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Ordinary

concrete, In recent years, improving the mechanical properties of alkali-
Alkali-activated activated concrete with the aim of being superior compared to those of
concrete, the conventional concrete and reducing environmental hazards caused
Compressive by the lack of mineral resources and release of toxic carbon dioxide gas
strength, (in cement production process) has been noticed by civil engineering
Tensile strength, researchers. In this laboratory research, a mixing design of ordinary
Modulus of concrete containing Portland cement with a grade of 500 kg/m3 and a
elasticity mixing design of alkali-activated concrete based on blast furnace slag

were made. In order to check the mechanical properties, tests of
compressive strength, tensile strength and modulus of elasticity of
concrete were performed under the temperatures of 21 and 600 °C at
the age of 90 days of curing. Based on the results, applying high
temperature (600 °C) to concrete samples caused a 42% and 15% drop
in compressive strength, a 56% and 21% drop in tensile strength, and a
63% and 49% drop in modulus of elasticity for ordinary and alkali-
activated concretes, respectively. The compressive strength of alkali-
activated concrete was 11% and 64% more than that of the normal
concrete at 21 and 600 °C, respectively. The tensile strength of alkali-
activated concrete exhibited a 9% decrease and 63% superiority
compared to normal concrete at 21 and 600 °C, respectively. The
elasticity modulus of alkali-activated concrete was 16% and 62%
higher than that of the normal concrete at 21 and 600 °C, respectively.
The results of the scanning electron microscope images are in
accordance with the other test results of this research.

This article is an open access article distributed
I@ @ | under the terms and conditions of the Creative
Commons Attribution (CC BY) license:

(http://creativecommons.org/licenses/by/4.0/).

16



https://doi.org/10.30495/civil.2022.696525

L’Tcg

&

L

)

JLdld o

°
J—-8)

S

Olpl el (oDl olﬂ oBiily ol axly ¢yl poe  cwdigw 09,5 il lies cwdige pandt (2SO

Mhm.ghanaei @iauc.ac.ir

VBV sl Y i d sl VRN 3593 YA 1L 5o & 0

o 14 0598

3 B o (SO ol 4 S (65 S LWL s (SO ol e el gladle s
Sy 53) Isa 5o o SuuSt (63 e 38 SLES1 5 Juse e 25008 5l AU s s Sl bl JSalS
o S B b S AT e al 53 8 813 Olges o5 s pdies 43 55 35 50 (Olagw M8
mosle b WS Sl Bt - b Gy caSle e e SIS Ot L bl Oless S5l I sene
- Jsde 5 S Saglie (5oL Cslie slal sl (SSe olit s sk A3 sl g5 1aKals, S
Jesl b (i 53 A plnl a3, 80 (sl fos w53 g a3 P00 5 YY) (Slos o (1 atz)
507 Calg,Lis Cuglie 55 gheyn VO 5 FY il Lo s o slad sl 4 (Lusends s s P ) YL o) >

Lo

”
/o
*
9
s

NP RGN U [SPR VISERT-R ISP A ST R A G P -SSP TR e SR

G esmdes 4z P 5T Gles 5 Jsems 0 S JWLE (g5l Sl s S JLeils

s P o) les 53 Jsems 4 Soed JWLG (1 (225 Caslde b 0L (65 ey P )

O d s JWlS s alWIdse 0l OLES 1) (65 0 Ao ys PV 5 Jals don 4 Ll 4 e

0031 51 Jrole gl 38 S 5 (550 oy PY 5 V8 5 g a3 B0 5 YY) Glos 3 (e

b3 sl Gosesl @l ple b Glises 5 Sales 53 sy S8 O pSs See sl
V| e ¢ S2ES Canglin (5L Cuaglin LIS 2 ¢ Jpore i 10E 51y AAS




sl 14 0399

bd‘o

i
4
9
o

\\‘:'\J'.:.:L;LVULQ.Z‘\Q 0)92

(OH) JuSlgynm (slaogS (oguudes 423 Bevglos 5 =¥
Sl b coge GgmdenSlyn o> Wul@ b e o
D90 (o Ceoglio Gl 5 SSlusiiel

