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Abstract
Al kka¢ti vated materi al s ( AAMs) have garner e

alternatives to Portland cement, pl ay-1 ng an
carbon societiys fT bocns s erdedseerasrtcahn d-i m g4 e shsec ecdh | o
corrosion in-aceinboeded!| gl mahiaanndd tshlea g (sAAFR

i mplications

Thenfluence ofs dggregadt eamdy dpar mempes®E) I ONn oOnN
mechani cal and fracture prowerei esnvWBEitlIAcA&Se
concrete generally shows | ower -s50mArgrsavele &
B30S/AOFA | i mestone concretes exhibit higher s
and precuFspopt heiffmextené fauggerhehgaantcees f r act ur e ¢
toughness comypdadrietdi mowoadegiryangl s| ag content bo«

toughness but eanlessbs AAES eacsresr bret t |

By systematically investigatiaodird ecdoroosiem
' i near pol arisation resistance, and Taf el |
condi,thionsstudy pmoevighe s d¢mittoi c¢ahle corrosi on
AAFS madrtt ahrass. been found that Taf el constant
passive condition and from 50 to 58 mV for

indicators for assessing the corrosi,ontlreat e
chloride thresholds for meirrnfacr d edd eAARS emonretr
upon corrosion initiation. The chloritdee t hr e
t he sl aign cAAMRS. nmdohit &asrphenomenon was thorough

with the morphol ogi canordtar a mtt errif atciecs of th

Both microcell and macrocel-mocbarosnber ivace.
corrosion, characterised by | ocalised corro:c



thicker interfacial zones (>10 Om), whil e m

thinner interfacial zones (<2 Om). Furt her mc
and validated through numerica&li osi reltatrimo ms
met hod for reinforced AAFS mortars i S propos

i nformed deci si otnesr mn epgearrfdoirnnga ntchee odfonAgAFS st r |
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1 I ntroducti on

1. Background
Conc,cotmp cosfoedi nary Portl,ansamcemeand (OFPLH) be a

mosvi desgd constructi om frheexrese prad © mvair il davli dper o p
inclbhdghgcompresscedéleabiehigt W, andAngonogd iftisr e
compon@Gm@pbays a sigsnildihredinng, grnodteagtnhicavig r a |l |
performance whisclesseateal for meeting the gr
mat e Ovalhse. past tfheavsdiemmmaardce sf,or ¢ ehnaesn tb eperno ddurci ty
bygl opapul @t o il ialsl usitiFiag &édeTthi enadpar ti cul ar |
pronobetwden 20,0 i aadi PRl eaedeatwoe!t aip2ddn tc h
signi faicceentelryat ed ceomwettdapsodaasi hglsadddomaand

correspbsasdarmipon A emi siei ¢ ns

Cemamathuf achuvupoili r@aécimati on ,anfi xrtauw ematfe rlii aness t
aluminium, [ @8hd tshtaaty esaidsiteamacigayl s u napntdi orne s u |l t s
i Bubst anetmiaslsO@Orsemipst p gexcdumpPprioxs mately 7% ¢
CQemi sqdidGfhei s€Qé mi ssdiemmds t o siesvseuressuc hi mat gl «
war mi ng.,powddarcihtcihad I[lweormrd ed wi Tdoe a dhdersses,sevari ous
strategies hagvVvebhilaeaelyu girkoigotsledler d S§hr atsegyat e
aime® mitigate the impact ofwhciplreb mostuesmpas sniadn se

devel opment .

Mor eocoavermestong enswablneonr elsowarctzdn s malt inWge

concrete has become an emergi-am@t icvoantceedd nma tle
( AAMs) , such as fly ash (FA) and ground gr at
hereaftgeai)nedraevaessi ng attention from both com

These materials are recognised as env-i ronme
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products or waotdas.tf iFkdAe desa dale ba | whpiolwee rS A liasn te

product from ironworks. Unl i ke OPC, which r
require this stage, thereby significantly r
[ 6. 7]

4 T M T T T T T T T T T T T

=@ Cement Production === World Population

1
T
World Population (bn)

Cement Production (bn t)
(3] [
1
T

T T T T T T T
1950 1960 1970 1980 1990 2000 2010

FigureThe correlation between world cement
popul ation (riSght venadapteadl fr ¢nm]

Beyond AAMsrébonow haracteristics, another key
l'ies in their activation processes. AAMs ar

whereas hp®Catesed . wiTthh swatperci fi ¢ actéesalttsesnin

var yiemgcrostructures. I n principle, t he micr
t wo pri mary categori es: cal ArStH)  alnumi sh0 diimu
aluminosi |l i-A-8HETL. M ydirad i {INcati ent he mmpoo $ amn

significasttheg mendHareinceael sprogeot | esladdpd AAM
SH strusiomomrlkeadalt o urhesi | iSH3ft cuinhGyRlly witteeo r (eC
compadtordafu@]lulsn ¢ dNeA-SHissttr, uex luiakkei -h gtk@er mamnido n
tendbemobo e p[oXTohuessiie c r o satldiufcfteumma h cABAgM®E X hi bi t s
mechani cal @mrapeot io@cmth thlaa bCEPeCoI02d e monstratin

theigni ficanmteppgatcepmtrital@PtCap medkaneclo3nstruct |



St eeciln fmempdleay s an iimpomdraentte g otcmweancctruertees ,i s na
weak i n tension, reinforcement enhances the
However, the corrosion of emhbeadrdesde t reeit rufr er,
reduicpeagf orlmanrceei nf orced concr et @ rdamasrioes i iom ,
corrosi b.naQmnicoeg cumul ate on t he astcedhriwgwmifod de
t helye sttrhoey passive film formed on the reinfo

corr psguvph5]

The corrosion of reinforced OPC concrete ha
decadesxcdsupdecntgs suichi aal tokel ori chechanédésme | d,
2Q] I'n contrast, researclyeoman nei nfi oaitduedd e/’ Al M
indicating that AAMs exhibit sJy@gelf] Morcehlverri,
t hleonhgrdmmr ability and sdfrechboacepeAAMs mar ¢ &
initramaions ,puamsmagrdiagmi f i adaon twhaoeheaslplreenagde app !l i ¢

constructi on.

1. Resedrngmi ficance
Accor ddihReRgy 8o Academy obsEngpoeeedBhyg|[ BBer Nag

PolicytGekdcsoaeast rsiectuonent!ly contributée appr
UKG6s car boan de miss semotmsimad tewlt 11 6r opgl obal car |
Tome edthaemb i tdiecciasr boni sati on WYKaGevemunrme mte@s i Me
Str a[tzebyyy 2r0&dyci ng carbon emissions to mini ma
and dur abl e csatrdoroang ed i tohxri oduegait e meaeih @ g e, dcetu r e s
Royal Academy o0& mpadsgd htateeoinsd rjuZMju e n waiktchg o r

the naadarboalreduct bygn 220n8tB e 3 0.f 68 %

AAMs represent a pr omi si nlgheaslet enmantaetriivael st on ottr

significantly reduced carbon footprint but a
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them an ideal chaor pélsfwe veefc@ArAdIe a nivcibckaothg pt e d

imconstructi on ,atnhdeliaHng npres tf owicnawercae f or c e d Sys
particularly thege wmostodieon hve €Cogihdgridumeédr st
deterioration of r ematf oweasdekgte meso rsat Ih eutca buislt ir tuy t k
alsesubustannabl e Stienwaanrcti aaA dit cBeggEsit.[d 28]t ed t h
the global cost of mai nrtaiimftargcead degxpsract og

A .t3ri Ahhoal | y.

Commoonrs i measurteememnfi quesei nforceadicOR&Eed bt fe
potenti al and | inefa2.7MpbbbabGeélilsapooemapasl ¢ tnen b
potenti al of e mb el dodceadt er dcid8froohsciltdene et hret pol ar i ¢
resi stancel melk Gibndsst anbh@aneous corrtomsi enal auuartre
rei nf ocacradidthietseec h nairgeu ewsi d eal sys eussse dc otror o sei on st
mai ntenance sttt akee@lcyesonastdeerdiabl aHowever ce
the applicability of these mettouddsihdaw er esihrofwe
thparameters obtained wusing these techniqgue
reinforced|[Q@BL] d ermadrn enitge t 0 i naccurate assesst
embedded rei FRDhborcaeamemince-cekkt pe mennayyi hfbaw vshell Ly
suggest a hi,ghe vceonr rnoos i coonf Br8i ssBkEMi3sB $d ipg erseema n c
duestgnidiifcfaemmtmac er i ail sr asdr uc tAUArMess abnedt w@R®
strucCtonrsésderi ng these issues, a practical «cc¢
AAMs is essenti al to support engineers and
regardi ng etrhmeiprerlf @mgnance.

