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ABSTRACT ARTICLE INFO
Using the Taguchi method, this study deals with the optimization of the impact Receive Date: 07 March 2023
performance of fiber reinforced geopolymer concretes based on agricultural Revise Date: 07 August 2023

wastes, under repeating impact according to the method proposed by ACI C544. Accept Date: 03 February 2024
In the construction of geopolymer concretes, rice husk ash was used as binder
and corn stalk was used as aggregate. Moreover, mixtures were reinforced by

wheat straw, barley straw, and sugarcane. The factors of curing method, the Keywords:
concentration of sodium hydroxide solution, the mass ratio of sodium silicate to Impact resistance
sodium hydroxide, the mass ratio of the alkaline activator to binder, the mass Geopolymer concrete
ratio of aggregate to binder, the type of fiber, and the fiber volume were Agricultural waste
considered as the inputs of the Taguchi analysis. Given the number and levels of Taguchi method
considered factors, 18 mix designs were used in construction of specimens, on the Weibull distribution
basis of the L;5(63 x 12) orthogonal array proposed by Taguchi. Moreover, the

present study determined the optimal levels of factors using the signal-to-noise

ratio analysis, and determined the percentage of participation of each factor in

the test results by means of the delta method. In addition, by making and testing

the optimal mixtures proposed by the Taguchi method, the present study validated

the method. Based on the experimental results, the fiber volume factor, with an

optimal level of 8%, was recognized as the most influential factor with a

participation of 55.4% in the first crack resistance and 63.9% in the ultimate

resistance. On the other hand, the difference between the predictions of the

Taguchi method and the experimental results was less than 10%, which indicates

the validity of Taguchi method in this field. Finally, statistical analysis on the

results of impact tests showed that two-parameter Weibull distribution is a

suitable statistical distribution for the statistical investigation of the impact

resistance of geopolymer concretes.

All rights reserved to Iranian Society of Structural Engineering.

doi: https://doi.org/10.22065/jsce.2024.386806.3048

*Corresponding author: Alireza Mirza Goltabar Roshan
Email address: ar-goltabar@nit.ac.ir



http://www.jsce.ir/
https://doi.org/10.22065/jsce.2024.386806.3048

VAA GV amio AF+T Jlu ¥ o ko (1) 0590 (ol 90 jlw (witigo (i g 33 — (oke &9 gutd

Journal of Structural and
Construction Engineering

IS W 9 o)'Lw LS"""\*Q"’ t\.’).m.t
g Ja—pale oy

3L’y 0l sigo WWW.jsce.ir

SBdilowwy (S (S (6 ol 655 (S (Sl b o guas (g jlwdiay

=P U gy i eolaiwl b (65,9l

. A%y o wl(& (o . ) . 3
G (Gaol (g 38 T llig y JLdS 1 o LS pude Fpudio (Sl pxo (s pol
ol el gy inics oLl ¢yt omsnkigro oSS s 525 (pmnails —

v

ol 5.741/}:)5 ;‘J'L'Lu‘)jpm/d udiga g (8 02D ) pac wdiga AJJS/JM/.) -r

US>

Hlead gjpslis slodilony o o Spakshi sl e Sliosad gjlodigy 4 2550 LBs, jl eolinl b gdxr o)
T gy S I podysly sloyt cHlo o Sy ACH CO84 solprzy 35, b Golbe odipss S5 L8] dijy 4,5
o5 puiS o5 ol colS SLI £4i duw ] ooliiu] b o bglro o yuizead .y, ooliiw] 4luliw i &) dbl ) g canz lain
b & Ol o (pop> S oSy ket ke Jolmo CBE slofole s six n) o bidd mlao BT 5 5>
ghe T 0 plaSe SU e 5 S| £ i 0 UK o0y S sz 4 (Ll (GodiiS JlaF o0y oo T uke0
slofole ol g Sluni 4 dog5 b i 28,5 L5 0 2550 el (slos0g,5 i Cilisio gl T 0 (yg] foe b9, 5 cilizo
2, UG badigas o o gl Lausi solpiing L1g(63 X 12) woleze wfy] olol 5o LU ol VA wonis 28,5 L7 o
2 Sl doyo e 0 Ll g, jl oolitl b 5 b fole digy gglaw Gl 0 o9 0 Sl S Jolows 00lii] b o peizmod
W Tl g, drwsy ool digy B! lop il LisleiT 5 Clo b oonl o 0sde as aislsy b talei] mlsi o ol
sl Ceaglio o otm, DO/ S ylive b LI do s ole i alSigls;] gulii bl s s 4zl s, ol oppzed ozt bz
O ] o Sl s sl ole IS0 Glaie doyo A digy mhaw b oo ol Coglio o sdo 0 FYTT 4 S
Jlael (sowins Glii 45 dof Cews oy )0l el gl ps Sliogast sl ode] Cavs iy mli g 25U g, slo o i
bl 59 suis stips Seglio Siloil @l 55y w0 syl el plail b ol jo ailce ates pl o o255l s,
SiglaS lodilony o iico (ponckishi (slo s (Slppd Cunglie Jilwi 5 4y 2x j5lito d cnslio 6)lo] s j57 S loin WeTDUI

WJous 239 (o Z S U U89 <8539 Wlowuy (6 pourdy 955 (s <G4 b Cuoglilo D guuls wlels

https://doi.org/10.22065/jsce.2024.386806.3048 ol T Ll SRy &S5k <l
doi:
10.22065/jsce.2024.386806.3048 SR S IR S (ARVAL SN IR S FARVAR Sl BAR 25 FRL VAV RN 8 FRYNAYZ

009y HLS 150 L pude | 2 ghomno iy 95°

ar-goltabar@nit.ac.ir £ 59 5 g

W VAA G 1Yo amio AP+ Jlu ¥ 0yl c11 098 (ol 90w (qwitign (i g 33 — (ol &) pid


http://www.jsce.ir/
https://doi.org/10.22065/jsce.2024.386806.3048
https://doi.org/10.22065/jsce.2024.386806.3048

Of 21 03w (qwiigo (ol Jbeleolo

33 low adgs V] wsl o Gl poli oo 50 03ke o3 33,305 5 (OPCY) Jgoms il loss b oy axslos o5 ol 51 o
25 b e al33l ao s VIO Yl oole cpl adgs o ls Slea slamdl b Sl bls,l g oS oo byl clsl 2 Sl yee slocallad
5w Glosw 0y slaails I aS ol Jls o cnl IY] o) o Jlo 10 o5 gl YV — FIF 4 Yo 00 Jlo o da o i whol
A anl 4 bese ez pelipw 50 555 €Oz 5las,o Vo ogan aiiS o adgi |y S 58 G ity G oy gloelSy
00 plol a2 3Solr Slge gy psiie & (5l Dliis g ool 51 IYT el Sl Alie S5 (T (20l 1 Al g logas
S iy [V-] cl RHA?) iy gy S ol 433,815 g5 890 (ylows (0550l Gloin 45 solge 51 S0 [F-#] ol
O Ogekes VIV 0g0 a¥le ez pulipw ;0 00,5 o adgi oYU oo 0 a5 wll oo iy sloasls Slw! Joe 50 mpe Silows S5
oS el ol 5 Sl ansds slidos [V o] 00,5 o Jolo g dtwg o5 oebeo VFA oo o] o )0 a5 35 oo odos gy
T Lwgy i gaw (e 50 el s o )0 Vo U110 5 S do 0 Ve B YD ol doy0 00 logas (g9l gy cpl OloS 5
@Yk aops RHA & (1 (65905555 0jp> (oo daz g iz ol o IV wilee (B Sl 5 428 o 51 05 5 3loles
[yy] Sy oo RHA S slas o LA o Ol oo g 0uiljgu 0 lailiwl (slao,gS o amiliz a5 sl oole (pl 40 S93g0 Luariws