Lslodsie nd a4y (Solpo Jlid b ogaadis a3 )3 Ave glod o =¥
Dgden S8l

o My bl (Bl Glagh ol » ply 5 Sl
33,5 (50 4N pj3y90 N o JLL

R baglie ) JWLE o (ldley, 5 Selle olss )
b o d90 (Jgona

duglio 3 (S puSlied (gow B L] e (IR &) S8 Y
eyl g o ) )55 4 4255 b Jgmsa 2 5
Loy opl po

Sy ) B e dawlsdy G oo ol bais a4y S8 -V
ol ©pd cbals )l s end sl ool (JWLE o
sy e e dlge (lgis o 4l

glae glsas &5 (Bpas Jiae glio Bpao al o Lais ¥
335 o o2ltal Jgoms g Sl 2l o 5 Lo

Cogw lyed & (lud (bidgw Spas Jalf 5 Li> -0
235 oo o3l Jsoze lesw ddg sladils IS 13 8 yuas

B e dge g Do ¥
A Jpame ¥ g5 ailin plass e lSialejl oy ool
RIS VYO ogasie (yjg b (Glohd) juw oA (lows @lio
PRy yo Sl YVer JIVeer ogatis phaw § ceSe yio
35 oolital ol 3 2dgs ISIRI 389 5 il cos a5
0i9 b oledel palogd Al Jpame «(sjlaSinloyss o)l
s YV o+ pogasce maw caSoyio y p ) SelS YFO- ogase
Cod by pSelS e mlb JBe g 2S5 » @
(85 i Chyas 3590 ASTM CO89/CIBIM s s
Ol sl ons oy Ui V Jgas 5 Jgame opl (obowd Slasuine
2 bl 2 b csle g Sal Ol ags jglaieds ord G pas
Sl il g ol wdliee ol b )b Ol 3l gy e Gios
S Vere pogase (g 9 VIO (JIFID e3gue 13 PH (4l
I IR o S R NI O e R W VSRV W JURCIY P G PR
Otelal BB & o el ol (Lo o) jhe aslipel ez
09 Ol |y Cunl Blo 5 juad g )05 (pasedio (591 9 00 sl
goxmd Gl (L3 By o Se 03 odlisul g 3 0]l
ad (B pan aliSiw 3l oy Ol e ol 39 canliel
5 Foae g9 ) pBlel Gimgh ol o IS )b
claals )8 5l oss aus ASTM C33 5 ikl Slegjle wluly
i Slasedio § By sl oxdY lioyed dwle g oy
Slidod ool odel)> Giules 40 Y Jgd 33 35 (pl 3 (B

do Ao |

Sl odipgs 5 (bt Slge L agalse 3 (Jsene i s
ol casdl b laojle 5l (B 0 oSotins 5o 4 5l Bl
2 plase b sSale oo 8 S5 4 | s (S5 Bk
5 slaSialeysSo)lpw (Il ool 2SS bl 58 gy, o2
235 (e Glosw cuslio (glacy b plyear |y o Yoje ple
5 Glren 1 g did 355 oSy Ll 5 bl
ST oad il b 5 (bl o Jslne b (olond (25T
= pdS p gria I s 5 (C-S-H) s el S Sl LB 5
N-A-S-) &l,inmiwp gme gl olSilus ¢ (C-A-S-H) wljam
whis 535 5 b laJj ol iSoe Mg o bgbee 1, (H
5 AliSin ol as 3 e e J) sl 5 Jlasl 5 dike
- o0 0SS 5y plSotil g oS15 dlul Coge (losw yued
St 5 2l Lol Jole a8 cunl ol (L oy plis ligies .60 ,5
4.’]).3».&7 L;LQJ) > 0l Couw B P P‘?b 9 LSS\.J&A uo‘?
LY-F] ol o5 S 5 40 0nds

