp e Caglie JSow Ve 5l e LB L o
5 S IS Fr jlam e LWSILF g5 oS5 a0l jauligds a5 conl ool 355 (Provis & Bernal, 2014)
Ceoglie dodiges & yar GR35 5 ()39 2B 3,50 0 laazsl (Dimas etal., 2009) s jls oS ad dtwgs F 55 (ol ol
Degirmenci, ) sas oo ol (555 & sbUSem plp 55 1) ol Sl oL L ond Jlb yarlisss azes LB Lo
(2018

Olorms 2 o3 0l 5 (595 & plg dgnt sl 00 S j3b 4 45 Iga Sl Wse (sla o538l 4T 0h et (eizeen
Gl yeudigss a5 el ol (5155 aes sed Gl ol S HLB L ooads Jled olge plad el oo onlawl wili
Lo 5o el (2 53 0 )5 sl ol s oo Lt g3 ]y s ST 5 (So5 e ) Cusglie 55 g0l xS
5 bl ouS b slo Joloeo calises glgil a3l o Jl> ool b (JOseph & Mathew, 2012) el calio s p s sl
umbodm JL:.S o)bjmw)d.fw‘ 0l 00l uL.».:sw‘ M)f)b.s w)fa)yuw g_jsk;o)@)a‘f)o wsl&a
0yl bodd aB e jeudigss oy 4 Cnl oals 5155 zmen Wl (6 s plgd iaS e Lale o 4 e
(Fuetal., 2011) oS Jomi |, o 0l g (595 5 JSws Yoo b lys o oll8 L ooy Jlad gd 055

Elie ulul .l dgamme o pods g3y o Ol 5 (505 Fn il 10 Caaglie 950 50 oo e Slalllas S (ol &
s s ol g (95 8l 3 955 e onslie L8 b oad JUd o)l 4y (6o yarlysB5 Gy (o0 a0 4 09250

&35 ams =¥

Sl oole S lgie 4y 4 (onl ools plonl b jeuligss (L8, 5 Dol plos (g9, 1) (sl 00 S sy 0 L dlie oyl
Gk Jds a4 jeidigiy 3l slo ams jo e po &l ailiy lesw Sl R AT 09l o a5 a5 ail gl
ke Sy Shlie ylo oole (pl sl 00 S oy (gt Cungamme (Sl ol Hloas &) S S Jaea by i
gl o0 (53 g7 Olge g g9 i ol Julls aF el (golazdl g

1 45 WS il ey L b 555 52 S Ly e 5 e 5 1 08,8 5805 (15 Slallns 5]
oo ookl ey ghs Ctlu jo A alise olge 53U 4 yioren 352 g0 Dlaamd gl aldl S oo colaiul Lil> Jeaste
Cald) 6%l S 5l plaabl sl ok ss (i ple G251l 5o Canglin Aoz sl el wislsy (2 0 Slos plgs 2 w05
R ey oy5e SES 4 b w8 S ) pedisls jeee 9 08 2l Wl ge 4T (60005 At gl ai (i
b el Gasak o ,Sles ol )._»L G o5

“"5)? ‘) ) sl LS):‘S AmS Q‘BS <° )L§ Qi‘ sl adly u*’l-“" xr

Sgd 2l )5 SSL cél g i (Sois cel wilg oo youdishy 5 50 ouiilans dlge jiing Jlade a5 Conl oad asice -
S5 e g on 45 el sl SV Canglin L o 55 (6,500 Sk agl i 5 Yl (el s sl
D9l ()l (598

Spete 2215 e 13 L b o Jab (5 Camgli 8 el 0 it Jyane wiliy Sl 2 (sine (5 B -
Ol Jgere (5 b dmnlio )0 585 sl Lnzme 4 Cond (55000 Cunglio a8 Jie Jibe s @ (izeen Wl (o0
)10 o Gl b ganili S 5l alS 4 bl eyt Sl SB35 50 i ccnlpln s (oo

A Loy cgamml mme (o yma 5 53555 518 Sl <S5 5l Gy 208 el il 53 (053 Sungliio Gl b o Jlub o -
iy 3l Sy g 5 lilges b el CBLE 2y L L o Jlab (5 55 5,8 ik | 355 Cangli 1 oy

