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1.2 Problem statement
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1.4 Outline
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2.1 Alkali Activated concrete

2.1.1 History
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2.1.2 Constituents

LE1FrEA | Oa@FiSR O2yONBGS o!'!' /0 Aa I GSN¥Y dzaSR (2
YIEAYY &l FAROAlYS avkdahk yBIV S8 0802y (I AyAy3a &a2d2NOSIZf a2 NE
4SS ovfmB 2 YY2y LINBOdzZNE2NAR dzaSR G2 LINRRdzZOS !'!/ I NB
LINE RdzOGa> AYOAYSNIGSR YIFIGSNRFE& 2NJ yFddzNF £ YI GSN
FNB C! IyR .C{® C! Aad RSNAGSR TNRVY yORAYiSNBtiSRI az
YIEGSHHEDNSIHE 1 MBSNW AR (KS OF f ONY I @ B3 2 AMDPR YR YA
LINB O@zNRBBI Ol R mMybh hoRA I ING Y dzaliikNG AsNg 30 Far 3G\ A ideb y

¢l onts / KSYAOLE O2YLl2aAraz2y 02YY2y LINBOdzNE 2 NA

/' Fh  {Ah ! C $o adh { B Y.h b kh

ht/ Co T2 MOE 032 OTTA 2 M Apdp: N PP P H PopdP Pl N GO H N dm R
6.88 Si X

. C{ Omy: z oM H:2CclhM: T oM N3 MIME: T n @odP H:
oalgksSa Sia ¢

C! Jftl aa /oyiz onNeOM MNOH TOPH: MPPE: noOH: MPm: ndn m:
6DF HBRISANE S

Cl /flaa (HPy: now/E>HMWP: C @Woy:: MABHDC N BHP I N1 Py N O
ODIFHBRRISANE Si

90
S
U AVAVAVANET
NS AVAVAVAVAN
W ELEbT R VAVAVAVAVAVANE 7

AVAVAVAVAVAVAN
[VAVAVAVAVAVANIY

VAVAVAVAVA
70 O A
JAVAVAVAVAVA! VAVAVANET)
IVAVAVAVAVaAVAY, 7
90 AVAVAVAVAVAVANGS 20
TAYAVAVAVAVAVA 10
100 TAVAVAVAVAVAVAVAVAVAVA
ALO, FAVAViViViViViViViVa

Y
0 10 20 30 40 50 60 70 80 90 100

CAIWNB / KSYAOI f 02 ¥DIR §BREW NRA ISTEINK Y @ nampl 0

¢KS LINBOdzZNE2NB | NB | Oa@l GSR o0& IDyf di] fK]2HXER] @& 2 daNid
Oft FaaAUSR 0o @l i2NE AYyi2 AAE INPWABAIERNDREARALE (R
O2y aoiidzSyiiGe @1Fi $R 1O Z A0 NCB (HEENESA R RGAYIA IO B RLIAG INBa A dzy
RSy2:G086® oe

M® | dzaa O dPHfQze2yay

HO EAIKGERAK QOB deIDO@E Vi & 3D "0

od® Af ADD&E BAlY

nao fdzyAylogs ey

POt dzYAy2anNeEh & eyes Y

cth2ifAf A0S2dzas KAHKE&@ | OAR artday



Cementitious alkali-activated system components

Alkali activator Cementitious components

Cementitious materials: Pozzolanic materials
steel and blast furnace slag
phosphorus slag, Portland
cement, CAC, etc.