1. 3Ai mnd Objectives

Thi s riess efamamhuendler st andinmgg etsllsec ecdh Icoorrirdoes i on r

and structur al i mpl-acatvahedi hl yemaphandddsheEk



concBgeteomprehensively and s ysetlematdi ced lelcyt reox
parameters, this study aims to propose a tai
AAFBor amadoncTtleierevestigati on iorf drthaiidsyf dirciedle d\ AiF

foobj eatsi fewd | ows :

T Toexamine anlleamalpy ©o@lorft iIAGASFS concretes a
along with the fracture properties of AAF
T Tda nvesttheefaceér ochemi cal behaviour of reini
wet tdiryg ng cyclic corrosion (salt fog spr:
1T Texpl ocer tthehawi our of reinfoyrciemdc |AAGISNn gno
corr orseicchm,ntihempati ot empor al evadt|l usnboedla ro f
i nt er faancde t he ben@&e®mrcoedret ii nd eatf ace
T Toemplnauymer i c al sinmwelrdpicabbd ai oedatex pamd mec
exXxppin complex phenomena that cannot be di
1. 4ScopBh®s$i s
This section outlines t hehesfdoompuesaaentd tphree stemd g i

t hhmeaifn ndi ngs. iT&heddtodilloemd ngver vi ew of each cl

Chap2prresacmtmpr elHansirvag, st e uceéur edctihloe sffii vet
section AANMscovdetcieesgcharacteristics of raw ma
fracture tphfeopabtaeaisssodci at eddaplTemeg esseadond sec
pr ovabdreiceefer of ewor r os i tomeotr r aachriayo macbd® r r i Nn€¢ ®r c «
AAFSoncretes .Tamed tnhoirrdacasesce heant r olchlean icadr o
rei nfloAR® ancr et es uwmdle rmoacoanrdsist ioflohnes f our t h s
analetghe i nfl uenctehseodnelk b ar 6 € o o d r@tme biorAamedmfaa a @
mi clreovpeedr speTh e v éssercdpiroonv ad ecserowies wifewnumer i ca

Ssimulsati on
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of t he r aw |ehdbtywehrei aspasnmeppl agp rad ¢Seusbss e quent secti or
det add dr i pti ons o,f itnhcenea styie endcltl hegcd s o c h e mi ¢
measursSmBdlD8 nal agrsdCsX andlhesichapt er ameadnecpltund e s

introdwowctihengnmrmociepilseass )mda rmud aalt i on's

Ch ap4dperre stehmee s hani cal and fforra AtAFISe ctoemsTrheat @s @lint
f I ndiimadgischaatPeA B8 wi 6 BS A a i AsShOat vihcel omsaettc @P € o

sampfloers bot h concrete and mortar

Chapbfeaocusesl entthbhehemical nmeea snufAokrirtdendno r e s ¢
Corr poitemt i al and pwdlarmees at,p e Hafreels i sd mantcaent
f orrei nfAArFcSedmor t ar s wi t hardet & flene dandd imiixo nr,a ttihoe
thresiledli o gotth lacsr ¢ d e c & orhea cautiioroendn et nabecremaenit on
i deter.mi meadl Ipyr act i tadietmetmhoordr mg@i on i nitiati or

AAFS mogrtaposed.

Chapébmpresemtesahhsimmfel uence oaifntceorrfraocsa tomt iper t
macr osacnatp ica o d eofEihae. mor pbbobbhogrceaaldi stpiadd ot e mp
evolution ohsetcan@irtosrn cdnrndae r biamgvkd syt i gat ed. Two
mec hanpmiscmsocmad¢r aodalr lagied @n tlinf iaedddgdt d moome non i
obser me hii eghatphi ckness i nfluences stthm®Irdarrr os
inteof aAAFS FHworrtthagpambolrte riensdui bchas t bonalt lks¢ r eng
ste®ihcr et a nii nitirexlrflasfcece s nf or cemeermacoss dm@gbonf o

time, and then gradually declines.

Chapiperre stehnet mer i cal s ifnourl asttpemesli thesrdadnd s al |y a

eccentri canmolryt awi fshdiermm|diehsadgisc at e t h asti gcnoi vfeirc at nhti



i nfl weomaoes i on whi ttehaes i eofnf etci tnmseod o mpsarl \mit neede [pyo r
Il n additi a@amfeurtthbek idbegtuddires Mi s gas molodaesdéd d on duct
failure mechani sms, where vyi el ddeingo nosctcruartsi ndgu
effectisvienmuelsast iinng corrosion dweshbhérent Hiomwetw
particularly in accounting for the distribut

peaks along the steel circumference.

Chap8summat hleey f iamddi ndyisscussi cd¢$ d.fDredami Cleadpt

recommendfatti wmes HKfe®search are also outlined
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2. IPrecursorsandcMi ovmaos®trruct uocfal ALCMsar acteri st

AAMBa generic term used to descr isfceo nmeotnd ryi al
referadga@reouirn oc astmpnd ggTsh e s e pma tmeorriii dglyfsn a me

i ndustri al-prwadcsucdiosr o SXbgnpWwast et lpato daureaotre st h e
activities aofRAilalegnr owdofrakis| t @@ r mal pHwowwee,velant
not al | AAMs ar ei nadutgaarsisglu ef mpaolmlp ¢ chdenfer no m
processed, maucech i atbcMewhikalpt odu de dtulgeh t her mal
treabmedinay.gntprhagdtuc®P ® nv otFhcea$ c i naniixotnu roef o f
ramat e,riinacllsddimegt one, cl ay, g | 3 miifrai nudma, meannt da |
di fference in produthwaorni agm eomessnaé¢ £ r h ash h Icio gnip
bet ween AAMAAMade OPRar abt ghi sethtlBywt adfumi nosi
saslwhereB&rimaril pf corsiclsiuceal &4 ,93ablgt tthe s e
compositionARAMs i f eaglukeanleisnsgs lsoolt ha&d sovwdi um hydr
( NaOH) , to dissol veantand armdcaeontv sntols | ¢ ti fedt6dc & tail d
Addi tiodalulmy,siBisPat al §gNaknown sasl yt lideésh eat er
combi ned wi inprthhae® Hnetcohnani KAANBNst r & n g o[B8 7@ d3n&]r et

Il n contrast, OPC hrydguwitrieosn only water for

Duet helsd f erle@acgsl st rcuan ubreec bodd s 8AdAfMmeed wp e s
basoend cal ci:@)c acl oeaituanmt-snii luimy & r @A-SH)f(or hi gh cal c
AAMsan(d2)o diad m mi nehsyidiriast&te If mawal ci umh 8ARBMs 4 0]
A 2D s cdreawadtfnlgegseeh ssechowhRi gAPeovi s sttataddlhe [ 8]
strucCAsH sodmi t cealtesiunhy @tr@3IHg giln GRE i s dens
and more ttdpedutcoiual druepl acatmeomiybi lneag n-ANr ast

SHf orms circulesnuldtimgcewmpesouf Omi crostructur
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al umi ni umOs)o,x i ared (cAd | c,gwm edmai dreo § fCa WNBESt 0 n
andOAflromhybei d pirnefclummesmeress throunotgewde i @ agO

det er gnethyepped.d i t | ®in@ h H0Aflr canc t i vad tgoornst r | blue e t o
mi crostfrouentawiTde rel ationship betoweiednansgeble t vy
expl asnehde >AOLaO terndgdyY, guhsithégh gar nered si g

researchhisatepasetdhpgmponrtil analmos ggihprheee oxi de

andi nt sommrefcer mavti il dn be i ntroduced first.
/N
Si(OH);  [AI(OH),J"

C-A-S-H gel N-A-S-H gel

Figar @D scheamddt ige | eAIHd gl , a a@mtngd eftr am . |

Duxson egtuwmdi.ed 1tOHe effect of Si/ Al raalt i os
propeoratl ikaadtii vat ed met akeaadaynsdi smsc hgarSEmlagnet i
(NMR) spedamiGsuws\py.r &t bsiore divleeWdre rs t tuldey .wWsai s/ Al r
bel bwdhreacted materi al a nwde rlea r ogliesh dnbeivt eedrecro n n
mat.t nx coamth@amdgeneous |pamitduenar| epaycat seed wiatrht i c | e s
i sol atazpp owir @&hSei / Ala brodvteldbe manxcionmupr essi ve str
anldowest weaaeohsiiateial Alo flr.abthies e fciamt bmigd t hei r

Ssubseqtuefthitds 45|



Criado envealkt iignaf6lpaode nt&hee/ Aaln,d QA // ig eftcart maotsi oonn
i n AAFS Theaicr eeeempi s tkeidxr ofp o,wi iEFdnespl aShd by

0, 20%, 40%, 6 0A%,l 8g0r% uapnsd wleOrOe%csuurbi jnegc teendv itroo nt
anadl kali ndoaaigievaftmhgeflsudfdr med in the AAFS
and 60% FA weegel qareiefthedd retrisyatmp F e 8 min@ 6RA wa nt dh
100 &A Specihfybcaldl yplreec ut ortshe C{ diA-BHt igeh of
demonst hcenteixnggt-A-Slege F-ASRMd g€l . Itnh eayd drietpioornt,e d
hi gmeachani cal strengt hd%iakkAlacamnae v Eaal/eWirderhsteina

Al / Cal 4.&a]ti o

Nat h and KlugriasedWUEdAASH genl A& SthetrmhFeX epl ace ment
rawiaever ThOao ttendat -A-85Hygndls pwbkeevnt he Cal/ Si r
bel®wimi Yar hpd Radleiprog KkNeAd$-Higdejadlt a ydeodmian a h &
i hhe micr oAARK S cpgvaisatbes onfa | | aAxteHU ngteole ik mEe n O

< Cal/ Si <Si0lL Bl avdl12.