] )|\>)5.">){ S‘P )Lu.w la‘j.) )‘ ‘.L.L).: ulA.A.A.AJ P o OMLHD é‘}.o Lv 4.......:[.9.4 B aS Sl 0o uaM



é.cv\w,hgél.;l Cozy (S Lé).:lc,oél)‘ S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o_c EVROA]

Syl i By 65yl ales e g S L 0 BUl s ol aS 0l aseie -
J..J—‘JB “.\...ulJ ).:Yl.u \\MM umuw)‘m 6‘,) JM.SS)M p_ad.w Jﬁ.lm 4,.‘)315& 4z B S Cowl ooy U’“")‘)f_

Ll JYL Jgere ol (5 @ Cand (50,55 Ly plp 50 0 (6,La8 Caglie g S p (gal s yeuds 955
S99 (Jlo (I b ogd (o0 dnogi yerbih) )3 (gl yesligi) g plod b o Sln YU S b g0k 1SS Sl ool -

&=l

Abbas, R., Khereby, M. A., Ghorab, H. Y., & Elkhoshkhany, N. (2020). Preparation of geopolymer
concrete using Egyptian kaolin clay and the study of its environmental effects and economic
cost. Clean Technologies and Environmental Policy, 22, 669-687 .

Abhilash, P., Sashidhar, C., & Reddy, I. R. (2016). Strength properties of Fly ash and GGBS based Geo-
polymer Concrete. Int. J. ChemTech Res, 9(3), 350-356 .

Ahmed, H. U., Mohammed, A. A., Rafiq, S., Mohammed, A. S., Mosavi, A., Sor, N. H., & Qaidi, S. M.
(2 .(+ YYCompressive strength of sustainable geopolymer concrete composites: a state-of-the-art
review. Sustainability, 13(24), 13502 .

Alahmari, T. S., Abdalla, T. A., & Rihan, M. A. M. (2023). Review of recent developments regarding
the durability performance of eco-friendly geopolymer concrete. Buildings, 13(12), 3033 .

Aliabdo, A. A., Abd Elmoaty, M., & Salem, H. A. (2016). Effect of water addition, plasticizer and
alkaline solution constitution on fly ash based geopolymer concrete performance. Construction
and building materials, 121, 694-703 .

Alsubari, B., Shafigh, P., Ibrahim, Z., Alnahhal, M. F., & Jumaat, M. Z. (2018). Properties of eco-
friendly self-compacting concrete containing modified treated palm oil fuel ash. Construction
and building materials, 158, 742-754 .

Andrade, C., d’Andrea, R., & Rebolledo, N. (2014). Chloride ion penetration in concrete: The reaction
factor in the electrical resistivity model. Cement and concrete composites, 47, 41-46 .

Anjomshoa, E. (2024a). The application of building information modeling (BIM) system in the
smartification of green and sustainable buildings. Engineering, Construction and Architectural
Management .

Anjomshoa, E. (2024b). Investigation of lightweight gypsum based on montmorillonite nanoclay with
enhanced insulation properties. International Journal of Building Pathology and Adaptation .

Anjomshoa, E. (2024c). Key performance indicators of construction companies in branding products
and construction projects for success in a competitive environment in Iran. Engineering,
Construction and Architectural Management, 31(5), 2151-2175 .

Anuradha, R., Thirumala, R., & John, P. N. (2014). Optimization of molarity on workable self-
compacting geopolymer concrete and strength study on SCGC by replacing fly ash with silica
fume and GGBFS. Int. J. Adv. Struct. Geotech. Eng, 3(1), 11-18 .

Ariffin, M., Bhutta, M., Hussin, M., Tahir, M. M., & Aziah, N. (2013). Sulfuric acid resistance of
blended ash geopolymer concrete. Construction and building materials, 43, 80-8 .1

Arun, B., Nagaraja, P., & Srishaila, J. (2019). An effect of NaOH molarity on fly ash—metakaolin-
based self-compacting geopolymer concrete. Sustainable construction and building materials:
Select Proceedings of ICSCBM 2018,

ASTM, A. (2017). C150/C150M-17, standard specification for Portland cement. Am. Soc. Test. Mater.
West Conshohocken, PA, USA .