Pl 5 (SlSe Lolss oy s 4 JWSU (5 sl (o JLo
Ol (Bl J1-C8)5 )15 pflizee dogi )90 ((Jgame (2 4 Lo
o JUBLB 2 g a1 50 00 o (CO2) (pSauslisd
0y550,byw 5l o3l [B0] cunl Jgeme o Mg anl ) S
g ity dguo |y 5 Caglie WG o Ol b 4 (ojlaSial
[FV] aas rals o 0 1y Glew  eolitwl (ly odislid slolss
ot My Gy @B g b (jlSialySe)lw (sle b
48,5518 olglb adllas 3)90 anBIS an> 2z ) (dlobpw JLWELS
Wl Jols G game a4 amd o i Slllles [A] ol
(o S oled e J) Gy Gblie cosmli podisl
quf.\wco} cL;:‘LM S 9 \/L: L;Lo.) ).gl).g 2 WLA Wal&o
oo oo | 55 (V17 b Ko 3] ) 30 S0 5
23,8 )15 (JUWBUE (5 g (Jgesne Wiy (o (g9l (i dunnlie
3 Slos gt Wile (Suolypw sla She S & SUWE wlas oS
DTl 5T L agalse 5 (Jgono sloisis &2 Comd sy
55 B VL Olp aap oy > JWLE (g a5 o0
L)’l Ls:{LcJ dl.tbb)ﬁ_\.’xo L)"L"" » 4 dXigw o0 &555 L LJT » Ls"])“-f"”
VY] 5las)le Olpss

e 430 Voo gl s BB O s gl )

) VWA glod 3 SlhwpadS” laclua gublae -Y
S8 (ogmudes 423 Ve e B Lo (I3l 9 355 00 g9 (g
sl Gl3l b s dsgy JWLS ko 5 by

! Interfacial transition zone (ITZ)
2 McNulty



g0 ceSeyio p pSohS VFAY L ply S5 egate
ol 2 (Bran JWBLE Joloo lasiin jl (B3 )5 )15 eolitl
ol o 03> LS ¥ Jodn 0 ime}

bYST )b Y
A erdlcei dgrge JWBLE o LIS 25k (ol (aljome 3 lbi
D31 ¢ o 1] alSlef] slosing (5 Somd &
dieS duog Cod  Jgaxe (3 dugd D luilinl b sillas JL8LE

Pogge Y coi cle a0l JWLE oy a8 cunl ol L
@0 (Jyare by Gl g5l G b awglie p» 2llE Jolxe
Sy S JSde ol b cr )b gidms LK
peelS O Lo (595 ladigy e 4 el M Sy 2 (e
2 V0] el 45 oy i eeite b L MuS 98 Ly g e JL L
JlepcNeS S 3 (oo p)laa Jusd 048 Gl ) Ly
Y Jsde la Shg pelely dleygls w2959 85b 5l (Jgame
Jole I oS 5 35 cpl > (B pae (LB Jlone 035 oolitul
b oS adlige Y/ (g Coms b mduodiaSTo a5 madu &Gk

(Mo p> bl ) (g31aSamloygSoylpm (plond Slasuio =) Join

L.O.1 MnO TiOz K,O Na,O

ofey <A Y/¥a /Ay \TAQ

SO, MgO Fe,O4 A|203 SiO, CaO

FIvY Y/¥a RVANY A YEIVY

el laseia-Y s

Clodeaoy  (KOMY) pogasio gy (MM oy Jore (MM sl b Jols o (sl s
Y/Y YVO- /v 4 £/va(mm) oy
/A Y5O Y/AD £/V Yo(m) awl
Jley &3S S oy 03285 clyyd Elasitio Y Jyax
Jedlabs opole  PH  Gaosluid KOMT) pogase iy 5y (Spbele st Jgo
s
3, 3, Y 34 ASTM Voo sl ogd b Jbo pe NS 928 s
C494
JWLE Jalore Slasuine =¥ Jgio
(g Cap Giytes (Jeepr sl Joe ELe Ve 5 U Jsle &5
(¥se) (Vo) (grimol) oy peny  (kg/m)  (molm®) JsSle
Lol 4O (©)
o S (p)
- - ARVAR VA \7Al YIY- Y siw  NaOH  aoaas)us
\i4 Y/¥ \YY/-5 ARYV) - Y¥.-. Y siw NaSIOs sl

}
;

-

L/

&

L

° °
J—-8)

S

9
ay
A
o
o’
3
A
o
s
= )
=
9




\f'\}il{.d‘o)l*.ﬁw\q 0)92

o5 bsbo £ b Slasia -0 Jyio

Comd  pogate G Sogldes bl
WIC  cpbgbe  lhpcdbjl o olodl 4wl o Sl ol plaw S &y
(kg/m?’) oS B
Loy ¥O yYay ol \ V5o Veer YYD . aee koim® o e
RN 7N 272 B VA VA VoY sy
Lopfd  YHAY/EY bame + &l > v VEY/EY  Neer YYD Oe- kg/m® L
Sid YA YHaY YA AN YA/LF Loy