Regartchieng nfluence oh gkkaRemnmeygbaa@amiv Studmr @1 man
st ud iheefdf eacctt iovhal tkoarlGs and si |l i ca conptaesftheepn t h
prepaampwietshat i oFAD® Aabnksla mp | ea c twieuw settehde mi x of
NaOH Masd:®ol uwwi whas vail rkga | i and sifooadsclbiha@&nt s
provi dehdéaShiy@ ol ugricoomot es-t e | enagivhadbkeal i i on:
enha@amrepoyl ycondpemesadssonby sridguotysgr thheer e by

increasing thediresachVYed tumn?ibaentsld § €al3 €/ .J ons (

Besidéebde Qae/quifioreadt he f -AiSHHa tgrieabrify eoffni6d .[84.9 ]

10



Based aovvmitlihadoéjed 6-24B t he evol ution waft hgealesplea:
td he Cal/&arisumatniboed aadvd wBia@bOsternary diagr

i I 1 ustthgeat | p bsalsewhRi g&hr e

(1Bor O r<ca®WadlS,i -A-8H ygddlr esent imattrhiex bi nder

(2Hor 0. 1r a<t¢t Da3fASSIHN g e | gtrraadnusai htt FHQOCANSH g e |
coexiwittimrA-§8 gel as the cal Commegqoenhehy,
mi crostruct ual ® osadelmsdesat fer. om

(3Hor 0. 3r a<i¢ Dabt, EANSH g el gradual |-y NA-SHansf or
geads the calcium con,twentthCGAas-§Ht goeelceoghihtreq i nc
domhphase.

(4Hor CabB®ip6ASH gdlaydomihmabegni fi cantthhey i nc

tortuosity andbicrodmpracmatersisx of t he

®  (Criado etal., 2016)
0.0 e (Rafeetetal., 2019)
(Lau et al., 2019)
(Zhao et al., 2019)
(Marjanovic et al., 2015)
(Xing et al., 2019)

C-A-S-H gel

1.0
7/ LA A & LI 4 7 7 LA 4 S 7 s 7 7 '/O-O
00 0.1 02 03 04 05 06 07 08 09 1.0
ALO,
Fi g3irefer naroyg edi apgtvaadneust sdgert veddfronm #@rious
54]
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2. Mecharmitcalagkdéy slweAsAF S
2. 2Cthmpr eStsrn evregt h

For OPC oompcrstse vec strength is onpropertthiee sn
as it detebwmanesgt baatprhwoattiyr AFS concrete, th
stremetndsdeon various fact orosh,y birn ol wa uercigunrgshoea
met godand the dosagduefngali k & laip aee papcr teutevdattghra.ft 5
onFyapr ecuesatblteweiarcrtaitoen under enmmbiirephnereetwytr i n g
tbowompressi.Coeny er sedjiyrhgc eom | ys bSFTAE v ei ent comp
strenngthar desnHodve lvtiehmidsecrandsses, s s tpoawsor kabdndity

rapid sef t@BhEmptlionyeysd gipr e daicrosmolrisn akA oan)d f SA

mig adt eh @ se. u efsh e fsoelcltpimoonwsig d e rae vibetivwgar | mdr y f act
that i bhhlkueompsessive stirrealgu d8Aodc othihéed t s a mp It

precur sorresg,i,acedsr ah g al d oeagqeti vat or

2. 2 . Hf.flesaComnft ent

As stated.ilna Skecntsseorn mi crostruchbhbwhe odfmghRRS
t hceal ci umGeneaetahtgher SA €dAnthegrtriidm psle€ UEA DN
hi gher comprNatsh van ¢ tiSreevmdgtrhi .d &6tldd t he ef f ect
early ptoppeogft lbes&s ed AAFS mor teamplaoydimFgfencr et
repl acement aofa¥%w) o40%and®OBAW. e plordiyetd compr ess
strengtdwiitnhc rsMasceont ent for both AAFS mortar
and cwndelde sames cbhhdicteisndom e s si v ea cshtinedvreegiit eh wa s

FA epl acamént30%. This conpp dnftaendy was adl s 6 2]

Mal |l i karjuna Rao andnGuaoaonhed wara@aoRamoehé&lB3i ve
0ofSA coomebhhe compressive strength orfatAAFRS n

(FA:,SA)afngo m g0 : W0 ttho i1a0t:rlemenease fodr leamh FAact

12



ThedaOH s ovMawt ipcarepared afiM,&EMRoHGOKMMN Gt ¢ owmisi me d
NaSiz@ ol uitni oan f irxaed :8m#Nisa OH) Boefs i d.¢5wvo curing r ¢
werenp| poynee8B 5 AC (outdoor cuhena®h &G (208v edm ycsy,

for ,f204l lhowed by outdoor curing for 28 days.

Figdeahi bi2t8ayt heo mpr e ssoifv eAAFtSr,eamagatehat 8d f r o
Mal |l i karjuna Rao and | Gu rrmestwesa tanpRsaeos gle@FE] st r
increabbddAOnNntgareta,t Ral i ¢ mamelk e vcavareidnogn t emper a
Among t hes & ufra antgohtass m@ae imgoirier iecancompfessi ve s
thanhher twoThHiaxtibhsgherc auiempebiaeé sireacti on r at

precursors. and activator

Regarding Na®Hc smil mdé i ®embh on ¢ ompsr ensisnlivmea |s tirne
calcium drmeFrA Qgetbhagwe wet hcr eSaAs icrogppt ent, t he 16¢€
sol udiisosnmbvCeasGa c hi éavigh@mpr essi ae bowengtemper
comparthetther conUdreddrr-aemgkrs at utrree cdiirfifmegr enc
compressive sliZ2eMgahd dblebwemmess sikKuritfhecrant
di scusstsheneffect of curing tsvnpdrrabtedrdee dehred a

foll owing sections.
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FigareThe effect ofcuali kgl it &angred® & oo -abESg o b

compressive strength Mafl | AARS jmmnrat aRra,0 adalp tGu
[ 63]

2. 2 . Bf.f2eCcur iomg Regi mes

The commouont ygag smed efnentmattiecusal s i nclude wat e
curing, hi gh taegpeauwrtiioge. ORCt Wwgiyc ahbwatienrvol v
i mmerosexmo s alremitdd environment ttohermatlmpooei hpe
t he mechanical st t afeign anl afrode eldudsmea. ba U riifnpgr orfe g i
AAF®&I fffreom b@GRGwmastdecora®t di r ectilhyh ep a retaicrt $i oend db u t
enhanhhbhes wo rokhaAbFH[S6i4tlny addu etibem , i abkal ofl6ddchin
whicaihl thaelsk al i ne ¢ armpeme raadli oni on coOmescwywaiemg | g
weakess$r eonfg thhar d e[nGe@&@p AAFISesul t, water curing

The e6dff exltk alairdeil sa@awshds end .i2n 3Se€ct i on

Ambiteamper aturye@icaldi yg,20an pd 3B dLciosmmon | y
app!l iAAFGuept ocltii miatl altaropmesi 0§ ffoaresiiltiet iceosnst r uc
[ 70]Thi s curing r egiarheb ause & bAARDhsee af act bBr g bt
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o IC-A-SH giesl tl hGSd¢l gie@PC 13,139 ]colndavaalsabiausned AAFS
typical |lhy greenpleirrag ur et hheugihn g c d i eneteadl @ | enni & ri At

chemieatft TO0h s

Thkbigh tempenratgunmegi cally ranges [brelt,weZepni s50
met hod is commdmrhgralgreedenHDAREI v eémpdes at ur e
accelerate the reaction rate between al kali
enemwdy,ch pgealmrouted Dpmaeamtanded mechani cal streng
AAFSi ndhunat a eptotr lhidendc ir[efgBsgp ctuvermpregi ampu v e e s

h o mogyiednfy-A{$-H g e | T eotr woardlkksacl tii vat Ad FifplaysWaesd  (

et alnvpéd4] gadodd ctulréd nef fteectper at ure (20, 40,
time (6, 12, and 24 h) on the conmpirx srsdtvieo st
75%: 25%, ,20%: R0%0: 75 6&mp o rTtheadyc rt elaasti n gt e mper at ur
curing tdmee enbbmamrcessi ve strengahsbigAAFBeda
i compressi veoldaweih@®d hAasomp drotghle tdarBat i Aot

whiwaat t rdt bumé crcaumsaladkyd wg F A B iTikeh geef f pchgof

shrinkhageed momreamptk@s!| Ist bedndstchitnse®dect i on
2.2.03%. Addhitghont dwope,oatpentehvadslst@aam curing, au

curimgur COg,; oawmdueminggl, s & aenmpf |lorAfle & .