Bernal, S. A., De Gutiérrez, R. M., & Provis, J. L. (2012). Engineering and durability properties of
concretes based on alkali-activated granulated blast furnace slag/metakaolin blends.
Construction and building materials, 33, 99-108 .

Castel, A. (2016a). Bond between steel reinforced and geopolymer concrete Ch14. pdf. Handb. Low
Carbon Concr, 375-386 .

" Na2sio3

A



é.cv\w,hgél.;l Cozy (S Lé).:lc,oél)‘ S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o_c EVROA]

Castel, A. (2016b). Bond between steel reinforcement and geopolymer concrete. Handbook of low
carbon concrete, 375-387 .

Chen, R., Ahmari, S., & Zhang, L. (2014). Utilization of sweet sorghum fiber to reinforce fly ash-based
geopolymer. Journal of Materials science, 49, 2548-2558 .

Chen, W., & Brouwers, H .(Y++V) .The hydration of slag, part 1: reaction models for alkali-activated
slag. Journal of Materials science, 42, 428-443 .

Chi, M. (2012). Effects of dosage of alkali-activated solution and curing conditions on the properties
and durability of alkali-activated slag concrete. Construction and building materials, 35, 240-
245 .

Chindaprasirt, P., & Chalee, W. (2014). Effect of sodium hydroxide concentration on chloride
penetration and steel corrosion of fly ash-based geopolymer concrete under marine site.
Construction and building materials, 63, 303-310 .

Chithra, S., & Dhinakaran, G. (2014). Effect of hot water curing and hot air oven curing on admixed
concrete. International Journal of ChemTech Research, 6(2), 1516-1523 .

Collins, F., & Sanjayan, J. (20 .(+ YMicrocracking and strength development of alkali activated slag
concrete. Cement and concrete composites, 23(4-5), 345-352 .

Corinaldesi, V., & Moriconi, G. (2009). Influence of mineral additions on the performance of 100%
recycled aggregate concrete .Construction and building materials, 23(8), 2869-2876 .
Davidovits, J. (1999). Chemistry of Geopolymeric systems, terminology in: proceedings of 99
international conference. eds. Joseph Davidovits, R. Davidovits & C. James, France .

Deb, P. S., Sarker ,P. K., & Barbhuiya, S. (2016). Sorptivity and acid resistance of ambient-cured
geopolymer mortars containing nano-silica. Cement and concrete composites, 72, 235-245 .

Degirmenci, F. N. (2018). Freeze-Thaw and fire resistance of geopolymer mortar based on natural and
waste pozzolans .

Dimas, D., Giannopoulou, I., & Panias, D. (2009). Polymerization in sodium silicate solutions: a
fundamental process in geopolymerization technology. Journal of Materials science, 44(14),
3719-3730 .

Embong, R., Kushiantoro ,A., Shafig, N., & Nuruddin, M. F. (2016). Strength and microstructural
properties of fly ash based geopolymer concrete containing high-calcium and water-absorptive
aggregate. Journal of Cleaner Production, 112, 816-822 .

Farooq, F., Jin, X., Javed, M. F ,.Akbar, A., Shah, M. I., Aslam, F., & Alyousef, R. (2021). Geopolymer
concrete as sustainable material: A state of the art review. Construction and building materials,
306, 124762 .

Fernandez-Jiménez, A., Palomo, A., & Criado, M. (2005). Microstructure development of alkali-
activated fly ash cement: a descriptive model. Cement and Concrete Research, 35(6), 1204-
1209 .

Fu, Y., Cai, L., & Yonggen, W. (2011). Freeze—thaw cycle test and damage mechanics models of alkali-
activated slag concrete. Construction and building materials, 25(7), 3144-3148 .

Giasuddin, H. M., Sanjayan, J. G., & Ranjith, P. (2013). Strength of geopolymer cured in saline water
in ambient conditions. Fuel, 107, 34-39 .

Gorhan, G., & Kurkli, G. (2014). The influence of the NaOH solution on the properties of the fly ash-
based geopolymer mortar cured at different temperatures. Composites part b: engineering, 58,
371-377 .

Gunasekara, C., Law, D. W., & Setunge, S. (2016). Long term permeation properties of different fly ash
geopolymer concretes. Construction and building materials, 124, 352-362 .