)lb.:n“\ 099

bd‘o

i
4
9
o

sl (B ypan (65a5n] 0)65 0,byw 45 oW Jolore s WIC s ) polaio JWSUE 500 5 —

P O S Cuaglio 903l 0305 Jlos (15 diged Sl alad
<9y p ASTM C496 »)lulil b Gllas o9, A+ (59l Jos oy
Lawly (ol 55 .85 ploxl yio o VOXY + slal by (gllgin] (gladiges
g Wb 033 418 (KB S oles pj 53 (b dxg I adiges
00,8 Jlosl (G diges canSd dlad U o jliliol b gillas g0
A i g0 Ceaglio Jlade 0uiS (sl 03l S S i
A ogldes o 2 o AoVl Jgdo 903l Casl 03y jLi8
- gl sladiges g9; » ASTM C469 5 luiliwl b sillas o5,
a5 3,50 diges Ll oyl 13 .85 plol o 5l VXY 3lul |
ged g 23 5 bl 5 i) gt o] B 51
S dSid i 33 (3 S9n0 sl oo 5l VO i ]
R I e b Jlae sl 3 5 5 (S
ol 508 yme 1 diged (2led JSb i oloj b agb 1 (guishS
e G5 L Sl alitel b (i diged (Job JSb s 3 0y
A ol e oo 3 SEM g0l 03,5 (6ySojlal OB & Juate
m@aSg Sue oliwd bawgs Vb )l cod g Gl slod 13 0y,
2 0dd 35 diged Lly (pl 3«85 plodl (odag) Syl
@bl g lans Jaidjge (leiS) L pglas g b 0313 51,3 olSiiws
cos glagygel plodl j U .85 8 (ol oy 2050
3)ittl polusly s plocl w39, 8+ (gpol Jo oy 5 45 YU &)l
Glod Cos 0y Celo ) Gl 4 b sladiges /SO834
Celo ) Gdo 4 disel uwe i8S J18 oguule daxp Fee
D5 led S5 Ll cod b wsle Bl isels 8 5 K0
P Cele Y Gue 4 badiged )58 5l badiged zgy3 il Ly 1355
ol il eslatol wiwyy gled ol 4 b il (6)le S5 bl sles
P YLl cos dapgeil pselm Slaies plo 3 )bl
sfislejl 3 @i ol loggesl VAL sl ond G3I5S (o
ol ond plodl eaY s @dly lebs Jle 5590l dunnge

e o i Ty 0)sST B s cod i dlged V IS

d)gi Jos 9 calw-¥

sl 5 S g (e L) loses Jolis K5 pdlas ashsl
S5 238 5 4 ey oF Sl By oS bglse oSt
Jolis 5 dlas cdals] p3 auelonl Jobo <0 485 /0 Side 4y pdlas
& gl a5 5 3 L] Lglso o (S Jgoxo L 5) ]
20l oy balote L dsell Job 4y 0> adds YO ce
iy dlsjo dw )3 I jload (809 9 5P ks 3B ol
Al yo 2 53 (i diged 3 WSI Jlas! pslaie 4 iy gl 3 s
Ol D 3)ls oGS 4 egatte dbe alisg 4 45 YO
VY glod cov g S baoe b sladiged ol B
OIS NI BEWRRIWIPJ| KPL RGN WIS § gYCIX VP URWINN W
2 Symo G Sniznd 5 55 ol oaiges by B el
090j) pldl o b ogeades 453 VY oy cov Sl Ol
I oom JWUE g adiges ind gldes 5 oSS
P Sl gl Jos cot 08 9,0 el FA Gse 4 o)) s
ol e cpl pd plouinl b aid S )13 wamads dspd Fe glod
B 055 jl i sladigas coloj cul (A5 Gy S Ml dome
Sogldes slisly 3 8135 Gyl e 5 (IS ogell oo
O diges &S cul w3l lis ladss (JWWE o Iyl
4y Vo JI0e slod odgazme 3 Syl (ysl Jos cou b3
ot ord (Gl Jos sladiges | yuin plotsl )y o gmdes
JIWV] e ogmalo da 0 Ve glod