Thet eam curiagi Imest)desongg er at utre@r owvaipderr t h,er mal
acceilngheath e nr eathteatomeen precur §drBe sanddepsaacti va
cr eatheadls mai ntains Isipgheviemai siigu g p d reastephmme

sol uf7v.®pset @aftudi §d@da thtee aem baawwFidmmg nAaAt Fesa d
repotrhisdid i nkaggnwaepdaatatiygd aralget r engt h was ac
compared tourugndeir mamd dedit minlXarel ye,t f alutnhkdd t8 0 ]
steam cur stnhge ddercyrienags &b la sAcAlFk&l gpep d én and Bar ada

15



suggested t hiamprsdeeasa cd ibrdanmidje adiafg nteo pore s
di stridibet itaoon conti nuous pMdryecgwiesteheatlt ave puD
met hwhi chring samplead ellypvessatli.zTlihnigs smeetahmo d
signi fi ciamghryi nrkedyiecr efrieepo raceble/d eladi migg hteor

compressive strengt h[ 88b3ntoaw eevwddreseet Bardbenrh yc ur i

suitablceasftorcopmpeonent s bec auss @ reel gtuei pcnoennstt rsuiczt ¢

| n addt Haef @m e tmecnutriionnge dn@d throidregi carnodvarvaeme t wo
emergecdni gCcOesi ngt bei tas bon AtAiIFdEnh | éecihfaenstt oo ms
C-A-SH génlo-SB JeBldhpr eci palt @ait em Ca GOvo it thitpeo r(e s .
Threcwporosity nagndareésms ¢r,t mecebevetphtet dgnegr e s ¢
of aggiroeps8sh ,iBebwje,v ¢ h o u Inddtlelelait €@ c onc e nd alreetaido n

t ® hfeor ma tmeotna sti fadddoen aotes# / j r ccmr b o roa#tsle .)T h e
relationship between taredeCdnwoe nitem#liiomspoat
FigbmTaesediioonesl ve i ncpeaskiwadekuitdiocnsenhwiat onme
decr pblsael gue38 8TThpbst educanodeompasses si[ve@isd reng

caudseep as s i tvipaaisen vasftfeielinm foors © e $hadcile]

Mi crowave n¢ mmionwtghd rsmneaat eclniihmpgbe selréct r omagnet
energy 1into heat energy Throsugphomesstdhweaype dr
internal t emper att ue raechoyé | d rhet annaitr edraiees K F So f

[ 70, 92n 198 @ v e notvi eonn adwhri icheg € mper at uriem rgosaav e n't
i nt ediarcavastiviaytneorl e d ml @ r e,esn g luwt infgom s nf h4e, 825 ]n g
Feky etcampar[e9do] mi c wo wé \vhee r croadirhmfgoiigsh e st rengt
devel opmbanatAAdHBaSA e. Trhev etalrestcd v b-tvensepde cs me n
reacuhped o toh0O@Broday s wist jnieddtgdywhi t h sfherwmerkage c¢cr a
Al t hani chr owav e snouefifnigc herst rengt h kedVvelcdp mer t
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el i miimastueecsh as s hyiitnsk apgrea cctri accakl ¢ tagpiptl @daknads i » @

capacity of available facilities

Bicarbonate ion —#— Carbonate ion
100 4

oo
=
1

60

40

20

Concentration of ions in pore solution (%)

0 . . . - —r

CO, Cocentration (%)

FighreRel ati omcsalribp ntaegtewedaeoms and bi cadleonat e
di f f@G@enrncent raadtaipoBred ntt omt al . [ 97]

2.2 . Bf.f3ect of alkaline activator

Thal kal i ne actiuvr @ tht hdeepvl eal yosprmaecnhta noi fc alf AtAF&SNn gt
by nfl uietm ¢ n g seh o mo g Bannediotnys e qiutesm ¢ h gme cfad r manc e
The combined usgiadfol Ned @Bitds npl @oN a0 p @ rift A FeSs
particularly in ter usieaifgtshsetiruadingméNa OElo mpa ue¢ d
est abé#éniad tkead nwni r ofnoAARB i ndewhix$ieg’® dlauegnlances
pr ec uresaocrbsicwintty ialdt tm@nal [ 8.8 ]S ecvae rcadmstdeandd toe &

wi mhkaline acti vsattroapsgophle a t i a A AeHE&r etali ehed med u C

bel ow.

The al kaltimien derl u(tS/oB) anmeatsiso ,r aex por,e sgseence raasl | vy
t o [0319D 1T]hi s dredteironi nes the totalwmambung AAFS&
| ncr ela/sBantgi 0 nattsheen | | kal i ancdo nlcyedib wmait daeb si0oo T

i ncrsehseewat eHowepaetreanessi cehgehtgati on of al k

17



can hindesi AAES riidlddajrism nt aqui terndest haglat el[dl
effect of (D/.B,r Htoind ¢ theepdrgotlphexr 5 )i e s uosfi8nAgMFA p a
NaO#ol ut iTohrey ti maltooeetr e &/eB urllditegdoeirn compr,essi ve
whielxec Ha ©8lo | uitni hoinp epttod dysmme rDinmi ,JFamligy e ts tauld.i e[d6 2 ]
S/ B rdt.i3dbs aMAF®o A cwiettte fprvep am tdd eonmosn sdtriragatt e d

al ow/rB Ftatdi 6o higher cFoonrprAAsSKAH@OIrstterte, naglt.h |
examithedeffecsf rom B/(iBA . .ildcODemMARAFA mamd around

t he opti madnidgbddBe trwaetebno and 0. 6Ghi INE@oONt edst hat
S/ B ratio of 0.35 achi efvo&rAFA i mivetrarcomipe @ ss i t
influshBeond®dtid3ds 0.5, and 0.65. This disscrepa

in alkal coecsesnl teavieima nt mdluBrhwatuiscesd i n the expe

AsifdeemS/ B r atoitcheexrgrweo®as ieoncso mmohth ¢  alskoad lL.uitnieo n

concenamdtibe silicaJ M@aphuéeexigr d Msed &3 Ot he pe
sodi um oX)i dceornetNeantdi M ehe b(geder amh¥P[sl4®P8 @jod 7 %

t hneol arofe®@idl@O[ 111]respkrcitz@ame!| g§gnd Zsitvuadnibevd c |
ef foefc t NaOH.SaJod xNamé kaacltii v a tAAdB)Asdratgat(h vari ou
NaOconceni3r%t,edcm ) 6 #isd rsé0t. i6g ,@.nd,)Théedg found tF
t hfASA mocompoessi ve dtwridrhgtthhei nhtbriexhbm®i o at
concenS$Simit,i aondmpr essi vawst McaDhgehcentaf axean at

Ms r[altG 70, 10 8]

Further NaSieDot Nm®sls ,geartdroal | y r an[ge%S;111142o m O.
Thiratrie@r eserctro swwieg iadma on s h pSp ;:@nddta Odhe 15 sl Bha
contMsasrtat i ol adermeicecn becsoHpadci leetvaesld.esgdd 1 he in
of -/NaONaOH ratios §( DAASFA Z2noG ,tNeeg@H <<2gd5fi) Mi o n
14M,and 16 M. Tthhelyt grheeficONae@H irmadni eadsn@d essi ve
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streantgteanNAEOKed ol uti ons due [O@]Howgwdweer sidom@r
strength tewhagnesNtDbadOEa3$ ® ae xcceeretdasibrr avha Inu ee.t
al . dvialldgaSie@NaNaH r ati osanf®.BDovaR)ypdalz-bhawd
concared er dpfhbaadtxedhum compr assatvieo St miedagHly al
studi es rmad cnmad hmei.SiNgONa OH atat oo 2bBbommt i mal

mechani cgdl99stlrlie@ndtlib ]