Guoping, L., Fangjian, H., & Yongxian, W. (2011). Chloride ion penetration in stressed concrete.
Journal of Materials in Civil Engineering, 23(8), 1145-1153 .

Halim, L. N., & Ekaputri, J. J .(Y+ YY) .The influence of salt water on chloride penetration in geopolymer
concrete. MATEC Web of Conferences ,

Hardjito, D., & Rangan, B. V. (2005). Development and properties of low-calcium fly ash-based
geopolymer concrete .

Hardjito, D., Wallah, S., Sumajouw ,D., & Rangan, B. (2005). Introducing fly ash-based geopolymer
concrete: manufacture and engineering properties. 30th conference on our world in concrete &
structures ,

Y



é.cv\w,hgél.;l Cozy (S Lé).:lc,oél)‘ S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o_c EVROA]

Hardjito, D., Wallah, S. E., Sumajouw, D., & Rangan, B. (2004a). Brief review of development of
geopolymer concrete. 8th CANMET/ACI International Conference on fly ash, silica fume, slag
and natural pozzolans in concrete. Las Vegas (USA) ,

Hardjito, D., Wallah, S. E., Sumajouw, D. M., & Rangan, B. V. (2004b). On the development of fly ash-
based geopolymer concrete. Materials Journal, 101(6), 467-472 .

Hassan, A., Arif, M., & Shariq, M. (2019a). Effect of curing condition on the mechanical properties of
fly ash-based geopolymer concrete. SN Applied Sciences, 1, 1-9 .

Hassan, A., Arif, M & ,.Sharig, M. (2019b). Use of geopolymer concrete for a cleaner and sustainable
environment-A review of mechanical properties and microstructure. Journal of Cleaner
Production, 223, 704-728 .

Heah, C., Kamarudin, H., Al Bakri, A. M., Binhussain, M., Lugman ,M., Nizar, I. K., Ruzaidi, C., &
Liew, Y. (2011). Effect of curing profile on kaolin-based geopolymers. Physics Procedia, 22,
305-311.

Hemalatha, T., & Ramaswamy, A. (2017). A review on fly ash characteristics—Towards promoting high
volume utilization in developing sustainable concrete. Journal of Cleaner Production, 147, 546-
559.

Hwang, J. P., Shim, H. B., Lim, S., & Ann, K. Y. (2013). Enhancing the durability properties of concrete
containing recycled aggregate by the use of pozzolanic materials. KSCE Journal of Civil
Engineering, 17, 155-163 .

Ismail, I., Bernal, S. A., Provis, J. L., Hamdan, S., & van Deventer, J. S. (2013). Microstructural changes
in alkali activated fly ash/slag geopolymers with sulfate exposure. Materials and Structures, 46,
36 .YVYYo)

Jaturapitakkul, C., Kiattikomol, K., Tangchirapat, W., & Saeting, T. (2007). Evaluation of the sulfate
resistance of concrete containing palm oil fuel ash. Construction and building materials, 21(7),
1399-1405 .

Jeyaseela, J. (2024). Study on workability and durability characteristics of self-compacting geopolymer
concrete composites .

Joseph, B., & Mathew, G. (2012). Influence of aggregate content on the behavior of fly ash based
geopolymer concrete. Scientia lranica, 19(5), 1188-1194 .

Karahan ,0., & Yakupoglu, A. (2011). Resistance of alkali-activated slag mortar to abrasion and fire.
Advances in cement research, 23(6), 289-297 .

Khale, D., & Chaudhary, R. (2007). Mechanism of geopolymerization and factors influencing its
development: a review .Journal of Materials science, 42(3), 729-746 .

Khan, M. Z. N., Shaikh, F. U. A., Hao, Y., & Hao, H. (2018). Effects of curing conditions and sand-to-
binder ratios on compressive strength development of fly ash geopolymer. Journal of Materials
in Civil Engineering, 30(2), 04017267 .

Kirupa, J., & Sakthieswaran, N. (2015). Possible materials for producing Geopolymer concrete and its
performance with and without Fibre addition-A State of the art review. International Journal of
Civil & Structural Engineering, 5(3), 296-307 .

Kishore, K., Pandey, A., Wagri, N. K., Saxena, A., Patel, J., & Al-Fakih, A. (2023). Technological
challenges in nanoparticle-modified geopolymer concrete: A comprehensive review on
nanomaterial dispersion, characterization techniques and its mechanical properties. Case
Studies in Construction Materials, e02265 .