Ceol s lpailaSin asi gz (b ol (2alS g, @t wzge Hlies oot n po ol eslinal (53l 55, 03,
Slge 2alS 5 ogdle Wl oo oy cilu o Bl laailaSivn olsin 65,5l slasilany j oslitul &5 el Jb> 8 el 1Y 5]
Sl omlin o3l Wlg e a5 wib o (5,0leS sladilons 51 (So @) adle VY] 0 S8 55 b b Lis 4 i
Slows opl &5 Gl ogase (59 ey e @b dBle a5 aas o olis Slidss DA Wil o cosle o anb sbbalaSiw
5 1) bl Gledl S sl 5Ls 9550 Canglie Wlgh oo S oo s Sw slaojles clo (sl canlin llas S a1 (55,5LeS
DAl wles sl

oAl (ol @) sskaie 4 Gliizea w09 el [V -V F] sl s Shae )5 and Jlos Gy 5 (o285 slayl Co i il ogdle
i 0 Shes Sgups Cp 4 ooliiwl 0550 GlBU oy 5 Jglaie 51 ailes gl (g9, calitee sladLIl 5l eolaiwl b ] 043 e 45 (0
e 5l ien a5 008 oo 1,3 ool 0590 Lis pulije 50 60Vsd BUII o5 Jla Yoo 5l iy aiVlo [Y8 5 YOI wil o (soVsd SUJI
S5 crse og aliayn 2 egdle Ol nl fxio g oS Cud Syge 50 ol [TV] 088 e alg mie Do 4y T aeye
o AL gl elie 3%l JLos 4 ansdS Jlo aix )0 ulise s wed 4 [YA] 595 0 55 €O, 293 BB e
GileS slanilons 51 S [VA] caloarn 33l 5 (S5 5p0leS slaailons 5l ol Covsy samebs sl BLIN &5 aril oo oy 5o
L¥eovyl sl 1y o e o AUl 3l lgin solitul ulild LBl 5 5> olS 5 paiS olS wislen

iboe gouste sladkele (58,5 5 )3 wiels (55)0liaS lasileny (e yerh o3y labglie axwgs s )b
5 20b) Sl aie al 5o (2AL] Slighod oS 955 0 wrge s ekss Slabslie Sliogas 5 NS 6 ledsle ol
@ ol 5 S50 o ele o pae (LS| Glag b cpni jshite 4 a5 hg, SO w5k coplplo [YY] sil ane,
Shsy o o6 by, IVF] ogh e Gulest (sreclisy slabslie o o Shes (e Sl sl loyite I gsba o i
3o s0 o Jole zobw (n e CLl 4 il iy (patinl 15U &S placealss pae 352y D90 ;3 (> &S Sl phange
PS5 . i el (F) 5 o () plonl (V) s paalipy (1) 38,8 s a0 F &0 lgiisa |y (3ltinge 50 (2556 2, [V
2 e S it Gy, Jl Gl D 5 disd oo e Silwaae IS wnl 4 Al Ban S 3l L ol
225 L AYEL o)l 55 505 pmiign 5155l Fg0 0 0)l5 o ctlias o (iloding 50 (2B by, ardl oo atb iy ()bl slagh,

! Ordinary Portland cement
2 Rice husk ash

VAA G 1Y amio AP+ Jlo ¥ 0yl c11 0,98 (il 90w (qwitigo (i g 33 — (ol 43 pid \vy



Of 21 03w (qwiigo (ol Jbeleolo

9 YY) 5,5 colatul jieS anie 5 ey e b cowiige Sl (g5lwainge ;0 o1 51 (lg5 oo aindS Slidiss jo by, ool cds ol a4
LA

Loy ] 058,5 owy (65)0laS Wl Jgamo S ol |, RHA 1 s (6 peub 035 o <l oSl [¥4] ]IS 4 Zabihi
Ver g As Ve Fe B e 4 RHA gz ol )5 50,8 osliiul B+ o=V v °C sloo b B 0,65 o 5l RHA wlgi jslaia ay
labglie 225 5 6,028 slocuslio RHA L lass 23Kl ialidl L as ols olis baey ] aios gl b loges o5l 9o
u.!‘ 404‘).: 053'{9 w‘ OMT w.b M).) A su)ivl? M la dbbjlm )0 (5‘“'0? u.njl.fbo U")"'“""" 45 ‘5’)5..0 )é “.\JLGA w—!‘)s‘
5ei5 5 59 RHA L plores (u3Sile 155 o a5 anlp 8 o aee] s il sabisdo B 2als 5 (Sl 3oos
RHA (5o ol 0 38,5 eolatl (28L3L sla i 50 Sleww JoSo sole 5 ylgims RHA 51 [$-] K 4 Rattanachu «.s s
Oire &S ol las gdss ol 0 ples Glusgas ¢ (6,lad Cuglin pwyyp il bolde 0 (Bras Gloww doyo B B Y Sl
o0 00 b 03Kl lade ol Lol L aS Shge 50wl sdwl Cawds RHA L flosw gouo,0 Voo o5l 40 (5 Lid Canglio
Slge plo b olyen RHA 5,15 a5 ols olas 50 [FV] o Kan 5 Ozturk lisiss guls ol a8l 3gups bslee plgs Sliogas
YO oliee a1y oo adgs anlb oo 0 ead piiie (0)S ST (60 csolatl (g 90 0 (530 )0 O Gl ed Wilgi e (Y
A20 alS as

g Slind loss 51 CujenalS Cnl AiBls y wam aLE o jenelS S LB, owyp 4 iwdos o [FY] Bing 4 Ning
Sl Sl o Sl sy 55 Bekod alnil 5 Bam el sl LS5 alS slaailaSin Gle &8 adly 5 ool S
Goyd Yo g YO LY A0 e B e e |, LS sbaliSiy dabglie el o byl og slojle 5 &l 3ylse 4o Cujeals
iy 5 6,Ld Caaglie ¢ LS slaailaSin e [aal3l b aS ol las byl sla bl 05, b loailiw o5l
ol aw o alS wlaSiw loim )8 @Sl (iE w4 [FY] Chenab g Ahmad .wb o (2alS labglse &,l,> bl
Sliwd Glosw (e lagi 9 Jyoro lagi JB8) » (g Sjgar 5 A MM Job b S8 AY MM Jobo L 5)5) il
Sl Sleogas L g9 50 o 50 (Bl salaSn Glga 3,3 dBle 5,5 a5 ol lid bag] Slidss zls ouSls e juie
Sl oSlas iy S5l g S I s 4 25,5 olS sbalifn gsl> byl oS e bl 1) aowlis Lo
3 6lid Cwglan (e SosS plu b (LS sbalaSin gol> sl a5 Jiae ;0 wisls plaisl o 4 1) s 50slas
3 p)5 w3 @l 51 Jols O3 L g, sloaslaSinn ol Sl owyp b IFF] o) San 5 Shao Koo inios [0 .aisls olas 95
38,8 Aol (lojle S slapyn Sl jo 1y (65,8liS ilow oyl

i ok FuSE e sreekst) Sodle )8 p estas 5 (rb ol 36 (0] K 5 Wongsa
laaiges cilo ) by ] o aed LI Jols _cgias GLI s LS5 5 Jlowms sl Lolis soliiul 8,50 sanbs oSl .0is S
il jsS e eios guls inls 18 ooliiul 5 ye 1) 5sS e GGl 5| comx> woys Vg VO ([0 o gl cilizes LIS b ) -
b SO ol slabslie sl ialidl cul 45 b e il GLI gl> slabgline s g o228 Ceoglia 45 0g
Glabglis cusSs Sliogas 1, HUS UL Sis 0oy Vg oIV /0 /Y o 36 [7] L Ken 5 Alomayri .og; sasg5 L6
Sleogas dee wzge OIS Sl aoys +/0 (o938l a5 ol (LaS oy p S 53,5 (owyp 0L JuSE » (e (5 yeehsl)
wlos S 5,15 byl Slogas |, b sl Cote Sl 55 6,500 i 9d o (5 yerkisl slabgline oSl
[fv-xa]

sleo sl o Sleogas i ¢ b ole giludigy LS oz b o a0 (250 39, 3l colaiul b gdow )
Olgin g8 Awgy S B (50850 (il (6 jeudi 85 Sl bgline cole jo il aisloy olS ldilaSin § a6 el oS)
s slgiioy LY bz b eess sl |y Lig(63 X 12) aalee a3l 255 o, o] ol s a5 wingy calises zbaws ¥ o ule &
L Lo fole aige zolaw (guiizs ol ,0 .0 plosl ladiges (63, » ACI C544 lawg solpiins (g, b e L8l 439 a0 ioles]

\vy VAA G 1Yo amio AP+ Jlu ¥ 0yl c11 098 (ol 90w (qwitign (i g 33 — (ol &) pid



Of 21 03w (qwiigo (ol Jbeleolo

D99y 278 e Jlel g W g,y 5l o»)Lé.'Lw‘LgLQuig'Lo)"‘ =l ye e jo o8 jlie doyo (g a4 JLSw Cod Julo 51 oolaul

2 e S rehisis Glann sla s Sleogas s)bl Ll o Weibull gyl )y 90 muie8 00,5 ool ogdle ad lowl 5 (2656
S o) 2 (85,9188 slaailony