09031 99y 9 B, Il -0
b sllao ojg) Ar (sygldas o 3 g WS Cuoglio 90
Sal b e ladiges g9y » BS 12390-3 sl
i 0 baiges Lwly cpl o .cd)S plodl o gilw YexVeX).
B oojlstiol b Gillae gy 9 wad odly 8 S g S ol



(S’ Cnglio (1901 UL 9 ymad -5

JULS (5 Jsane o S Coglio ygel J| Jols @l
Slod v (pLS| Jingh cul ) ord el Claios I ol
VUK Jlg03 ) gk 423 Fee Ol g ugpels 423 VY
el ool )3 ioles 4

aap Fe ) Yh o)y Jlel o cul dgpudie gl cpl gy
G2 P (S Caglie Sl cage (i sladiged 4 (Lgpde
o F (JUWBUS (5 g (Jgeme (2 3 Ayt cCunl oad aliols
s Y slod ot S Cuoglio il Mo yd YY 4 OF ljody
2 S Cuogliio ()b 5l b Jols ugpdis 423 VY slod &
@ g 420 VY glod ) (Jgena (50 4 s JWUE (50
Jiie ogpadws dad Fre Ol cog o bl o )b célas A i
Loy FY (Jgene G o JWBLE (g )0 (dS Canglie
O & G JWLB o judy Caeglie amd e ol 1) s
Lo s (ogedes 423 £o0) Vb Ol cov (Jgene
Seihin slaJs jl oYL poe A daulyes JWUE o STy
- mrlSp szl oSl 5 (C-S-H) whippdS 0l i3
N-A-S-) a1y pods porine Sl ¢ (C-A-S-H) w00
b mliposhs’) @ powse) (obewd Auld » eadads (H
a5 ol i sl (U8 Joloxe 5 (Slowws Sge (O )kens's
Oplinyediy Wl (Lol Jpame Glyiedr &5 o S5
P omge Sy g Gl ddle (S 5 ded e Al
On JUBl (Sly > dgy dbml g g BN Sy,
ol Slidss bwly ol ) b Y g g (ITZ) (xbaw
el ololy Ggliipehssy (iSly 3 a5 cwl ol
C-S-H s oad wlhowe J5 & CH bas b o) bess)
33,5 (o0 (i Bl (SKen Carge g ond wSliie (i > by,
DA

@21 °C @600 °C

(MP) g C'wog&o
< =

yore o JLdlls o0

S Caglin 30i] =T S5

S Canglio 03l ols—V S

0903 S 9 i -7

S L8 Cuoglio (39051 ol g i — V-7

O 9 Sgese (i gdiges ()lid Cuoglie (gl | Job gl
Q- LS)BTJA.C o 2 u»}u.»lm 4?).);" BY\ L5L°'> oo JL@L.G
- odalio )‘.3905 u’lu"l*’I)J L PV 431)1 A Jguu uulml)) 0)9)
ol ol guls Cdl Cage (i (gl diges 4y &yl JlaslaS 2o 3
P 9o Y jlade 4 Jaexe 5o 50 guls cdl i Lwly oyl
G J8LE 3 gladiged )y do > VO (50 4 J8LE g
P A Gygbds 38 S |y gy ()lid Cuoglie Jgene (g &
W5 delie Jgare (4 Cund JWBLE (5 claaigas > 5V
Conl JWBLIS (50 S 5 g o)Ly CudeS S 4 al$ ol
5 cpl sl odls (gla 095 (0 1) (g yin Ty (gl 5 por> oS

O e plotl cage g s g die (35 )b

B21°C @600 °C
A+

Ve
Se
O+
[
Yo
Yo
Ve

Sgere R JLsls %

(st Caglin 9n] =Y S

}
i

-

L/

&

L

° °
J—-8)

S

)l&fbé\* 099

LYo

-—
3
9
-




)lb.:n“\ 099

bd‘o

i
4
9
o

\F~\}:QLVUL~‘;‘H 0)92

IR TN e §
> 13 R .

i) Jpto 505] €55 2 =0 S5
SEM (49051 gl 9y — F-5

) dols yiagSen Ve elde > (9 Sl 058y S gl
2 P g VY lod cod JWLE (g (Jgeme o S Loj,
ool )3 Lioles 4 5 S5 )3 059, Ar (Spglas pw yd o gam
OR 9 oo (5 ped Lo 5l Jols pglad IS gk
)5 e b3 2y 4 (S0 N2 4 Ol 0 | JLEUE
)l 5 ool 2l 5l (8L ol i (gl S5 Jols ()
- (s odnlie LS5 )3 0y S5y b (g ©jga odes jgbdy oS
b5