Koksal, F., Gencel, O., & Kaya, M. (2015). Combined effect of silica fume and expanded vermiculite
on properties of lightweight mortars at ambient and elevated temperatures. Construction and
building materials, 88, 175-187 .

Kong, D. L., Sanjayan, J. G., & Sagoe-Crentsil, K. (2007). Comparative performance of geopolymers
made with metakaolin and fly ash after exposure to elevated temperatures. Cement and Concrete
Research, 37(1 .Y oAS-YoAY (¥

Koushkbaghi, M., Alipour, P., Tahmouresi, B., Mohseni, E., Saradar, A., & Sarker, P. K. (2019).
Influence of different monomer ratios and recycled concrete aggregate on mechanical properties
and durability of geopolymer concretes. Construction and building materials, 205, 519-528 .

Kuenzel, C., Vandeperre, L. J., Donatello, S., Boccaccini, A. R., & Cheeseman, C. (2012). Ambient
temperature drying shrinkage and cracking in metakaolin-based geopolymers. Journal of the
American Ceramic Society, 95(10), 3270-3277 .

\al



é.cv\w,hgél.;l Cozy (S Lé).:lc,oél)‘ S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o_c EVROA]

Kupwade-Patil, K., & Allouche, E. N. (2013). Examination of chloride-induced corrosion in reinforced
geopolymer concretes. Journal of Materials in Civil Engineering, 25(10), 1465-1476 .

Leong, H. Y., Ong, D. E. L., Sanjayan, J. G & ,.Nazari, A. (2016). Suitability of Sarawak and Gladstone
fly ash to produce geopolymers: A physical, chemical, mechanical, mineralogical and
microstructural analysis. Ceramics International, 42(8), 9613-9620 .

Manzoor, T., Bhat, J. A., & Shah, A. H. (202 .(¢Performance of geopolymer concrete at elevated
temperature— A critical review. Construction and building materials, 420, 135578 .

Medeiros, M., & Helene, P. (2008). Efficacy of surface hydrophobic agents in reducing water and
chloride ion penetration in concrete. Materials and Structures, 41, 59-71 .

Megahed, S. Y., Elthakeb, A. M., Mohamed, W. A., Nooman, M. T., & Soufy, W. H. (2019). The impact
of marine water on different types of coarse aggregate of geopolymer concrete. Journal of
Minerals and Materials Characterization and Engineering, 7(5), 330-353 .

Moon, J., Bae, S., Celik, K., Yoon, S., Kim, K.-H., Kim, K. S., & Monteiro, P. J. (2014).
Characterization of natural pozzolan-based geopolymeric binders. Cement and concrete
composites, 53, 97-104 .

Najafi Kani, E., & Allahverdi, A. (2009). Effects of curing time and temperature on strength
development of inorganic polymeric binder based on natural pozzolan. Journal of Materials
science, 44, 3088-3097 .

Nath, S., & Kumar, S. (2013). Influence of iron making slags on strength and microstructure of fly ash
geopolymer. Construction and building materials, 38, 924-930 .

Naveena, K., & Rao, H. (2016). A review on strength and durability studies on geopolymer concrete
produced with recycled aggregates. International Journal for Scientific Research and
Development, 4(07), 27-30 .

Nazari, A., Bagheri, A., & Riahi, S. (2011). Properties of geopolymer with seeded fly ash and rice husk
bark ash. Materials Science and Engineering: A, 528(24), 7395-7401 .

Neupane, K. (2016). Fly ash and GGBFS based powder-activated geopolymer binders: A viable
sustainable alternative of portland cement in concrete industry. Mechanics of Materials, 103,
110-122 .

Nurruddin, M. F., Sani, H., Mohammed, B. S., & Shaaban, | .(Y+YA) .Methods of curing geopolymer
concrete: A review. International Journal of Advanced and Applied Sciences, 5(1), 31-36 .