P lo3T doliy -Y

oo ) =Y

Slogas ain Olayl5E Glhe 0,5 solitul Vg0 eole < olgin RHA 51 oles oo ASTM C311 [8-] illas
& RHA (5w sles a5 S )go 50 ol sols ojlas olidiss [0V] o)ls Sias o] it 9w e g s & RHA Sl 5 (Sopud
sl F g Ve °C sy 4 pols guiss ,0 RHA (35w loj g Lo ool plu dOY] 098 o sl & )gel audiw cusyy Voo °C
ailo 3| aios ol 50 onl 2 ogdle ewl oad ol lis (V) Jgao ,o RHA (Sojud Sliogas 5 olowds OloS 5 b a3 5 Ly
ol e el 8,55 iSe ol Kol eolitul byt SaS 5 e &p3 slaasle ol solitul alS ala&in g @)
ol Jsleg, 5l SEM paas .wiads solel labgline el jo sslatwl jolate 4y VF ojpes S 5l 2838 L 8l sloaslaSin
oy Yoo e |y balaSew ol aoye Ve Lo ,as a5 ol las Slaslin .cwl ouls ools olis (V) IS5 0 alS sbeailalen,
5 sloyd cnn Jidss el J5dss g5 g0 slls a5 cenl Jidsiie oole G baailaSin opl jio el ools JuSi5 atug 1) oaslaydl
a) wil Sew sbagloll ol lp amlin a5 ailgs oo 395 (5,53a5Y [LSLo b baaslaSis () all oo (slo,d g 0 Jodsw
3 e jhaoe b5l slacsldl (lgin js Bl g 93 oS pasS oS Juls alS LIl £gi a5l LOY] (aas o5 (V) JSis
ad labglses 8 solitul oolel jie tle ¥ Job b aadldl ol s solictul Gudios opl ,o abgliee (sla o coglin (ial3l sl
2ilg o o] (salawly 4 aS aib o LU S mhaw (goaias lis Sloalive .l sas ools oylid (V) JS& 50 ladsll oyl guas
oS g Peke con ol 5l boee 3Ll ol LOF] wos laboglins sl o o, Shoe d9aps g0 e m il b calio (612550 ol L
3o pl jo oldE gousS Jld Jolore el ooly lid (V) Jeuz 0 LS sbldldl liogas los P 00 wileas PR
S 5,048 madws sloS 5l castine Hlade (V) g 2 (2 A g,0ud o Jole (g5lweslel g, .09 (NAOH) 0y 0
Cogby 9 Ve °C sloo) U1 ases Loyl jo el VT Coe 4 (Sdly B,6 (V) ol o (Seedly B, G jo Shate ol o
a4 S5 soslul 4 jlade Ol a5 890 cdale b oSy 0un BRIV E O99] Cavds yehate 4 (Y) g o sols 1,38 (oo £+ (e
0,5 A WY M 59 8 lacale b oS 0un maows Jolowe cons 5 ooy [08] sy aslsl bglses

VAA GAYe axio AP+ Jlu ¥ o loi 1) 6598 codlu 96l (cwiigo (g 39 — (ok8 &) g \Y¥



Ol 2 0 3lw (wiigo o2l Jbeleolo

03liiwl 390 RHA (S 58 Sluoguas 9 (o bond Sl i ) Jgu

RHA | (535 %o,9) oloond Oloogas
2 510,

- /%) Al, 04

<IYY Fe,0;

<IYA CaO

JJEA Mgo

- 108 504

£IYY K,0

Ny Na,0

Qg Bl sl
GGBFS Sy Sleogas

YNY @/cm?) pgars

YAt (8/cm?) _ogass mla

L00-0A] solisw! 5550 ALS LW Sluoguas ¥ Jgus

B 9> olS S ols Slogas
INNAS YV/F £0 (39 22,0) jelskw
\EIA ARTA! Y (S39 %2,0) jlgke o
YOI VOIA Y. (59 S ,0) S
VO - AR AV (kg/m?) J&s

vy VY- f Y. (MPa) &S Ceeglie
VY #10 i (MPa) S5 Jgae

e = . =

SEM HV: 15.0 kV WD: 11.13 mm MIRA3 TESCAN
View fleld: 415 ym Det: SE 100 ym

SEM MAG: 500 x | Date(m/dly): 11/26/22 Performance In nanospace

ooliiwl 590 BLS Grailasuw jLslu g ) S

Vo VAA G 1Yo amio AP+ Jlu ¥ 0yl c11 098 (ol 90w (qwitign (i g 33 — (ol &) pid



Of 21 03lw (qwiigo ool

Jbleolo

L (2) 3 92 o5 (@) poiF ol (L) zoslicial )90 ALS GSLII Y JSs

SZPU gy b bW sz by —Y Y

2 7B Jelos slassgyg plsim Alidee mhaw a0 plaS e Jale 28 g alidee mhaw 5o )0 ele G Gdod (ol o
54 F) wmSg o mates Jolome Cle (e 5y5ldes 5 Sl ssldes) Gosles gy Jols ladsle cnl e 485 L
(10 5 5 e IF) o 4y bl (oaisS b o yz s (T 5 VI 1Y) 0aS'y s i g SlSelis ik oy rad (VY M

2009 (e (Fig 2oy A g F o) BLI Jlade 5 (LBl g 92 ol5 (pasS olS) Gl g5 (Y 5 ¥ &) e ) allaSins 0y S
slcusgazo g [5) g e 5&\] O Oladod 4 ax 95 b b ole zolaw .l ool ools las (V) Jgax o ol zobw 5 o fole
ol il a5 5 S slaias 1) Lig(63 X 12) vslate al,] (> 86 og, o ule zglaw g olows 4y az g5 b aiols Gl colu jo dee
OLis (F) Jgoz 10 (awyp 950 LIS 7, VA ol e 4y Ly (6 X 1%) swslaio ] o 48,5 a5 o g ol ,o bMs| 2, VA

T 4 bt o zobw 5 185 50 Jalge i Jgur

Vb  Yahe o) g

b el

- P s> Sosldes Sbs, A
Y Y | [AgY/Bl vz @ ailsKis o) coeni B
Y q s [NaOH (M)] 5S'g j0um maos Jobone cilile «C
¥ Y/o Y | [SSISHI S g jaum o 45 SISk pdes oy Connd D
- 10 ./f iy [AIB] oz 0 oL GouisS Jlad o> oo :E

Sl ey aaflls

Sl ey F

(Gez (S35 2)9) Ul )‘Jju G

Dbglis g )b (pni jaliie 41 (295U by bwg (3leiuioy L1g(6% X 12) wolwio 4yl :F Jguo

el 00 00ls

L3 glag b 5,056 Llge ok | L3S £ b
Gllas,s  BUlgy  AIB SSISH  NaOH (M) Agg/B  sysldes 35, |G F E D C B A
pas oY \ 2 ) Sh=1 Y v v vy T1
¥ O S 17 q \ Sl | Y Y Y Y oY oy T2
A SBL Y Y ) 37N I S S L S S T3
A = ff Y $ \ Shel Y Y oYy oy v T4
S q \ Sl Y Y Yoy v v o TS5
¥ pus Y Y Y Y Sl Y vy Yoy o T6
¥ SBL ey Y 2 ¥ 3PS I S S T S T7
A s -/f Y0 b Y Sl Y Yy ¥y oy vy vy o\ T8
VAA GYYe axio AP+ ¥ Jlo oY 6 lois 1) 0599 (ol g0 jlu (witigo (i g 3 — (ol 4 pid \vs



Of 21 03w (qwiigo (ol Jbeleolo

PO ¥ VY ¥ Sl Y Y Y o Yoy T9
¥ PO Y 5 \ e | Y Y Yooy T10
A SBL ey Y q \ ESCO I T S T T11

pus eIF ¥ VY \ he [V Y Y Y Y )y T12
A puS 10 5 \ he [ YOV ¥ Y Y Y Y T13

[ S {7 q \ he [V Y V¥ Y Y Y T14

¥ SEL o f ¥ VY \ he | Y Y Y OV Y Y Y T15

SEL o f Y 5 ¥ SCO% R S S R T R T16
¥ puS 10 YIO q ¥ e U ST SN R ¢ T17
A > eIY ¥ VY ¥ he [ Y Y VY Y Y Y T18

FYHVY LS)STJ‘"C geslw-Y -Y

STy plmil kit ay o 03 5T ai30 Y Sue 4 RHA 5 olS oo Sis (oS5 b bbb cols
Wi 8o YUY Soe 4 olge b e oS5 g ol adlal bolse 4y dingn Ojgar g g, 4 ol ouisS Jled Jolowe ¢ygamlys youds
Lol bglis 4y sy g 3T Al o o reb (O rlns glabgline 1o .l adlsl (Fan bslie Sy (s s oanline b
58y el 6,8 el jelate 4y el oald ools lis Adlas YS! g, (F) UKo jo .8l dulol (S0 aado ¥ LMW wldes ¢ wiols
ialosl sl oas axslu sladiges [FV] wos ouilingy Sl slid o b 6, S B 5 s aloldly bodiges dabogline cusb,
YE Goe s Ar 90 clos b (sl S5y Wadigas 51 soms didgy yoo il S £lis,l o V0 b ay Sys clodiged gl Caoglie
Ol 5l e o gl e (GBS Glo g0 5 SVsb S 4wl VY Goe s Lo sled [0 500w g W (55 Jee el
Gl Ll 5o ialesT o b 5 (g)lo B ladigad (e (551 des (sl cels VY 5 > 5p5las sl el YY) o5
Iov] wos ol

] o (2] S 5] B

las LY wg,y ¥ S

Giale3T plol g, -

28,5 aloul [FF] ACH C544 Lawgs soliing Loy, (whol g odigd |15 L8l )59 dopd &y sl o Canglie iules]
sols 8 olftws I3l Siwd ladiges iolesl (pl jo ms co ylis 1) Giales] cpl plol [0 ooliiwl 8,50 olfiws ldy (F) JSi
a5 facshes PYID Jlad 4 (63¥98 (595 SG (59, » S tacshes TOV eli)] 515,50 yobo Sl SFITO 055 4 (255 G g 5 002
obml glpy Slyo olawi «Cag, BB S5 sl sbml sl @lys slaws Jols jioleyl opl @l il b, weuils 13 dged (g9, 5
A dwls (Y-V) daslg, sloslainl b ay o 50 50 00y (65,3 .alily oo diged Jawgi ool i (65,0 5 ol (Koo