2. 2FRracPuoperties

Fracture,prepertitesthe materi al characteri st
when subjected to stress | eaodfi ncgo ntcor ectrea cskt riun
equalmpyratamstt rengt h properties, as threygchkefl
initiation Ahdh@P@pPpagacrxhebiets good ¢oimgdr essi
recogand s@&dbri dule { mavti ¢ reinasli |l e strengféd and f |
emerging material, AAFS concrete has been e
demonstrating s omepeerrabolremaonrc ee viebn9-@ 8 € Hoovreosreea t, €

reseaanr cthhe fracture propmraitcii@d i onffet AAES concr

2. 2.12nfll uePree wsafsor
Focusilmngvad gbiausre d AAF SNad cdin carnedt eSa rukdatfesdd AL 61 e

pr opeurstiianegb i-ceinmbg met hloaly emphmpgwedtt tbendi ng t
not c hedanlweanmp & rheed rweistuhl tGMEC Theg r epbAbtaesde dt ha't
AAFSoncrathe Bimedalrfl eadi on b eloaxjradtoensgt owi QFC
comparable fracture toud@®@lkseé¢sefeécuytdad o mphree § giaw
ener gy dipmorpooagsd oAl £t g n twemithcsht t r i butreedf ithedt h
mi cr ostirncuocntcurreet. @ o mh o ami ni i reve satlihgaltieddf/ll uence

pozzormatnapaicadoohi bhe fr acotfAuARS po oofdrearye p erst e d
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that a hi ghpozponoaptoaerrciiaoclns o(fed exr t h@%) omwes ulmte c

strenngdolmr er fracture properties compared to

Regartdhlengglal ci unt o~AkRZR Beg etexapl.or[eldl 8ffhe str e
fracture properties in AAFS pastes using two
They found that increasing SA content i mpr c
t oughDniensgs .etca@ampanf dd 919 he fbred oviedeR Ppn d p@R C iiers
mor tar anadc rdbodBmsereetceompressi ve strength | evel
reported that thedhAfABArsdmplcdP Cexsaimpiitpyg ,t eae
compressive stdweengtemsefr &0 dMPatddhaty ®bme nd

t hAMASA s awepnheerse br i ttl e diutep meeiPSGti icagnE ihéhse k s

AASHWatri x.

2.2.12nf2l uence of Temperature
As mentioned 2i.rMnc e t b g oshi egnmp efiriradtduaitetingc eme c hani ¢

strength of AAFSPawwr ear iabv e sfthi@gatteetde ht lydr i nf
tempecat (6@ ) on the fracture praocpeuntgi g o0°f
tisgnehey f oawwrdi inogheaetr wé 8@ elsfsf e cit my reovhien gnechani c
and fpaopuenfe iAckASFA Eonthehepreegpobrted that Af
exhibited greater brittleness than OPC con:
compressive steraggyh. ansghdraawkiemg edouvanhd | ¢ A
t hat AAFA concrete exhibited hwhgehne rc 6foreadc tautr e

f oor hour s.

2.2.12nf3l uence of Speci men si ze
Ap afrrtgme c uarnsdorcsur i ngantde mpisnpeat umen f ebesf absbour

pr opezZhtainegs .eti navle.s t[ihigPaz petdur e properties of AA

cawitt h seawater cor alpoaagngr ebgeantdei nugs itdgh te yhoen tnh
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| e
br

al

Mo

epared wampnlioets hwetdtelor B ckati os (0.2, 0.3, O.
ved ., sandd 6. Twhtery@op otrii aetd hi gieernt hdmnad ks aseedds
i t tdlueem @ sbsecfefde ct-h @ @r l ngaBeapdettey. f ound t hat

kaprombpematacompa€tt microstructure.

.2 .Rr.ddcture model

r e ofveerr , OPC <eowaroalthbasy e pbrecepnosed tdssradesarieb e
h a viinocul ru, ddi onugK hhehdde 1 2a3njdhGeE B | P njold2edllamong ot he
verttheéessmodel s have not be®hngakt datt ed |
aluated the fractwredpAAP&Td o vatlhhestfiartaehd inan tr
iprge d imotdiewes. They reporiGedatduahnl Mé fghat td ea n d

tter ofraehda cftriscood amea edae r-BEMB  njoldedl ]

rrentl vy, research on the fracture propert:.i
rtricegartdyng micrbéattbet nbeefaspeéare. beha\
ncrete in conjunchoblaef wi ¢ hamei,atbpeesengt bdat

ea that has yet.tAl bbotutbbhavegbéythmegpéacedr

o
©
D
-
—

i-reesi noffo rfciebdr dARAEB O t Dim@® 3 ied = ftahlel socuotpsei doe

i S r eakedrecrhe fdanrslec unsosted her e.

. 2KB8yYy I ssues

spite AAFS mort ame camalp icoopnécrrteitees etxhhaitbiatr e ¢
en superior to, those of OPC mortard and co
rticul arhduskdi ockagk&ing and effl orescence.
terrelationdhepfbbrebcenkagesarssential f o

nditionsteamdpéeéhkteot magce of AAFS mortar an
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2. 2.3hrli nlkradyieCreac k s

Shrinkage Bt iemali oketiheg properhvebwl®dmeconc
redu,athii@erh macyr dceka that coms @aqgue nb hyg rdaufr médartl i t y.
AAFS Dbibhned eerxst,entt and type of shr i nwkiatcgher ianrge i
tempebat smgaegai fi canpAtc coa dti rnigbh u too rper seevai AcBURSS osnt u d
shrinkage fhoacu paed stare ciWwd ogemroiuEll &8 g & 3vdh i1c3hl ]

refteer mveol ume rwe dthatnidem e dc a&cwmnendn gibg anlgy mer i sat i
bet weean(@2e)l sdr yi n[g8 Os, hlr3im kla3dBe} roeofi esrtsur et hess f
pore sof lhstuirornoutnadi ngCempar®acmeot aut ogenous S

shrinkage is more lLikely to cause microcrack

Undambi ent cursipnrge ve onud{i 1tSitdloundaBvBey r epdr yed gt he
shri mlaAddi nsd gr ea bep artend steo ¢ uhriegdh utnednepréhmias ur
di fference hesghttemnmpaipatyunrodbes t h&A-SHr gwtth of
resulting in a morefumefrleishia gahddirsave $dahabea
t he autogenous and dryi ngas hNaB ozl qé. e olthseAyA F A
obsethaetd autogepoiumasihiey n kiahged i{fhi rds8yp®Ilci mens

with NaSghekontexhisbi ted great erbuawti sgebrbcelkss s h
werdeet edttridng tQamsvestsegdegg shrmakeagei gumdf i c an

associ ahtiggdh ewi tweli Zy7h,t1 3 8]s s

AASBAI nekexrhggbieat er drying and autogebbodeséri
[ 1AB9]iTsh behawvi oub uCtAeSH tge M hhiec mor eam @ mipa@rctt u o u
t han -A-$H gNll40, 144] descr 2bhAdc 0 ndNSegot ttemtn al . [
drying shr Apkage aadéamBstan t wple)kitsetnisn owte smad
| ospon the exposure enandomBpepdlgyamar itsartpieamt

gel sp alnydc o n daemosdagtfifoenr entwighcahee®s o.Btasmdi Snur
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t hecemparARAIFA obi nder s, wshhrcihi lnagre dafc K& WA t

bi nshemeo rpeg one t o frmiramalduderoatcok dr y[i h4g3]shri nkage

Humad et saludihped 4sdhlr i nkage propertiesThefy AAF.
repotrtiiemdc or peA aitmin@d Gaduetdogenous tsilei imibtdh e

mi cr ofcaraméit ihbe nnrdatr,b uhkaldeismpawc tdr yi nd ns hardidn k a goen
t hepser feod mathiyam odfahei be ndnehri crha trreidxu,ced susc
to micrddr aeectkdabhlang et r ab csh grdcdo@]c Isyusircempor tion
t hahti ghA&AmOni AAFS paesHUbglr eatteogenousushhienknage.
whidempressi ve st rwinhghtgheeitn cracngpxallth kel i hood
shrimanhagoereadc krsi fd %0, 1TB¢amfpdimnglr oporti on bet
FA andl Mgt haptphreopIr k @alt iene omcteinsdtaeud dnbe consi

to balance strength and shrinkage behaviour.