Lo alS b 393 5 b Sl g 005 45T, 0m (4, SlS (glmals (¥
Lo JSb )3 dier S5y b (2l @ jgods odas ok 45 cadgl dlge
02,5 oo odnliie

Sl oAUl e belsee 3 39290 LS5y 5 S (Y
Osmelinreds s 5 ol Sl g )l pgldes ) 20
S 5 5 (sJaKimlo Sl g iy Gloms I VL e 4 a2 L
g Wl b i Ble ) oY o digse 8l 5 ol (F
JU (2l ) (e o ddge Blie 5 i

csbans 1) 50 03,55 8 lie )y ple (B

JWUE (o S5 3 d9290 oS 5n) e pglad oluly
e &y yidy yol (ol )53 (0 e & (Jgere o cuS 5 5l e
2p Pl cos JWUE gn dadiges Silp sl des

SV g0 (39051 gl 9 ands V-5

JWLE o g Jgore 0 AoVl oo (g0l j| Jolbs gl
dp ¥ (slos o5 S]] Singly ol 0 liis ol
Olles ¥ JS5 3905 )3 (ugmadis 2> B Sl g gl
ol ool 5

2 JelE w atsw Y] Jade a5 Cul dapido ol opl Golwl p
Iy 6y doyd Y 9V i 4y (ugmadw a3 3 Fov g VY glod
STl s ol () ol 63905 S Jgmse (5 4 g
Jobe b Sy gloj 53 slaSamlopgSojbpmw 3 39290 (SYgje
odd &il)ae a5 jl o) por> Mg 4 ol a5 Bl e (L
2 ol &l sl 5w a5 b 5wl odd b oS5y
Al JWLE (ol a8 lye 4 Jgane (i oS 5

ppShie o sl cdedy &S Cunl 0dly lis Sladss by oyl 4o
P Mo GBI o Al Jgas 2o )3 5 o (B
9 pS1F il a8 akine () San g El (JWBLI (i ag (sl
VY] 23,5 oo 2 ¥ Jg e Ralidl e oo (52 3 (5
S P Brae plaw e &5 cwl oy plis Clids Sk
robas [IV] o) ol iVl ghe e S
oo Loy (A5 jload 3T odag ) 59 ySUl G g Se
Alge el cpl (s s cpl > JWSLE (o

5 Jyere (i Gladigel 4 (ol 423 £ ) Vb o)l Jlos]
O3l e 90wVl ghe @i Cdl cage JLSLE o
97V 8l 5 JWBUS (i g (Jgese i Ll pl 53 sl 00
e glod o ) atwgzoYl Jode e 2 (gdop YA
0 S Wiges S ogmadus a3 )3 VY slod & Cans pwgmaalus
03,50 Ltales 4 |y gtV oo 903l plol s ity diged

Cawl

@21 °C @600°C
fo
Yo
Y
Yo
Yo
VO
Yo

M JQM

- v
rty s

(G.P)

Hyere o JLsls %

WiV Jgro (y903l s —F S5



s srds 4250 V) — gaze oy

SR e A DS
SEM (el uls—# IS

&5 cnl dlojy > LS 55, bl 4 prie o Wil oo ogples
2 oo i Cpitre ple Olades bwly cpl )0 cwl ol oy
Sy 0yg8 St bame )3 (gygl Joe s 4 JWUE 0 4
J b5 o0 el aS 395 00 S5 (5 > 2S5y sy
YL ey b Sgul gl gl Jil el o5 Jo8 (Sl
& e puo (Sl aS 30,8 o el ol () g 25 z)5 23,5 o
PS5 oyl gy aull (il S Jgexe oo pdlie ;) odelcawd
9235 o0 80 Sogul gl glgal oy 2 o g 0392 o) sl Sl
Co) alin el Sl s il (dlaJj o> gl
o (Jyeme oSy pda JWUB o oSy » (S-H
S5 ol Snogiagll O3 g s a0 jal ol a9
b obosd oSy b slaadly a8 il (g5laSnloysSo,bmw
Ly loss b anolie o 1) gy Gl (o5 (oUW ol
e yod G le 3 (Gl il sladiges 4 (ogpls
LS cuolodls )lis cliasd diwly cpl 53 ol dopuice J18LE o
2 o digm sl ) Ol g B glois ol L 4 g
aled> 2 A 4 e (C-S-H) Wl elS oSl 5
Pl ey B Olys 298 oo ogmls 423 YO+ |
odnlin uamd dapd Voo BYY o dlod cov o SOl
Cuoglio ¢ gylid Cuoglio yolde )0 duopd Fr U ialS Lol 335 o5
3 b 4 T clod Jlac J dey ¥ Jydo 5 28
38le g s dacS5 ojlul 5 ol VY] 18l o 551 gl olpe
apfee oy cod JWLE oy Jgeme g Lo, »
e VY sl om0 4B S )3 sladiges i (e