_ 8
H = 2 Q)
V =gt D)
Wwv?
U= 28 ")

bt oloj T 5 QAT mm/sec? b s o cpme; il wlid g FOY MM b ol 5 iSa bk glis)) H () ala, 4o
20 Wged podsly (6551 U s (F) alasly )0 .all oo diges b 0ys3 p oy 50 (iSs Cepw V (Y) alaly j0 abl oo 00 j0 j0 iS5

\vy VAA G 1Yo amio AP+ Jlu ¥ 0yl c11 098 (ol 90w (qwitign (i g 33 — (ol &) pid



Ol 2 0 3lw (wiigo o2l Jbeleolo

2 el sy /YO SEC d o 4oy 1S bgiu loj wgmge ledlbl 4 axgi b ol o solitul 0y50 1S 53 W g 4,0 2
bl 5 00l ey Sledlbl 4y a5 b ol oo YAAE/0 ) MMISEC L ol 1y diged 40 3,55 5 ylej 10 i8> ety (V) !y ol
Lugy sl Oz (g5, wae pl 0w s Sleds slaw Cro b aS sl Cawsy YAIVFO 1S ws e 50 00l (65,80 (F) alal,

ol plol (268U g, 5l onel Caway XS 7,k VA Sl oads aisle 0 slacSiuns (59, » Gialejl pl s 5 Jol> diges

Steel cap

Steel cap

\u-dhall‘

.

Concrete specimen with 150
mm diameter and 65 mm height

LSl 59 49 pb i lojT 50 ooliwl 3 yg0 olws by F Sl

S Julx' g 4 i ¥
J).v C}'!JS' Ceoglio -) ¥

(YIYF0 ) ape G sl 0ol (655 jo olasws (ol o b g ol adiged jo Cugy BB S 5 udsl olowl (gl o slass
S o 1 G (] o 48,5 A5 0 bglie VA (sl el ol 4 bgiye gl sl Gy badigal Lags oad ol (555
ools flas (7)) JSi o J s g plxl ";-"-éd ‘M" Ghso b pat a JUSiw s Judow .l oals ools lis (0) IS 0 (kD) Js5
e a5 el ol asls (L5 (8) Jsoz o abgliee 55 (sl Cosglie yial)ly gl 5o Jele 12 o8 Lt doyd (ppizmad ol o0
Jole w055 n salie ults ;5 &5 (5 slailan Sall 5 ool @l 5 0T i b sonias olis e 5 sl Sl ol iy
DOIF 8 JLice by BLII s ale a5 el T 51 Sl gl el ansls labgliee o5 5 oys) Conglivn ;5 |, il i SBLII loie
ol wals oy AL e ESUI ke (B L aS g psk Bl bibslie S5 gl Cuwglie o el (n 5 Sse wsie 0
o oad abml S 5 65, 2 b obul b aam sl a5 ol olis Slaslie g bbglie S5 sl Caglie a3 LG
Sldllas 3 oS o 6 S sl ol gl s é slabgline b oud ai5le sladiges ;o a5 byl 05 CenSd 5l (Ses sladiges
256 ol Sad 8,56 else alex 5l aS el oad 5158 i 0 Sles dgun 5o LS sladll 36 5o [FO-pV] anzis
Jole 5o 05 0,8l G Sle b it (62550 sl Sl zokaw 25 9 e pile )3 SUl aews Jsbo (SUT (o2t Cuaglite 4 (g5 o0
031 bbglie 53 sl Cosslie 135,56 sl Lole oy yiaee (oo, WWIY &S Lie L NAOH e cilale ol (BLJI lade
5 el 00 babglie S5 gl Canglie (2aliEl wge VY M 4y # M I NAOH Jglows aiy Vge (ialsil a8 ols olis gl ol
S slorome Lialidl [89 g PAL conl sai 3155 0 Canglie dguge 0 NAOH  Jolono ais Voo ialidl 15 55 opion Oliios
Coglie Gl crge S oo a5 (Syeek S5 5 e oe (BSTy S 4 a5 OHT (5 it g3Leslil Jds 4 NaOH Jslrs
Fally 59 3836 el crmages Slsin @l 50 gaeys AUY IS lie b sygles o9, Jale b 5l Ve ] el outs byl

VAA GV amio  Fo ¥ Sl ¥ o lods 1) 0559 (Cl g 0 3w (owikigo (ind g 33 — ol 4 gt YA



Of 21 03w (qwiigo (ol Jbeleolo

3T oS5 55 W (slas 5 & gt b ogr il (6ol et sbole al (sl At g sl o 3L 55 ) Canglie
4 (C-S-H) oS 0l ljain J5 oSt @y jonto il cod a5 laoma (555l Jos b dslin ;0 ()l (5 )5l es cgmmli yondy
s AlIB AgGY/B SSISH e Lz «,55s Lelse 35 1 [V1] sl 00,5 sl labogline 13 1, s iesllas o,Slae w5 85 o)l
e ey & S5 odsl Caglie mls )8 550 Jalge 8 lie wilandlas S5 gl Cueglite Sl mlS p (pogaty U S gy
i Ly Sloogas 5 alS Coale 4 azg b ool Jalse ol o5 5056 onins ol a5 sl 0393 doyo BT 5 ¥/F SIY VIY
alS Il ol 51 eslital 5 ol 4zl b bglis oS 5 oulsl Canglie 5 cogasy il LI g5 ale ool 350 Lol
o ole alos aigs b () Jsaz oo Liglidl 1, abslis oS 5 ooulsl Conglio SlaSy Loyl o)l d ol ooliiasl 5,00
sy 10 5 YIO Y Y b iy iy a3 AUB 5 SS/SH NaOH (M) AG/B (sl sle (sl dinge ol a0 oo L |y 1S 156
et At sl ) Ol e (Sl Ssldes 5 aie eled Ll Gl Gl SLl s po Al eslil (rizran o]
197 YA 5 a5 4L Lo bole (sazege ol (55 Lsksia L Sy €igad s o255 g, sblKalog] i liiel polite o, a2
15 ol ey AV KI L il Wadisns ol sl gy B oS 5 ooyl ooyl alid b i eSiloo winds ialojl 5> 69l Los
D)8 WS o ye AN sawl ey @S laae b aS canl oo S ot el cpl sl 1y cTA K Jlaae 268U g, a5 JI>
ooy stian sy lnlosbie 55 ) Canlin i 5 (755U sy osllan bl (goins Gl s o

oo (5,9l

e bes Cuoglio -V ¥

03,15 (55,51 10 00l o Blypd dlaad o b eizad 05 o aslsl byl jo  Kisein olonl b ladiged 45 (40 d1p0 Jos

S 1 ]y by ye gl 5 el sy (Kt sbmyl galind b ladigas Lawsgs oo i (65,31 (¥ IFF0 J) a4y, s oyl
SloJole plas sl 5 cbe " i Jone 55,5 15 0 L o e Ui Capm el e ool s (V) US43 (D) Js;
Ol () Jooz 5o 3 labglxe olod Cwglie il auls o Jole o o8 jlie doyo wcenl ouls ools las (A) UKo j0 38,56
0358 ol 19350 Sl g5 Jole o5 5 dl Conglive ol aslice 5 el ol 45 a5 355 so blanul mls ol 5l el ond ool
b e ole oypl sl g gelas ol 42ls Ladigas oles Caogliio yiall 1 1y 53l (s yitiny (oo SR 8, Lie by ol ) .
Ol a5 oled Ceeglie il iol38l bglore jo (Bras BLII jadz e a5 ol ] goains lis oS ol sl censy oy A
Gl 39 eo)S Sl bagl iy (B Sl 5 byl )0 (SS90 sl b sl oalS oLl b oo (P31 (295 S
L ssldas by Jole S oo Jule 51 amy LY+ 5 ¥] aims sl g5 b6 olseo 4 | Wotigas (slag i Cuoslie 5 plonal (3,
adlys e 655l dee b anlio jo )l (pldes Cul 00g labglie ol Cueglie S 536 Jalse 5l gao)e S i
oo b s STy et b > 6yslbos a5 5,5 0,Lal g5 e S slonl abglie 1o 1) s sl ol Caglie ol
VY 5 VYT 0,18 o e 136 labogline oles Cangliie camati 58 5 (ogmmlio yocy AT el &> siejls a5 RHA 5 LIS
el Conglin s |y oS L 36 gaoys FIY 5 /¥ oS Lis b s 5 4 AI/B 5 SSISH Lele g9 45 ans e oylis mls b,k
Ol e ool Cansy s olool 1 sl 00 yaens <10 b iy AUB (gl o VIO U sl SSISH (gl atage pelans oilazls laboglie
Sdgn Wlg g0 SIAL coed iol33l Bk 51 aub so ol oz g5 B jekay SI/AL coes SSISH s ]38 b aS™ 5,5 oL
Uil 8l catte 136 W5 5 598 Al—O—AIl § Si—O0—Al slasign 5l lasign cplaS ol 5l g ams Ll e jle o |, Si—O—Si
15 3750 pesbens oy Pl 4y yzmie oLl oo Jleb e il pmizmen ol ilate ioles] ol by SSISH s
85 3yt (CSH) eSSl Slyaed J5 ST i 5 5 aeS 0 o Jsbone i 41525 (orizpat 5 RHA
ol angy zsbin gl onal Condy gl el 5l 3l (g arliss clabslie Caglio il L5 (o ige b Wi e
Conglive 13 ole il o8 lsin duoys VIF L s o8 Live b laboglies el o 4, ISy LI g5 .l ilaie AI/B 5 SS/SH
@y SUl egi ole o5 536 (Guiiod o i) IS Gladdll alie Slosas 5 g5 4 axgi b sl sad aizlil abgle ol