Aificial puzzolan: rice husk
Natural puzzolans: volcanic ashes
glasses, volcanic ashes, siliceous Industrial by-products: fly ash,
materials (Opal, Diatomaceous silica fume, paper sludge, copper
earth, etc.) slag

CAIAWENB ! t 1t A | Qo (SRODIOBIRIGA MR OSTabtidxSydamvpl 0
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2.1.4 Classification
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Chemical attack Dissolution N-A-S-H precipitation, Gel 1
I. si ® al ‘ o ® N O H | [SilAl =1], [Q‘(dAI) and Q‘(3AI)]

Polymerization N-A-S-H precipitation, Gel 2
(SilAl %2], [@%3A)) and Q%(2A1)
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2.2  Material properties
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2.2.1 Mechanical properties
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2.2.2 Volume stability
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2.2.3 Durability
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3.1 Introduction

3.1.1 History

9F NI ASald AYLXSYSyildloe2y 2F SYOSRRSR aiSSt 2y 02yC
0SSt ASOSR GGKIFG OFad FyR ¢ NPBdAWR I GNEBM ol SHERa  BISANS Y
FreftrOed | SNBdzLl2y> 1 @Fg LINRLIR&ASR O02@0SNAyYy3 (G(KS AN
UNB NBaAxaidlyOS ljddtAaSad LG o1a&a 1&g KAYaStT 4K2
FNRY G(GKS o0SFYasz I3y R KSy oZtgl20S vd dfdd®Be (FazaNy | bl G 0 NJ
Slidzk £ NBaAxadlyoOSd® ¢KS ANRBY g¢g2dzAZ R OO +a (Syarzy
O2YLINBaaA@dS YSYOSNI ¢KAa y20St aeadSy I BGBKIG oY
YSY6SNJ RSarady G2RlI&o

wSaSIkNOK 2y (KS o62yR NBaraidlyOS o0SisSSy c“)zyc“)NJéué
GKS SINIeée mMmpnnQad ¢KS AYiSNIOez2y 06SG6SSy 02y ONEBi
YSIF &dzZNBR o6& Lz f2dzi GSadiad dKSNBISKS RBRRaLWEOS ZRF
G2 RSOUSNN¥AYS G(G(KS 02y R RS QAIRSy & K MBAKX AT & t2AFLIN
NEFSNNBR (2 | éa%ﬂlmmmmmdkwo\&)lofe dzy RSNREGEF yRAY 3
0SG6SSy O2yONBGS |yR f f SR (2 FdzZNIKSNJ NBaSIk N
AybdzSyOay3a (KS o aiGlyoSo

No
<
Py
Z
& ax
Q)¢

3.1.2 Bond stress
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3.1.3 Bond mechanisms
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3.1.4 BondFailure modes andehaviour
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Bond stress
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3.1.5 Testtype
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3.2 Summary oftateof-the-Art report
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3.2.1 Influence parameters for bond behaviour
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Various studies have researched the impact of reinforcement on the badgth>focusing on key
aspects such as rebar diameter, embedded length, the distinction between ribbed and plain rebars
and reinforcement typeMost research indicated stronger bond strength with decreasing rebar
diameter(Kathirvel et al., 2017; Sofi et al., 200Mparanan et al. (2015uggested that larger rebars
have greater Poisson effect, resulting in worsened interface that led to reduced bond strength
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Moreover, ribbed rebars experienced splitting failure, whereasquilfailure was more common

with plain rebarqCui et al., 2020B5ubramanian and Solaiyan (202bmpared ribbed glass fibre

reinforced polymer (GFRPbasalt fibrereinforced polymer (BFRP) and steel reinforcement for

blended AAC (AASF). Ultimate bond strength was higher for FRP reinforcement compared to steel.
Furthermore, FRP had less slip, but more ductility compared to steel. Still, the bobefstipiour

for FRP in AAC was similar to conventional concrete.
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3.2.2 Tension stiffening effect
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3.3 Conclusion
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4.1 Overview

4.1.1 Variable Implementation and swibjectives
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4.1.2 Approach
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Preliminary Test Main Experiment
- determine test procedure ol - determine impact curing
- determine best configuration condition and age on
- gain experience bond behaviour

A

v

Size and Configuration

- determine cause of failure

- determine size effect

- determine configuration effect
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Reinforcement Concrete Curing age Curing condition
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3x compressive test
3x tenslie splitting test