Olivia, M., & Nikraz, H. (2012). Properties of fly ash geopolymer concrete designed by Taguchi method.
Materials & Design .Y3A- 4 ¥7 (Y.10.)9A0)

Olivia, M., & Nikraz, H. (2013). Properties of fly ash geopolymer concrete in seawater environment.
Proceedings of the 13th East Asia-Pacific Conference on Structural Engineering and
Construction, EASEC 2013,

Pacheco-Torgal, F., Castro-Gomes, J., & Jalali, S. (2008a). Alkali-activated binders: A review. Part 2.
About materials and binders manufacture. Construction and building materials, 22(7), 1315-
1322 .

Pacheco-Torgal, F., Castro-Gomes, J., & Jalali, S. (2008b). Alkali-activated binders :A review: Part 1.
Historical background, terminology, reaction mechanisms and hydration products. Construction
and building materials, 22(7), 1305-1314 .

Pan, X., Shi, Z., Shi, C., Ling, T.-C., & Li, N. (2017). A review on concrete surface treatment Part I
Types and mechanisms. Construction and building materials, 132, 578-590 .

Patankar, S. V., Ghugal, Y. M., & Jamkar, S. S. (2014). Effect of concentration of sodium hydroxide
and degree of heat curing on fly ash-based geopolymer mortar. Indian journal of materials
science, 2014(1), 938789 .

Paya, J., Agrela, F., Rosales, J., Morales, M. M., & Borrachero, M. V. (2019). Application of alkali-
activated industrial waste. In New Trends in Eco-Efficient and Recycled Concrete (pp. 357-424).
Elsevier .

Pilehvar, S., Cao, V. D., Szczotok, A. M., Carmona, M., Valentini, L., Lanzon, M., Pamies, R., &
Kjeniksen, A.-L. (2018). Physical and mechanical properties of fly ash and slag geopolymer
concrete containing different types of micro-encapsulated phase change materials. Construction
and building materials, 173, 28-39 .

Pritchard, G., & Speake, S. (1987). The use of water absorption kinetic data to predict laminate property
changes. Composites, 18(3), 227-232 .

Ff



é.cv\w,hgél.;l Cozy (S Lé).:lc,oél)‘ S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o_c EVROA]

Provis, J. L., & Bernal, S. A. (2014). Geopolymers and related alkali-activated materials. Annual Review
of Materials Research, 44(1), 299-327 .

Raijiwala, D., & Patil, H. (2010). Geopolymer concrete A green concrete. 2010 2nd international
conference on Chemical, Biological and Environmental Engineering ,

Rakhimova, N., & Rakhimov, R. (2014). A review on alkali-activated slag cements incorporated with
supplementary materials. Journal of Sustainable Cement-Based Materials, 3(1), 61-74 .

Reddy, C. J., & Elavenil, S. (2017). Geopolymer concrete with self-compacting: A review. Int. J. Civ.
Eng. Technol, 8(2), 163-172 .

Ryu, G. S., Lee, Y. B., Koh, K. T., & Chung, Y. S. (2013). The mechanical properties of fly ash-based
geopolymer concrete with alkaline activators. Construction and building materials, 47, 409-
4 VA

Salami, B. A., Johari, M. A. M., Ahmad, Z. A., & Maslehuddin, M. (2017). Durability performance of
palm oil fuel ash-based engineered alkaline-activated cementitious composite (POFA-EACC)
mortar in sulfate environment. Construction and building materials, 131, 229-244 .

Sangeetha, B. (2015). Effect of Rice Husk Ash and GGBS on performance of concrete. Int. J. Eng. Res,
4,491-495 .

Sanni, S. H., & Khadiranaikar, R. (2012). Performance of geopolymer concrete under severe
environmental conditions. International Journal of Civil & Structural Engineering, 3(2), 396-
407 .

Sata, V., Wongsa, A., & Chindaprasirt, P. (2013). Properties of pervious geopolymer concrete using
recycled aggregates. Construction and building materials, 42, 33-39 .

Sathonsaowaphak ,A., Chindaprasirt, P., & Pimraksa, K. (2009). Workability and strength of lignite
bottom ash geopolymer mortar. Journal of hazardous materials, 168(1), 44-50 .

Shafiq, 1., Azreen, M., & Hussin, M. (2017). Sulphuric acid resistant of self compacted geopolymer
concrete containing slag and ceramic waste. MATEC Web of Conferences,

Shaikh, F. U. A. (2016). Mechanical and durability properties of fly ash geopolymer concrete containing
recycled coarse aggregates. International Journal of Sustainable Built Environment, 5(2), 277-
287 .