V] VAA G 1Yo amio AP+ Jlu ¥ 0yl c11 098 (ol 90w (qwitign (i g 33 — (ol &) pid



Of 21 03w (qwiigo (ol Jbeleolo

Ol a5 Cel el sy VY ML il NaOH  Jslono a2y Vo Jole (sl ot e (21 51 il oo sihate aled Canslin sl )y
o a5 Sl S50 55 ol il anils cute b bslie ol Cosslie Sgega ;o wlsi o NAOH Jsloa 4ty Vo (2uli3l 0os oo
5o NAOH Jslowe 4t Voo [2ul58l 45 3,5 o Lal ols3 o codal Comay gl dzgi 5 ol okl Cewty Y U il AGY/B ole arg
agn S5 il e o oblS Sloalifin (69 Y Lo 4 4x 57 b AGYB cannss 3l 5 loord o STy il
ol 45 el ooel sy ¥ Ul AGO/B Cas 9 VY MLl cdale L NaOH Jolows s5l> slabosline 1o los nglive o i
5 NaOH Joloeo aiy Voo (2l (oo Jol ;o el i ple 3lie (33,5 1 9 (leerd logtsSly G (ol (lgioe 1) Az
1Bl el latiSly (ll g wal axsls ss2g bl ;o (I Slya> (V) b jpate |) 40558 50 (g5 o0 AGY/B oo
S lam a8 il 15T e lojll 4y e yile (V) 058 Lslie 8 ,Shos Sgut cuzge sl 53,8 51 L NAOH s azy Yoo il
S sbnl carge pleerd oSy Gl (Al iz jo Bl ALl 392 i olierd oSy bawgs (0B p sl
4255 b NaOH Jglono 4y Vs talidl (3adiows ol 50 V)] 090 oo bglte cungliie (2alS cami )0 5 G sle 2 S 53, 5 (2,15
Sy g WS (oo ol S 1) i plierd o]y bawgs (ol sl SISl o (alS slaalaSens (VL SRS o
NaOH AGY/B (slo fule (sl g zobaw il so b fols aigy ol (onmms L (B) Jsaz ol 00l badiges oles Caoslie
5 L BN oo s A 5l esliiul gy peekes Lyl s conl s ogdle Cewl ool Cewsay +10 5 Y/O Y WY a5 5 4y AlIB 4 SS/SH (M)
(Sl Sosldes 55y YA jlam s aslo gy bl I (Sed digad aus ol 0uds (e ()2 691 os it 5l dos Ll
sy 45 Cewl b o il g age bsle sl YFAUKI Ll oles Cnglie sonims ol b i byl o] sl Coslie
el by 18 G T 2 i b auo s /5 a5 el 03,8 s i i bsle sl 1, YVE KI L il sles Conglie o255
il 2515 (535S Slaslany (st 5 yanl 535 (sl bosbie ol Suaslie S| SlaNine st Wi 2556 i)

0.9

0.8 oo

o7 f——- -

06 - W

05 - -

04 |---- R e e T B R -

03 f---- - I o e -- -

Energy absorption (kJ)

02 [ - B -8B BRE R R -~ B

R B e o O T B B e o S B S -l

TI T2 T3 T4 T5 T6 T7 T8 T9 T10 Til T12 T13 T14 T15 T16 T17 Ti8
S 55 oyl Sl alizd G bbglse 5551 i b JSb

VAA G 1Y amio AP+ Jlo ¥ 0yl c11 0,98 (il 90w (qwitigo (i g 33 — (ol 43 pid 1A+



Of 21 03w (qwiigo (ol Jbeleolo

Si9ldes s,
32 1
27 A
22 A
17 A
12 T
Heat Ambient
Agg/B NaOH (M) SS/SH
32~ 32 4 32 4
27 A 27 A1 27 A1
22 A 22 4 22 A
17 A 17 A 17 A
12 T T 12 T T 12 T T
1 2 3 6 9 12 2 25 3
Al/B Sl g LI e
32 ~ 32 ~ 32 4
27 A 27 A1 27 A1
2 22 4 .——./. 22 4
17 A 17 A 17 A
12 T T 12 T T 12 T T
0.3 0.4 0.5 Wheat Barley Sugarcane 0 4 8
S5 gl Cenglio 5l g8 4 JUSamw logei F S
2.2
2 b
R T T T e
S16 b R B W
5 14 |- e B .S hh--r iddiesrrr e i
15
5 1.2 p-—e B I e e [ -
a
© 1 b B B e e Ry [ -
>
08 |---- - - -
e
w 06 - B i R Bt D i ik R I e
04 [---- - R B B T e e -
02 b B e R Bt il G B D Ml i R -
0

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18

5 (S 4l 6 abgliko 5551 i ¥ S

M VAA G 1Yo amio AP+ Jlu ¥ 0yl c11 098 (ol 90w (qwitign (i g 33 — (ol &) pid



21 03k (wikige (sosuif binteolo
Si9ldes s,
40 1
35 1
30 1
25 1
20 -1
15 T
Heat Ambient
Agg/B NaOH (M) SS/SH
40 1~ 40 1~ 40 1~
35 4 35 4 35 4
30 A 30 1 30 1
25 4 25 A 25 A
20 A1 20 A 20 A1
15 T T 15 T T 15 T T
1 2 3 6 9 12 2 25 3
Al/B Sl gg Sl
40 - 40 - 40 1
35 A1 35 A 35 A
30 A P PN " 30 A [ ——0 30 1
25 4 25 4 25 1
20 ~1 20 ~+ 20 A1
15 T T 15 T T 15 T T
0.3 0.4 0.5 Wheat Barley Sugarcane 0 4 8
2l Coglio (gl g8 A JUSw jloged :A S
S5 gl Coglite yol)ly (5l 2 L Jole dingy gobaw g < jLio w0y :0 Jgux
(1) SUI i I PN Al/B SS/SH NaOH (M) Agg/B 6)9]&0& o9y Jole
INNAS \7AS It YIY \YIY #IY /Y oS Hlis do o
A oL <1 Yo \'Y Y @)‘)’ A C‘I“*“
(2ld Cwoglio yolyly gl b Jole dke zolaw g <)Ll o0 7 Jour
(1) S Jlade Sl ey Al/B SS/SH NaOH (M) Agg/B 6)9]&0& o9y Jole
7Y \lid fIY ¥/0 VYN YIA q &Sl duo o
A oL <10 Y/ 'Y Y &‘)‘J"’ e CJa..J

Lo ,__g)l.oT Juls -Y ¥

9o e)y U’"’ﬁ) @l)lf Sl 00 43‘)‘ u,u 6‘44)0 wal&a ‘_;‘)L‘o] ).JL:] 6‘).‘ kscw u.;}/l.o.ol ‘SLQJJA FUWALY RN ..\.._‘> o

2 kel LT alwl jelaie b gadios opl 5o (ol plo [VO o VEI csl ons ol i S dawgs aie ol ,o Weibull (s el b

VAA GAYe axio AP+ Jlu ¥ o loi 1) 6598 codlu 96l (cwiigo (g 39 — (ok8 &) g

\AY



Of 21 03w (qwiigo (ol Jbeleolo

595 @b IVP] sl ass S 18 olanal )00 (SIS g,y oy 5| WeIbUIL (652l 50 @95 (o8l 4y 4, Sialej] gl s,
IVV] 55 0 s (F) alas], ollas Jlais] Kz s g0 4 Wbl (s el 50 Jlats] g5 & bogs o F() xazs

o
F(n) =1—exp [— (E) ] ")
Sg_a 251 () alarl, gy Uiy Jlaisl g« s

o

L(n) =1 —F(n) =exp [— (E) ] )

b Jolo () abaly 5l 5l (a0 8L 90 (285 L (7) 4l

1 = —_

Inln (m) = aln(n) — aln(u) ®)

In(n) 5 Inln (=) ole b alal, o goutsS ol () alal, ool o asls olsi (A 5 V) Laly, o a5 jglailes
RUIAp