2. 2 . Bf.f2l orescence

Effl orescanmcecr métiealnl tod | eached pLKRA]| L&ODNS
SshowRi g@r efphhiesn o nmecncomh e n al wmiag ifatoenns he pore s
to the surface in a humid deypitdaemzinit mietCy no f
AAFSamyprn ed mmH npot ent i ail ntgphbeiwedaekrd ront@gt! sifidxr me d

on $hmplue camause spalfaamdegmi crocracks due to

dur itritgr ansi tiloing utimdeat dcchephase, wultimately | ea

Fi gbtEef | orescence in AAFS mortar
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Srinivasamusthbhdgietd ahe [B6] uence of efflores
of Bp&ste (100FANdAdI9UBANALQREASA)t.htafileA-$H | quali cian e
t heO0OFA siarhemetl i ght dfegnr macmayg bomat e e plablggee af t
effl orescencaec¢ o mphriecshs i wien uscter etnmgagaeéheent ai ni ng S
exhi asiltiegdhti compeaseifveel IsaWwietngr ahts tcreinlkselt cevd, t o

ongop algy me rpirsoadteisdshgd we,exrcessi ve al khailnideaosn ctehne

-

eacti orfSAbred wea skad lujt i @2, Llesalclbie hg wWii ddarthe por e

(7]

olution <concemnewitlhiwomd, & e aldlt avednmtgi nAllet ihtosl g h

compressive gfaterq@trl yit mgmeesdxedi @mandgour dahodoiwvon
compressi yed4Blurehgtiwhriga e ddpasiasecapsatkling
i ncrde daee podridRi Blebr3afando atssabk s e dtlebring dluornag i |
properties o f o vhAeyeAa rcTohnecyr et eport ed t hat ef fl
det er i drh&A Fdonn cpefe & esteppeon gt wor k and Icnacursei ansge dc r
porosity mandithe raamkpsl e more susceptuichl eerst de a

[ 155]

Toeduce efvadmwmieedsds bbve slxepdorseuldch as Eg&bb]te

and -sahpda&Zé¢ol i tda nthavwbdedrs | e &dgohinndg nbge had vkiad ur |
t ouint Jueuct uraeso lwiknc d®eéer at es onb e maok kfa lhoim inmoonr e
geplhaseBesi des, cal ci2unm 5Byjd r odd dWajecad OH Y

t o mietfifgl aotre@ ®tciemntiex ndjels@@pdp p | syu rnfgac ¢ 1ddagut @ n g

alsbbown potenti al in redamnplng effl orescence

2. xorr osReinnfodrced AAFS

Il n this section, t dhoen ccroertreo swiolnl mee hiamti rsond U ne
review ofndcdlhdeod irdeei nf orcement Therowserahl!l i noA

process of embedded reinfor delment can be div
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T

Passivatlimnt ke aggksence of <chloride contam
i's protected by a dense passive film com
This film forms in the highly alkaline en
agents suamdasvadteygémom reaching the stee
Depassi vat iTohni sstsatgaege begins when aggress
fromcdeng salts or seawater Vicgpsplasheppo
or diffusion driven[ b6 3 bdaahelnocroiadceeanh r gt a d

athe reinforcemanni tslhuodklklt®el &,x cteéerle piassatve

exposing the.steel to corrosion
Corrosix®mcet ddpe passive filmis disrupted
present, corrosion initiates. I n reinforoc
the most common f or m. Over ti me, these p
compr omitwsdtngr alt i ntegrity.

MlLcrocell and Macrocell corrosion

chemati c rreeprne soecoteanteiad cmoonfcr et e Fii g 4r kel ust
wing two scenarios: microcel/l and macroce
Mi crocel loccarrsowhem different areas of tt

and cathode. The exposed steel area beco
zones act as the cathode. I n the presence
to |l ocalbiszeas,cesmuch as pitting.

Macr ocel locccaurrrso swhoenn el ectrolyte or oxyge
case, the anode and cathode are spatiall
travel to a distant cathodic area with ¢

corrosionr sprleradad oerver egi on of the reinfo
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- = - ! : - . P . A -

Passive film

1
Steel Cathode Anode Cathode

Microcell

Fignr é&Skenmicchr oocfel | a@aodr maeonteltted concr et

ERectroche@alcla)) Redad tfi ons
understand the wunderlying processes dri vi

enti al to examine the el ecticgommcdirean e ail ntrer
e the passive f i |lrmupotne dt,h epcrbitmeaeriid & a sbbya s e (
i CEgld i n

C&A @# 10 c&A#10¢A Eql

e the passive fuhdteidlsyicognpmemalsleid¢ it hen
rosive environment - eidruicttii @otni)ngr eaacrte donx (T

sists-cef |twealkal ons:

Anodic reactimet a(loicd adtoewdmd)re r ri @wn&A |

relieegsec thnons (

&R &A CcA E g2

Cathodic r eac:toixoyrmgehr gubd (kD) 8q3)r eac tt hwei t h

rel etaos efdor m hydr)oxi de ions ( OH

-/ (1 c¢hAoc/ ( Eq3
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During t ICilpsl gy orcietsisc a | rol eabgpPpibmcofiaway Fa g
fromdrhreos.TbRétshigeact s twi tfhendiMgds oxi d, ( BEe ( OF
greeni sh coampmotuinmdue dWidaxposur e ¢t ®HJorxtyhgeern oaxnidd i
f erhryicdcx iadred eventudlhlyyraned He@@tid)c, oaxilbdregwni
compound.

&A ¢/ (9 &A ( E g4
&A (1 c(/°1&A ( °c&A o/ E g5

2. 3CB|l odindeced Reinforced AAFS Concrete Corr
2. 3.Bhllor edesotfanmfAicAeFS sampl es
For -cladwi umKAAMPhe i | and Aihoveshiegatleédd]t he

resi st amnandAdoRde ¢ o(nClraestseufF eA)at 80 TRAiICey oconRdda
acycwedatcti nghbhdr pisd ideeBdysd % NaCl sol uti oonf f ol | ¢
airi lggver a period oft hle2 reodnklintesFO@RCdecd.0o mp at e
They foueidnftdfiaded AAFA concrete exhibited | ¢
coefficients, but also a | ower chloride thre
OPC coMonet eel Isit udati eadl .t h[e2 Iclor r osi on behavi ou
with three Msandt BoaBBlf&s 2Ber . ddved daFn€@ambi e
anid5%el ati ve h)dmirdi2t8yi d(@8Ry.9Hf.9gr ced OPC mort ar

groBotsltampweer e ex@o83el8% Na€&ft ep.ITdtariyedbpnogr t ed t h.
hi gMerr at i opadrnoccs ity wadecdh ani caln AAFAogqmbpaae d

OPC mdrotwaeyw.@ £ g utnhdah d oaoh de t hr es hnod rdivasa | huieg hi enr
than mdR@ aardi cating better resi stcaonncter atdo cd &r r
findgdofKgpwwde il and ATMHeudhsescmahpednay t ri but ec
di fferemciesg, mes&ahwrdo ngdacesr e homogenawms bin

AAFA s amgilsecuas &&c t2i. dn 2
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Pasupat hy retpomieetd [ AASHBA exmich etveuwr a i ihlaint YOP C

concrete in a saline |Sakeaaue (@& rABAG)Ae Ictona v @1t ¢
showdeénd ori de cont entc aaenfdf icchil eorrti dwee rde faf pupsri coxni m
t han acmbrieedn tOP Cl 1xfoon elurpait \lRlays upat hy f eundlhtehpfi66
chl oride difdédBNMAFANC oveest daipepir xth mtit gtelgyya n OP C

concafetteer 4 pyHe avrdsleu ewée e¢tmoo nBp ar eld2 .t5OPfC2rconcr et e
Ma et a@absefri¥@d] hi gher pet mOREI pwiveh nalWAdFAs p

higpmor osity.

Chindaprasirtramar tChdalteleat 116184 cihA ARA d eC I daisfsf
C FA)ncdedrraaasnecr la©OeéloncenfT hamaenetevall .uaft 240
AAFA (Class C FA), AssSHagand OPICorciodern heee me ab
9aay salt pondi ng, ard helyd wintbd €A prec metadi hatd
chloride di fmoseomn haoet hireieernti mes higher th
poohl orreisdiesltha cogen.tArk&sxtc r et ed isfhfouseido a . Go  fof i0c i6€
ti mes that of OPC concrete, de®&omistNambyhnhngith
et alr.ep[olr6t9e]d t h ae x hreAlFoANcehd roraai sEliteeh @M ECeconcr et e
even when cured at Bngh tempBPhescsdred tfdE@an bl
concluded t handoAdAgenmemhaipi t | ower chl ori de

bi nsder

Thfeine pore net wArAKSa rta ots gcrhiuaer dascirttaeyin edsBaHd by

geprovi de céx ored ddiesRtoayn ceet rad p. o r[tle7doh]t dviait d ¢ hei f f |
coef fafcilreMmMIAswhaisn daegrpr o ati ima® R@ fybs. Indmai | et al .
studied the influence oforAl oni AASpemocendbi | a
RCP and salstThpgnaeogireg atr edt mroa d ratre sta mmpd regi mwg t fh
to 0% and concRAEbRt s@ampl ecsnmwiedd % ftian di h%.s i nc
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chl ori dec odeiffffiucsi iéanst SiAnecroeha aug a sreAFWMor t ar and
concsheawimeg hi ghest dd fAMRMBSAolmi ©ode.Mai ed elad we § t2
anRunci and aSesmedpanr ted3kogeahilfoirciadnet Idyi f f asi on
AASA bsicrodng@ra rOPdC tbae Hawe vespi tde its superior c
AASA bindesmus creetha ibaHriitnk ssagteaiteerd® €k 2i.ldnmi t i ng

their aippldccraptumpotsieon

AAFS Iscothbir ne tohfeedwohel nkargigskormpak edanad AAS/
higher compr(esmpaeediresfhmbeASeic2ndalb aee and
Castelinv®B2] gated the chloride diffusivity ¢
(75 %FA/ 25 %S A, 50%FA/ 50nS9Actandt @8 %WWANEDS Ik o
concentrations (3%atbe, amhdeB8®)t amgdelchaetyede (
reported that deehcroeraSdeedc dansh @emé a8 enteya rwiyt ht ean f o
reduwheant he SA dforndm n25 % ntdamg/asde.ieaidinrts but ed
t hdkeomi nanCA-6HI gebf wlhiswh t #Sbls gred suiln i nlyge f i ne
por o[s3i.Agnnakoon adtseplort pd@AFBatconhhbheelteweerxhi b
chloride diffusion cbef$ummany, thlae OIRICociode

i ncreases in the order: AAFA < OPC < AASA.