s 14 6395

L&Xo

o
*
9
p s




9
ay
)
o

-
3
A
o
3
=
3
9

\\‘:'\J'.:.:L;LVULQ.Z‘\Q 0)92

[2] Singh B. Geopolymer concrete: A review of

some recent developments. Construction and
building materials. 2015; 85: 78-90.

[3] Juenger M. C. G, Winnefeld F, Provis J, L
Ideker, J. H. Advances in alternative

cementitious binders. Cem. Concr. Res. 2011;
41:1232-1243.

[4] Richardson I. G. The calcium silicate
hydrates. Cement and concrete research.
2008; 38(2): 137-158.

[5] Kamal Ne, Des C, Paul K. High-Strength
Geopolymer Concrete- Properties
Advantages and Challenges. Advances in
Materials.  2018; 7(2: 15-25. doi:
10.11648/j.am.20180702.11

[6] Siddique R. and D. Kaur. Properties of
concrete containing ground granulated blast
furnace slag (GGBFS) at elevated

temperatures. Journal of Advanced Research.
2012; 3(1): 45-51.

[71  Yiiksel, I, R. Siddique, and O. Ozkan.
Influence of high temperature on the
properties of concretes made with industrial
by-products as fine aggregate replacement.
Construction and building materials. 2011;
25(2): 967-972.

[8] Allahverdi A. L. I, Ebrahim Najafi Kani, and
Mahshad Yazdanipour. Effects of blast-
furnace slag on natural pozzolan-based

geopolymer cement. Ceramics-Silikaty. 2011;
68-78.

[9] Yunsheng Z, Sun Z and Li Z. Composition
design and microstructural characterization of
calcined kaolin-based geopolymer cement.
Applied Clay Science. 2010; 47(3-4): 271-
275.

[10] McNulty E. Geopolymers: an environmental
alternative to carbon dioxide producing
ordinary Portland cement. Department of
Chemistry, The Catholic University of
America. 2009.

[11] Bakharev T. Thermal behaviour of
geopolymers prepared using class F fly ash
and elevated temperature curing. Cement and
Concrete Research. 2006; 36(6): 1134-1147.

[12] Mane S and Jadhav H. Investigation of
Geopolymer Mortar and Concrete Under
High Temperature. International Journal of
Emerging Technology and Advanced
Engineering. 2012; 2(12).

[13] Comrie D and Kriven W. M. Composite cold
ceramic  geopolymer in a refractory

S5 weii=V

S g gene o J bS5k Sy bl s ol
P O S ol (b)) pekaieds JWBLIE g 5l WS b
A 4L pgguds 4203 £ e 9 VY (glod g 019y A0 (539l Jas oy
Pl (5 AoVl g 5 (02 Cunglio slagygesl Lol ool 2
2ok gefl plodl by (gllagy) oy sl 3 5 <88
Job @l cdply ©jge (SEM) Ly (59,80l gy S
23,5 (oo )l (b3 £ & g ! )]

2 ylid Cuoglio il o ogmuls an 3 Fe ) YL &yl s oo -
Cad 2o 3 YN 5 0F lie @ b 4 JWLE o g (Jsere (52
A8 Jobs (Jgesne 5 4,

Coge (s Gladigel &y o pogmadis a2 )58 ) YL &l Jlasl =¥
Poexe iy bl & iidS Cuoglie  (gloyd VY 4 0F Cdl
b JWBLS oy