3x compressive test
3x tenslie splitting test

3x compressive test
3x tenslie splitting test

3x compressive test
3x tenslie splitting test

3x compressive test
3x tenslie splitting test
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3x tenslie splitting test
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3x tenslie splitting test

3x compressive test
3x tenslie splitting test
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3x tenslie splitting test
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4.2 Material, casting and curing procedures

4.2.1 Material and Mixture design
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4.2.2 Casting and Curing procedure
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4.3.2 Monitoring device installation
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4.3.3 Configuration

Ad NBaSIHNDK Ay@Saosmy (B¥ NIKDBO SR yrwRiHSIRK | @LIAEND NAGF R
NE CStmycn LINBaGNBaaAy3d A0GNryR® ¢KS 6¥®d SRYSy
Aad F2tf20a FlOxew KfS MR ST SIMNPIGANES ola2l 0SS0 2rLfedr3 fH nH C

I oA

agly St Ft o3 wone2NB2SNES ¢ v EvDaS HRIRKGIRO & L3S/THIKS 2 -

f SyadK 7FagNdziRAMNSOH AydzZXbmnnynYHnnpd ¢KESNBF2NB>X (K
THMaF2N a6 SSUVQNBBORAE2NYRBRKS LINBadGNBaaAy3d adaNI yRao

YIAYidlF Ay SR )\yaARS GKS O2yONBGS o%#® ORSSEEFAdzaXK$ 2R
NBEoI N aSidzd KI Ffa2 dzyRSNH2yS RAUGSNBYG AGSNIoazy

T e o
= R>RX

t NEBf AYAYI NE GSaid

¢CKS LJzN1}2asS 2F (GKAA aSNASa ¢gla G2 OKSOl GKS a

YSGK2Ra ®yzi( K8 alDdefpt 0 L ADGENGS SEINB YA YA Y NB Sél]é

RAGSNBY (G NBoOF NI SY@@?MSWMA@ZW@E@?N&M%?}S%Y - eNE

1SS1L) GKS RSAANBR SYOSRYSyl f Sy & YP M H/IRY WzY 2 gzl

RAIFIYSGSN) gl a dzaSRo ! & GKS L#LAS mmyf_ﬂummm a\rgflé
J)\I_MS['] é gle GKS LJALJSABlﬂENﬁS’fRR?OEIJ;ﬁNEﬂEI 'Sym‘)

z

Gdzld £t 2y3a4ARS GKS GKNBS RA yi 02y

@)
w
Q¢
ey
U))



LvDT

PVC pipe

w55
ww GG

Reinforcement

ww oy

Concrete

WWorT  Ww o
wuw g

ww gg

150 mm

2xCC
2HACC

150 mm

1x CC
1x ACC

PT_AAC150_40 PT_AACI50_5540 PT_AAC150_554055
PT_€C150_40 PT_CC150_5540 PT_CC150_554055

CAImeNS t NBft AYAYFNE (S&0 &aSGdzlly o /2y U3dzNI ea2Yy a

al Ay 9ELISNAYSyi

LyAoslffter GKS &l YS LINPOSRdANNB (2 aSid dzJ 4KS NBoI N
RAGSNBYOS (KAa aYS gla GKIFIG aYFftSNImnn YY Odzo Sa
GKS LINBfAYAYKNE RSDAiagNABE® o0 aSR 2y (KS dzy RSNE
SELINASYOS | £ NBSNJ RNEAY I tiSi2StCday R dx aliz2d (12 KASTAKNI K A
SELIZASR INBlIZ (GKS N}IGS 2F Y2AalGdaNB t @BYI ABNB YYRE