Singh, B., Ishwarya, G., Gupta, M., & Bhattacharyya, S. (2015). Geopolymer concrete: A review of
some recent developments. Construction and building materials, 85, 78-90 .

Singh, N. B., & Middendorf, B. (2020). Geopolymers as an alternative to Portland cement: An overview.
Construction and building materials, 237, 117455 .

Somna, K., Jaturapitakkul, C., Kajitvichyanukul, P., & Chindaprasirt, P. (2011). NaOH-activated ground
fly ash geopolymer cured at ambient temperature. Fuel, 90 .Y Y£-YYYA ()

Sood, H., Kumar, R., Jena, P. C., & Joshi, S. K. (2023). Eco-friendly approach to construction:
Incorporating waste plastic in geopolymer concrete. Materials Today: Proceedings .

Sukmak, P., De Silva, P., Horpibulsuk, S., & Chindaprasirt ,P. (2015). Sulfate resistance of clay-portland
cement and clay high-calcium fly ash geopolymer. Journal of Materials in Civil Engineering,
27(5), 04014158 .

Thaarrini, J., & Ramasamy, V. (2016). Properties of foundry sand, ground granulated blast furnace slag
and bottom ash based geopolymers under ambient conditions. Periodica Polytechnica Civil
Engineering, 60(2), 159-168 .

Thomas, B. S., Yang, J., Bahurudeen, A., Chinnu, S., Abdalla, J. A., Hawileh, R. A., & Hamada, H. M.
(2022). Geopolymer concrete incorporating recycled aggregates: A comprehensive review.
Cleaner Materials, 3, 100056 .

Venkatesan, R. P., & Pazhani, K. (2016). Strength and durability properties of geopolymer concrete
made with ground granulated blast furnace slag and black rice husk ash. KSCE Journal of Civil
Engineering, 20, 2384-2391 .

Wardhono, A., Gunasekara, C., Law, D. W., & Setunge, S. (2017). Comparison of long term
performance between alkali activated slag and fly ash geopolymer concretes. Construction and
building materials .YY3-YVYY Y£Y |

Wasim, M., Ngo, T. D., & Law, D. (2021). A state-of-the-art review on the durability of geopolymer
concrete for sustainable structures and infrastructure. Construction and building materials, 291,
123381 .

fo



é.cv\w,hgél.;l Cozy (S Lé).:lc,oél)‘ S/ YY-F2 (Vo) 2 AT ‘o‘)‘jﬁjdl).o_c EVROA]

Wongpa, J., Kiattikomol, K., Jaturapitakkul, C., & Chindaprasirt, P. (2010). Compressive strength,
modulus of elasticity, and water permeability of inorganic polymer concrete. Materials &
Design, 31(10), 4748-4754 .

Yahya, Z., Abdullah, M. M. A. B., Hussin, K., Ismail, K. N., Abd Razak, R & ,.Sandu, A. V. (2015).
Effect of solids-to-liquids, Na2SiO3-to-NaOH and curing temperature on the palm oil boiler
ash (Si+ Ca) geopolymerisation system. Materials, 8(5), 2227-2242 .

Yip, C. K,, Lukey, G. C., Provis, J. L., & Van Deventer, J. S .(Y+ +A) .Effect of calcium silicate sources
on geopolymerisation. Cement and Concrete Research, 38(4), 554-564 .

Zaid, O., Sor, N. A. H., Martinez-Garcia, R., de Prado-Gil, J., Elhadi, K. M., & Yosri, A. M. (2024).
Sustainability evaluation, engineering properties and challenges relevant to geopolymer
concrete modified with different nanomaterials: A systematic review. Ain Shams Engineering
Journal, 15(2), 102373 .

Zhang, Z., Provis, J. L., Zou, J., Reid, A., & Wang, H. (2016). Toward an indexing approach to evaluate
fly ashes for geopolymer manufacture. Cement and Concrete Research, 85, 163-173 .

Zhuang, X. Y., Chen, L., Komarneni, S., Zhou, C. H., Tong, D. S., Yang, H. M., Yu, W. H., & Wang,
H. (2016). Fly ash-based geopolymer: clean production, properties and applications. Journal of
Cleaner Production, 125, 253-267 .

24