1

Y =Inln (m), X =In(n), B = aln(u) )
Y=aX—- )

IVA-A ] sl sy (1) alagly b illas 4, Giglogl sboools el L(N) (oy26 (sl s
L) =1- — @

Ll ol 09,5 SO 6lp Gl sladiged JS olaas K g (1= (Y ¥ F) ous u**’L")" Gladigas o los cod )i sO] o4

B9y S Ol Ghg)y (ol w09t Jel> (b glalal) Y g X azliz ol mes 3 (A) abaly elal 2 Y9 X G Jlaged g, crl 5o

09"'“")5) Lg)).'a )‘ o.\.o] oo Yol aQ 4}5) l.t ’39*”&54 GDJJ (NZ) L:LQ.) h.A.ASL‘LO 9 (Nl) LS)J u,Js‘ wsLﬁA UL"’ (5‘)" WLMO L;)Lo]

9 (Nl) sS).: LJ""JS‘ wgl.ﬂ.c 6‘).: ‘5:)2.: 6[.%0;)‘0 J..JL:—l J.AT Cawdy (RZ) u.u..u u.:).a 9 (V) d..‘a.:b L B 9 w‘)@ Y 5X O ‘éJa>

R2 5Bt ealy el 2 odle sl ot ool Lt (Ve 5 ) JIS3] (sl logas 5 bigline slam,b oles sl (Np) oles Canglie

</ )I )...w..) (Rz) uu..x.» w).a 6‘).: od.,oT Coewdo C)LAJ 64[.4.) I PRI K QLAMJ (V) Jsb L N2 9 Nl Lgl.m).\.a‘)l.: 6‘)" OMT Cowdo
2l oo (65,088 lasilony » (e 6 reeki g Slaci Gl ye

Weibull 5 kol 22395 30 (5l 6 cungliio (hslojT gl (s (ygmms 55 1Y Jgor

R? B o lsle b | o5l R? B a Llsle b | a3l
</AYY -YIY'Y A7AR T1 DARRY AN YIAA Tl

<Ay -YANY YINY T2 </AY0 -FOIfF Y¥A T2

AV N AUARS V¥/a4 T3 DAYS N adial YAINE T3

AYNY -f¥f/ra ARIIAYA T4 /AN -YAIDD a/-f T4

<[AYA -#I7Y Y/ T5 <AV -f/-A Y/f-. T5

</AY¥ -YAIYY AZARA T6 N, <[AAN -OF/AQ \OIFA T6 Ny
< /20Y BAG IV O T7 AR TAREEAR VYA A T7

</3%0 R4 7169 T8 </AYY S RAR VY0¥ T8

AR VWY fIve T9 </AYY -4/#4 [NEN% T9

LAYAN AN 1A T10 <AV0 -FFIvY YO/ T10

<JAYY AAE ARTAAN T11 ARV SVANY VYIYO T11

\AY VAA G 1Yo amio AP+ Jlu ¥ 0yl c11 098 (ol 90w (qwitign (i g 33 — (ol &) pid



Of 21 03w (qwiigo (ol Jbeleolo

<[AUVA -0/0Y Y/a0 T12 DAAE -AIYO TIAA T12

<1470 -OY/YA VVVY T13 AT -Y#/¥\ Yiba T13

</aY - -0/f0 Y/AY T14 ARG -y YNY T14

-/A0¥ -YY\# a/9A T15 AN BARYAYS vy T15

AN -AIYO TIAA T16 AYNY -Y/fA \/OY T16

- 147V -Y¥f/f4 A7/ T17 AT =VY/0N Yy T17

DARR! -Ya/70 1/f4 T18 <AYF =YY VAR T18
1 5 oT1 1 A eT10
0.5 - o0 o2 o111
. T3 o112

0 :
o4 o113
> |
0.5 eTs eT14
14 S ®T6 ®T15
15 _. P 17 ®Ti6
T8 o117
2 - X eTo 2 - X eT18
Weibull 23355 30 (N1) & 5 cydgl Canglio das ygum 554 JSCo
1 5 Tl 1 A ®T10
o2 05 A o0e oT11
eT3 P eT12
0
oT4 ®T13
> |

eTs 0.5 H eTl4
oT6 -1 4 ®TI5
oT17 15 4 ‘5 o716
T8 o117
"2 - X o1 -2 - X oTis8

Weibull &3 5¢5 30 (N3) o2led coglio tas O 35y e Sl

S Az -0

ZSL hyy jlesliul b (65,088 slasilonsy » (e 5yl lag lyd Dluogas iludi 4 G
o7 Soed L0 M5 4 F) Sy 000 s Jolome Clle ((ame 5 ()12) psldes (g, ol 535)9 sladele wloy
FER COMRPICSRCUNC I OY [ WY PV WOWESVR I D INIVEL gl P DSCSCIOREIT A P 7300 § VUK SRUP SPURWPURCHL o1 NPURWE
099y o] bl a5 Wog (e Si9 aoyd A g F o) GLII Jlaie 5 (Sl g 92 ol5 (pauS olS) BLI £45 oY 5 ¥ ) oz &
3y 2 oigd 1S5 L A5s a0 Gialejl oS slerty BYST oyl eens jshite 4 ) Lig(6% X 12) aslee a)ly] (265U
WS Jols aods Ojgar )l g pll bdiges
L plp S5 el Caglin jo Jole (pl &8 liw oyl 0y labgle slas o Sluogas o Jole o 5,138,506 GL Jlade Jule ()
5 S5 gl Cawglie yial)ly g0 o gl Jule cpl aigs el Cawy doye FYIA L Bl ol Cuglie [0 5 de,s 0O/
A el Mo 0 ALl ol Ceeglie

VAA G 1Y amio AP+ Jlo ¥ 0yl c11 0,98 (il 90w (qwitigo (i g 33 — (ol 43 pid \AY



Of 21 03w (qwiigo (ol Jbeleolo

oy Sl VY M 4 Ml i)l el ol58l ol diges (slay o o Slas 9504y g0 NaOH  Jolo aiy Veo iolidl (Y
Ceoglin 9 S5 gl Cngline slo el jo cide U o ls (s ey S5 adei 4zl 0 s OHT Qﬁ);;;;..,.,éjuol)"l g0 A s

S5 56 sladole 32 (oo Canglie 10 (500,04 5 S 5 gl Cuaglie ;5 (oo )3 AN &S JLie rlans b 5 (659l e by Jole (F

ok g5) slabgline (sl po Sliogas culy oz 555l Jos b amlia 10 )L (55l Jes 0 ladiges sl po o Shas 5

Ju G STy g sl 5l 050 Ol el yo Glgise 1) el (nl o ot e 1) (65,5liS lasileny » e
2,5 g RHA 5 LIS (gouss

Gl Aty ol il s Cosslie alesl @S s B 56 (B! g5 5 AIB SSISH Agg/B) b Jele il (¥
ol ey 10 5 VIO Y Ll oo 5 4y A/B 5 SSISH AQQ/B sl Lol

2 e Gk s slagin sl Sleogas i ;0 by, (ol Jed B cds geaims (lis (oS by, (i jlel (O
cod A ol Cwglie 5 S5 gl Cuglie (gl (02 polie 4 Cad (ST N9, (st sl 0g (55,9laS slaaileny
el Sty 22,3 A8 gAY L pl

Sl g ag 30 jolaie 4 canlin G)LJ &9 S Weibull (s el )by g0 2395 a5 olo ylis gl (g5, 48,5 alodl G)LQ—l R
2bise (6559l Sladilony » (e ek B lacis Sl o Cungli

&l
[1] Z%ivica, V. Palou, M.T. Kriz'ma, M. (2015). Geopolymer cements and their properties: a review. Build. Res. J, 61, 85—
100.
[2] Mohammed, N. Bashdar Omer, S. Salah Jamal, A. Hunar Dheyaaldin, M. (2023). Performance of cement mortar
modified with GGBFS at elevated temperatures with various w/b ratios and superplasticizer dosages. Construction and
Building Materials, 368, 130493.
[3] Sahraei Moghadam, A. Omidinasab, F. Moazami Goodarzi, S. (2021). Characterization of concrete containing RCA
and GGBFS: Mechanical, microstructural and environmental properties. Construction and Building Materials, 289, 123134,
[4] Samad, S. Shah, A. (2017). Role of binary cement including Supplementary Cementitious Material (SCM), in
production of environmentally sustainable concrete: A critical review. Int. J. Sust. Built. Env, 6, 663-674.
[5] Gursel, A.P. Maryman, H. Ostertag, C. (2016). A life-cycle approach to environmental, mechanical, and durability
properties of ‘‘green” concrete mixes with rice husk ash. J. Clean Prod, 112, 823-836.
[6] Chang, Zh. Long, G. Xie, Y. Zhou, J.L. (2022). Chemical effect of sewage sludge ash on early-age hydration of cement
used as supplementary cementitious material. Construction and Building Materials, 322, 126116.
[7] Chindaprasirt, P. Jaturapitakkul, C. Rattanasak, U. (2009). Influence of fineness of rice husk ash and additives on the
properties of lightweight aggregate. Fuel, 88 (1), 158-162.
[8] Kumar Dasad, Sh. Adediran, A. Rodrigue Kaze, C. Mustakim, S.M. Lekloue, N. (2022). Production, characteristics, and
utilization of rice husk ash in alkali activated materials: An overview of fresh and hardened state properties. Construction
and Building Materials, 345, 128341.
[9] Rukzon, S. Chindaprasirt, P. Mahachai, R. (2009). Effect of grinding on chemical 424 and physical properties of rice
husk ash, International Journal of Minerals. Metallurgy and Materials, 16 (2), 242-247.
[10] Sampaio, D. Tashima, M. Costa, D. Quinteiro, P. Dias, A.C. Akasaki, J. (2022). Evaluation of the environmental
performance of rice husk ash and tire rubber residues incorporated in concrete slabs. Construction and Building Materials,
357, 129332.
[11] Uysal, M. Aygtérmez, Y. Canpolat, O. Cosgun, T. Kuranl, F. (2022). Investigation of using waste marble powder,
brick powder, ceramic powder, glass powder, and rice husk ash as eco-friendly aggregate in sustainable red mud-metakaolin
based geopolymer composites. Construction and Building Materials, 361, 129718.
[12] Bie, R.S. Song, X.F. Liu, Q.Q. Ji, X.Y. Chen, P. (2015). Studies on effects of burning conditions and rice husk ash
(RHA) blending amount on the mechanical behavior of cement. Cement and Concrete Composites, 55, 162-168.