AKNAYDIVESR S KSMETBEWAKySR yS GKSG 6 2 yYR FKIIK oG8k 2 dzNJ

Y2NBE y280SIo6fS Ay I aK2NISNJ aYS FTNIYSo

LY FRRAo2Yy (2 aiSSt NBOIFN aLISOAYSyazr LINBaAGNBaasSH
LINE LISNJ SYOSRYSy(d fSy3diKI LINIG 2F GKS NBAYyTF2NDSYS
GKIFIG Of2asSfte YIGOK GKS I NISANRNIfA AiTe3ISab & KldNRS2 NN 8 1AS/R
I @k A fd-toA/f ALOARLIS A GK Yy AYYSNI RAFYSGSNI 2F mo YY |
dzaf AASR F2NJ GKS fhMASH YINBDPINBSAAVISAEGINBYRE2BOSK
dzA Ay 3 | YaAWFAdEYS NUAILOSdz 6 A G K Yy AYYSNI RAIFYSGSNI 2F wmn
GKAOK gFa |faz2z SYLX 28SR &¥InkkeS o KNSONBA YiAKYS: NEBNISGES AL0AA
NELINBaASyGa FfdzYAyAdzy FyR GKS &Stf2g¢ LIALIS NBLINBAS

§

¢tKS aiSSf YR LINBaliNBaas a0NYyRa faz2z RAUGSNBR A
NB&LISOs @s RAGSNBY OSa AuQ AdaA TTSIINHISKNS TN SIRKYSS yLANK aSiyNd
O2YLI NBR (2 GKS &a0SSt aLISOAYSyaod ¢KNERENSES> (KS



W gg
wwigg
ww s
wuwisg

ww op
Wi 59
W op
ww 59

wuw gz
wui sz

100 mm 100 mm 100 mm 100 mm

Prestress Prestress
Steel rebar strand Steel rebar Firzrdl

CAImENS al Ay 9ELISNAYSY(d 02y U3dzNl agd@g$f/ I yRINKRBAGNPRAARYA &HNBG

{ATS YR /2yU3dNI a2y
I DSNJ OFasay3d GKS aLISOAYSya 27 yimasS OWal oy SHEISSHINTWRY
MuEL G GdzNYy SR 2dzi GKIFd Y2ad 27 diyK Si kagi SGZX y BNISNBA YISty

A LA A~ e A

LINBaGNBaaAyd atKONBEYEBBSHNEBSUPKAAS F2NJ 2y S &
FIAE AyadSIR 2F GKS 2GKSNEXE tAS&8 Ay GKSANI RAD
RAGSNBYyOSa 060SisSSy (KS aiSSt IyR LINBailiN®HadR a LIS
GKS LIALIS YFGSNRIf dzaASR FT2NJ 6KS O20SNBR asS3avySyiday
GKSNBF& t+/ LIALS 4+a dzaSR F2NJ 4KS LINBaiNBaasSR L
2 ARSKSITERIBLI AGNI D] RSP @KIFSHISTIS o4 1ASOABREYy & { AT S
/ 2y U3dzNF o 2 ¢ & idKSa LINBRGINS a3 SR aLISOAYSya RAR yz2id ¥
dza SR T2 NJ Ayt (XKINEAOYVBHEH ORI BAdzZNI a2y RALASINGBS O0Sa ¢S
1SSLIAY3I GKS LI LIS ¢KABS NAILINZI 20 /R Slmm@mzﬁwmm KK S

A ~a

2G5St  ATISION TS K8dz8R A ErDNREYWENG K2 YLIRING YI GSNA I £ o

S
S

y S

LyiSNBaosy3dftex &l YS FfdzYAyAdzy LIALIS 61 a dzaSR ¥F2
SELISNAYSyiGd ¢KS t NBftAYAYFNE ¢Sad aLSOAYSya RA
SuSHI f Saa TARYERKA OSIRNBS NI wm@n |szédm&zmmr<$a RS
NB Of ka§iaS ¥ )\fdﬂaR\;/"aElLJSfO)\N\ESS\/I\E aLISOAYSya GKI YSI
NBYFAYAYy3a aLISOAYSwWa IYRS?IAaeoQI\yB fmu® lyae {JNmyanlz(b@ﬁ O daz
'y R /2y U3dzNI o 2(y? &38BENES &S EAXIYS yAINRIZNIS KA OK G KS &aAl §
AGNBYy3IGK

QX
o
N
en £ >
w»