Sy oYl Jodo g0l b oy FA g ST cél -
Slod 4 Cas Vb Ol cod JWBUS (i g (Jgene 2 sladiges
05 S o gpmabes 42 )3 T

Y (o 3 (Jgona 2 & S JUBLE (52 )3 (5Lt Cuoglie —F
Db Ly e FF 9 VY iy A oo dad Fee g

5 VY slod > (Jgare (5 4 Cmd JWELE 1y (S Cuoglie —0
)iy dop PY g Jiall dopd A i 4y pogmadi a2y Fov
A e LS

5 VY slod > (geme (i s s JUSL (51 oVl Jgo —F
D) S |y 6y do Y 9V iy s (ogmdio dp Fe e

2 sigy 398U 0 gSsg e sl gl 5l Jols gulis -V
B Giegk o) sggell @l plo b Sligen 5 (Sialen
LCudly

JWBUS o (Sl olss (55 (AT Siagh ol > —A
S gl 4253 Fee g VY glod 3 (Jgene (i 4 s
Olas b duglio ) plgl jpan ey sty iy ol oS
mo)byms > Sliagll g b i 01, g 0Bl g (1,
b Wlals5 S ol JULB s S 5 5 b e (glaSinTa S
4 Cud) VL o (U Jsloe b (g pdy piSTy al)8 el
ol i udgi 1y C-5-H s aas ailnn (sl J5 1 (Jgene 032
035 by (ITZ) (oo (e JUal (> 0 Jlasl sl L a5
Pl QI case (Y g (Haw g Ble 5 Sl
Wodyd 5 (Jgose o2 s Cond) JUWBLE o (Sl

&l
[1] Nuaklong P, Sata V, and P Chindaprasirt.
Influence of recycled aggregate on fly ash
geopolymer concrete properties. Journal of
Cleaner Production. 2016; 112: 2300-2307.



application. Advances in Ceramic Matrix
Composites IX. 2004;153: 211-225.

[14] Bakhtiyari S, Allahverdi A, Rais-Ghasemi M,
Zarrabi B and Parhizkar T. Self-compacting
concrete containing different powders at
elevated temperatures—Mechanical properties
and changes in the phase composition of the
paste. Thermochimica acta. 2011; 514(1-2):
74-81.

[15] Pilehvar S, DuyCao V, Szczotok M, , Carmona
A Valentini M, Lanz6n L, , LenaKjgniksen
M. Physical and mechanical properties of fly
ash and slag geopolymer concrete containing
different types of micro-encapsulated phase
change materials. Constructionand Building
Materials. 2018;173: 28-39.

[16] Deb P, Nath P and Sarker P. Drying shrinkage

of slag blended fly ash geopolymer concrete

cured at room temperature. Procedia
Engineering. 2015; 125, 594-600.

[17] Mehta P. K and Monteiro P. J. Concrete:
microstructure, properties, and materials.
McGraw-Hill Education. 2014.

[18] Kong D.L and J.G. Sanjayan. Effect of elevated
temperatures on geopolymer paste, mortar

and concrete. Cement and concrete research.
2010; 40(2): 334-339.

[19] Hongjian D, Suhuan D and Liu X. Durability
performances of concrete with nano-silica.

Construction and building materials. 2014;
73:705-712.

[20] Dabbagh H and Akbarpour S. Behavior of

Structural Lightweight Concrete Containing

Nano Silica and Steel Fibers under

Compressive Monotonic Loading. Concrete
Research. 2017; 10(1): 35-46.

[21] Dabbagh H & Akbarpour S. Behavior of
Structural Lightweight Concrete Containing
Nano Silica and Steel Fibers under
Compressive Monotonic Loading. Concrete
Research. 2017; 10(1): 35-46.

[22] Kazemian S, Ghareh S. Effects of Cement,
Different Bentonite, and Aggregates on
Plastic Concrete in BeshGhardash Dam, Iran.
Journal of Testing and Evaluation. 2017,
45(1): 242-248.

[23] Ren W, Xu J and Bai E. Strength and ultrasonic
characteristics of alkali-activated fly ash-slag
geopolymer concrete after exposure to

elevated temperatures. Journal of Materials
in Civil Engineering. 2016; 28(2): 04015124.

}
;

-

L/

&

L

° °
J—-8)

S

|
ay
A
o
o’
3
A
o
s
= )
=
9