1A VAA G 1Yo amio AP+ Jlu ¥ 0yl c11 098 (ol 90w (qwitign (i g 33 — (ol &) pid



Of 21 03w (qwiigo (ol Jbeleolo

[13] Bayraktar, O.Y. Eshtewi, S.S.T. Benli, A. Kaplan, G. Toklu, K. Gunek, F. (2021). The impact of RCA and fly ash on
the mechanical and durability properties of polypropylene fibre-reinforced concrete exposed to freeze-thaw cycles and
MgSO04 with ANN modelling. Construction and Building Materials, 313, 125508.

[14] Xiao, J. Xie, H. Zhang, C. (2012). Investigation on building waste and reclaim in Wenchuan earthquake disaster area.
Resour Conserv Recycl, 61, 109-17.

[15] Poon, C.S. Chan, D. (2007). The use of recycled aggregate in concrete in Hong Kong. Resour Conserv Recycl, 50 (3),
293-305.

[16] Vazgnez, E. Bara, M. (1996). the influence of retained moisture in aggregates from recycling on the properties of hew
hardened concrete. Waste management, 16 (3), 113- 117.

[17] Lagouin, M. Magniont, C. Sénéchal, P. Moonen, P. Aubert J.E. Laborel-préneron, A. (2019). Influence of types of
binder and plant aggregates on hygrothermal and mechanical properties of vegetal concretes. Construction and Building
Materials, 222, 852-871.

[18] Laborel-Préneron, A. Aubert, J.E. Magniont, C. Tribout, C. Bertron, A. (2016). Plant aggregates and fibers in earth
construction materials: A review. Construction and Building Materials, 111, 719-734.

[19] Memona, S.A. Javed, U. Arsalan Khushnood, R. (2019). Eco-friendly utilization of corncob ash as partial replacement
of sand in concrete. Construction and Building Materials, 195, 165-177.

[20] Sahraei Moghadam, A. Omidinasab, F. Dalvand, A. (2020). Experimental investigation of (FRSC) cementitious
composite functionally graded slabs under projectile and drop weight impacts. Construction and Building Materials, 237,
117522.

[21] Sahraei Moghadam, A. Omidinasab, F. (2020). Assessment of hybrid FRSC cementitious composite with emphasis on
flexural performance of functionally graded slabs. Construction and Building Materials, 250, 118904.

[22] Sahraei Moghadam, A. Omidinasab, F. Abdalikia, M. (2021). The effect of initial strength of concrete wastes on the
fresh and hardened properties of recycled concrete reinforced with recycled steel fibers. Construction and Building
Materials, 300, 124284.

[23] Sahraei Moghadam, A. Omidinasab, F. (2021). Flexural and impact performance of functionally graded reinforced
cementitious composite (FGRCC) panels. Structures, 29, 1723-1733.

[24] Omidinasab, F. Sahraei Moghadam, A. (2021). Effect of Purposive Distribution of Fibers to Prevent the Penetration of
Bullet in Concrete Walls. KSCE J Civ Eng, 25, 843-853.

[25] Mastali, M. Dalvand, A. Sattarifard, A.R. Abdollahnejad, Z. lllikainen, M. (2018). Characterization and optimization of
hardened properties of selfconsolidating concrete incorporating recycled steel, industrial steel, polypropylene and hybrid
fibers. Composites Part B, 151, 186-200.

[26] Omidinasab, F. Moazami Goodarzi, S. Sahraei Moghadam, A. (2022). Characterization and Optimization of
Mechanical and Impact Properties of Steel Fiber Reinforced Recycled Concrete. International Journal of Civil Engineering,
20, 41-55.

[27] Spinella, N. (2013). Shear strength of full-scale steel fibre-reinforced concrete beams without stirrups. Comput. Concr,
11, 365-382.

[28] Lourenco, L. Zamanzadeh, Z. Barros, J.A.O. Rezazadeh, M. (2018). Shear strengthening of RC beams with thin panels
of mortar reinforced with recycled steel fibres. J. Clean.Prod, 194, 112-126.

[29] Laborel-Préneron, A. Aubert, J.E. Magniont, C. Tribout, C. Bertron, A. (2016). Plant aggregates and fibers in earth
construction materials: a review. Constr. Build. Mater, 111, 719-734.

[30] Giroudon, M. Laborel-Préneron, A. Aubert, J.E. Magniont, C. (2019). Comparison of barley and lavender straws as
bioaggregates in earth bricks. Construction and Building Materials, 202, 254-265.

[31] Hernandez-Olivares, F. Medina-Alvarado, R.E. Burneo-Valdivieso X.E. Z0fiiga-Suérez, A.R. (2020). Short sugarcane
bagasse fibers cementitious composites for building construction. Construction and Building Materials, 247, 118451.

[32] Giroudon, M. Laborel-Préneron, A. Aubert, J.E. Magniont, C. (2019). Comparison of barley and lavender straws as
bioaggregates in earth bricks. Construction and Building Materials, 202, 254-265.

[33] Rahman, M.A. Muniyandi, R. Albashish, D. Rahman, M.M. Usman, O.L. (2021). Artificial neural network with
taguchi method for robust classification model to improve classification accuracy of breast cancer. Peer. J. Comput. Sci, 7,
317-344.

[34] Kelestemur, O. Arici, E. Yildiz, S. Gokger, B. (2014). Performance evaluation of cement mortars containing marble
dust and glass fiber exposed to high temperature by using Taguchi method. Constr. Build. Mater, 60, 17-24.

[35] Ying-Yi, H. Manh-Tuan, N. (2020). Optimal allocation of STATCOM for enhancing LVRT capability of wind farms
using taguchi method, IET Gen. Transmission Distrib, 14 (25), 6371-6381.

VAA G 1Y amio AP+ Jlo ¥ 0yl c11 0,98 (il 90w (qwitigo (i g 33 — (ol 43 pid \I.Y4



Of 21 03w (qwiigo (ol Jbeleolo

[36] Teimortashlu, E. Dehestani, M. Jalal, M. (2018). Application of Taguchi method for compressive strength optimization
of tertiary blended self-compacting mortar. Construction and Building Materials, 190, 1182-1191.

[37] Jelili, B.H. Moruf, O.0. Oluseye, O.A. Quadri, A. (2021). Optimization of processing parameters for drying of
tomatoes (Solanum lycopersicum L.var) slices using taguchi technique. J. Food Process. Preserv, 45 (2), 15149.

[38] Shemal, V.D. Ankur, B. (2020). The strength oriented mix design for geopolymer concrete using taguchi method and
indian concrete mix design code. Constr. Build. Mater, 62, 120853.

[39] Zabihi, L.M. Tavakoli, H.R. Mohseni, E. (2018). Engineering and Microstructural Properties of Fiber-Reinforced Rice
Husk—Ash Based Geopolymer Concrete. Journal of Materials in Civil Engineering, 04018183.

[40] Rattanachu, P. Toolkasikorn, P. Tangchirapat, W. Chindaprasirtc, P. Jaturapitakkul, Ch. (2018). Performance of
recycled aggregate concrete with rice husk ash as cement binder. Cement and Concrete Composites, 108, 103533.

[41] Ozturk, E. Ince, C. Derogar, Sh. Ball, R. (2022). Factors affecting the CO2 emissions, cost efficiency and eco-strength
efficiency of concrete containing rice husk ash: A database study. Construction and Building Materials, 326, 126905.

[42] Ning, L. Bing, C. (2016). Experimental Investigation Concrete Using Magnesium Phosphate Cement, Fly Ash, and
Rape Stalk. Journal of Materials in Civil Engineering, 28 (4), 04015163.