C A I uENEY

C A 3By

.FGOK 1yy .2

. FGOK TyyY ¢2 IURE . FGOK I TY ¢2L) CAImNE . FGOK lyY ¢

4.3.4 Size and Configuration Results
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Size effect 150mm vs 100mm

Haraijli (2009)
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Configuration effect 150mm

Harajli (2009)
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—— 55-40-55 mm
—— 110-40 mm
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4.4 Test Method

4,41 Test Setup
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4.4.2 Preliminary Test Procedure and Results
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4.4.4 Monitoring Devices and Mechanical Tests

aSladnNBYSyili 5S@A0S

5 dzNA y 3 2GS (1Sdzfiitx G KS GSNbOFE RA&ALIXFOSYSyid 2F GKS
S5A0SNByYyoalf ¢NIXyaF2N¥YSNI 6[+£5¢0d aSladiNBYSyida I NB
2LII2aAYy3 FTNBS SYyR 60232 YOA 2nieNd FC2 NO AYKAMS (i LISLISZGA ¥
YSFad2NAy3d GKS 2SN NBolF NI RAaLI FOSYSyid A& LINBTSN
RAALI F OSYSy (i LINRPGARSEA | Y2NB | OO0d3NI20ySa ' Ya21ya d2NES YN
GKAOK Aa AyOfdzRSR Ay (KS (2LJ [£5¢ YSIadaNBYSyio ¢
RA&ALI I OSYSyid A& NBFTSNNBR (2 Fa aftiLlo

CKS A0GNIAYIRNVAINKSIZNBENY S NIXRBRY & & ¢ shALEoi(RNO0AINGER C A
6h{vx o6& YSItya 2F GKSh{lI'NB Ih5AXAS fc S aadeNsRIYSSywaii 54
AYONBF&aAy3Ite R2LIGSR Ay OAGAf a0 NWOG BNBE &l VSR A yf T
HAMPT xAfEFfDILY GHIAFIBYAaWRWMAOI2NAY I 2F NBAYT2NOSR
3 dASazr 6KAOK 6SNB FLILX ASR AyGSNylLtteée 2N SEGSNYI
KFadS fAYAllea2yayY GKS& LINRPOARS YSI adaNBYSyia 2yfe
28NAY3 2yfe | LI NblIid GYVSHBFETNAANI A yYRRANNRKB G il
LINE GARAY 3 | O2yoeydzzdza aiGNIAY LINRUES Ff2y3a (G(4KS Sy
O2YLINBKSYaAdS YR RSOIAEGR2dAHNRBRSNI{l ¥ RA YV AILERER ( T
YSIadzZNB A0NIAYI ff26AYy3I0ZYRI b SK2ABROMTYH SOASY LIy W
G0N} RAo 2y 9l OKSUiRAZERGINGE S YSIF adzNBYSyd GF1Sa p adNy A
I &LJ ol f NBaA2K WoBFS 2FS@2ERA YNYISNDIt ao

SAIAGEE LY IS NEBNMNGEI2I8aS2RY 205 12/yiIS aA RS 2F (KS aLlsSo
p5{w OFYSN} 6AGK I op YY tSyad 5L/ gAitft OF LI dzNB
RSOSt 2LIYSy (i RdzNMyIHREILK 2 BRa di® 51S/ d4@zNBE RNEAY 3 & KNJ
GKS OBy ONBG®F YSNY aSidzld dzaSR Aa | a F2ft26ay | LIS
5 dzNRA y 3 RS (1Sdzfit G KS A0GNIAYy YSIadaNBYSyida INB GF 18y
SOSNE p aSO2yRad ¢2 3JdzZ N} yiSSI GBRBOMNIIS2 B4l H2 KK
2NRSN) 2 YAYAYAaS GKS tS@St 2F y2AaSod ¢KAa OF f AG
Fy3atS FyR AyiGSyardeo ¢KS y2AaS tS@St OMALUSNAL | N
dSidzld OF yCAOTEN®BS Sy A Y