2. 3.Bhl20Bidding Capacity

The chlecsriisdteance of concrete is related to t
chl oxiindlei ng capacity of the hydrationbyhases
whilynwdr ati onn bheioddient smatobh&r dugh Chbhysical ac
chemi cal rreeadcutciionng t hanalx tpeetighee r sae ri winc & alt ief e ¢
concretel ®PCus g itehse. AFm phases (Alam@Sha Ferr
H oealept ihdardyr at i omi tphloadruicde b i[ Mdi3qigh ec aApgFarc ipthya ¢

bind chl oride i ons t hsroudglor mchgmi ¢al edel
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(3Ca:Cacion) , a | ryetl @l li e e purnedaeiap iutraatle @ahvi r on

condi[tli7o4ns

FOAAFISi nsderhe chemioabwcompesi al enanditfheract
frdO®PCr,besultindggein phAS$Ses @ pALSH geland seconde
hydrati dmopfadse sin AAMS a dANtAeSSH geed ,bysecondary
pr odarcg sal masute dls ¢ matc k o ft hgea é ¢ ulussmoaci®ln teetntali.n
repotrhteetd chl ori de bioadasinigr oung PAAFRAY dii mallerad s or
A-SH gel , which hadue taslg@ipeuutabewBrgsare

2. Tphrios¢t @esasls t o the preci ps ok teiviaogpnooHa twidpmorr i d e
t hepgecimpeit aswheenmei srt-@mtetelbbes nder Gmaasekara et a
poi nt edt hoeutc htlhoarti deo B ARS8 bd e gdeopnd cciatlyci um cont
t hper ecur sor , whfeocahini poamoonmoket ecso-MA-&Elt gl€h .addi ti on
Noushini ,eti daeltnh @ [f a@EREMcphakes andinhd&dAFAi ed

bi ndesiXrgay di (XfRRDacanalnysi s,

| nhighll ci um AAMs, t he hi gher Chemdumemnoeant e
mi crostompbuedat oi udsvedAARI9gdnamd | wehlnowaes de bi nd
capacity. Il n AASA binder s, the tsohtaoude andl
t hrough both physi dqdl7 3ag3$lalicoarindyatkiryaa i ome tpthiad & s
hydr od akei tpd-AlsebaydMged doubl,e phHyadyr oax i rdel e LiDr
binding through ani on[ leX&khhea mgdge ailmu mti me uimn taenrd
cont enal sup pSokre sf or mati on of AFmMm plh&ge £,dewlisc
sa[l 1 7AMlhtough bot h LDHsarpen & $ BnitA6AdBeAl s ndalrt, t he
Fri edeilgbisvesatlitmeshé owmbDHh[hlamZAlang etf uarlt.he[rl 7 ¢
poi nt edhydrtodtahlaeisfphays ea mor e I mportant rol e
FrieddlnbsAAsFaSl thi nder
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2. 3.Ghl3omfhdeshol d

There are two types of chloride iFmese daehlcomic
iooman migrate fr evweHlerkewmsnid rchtoosreedetre ct ed du
physi cal boirn dcibnegehle€ aolr secondary hydration phe
al so known as the &Ckjiftical defili mreidd balscraindee nt

concenrtagmuiarcacduy @l atthe stkréakdowactehddpddsgi v

Mul twagywsee fusrepr ek siit B g sSThadiWre Icitonmimornelpyr esent ed
awei ght percentage (wt. %) ovfeifprhdle 1cZOh ds8d0he c
c astesst,al chliog iuwWse cfoine &tnd & ¢ odoui ed et oc otnhtee nsti gni f
amo wrtound dhld4a.rliddlidot heri se xiphteaastsii @hr ee chl or i
hydroxi dg /i[l@mei €dfCll elodls abtetteveen free chlorid

al kal it hpeatrye oskoul rurtoi tohngei inngf off t @ ne n t

TabllDe f f exrparets sea ohl 6ordehehreshol ds

Cl ass Expressio
Free chloride wt . %, by wei
Tot al chl oride wt. %, by wei

Mol ar concentration of The mol a[rC]lv §]C

Over the past few delballgsthveumeproyisre@lt wes es
f odrepassinngaitnf or ceme Mia b2 Telsevssl diep @emodaw mat er i al
andheorrosi on enrweirmfnoniemenme sFeodr i n si msl at ed
contaminat ed wi]t/ H]Oddhtleoaorgi edse ,f rtohng 80B. Bl Btdo] cO.n& I a
reinfoembeddeéed | neROPICI tnsora aifl gh2rt{{d 88 §iehd8 s
di fferaedrmaae ildelesde n we of chhyldorraitd eo sbiipmodhisnége di p o
sol yt iwohpircosa d more uni for mFemtviMammonaa te t al
reportealddihtaiton hef sliOg¥h isfiil ci actathdd yw &ikenpoceraepaasr eesd

to resMorsi sremhiascri¢ad 88|t outde@e | mproved con.
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whi ch af omomwsé froiramr os tamulc teueteéren passi &le[i UfGiA]yn
Mor eover-sFI|ltPhejoldBld RIEEDMmMmMe Mde&dbilp@m&svtal ue

oD. 4 wteméwowf OPC,acomemoet to¢yh rueseebdot deai bhati on.

Tab2d®val ues obtained from the published | iteée
Cerit
Refer Material/ Sy: Free chl Total c¢h
(wt . %) (wt. o) L[CGI/TDO
. Simul ated pore
[ 18¢ chloride N/ A N/ A 0.6
Simul ated pore
[ 18¢ chloride N/ A N/ A 0.83
[ 18°¢ OPC concr et 0. 10. 22 N/ A N/ A
[ 18¢€ Bl ended OPC an N/ A N/ A 0. RPM. 7
[ 18¢ OPC mortar 0.BD. 16 1.23.08 1.13F. 9
[ 18 OPC mortar N/ A N/ A 1.76
[ 18¢ OPC concr et N/ A 0.id . 3 N/ A
[ 15 OPC + 10% sili:« N/ A 1.i2.0 N/ A

FoOAAFS b,jCadvearlsues adefnoedwdlbEe to complex ch
bi ndiniercdhani asmswel | aisn t hiec rdddtare lmettMeenit $ tcied $ i
al . ekamjned the influetnlceh|l of i det reasi et acceag
repocCdrviagaompproxi-mavelwyi g¥h,i fi cantly higher t
obsedadr OPC mortars.ol Thé¢ eofisic ¢ &€ a seénidhvaant boers

di ssolution of FA, res-ASHi gwhii amh ac onbti rgi hbew tme g
Ccrvial ues . dHeoswiehvtaedssieg her val ue sex hAlAdHwe nhoorr ti adres
resi sgthamc ©P<d uneo rttoart he | arge-sbapf&eiblgalr eandf

the | ack-bohdchiohl dashits oing P&dactdiad@al.13.. 3. 2

Babaee and sCausdCieevda | UARAFS mortars with thre
(75%/ 25%, ,a5%0%R25 0%V & Loyl kapolinic ent r at i onsandd %, 4
8N aO).They tuwstead chl o€ v@l|ldwesh tisengtniafsi claoandy | o
chl oride conttehnékt.viaT lueeys fdewn ke dangd woahdmimncr

d e cr maglskcaolnic e nst r Bl @ GInowlgB.€1 9 )was % ound i n AAFS
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with 25%FA/ 75%SA and 3®.NDIWeas Wb b stehseang | B g h
with 75%FA/ 25%SA aadi 8 tdtar2iCb. u tTehd ctomt ah e eslu li

SA precursor, which [d2e9%,t1la%l,119%2%] t he passi ve

Mundra etinalestj pgaBpedepagsmyateohi I m in si
soluti ocnal AfASHoO Wu sridegNa OH econcen@.r&tMaomnd . 12 |
1. 36ThMyndi ch@&edICl [JOH vadD uksatd7R. 40,, rwetsipelct i
couwled expressed as a const ant[jHhHawewvér 1. @be L
i mited,tlhikkpaasmeraebhannsmei MARS crear t ar and c
remains uncl ear

2. El ectroPhemiecali es Measur ement

The coofreshnhbonemeemédéeéd i n Cc procass ec lsa luluecn guea ets
their service | ife and safety. As mentioned
concrete structuffbseresoeatrdemeeygticogt tygrrosi
structures before the propagation stage can
their senvibeslstetion, el ectrdodetheatiiioml utdd ;nh
open circuit potenti al , alnhdead & e ojtvairdigod taé o0 rt

i ntroduced.