[43] Ahmad. M.R. Chenab, B. (2015). Influence of type of binder and size of plant aggregate on the hygrothermal properties
of bio-concrete. Construction and Building Materials, 251, 118981.

[44] Shao, K. Du, Y. Zhou, F. (2021). Feasibility of using treated corn cob aggregates in cement mortars. Construction and
Building Materials, 271, 121575.

[45] Wongsa, A. Kunthawatwong, R. Naenudon, S. Sata, V. Chindaprasirt, P. (2020). Natural fiber reinforced high calcium
fly ash geopolymer mortar. Construction and Building Materials, 241, 118143.

[46] Alomayri, T. Shaikh, F.U.A. Low, .M. (2013). Characterisation of cotton fibre-reinforced geopolymer composites.
Compos. B Eng, 50, 1-6.

[47] Ye, H. Zhang, Y. Yu, Z. Mu, J. (2018). Effects of cellulose, hemicellulose, and lignin on the morphology and
mechanical properties of metakaolin-based geopolymer. Constr. Build. Mater, 173, 10-16.

[48] Yan, L. Chouw, N. Huang, L. Kasal, B. (2016). Effect of alkali treatment on microstructure and mechanical properties
of coir fibres, coir fibre reinforced-polymer composites and reinforced-cementitious composites. Constr. Build. Mater, 112,
168-182.

[49] Korniejenko, K. Fra czek, E. Pytlak, E. Adamski, M. (2016). Mechanical Properties of Geopolymer Composites
Reinforced with Natural Fibers. Procedia Eng, 151, 388-393.

[50] ASTM. 2011. Standard test methods for sampling and testing fly ash or natural pozzolans for use in portland-cement
concrete. ASTM C311. Philadelphia, PA: ASTM.

[51] Zabihi, S.M. Tavakoli, H.R. (2019). Evaluation of monomer ratio on performance of GGBFS-RHA alkali-activated
concretes. Construction and Building Materials, 208, 326-333.

[52] Tang, Z. Li, G. Lu, S. Wang, J. Chi, L. (2022). Enhance mechanical damping behavior of RHA-cement mortar with
bionic inorganic-organic laminated structures. Construction and Building Materials, 323, 126521.

[53] Ning, S. Bing, C. (2015). Ning, L. Bing, C. (2016). Experimental Investigation Concrete Using Magnesium Phosphate
Cement, Fly Ash, and Rape Stalk. Journal of Materials in Civil Engineering, 28 (4), 04015163.

[54] Laborel-Préneron, A. Aubert, J.E. Magniont, C. Tribout, C. Bertron, A. (2016). Plant aggregates and fibers in earth
construction materials: A review. Construction and Building Materials, 111, 719-734.

[55] Mittal, V. Sinha, Sh. (2018). Mechanical, thermal, and water absorption properties of wheat straw/bagasse-reinforced
epoxy blended composites. Adv Polym Technol, 37 (7), 2497-2503.

[56] Ammari, M.S. Belhadj, B. Bederina, M. Ferhat, A. Quéneudec, M. (2020). Contribution of hybrid fibers on the
improvement of sand concrete properties: Barley straws treated with hot water and steel fibers. Construction and Building
Materials, 233, 117374.

[57] Hernandez-Olivares, F. Medina-Alvarado, R.E. Burneo-Valdivieso, X.E. Zufiiga-Suarez, A.R. (2020). Short sugarcane
bagasse fibers cementitious composites for building construction. Construction and Building Materials, 247, 118451.

[58] Belhadj, B. Bederina, M. Makhloufi, Z. Dheilly, R.M. Montrelay, N. Quéneudéc, M. (2016). Contribution to the
development of a sand concrete lightened by the addition of barley straws. Construction and Building Materials, 113, 513—
522.

[59] Onoue, K. Iwamoto, T. Sagawa, Y. (2019). Optimization of the design parameters of fly ash-based geopolymerbusing
the dynamic approach of the Taguchi method. Construction and Building Materials, 219, 1-10.

\AY VAA G 1Yo amio AP+ Jlu ¥ 0yl c11 098 (ol 90w (qwitign (i g 33 — (ol &) pid



Of 21 03w (qwiigo (ol Jbeleolo

[60] Mastali, M. Mohammad Shaad, K. Abdollahnejad, Z. Falah, M. Kinnunen, P. Illikainen, M. (2020). Towards
sustainable bricks made with fiber-reinforced alkali-activatedbdesulfurization slag mortars incorporating carbonated basic
oxygen furnace aggregates. Construction and Building Materials, 232, 117258.

[61] Hadi, M.N.S. Farhan, N.A. Sheikh, M.N. (2017). Design of geopolymer concrete with GGBFS at ambient curing
condition using Taguchi method. Construction and Building Materials, 140, 424-431.

[62] Hongen, Z. Feng, J. Qingyuan, W. Ling, T. Xiaoshuang, S. (2017). Influence of Cement on Properties of Fly-Ash-
Based Concrete. ACI Mater. J, 114 (5) 745-753.

[63] Zhang, H. Li, L. Yuan, C. Wanga, Q. Sarke, P.K. Shi, X. (2020). Deterioration of ambient-cured and heat-cured fly ash
geopolymer concrete by high temperature exposure and prediction of its residual compressive strength. Construction and
Building Materials, 262, 120924.

[64] ACI Committee 544, Measurement of properties of fiber reinforced concrete, ACI Mater. J. 85 (1988) 583-593.

[65] Bouhicha, M. Aouissi, F. Kenai, S. (2005). Performance of composite soil reinforced with barley straw. Cem. Concr.
Compos, 27, 617-621.

[66] Aymerich, F. Fenu, L. Meloni, P. (2012). Effect of reinforcing wool fibres on fracture and energy absorption properties
of an earthen material. Constr. Build. Mater, 27, 66-72.

[67] Galan-Marin, C. Rivera-Gomez, C. Petric, J. (2010). Clay-based composite stabilized with natural polymer and fibre.
Constr. Build. Mater, 24, 1462—-1468.

[68] Shaikh, F.U.A. Vimonsatit, V. (2015). Compressive strength of fly-ash-based geopolymer concrete at elevated
temperatures. Fire Mater, 39 (2), 174-188.

[69] Nuruddin, M.F. Demie, S. Ahmed, M.F. Shafig, N. (2011). Effect of superplasticizer and NaOH molarity on
workability, compressive strength and microstructure properties of self-compacting geopolymer concrete. International
Journal of Geological and Environmental Engineering, 5 (3), 187-194.

[70] Dave, M.S.V. Bhogayata, A. Arora, N.K. (2021). Mix design optimization for fresh, strength and durability properties
of ambient cured alkali activated composite by Taguchi method. Construction and Building Materials, 284, 122822.

[71] Abdollahnejad, Z. Dalvand, A. Mastali, M. Luukkonen, T. lllikainen, M. (2018). Effects of waste ground glass and
lime on the crystallinity and strength of geopolymers. Magazine of Concrete Research, 71 (23), 1218-1231.

[72] Patila, A.A. Chore, H.S. Dodeb, P.A. (2014). Effect of curing condition on strength of geopolymer concrete. Advances
in Concrete Construction, 20 (1), 29-37.

[73] Hassan, A. Arif, M. Sharig, M. (2019). Effect of curing condition on the mechanical properties of fly ash-based
geopolymer concrete. SN Applied Sciences, 1, 1694.

[74] Li, J. Zhang, K. Deng, Z. (2007). Distribution regularity of flexural impact resistance of synthetic macro-fiber
reinforced concrete. Journal of Architectural Engineering, 24, 54-59.

[75] Raif. S, Irfan. A. (2008). Statistical analysis of bending fatigue life data using Weibull distribution in glass-fiber
reinforced polyester composites. Materials & Design, 29, 1170-1181.

[76] Goel, S. Singh, S.P. Singh, P. (2012). Fatigue analysis of plain and fiber-reinforced self-consolidating concrete. ACI
Materials Journal, 109 (5), 573-582.

[77] Ding, Y. Li, D. Zhang, Y. Azevedo, C. (2017). Experimental investigation on the composite effect of steel rebars and
macro fibers on the impact behavior of high performance self-compacting concrete. Construction and Building Materials,
136, 495-505.

[78] Mastali, M. Dalvand, A. Sattarifard, A.R. Abdollahnejad, Z. lllikainen, M. (2018). Characterization and optimization of
hardened properties of selfconsolidating concrete incorporating recycled steel, industrial steel, polypropylene and hybrid
fibers. Composites Part B, 151, 186—200.

[79] Li, H. Zhang, M. Ou, J. (2007). Flexural fatigue performance of concrete containing nanoparticles for pavement.
International Journal of Fatigue, 29, 1292-1301.

[80] Wang, L. Wang, H. Jia, J. (2009). Impact resistance of steel-fibre-reinforced lightweight-aggregate concrete. Magazine
of Concrete Research, 67, 539-547.

VAA G 1Y amio AP+ Jlo ¥ 0yl c11 0,98 (il 90w (qwitigo (i g 33 — (ol 43 pid \AA