/ 2YLINBaaA@dS +FyR alLX Aky3a (SyaratsS GSad
/ 2YLINBaaA@®S A0NBy3IGK YR aLX Aky3d G(SEgARYSOGEWBAAl
GKS {0SOAY [02NIG2NRS ¢! 5SftDd ¢KS O2YLINBAa&dADS

9b MmPEMPM YR (GKS &L Aky3oisy@aphSiIiGRINERRER 6@2 ¥ O KE
MANEMAAEMAAN YY 2N MpoKBRASEOGRNNEBYLE NR dAS&RS 02y C
2dzi GSald aLISOAYSyaod ¢KS ySg NBLIIFOSYSyd 1 {/ &is
NEFSNBY OS // &4CRIND Snan nl N mvAAdA SRY aLISOAYSyas az2yvy$s ¢
Sl 6y MAnNnEnnby Y¥KBINDEYBEMBaaABS aGNBy3GkK GdSadz |
F LILX ASR® C2NJ KS aL)X Aky3a (SyaratsS GSadz | GKAYy g2
GKS (2L 'yR 02Q§2%2 NWdiNBF$ O aapLIT&SY§ywd RA & | LILX ASR |

(s}

¢KS O2YLINBaaA@sS yR aLXAky3d Syarts adNBy3Idka N

Q — 9limoY / 2YLINB&aaAgGS &ai0NBy3ailK

9ljmmyY ¢Syairts aLX Aky3d &a0iNBy3aiK



POELISNRAYSYUI wSadz Ua
¢KAA& OKILIISNI LINBaSyia (RB8(NBBEAMREAI SN R2Y yaid &0 al
LINBAaGNBaaSR NBAYT2NDOSR (S&40 3INRdzJA 2F al Ay 9ELISN
2y (KS GONARARMHAY T2 NOFZ 8y &I O LIS yoehmBNIRSs SiyeiLas a5 | OK

GSad 3IANRdzL) f2y3 gAGK (GKS aLISOAYSYy L5

V- S TN

5 dzNR y 3 RS (1Sdzfifs (KS (SaNBrRSHALUIARSYZYSYal BKESY
N} y3ISOLINOERANY IS GKS FNBE NBY2@OSRI |y
A

O2y Ol GSyFHiGiSR (2 LINRO 62yR 0SKI gA2d

Q¢
(0]
_<
~~ n
oy &
QX
QX

¢l opfd al Ay 9ELISNAYSyd GSad 3INRdzLIA

/ dzNJA yoIR | 83558

WSAYT2N HY yn MC Y
ml YL | a2Aaid az2Aaidz 5NEAY 5NEAY:
{G8@8An YY [ | MATENYTR [ | vATONYs /[ v YS
~ tNBalGNBaxmyia ¥/ / vamnymR [ | vmoonYSs  / / vimon Y6
. {d&@pn YY U/ [pafme yrk !/ /pafo Ya !V gifo WS
. tNBAGNBAXMYA 2!/ / wimnyR !V mamYa !V M Y5

5.1 Mechanical Properties
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Material Test: Compressive Strength
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CC-100mm
CC - 100mm (Nikhil, 2019)
AAC - 100mm
—&— AAC - 150mm

80 7 AAC - 150mm (Zhang, 2022)
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Material Test: Tensile Splitting Strength
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Pullout results
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The bond strength, as determined By. 3-5, is indicated on the saxis. All the plots, unless
otherwise indicated, display the displacement of the rebar as measured from the bottom of the
specimen on the-=axis. The curing ages are represented by different colours, while the line style
indicates tle bond failure mechanism: a solid line for puilit failure and a dashed line for splitting
failure.



5.2.1 Steel reinforced specimens
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Pull out test: Steel reinforced - 1m vs 3m age
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Pull-Out Test: Maximum Bond Strength - Steel
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5.2.2 Steel reinforcedpecimens: DIC results
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5.2.3 Steel reinforced specimens: DFOS measurements
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