2. 40pedi rcuit Potenti al
The open circuit potentdalll (POLtPent iadls,0 rkerprwen:

pot efBt)ralhdn the measur edt &\t g ¢ it hies rietaee g winl |
at the anode and cat dhmodoe extee rdnygneanne fcdatd & dyt e q
This method is witdkceoyr riossadnt prodtadn miing of
concr et ed sdisdumcedendd ediseosnt rruactt M cveeo r dAISATgM tGBL 7R |

the corrosion prroediambfidridemeorft écaesne Bdeaad & esr mi
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asut liimaeb8Ree f ered recd r edied @SE (copper/ copper s
and SCE (satur at,aeoaramommey!l ueleadctirnodeh)es e me as

Tab3 €EheEovral ard related corresndboem@moméctdd | i 0
conclrleg ]

(mV vs. (mV vs. Corr opsricobna bi | i
EcoPr200 EcoPrl27 Low probability
-2 00E.&r35 -12 7E.&r2 7 Il ntermedi at e
Ecorkr350 Ecokr277 High probability

For the me&sfmoemembedted reinf é&rg@&meaathi qals
i mpedance voltmeterinsotpemeet ddgale whbeking
el ectrodea( WE) eaadREN ed attetrvinphd@i ¢t abl el @y erctr o
suchspes@aked eicnsrooll uytitio ipd ,ac e d REBeentdhecenc t d e e
surfaodadlacecat onducihevpoyenti al rdeifrfeoendme bt
t hRRBEE measured by at h® wvcoolgtrnodste eorn,o fp hreeld anlf iolricteyme n

to be dbasedciardt he c cerxrha ifare3deot ent i al , as

RE

[ Wet Sponge |

SO B TR e oS 5 = SR PRV
e e o ale T BEarsi e G S e
S T E s P T o 5

LA SoT an e sl S A e T e

PRPU K FEB IR At e Tl

e Sogr et s aEa s : ENE

Fig8re&Sett hGCP unppasurement of embedded r e

Des ppietiangwi del vy wseesd raurcd irven t ool for tksessi
accurac@®Cmet hcbedn be i nfluenced by various e
Meas WEgo@@ | ueasf faelhcgg edcr et e cover it dbnyc kangegsrse, s sci ov

i ons, moi samd eoxyqdr[na®& . a3d3.3 ao® bilingr ease i n coO
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thickness | eads siolk sviraglnu efsiac afnder u ddaek (Etgrerebn o g

mm whii odd éere acour as e en[sine:m]t

Aggresensge Glucdimreesak the passive film on th
concentrati@ni:Bedeoadks tthlreespasv@liavxce ufmiull mst b oe@ als
Ecotr0 mor e neslga3d JAvwcec oviEallsueeg et o tofalr.e i[2f8dr c e me r
wet and-cohtami deaet edaspeedndoOnéké texrbunasekara e
al . t[e32]Jed fteoh | cofandteami nat eB.ow®indugf & teeg et ¢ h |
cont en:to %, e e 125 %, 0. 5%, 1 %, 2 %, 3Bheand hd @r i
contremstuulnt entor e Ecnerg lk 1le0s0eB3 0@ \Vecsd or c h |l ®breitdwee elne v e

0% 00253060 -460 dqa¥ olro t o 2 %, -4&5M%kshbha@S1% 0 wo 5%

Moi stoamtaé stogni faif d Emwit/Bsl,aes s hodavimlEoschitfotosr e
negati vaemoviasituuersencon,eb®eel put ed taov aihlea boixlyigteyn a
the reinfsatemenedegygen content iduethke por e
resedubstamaopdhPpd7€en uEntvlay uesema remel y | ow b
oxyden esfsemttihaoldi ci medaxtrremct isthopdwAnl aicrk o f
oxygemsrupts ttlea-théall la nfteeaaadtfinogn t.o t hese shi ft ¢

TabdEovial ues for reinforcement embedded i n ¢
daddaptElfsreomer et al . [ 28]

Moi sture cont Eco(mVcsk
Dry 0O to
Humi dity -400-10¢
Saturati o-900-1060

For relAAF&r anod t ar , caentde rcrmioncirmegt ieon  pr Eboa b i | it
val weidrsgr M (J8l796kaly bneou i t hebvd eert allfl RPMave reported
corr osiroeni mofno stuheefima meh eEpoval u e s -6(0a0r sssvnfda it h i n
the 90% caramasi onitifabdldeiegr esence ohfy psoulhpehsii dsee
toontrithutoBydiveel .Gas phi de c@xnbdboemch asvalyphi oé
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film rmei nfhesoemeoaffwhieslst abil i tayndo fr eglaascxeisv e

redox pgdtdegrit i al

2. 4LPn®at ari sati on Resistance and Taf el Extr

Linear polarisation resistance (LPR) is anot
eval uat i ncgo ncdoirtrieoosm foonr ¢ efch nvare c it € meEtt hned sur e

t he i nstant anue aduesnisifotrye mireedianefdobg empept yi ng a
over pot emit @ @adNRtpo mV) aEefuhldl . Tthe®] ari sation re
(2)isal cul at ed pforrooni ophbheee-t i mp éacbd rti Mg ansi ti on f
negati ve ptod epdodasat $sBgevwwho rien edce t qau ib ¢h a re chgniglo &

LPR methesdtfomeasurements to determine the
structpunedb¥edr ade .etThdy dl2s7dc piftodoeoiseerdmi ni ng
corrosion probability based oifabShkawevern, cail
| i mi t dthieomePtdidi od i s t hat iatboputevodesal hfoomao

rei nfor cemandte nhheeX acoarnrnoosti on z one.

2 S Yo Eq6'

e

whe2és the polarfpsbsatioomrYeseatheabceo;rrespondi

densisty to

Thet eGenary gqQRuWiads]li omed to calcul at e ashes hcoownr o ¢

bel ow:
E — Eqv.

wheE eis the corrosfion tchue r Banfteld emsri dtygnt val i
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Tabd e Ranfesvaloies related to corrosion probat

fré¢m7]

i (vA/ AnCorrosi on

¢0. 1 Negl i gil

0.i1D. 5 Low
0.783 Moder at
> 1 Hi gh

The Tafmesltiantc Blusulngtxedadh apol a,t ivwhimgpteasyied | ar
techniogR mebtuhtodvi t polaal ias @ el @ miy 000) M\ 4 & |
Andrade and Gohr atdhee ed@tOdrhtrii & lh dbvesl .18 rcruermvte  (
identliifryeargi e dbtoitdin anodi ¢ anadurcietshndt hepo | a
anodgi)and cagit)iadiet awldobpsaent er,mnabtdihegcal cul at.

the Tafel constant B using:

9% E g8
8

An exampl e of a TFafga@lBgplextt riapos@modwmgti mehe | i
anodic and cathleodh ¢cvidlclmahcbesdeter mined. at th
However, this technique is consi derreacthigseest r u
empl oyed, as this can ceaebspf 0 nrswrmvieardsed d reo pceh

[ 202, 203]
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-100 4

=200 i
Anodic Branch /

=300 4 E LY
corr

=400 ~

Cathodic Branch \
-500 4 \

Corrosion Potential E_,. (mV vs. SCE)

=600 L L L J
-10 -8 -6 -4

log i {p,—\fcmz)

rrrrr

Figare&axample of the Taf el pl ot

For reinforced OPC concrete str@uadtuirwve b c aovn dlie
and 5Q@Qpawv/si ve, condprrAmanadle bynd .Gomzaleemnflo2@
AAFS mortar, aBdwealbowepsodtdeeidat e si ginhdde amgd g ff
OPC cophtitkrt2BAaba@®] andr€astékd|[ BlV]jal ues for
15%SA) aogamorireadgh mV andn58cimVyevhddBdmViand, 20
mVi passi ve RohdSyatliaoznasr. ettt udlag d[o 2@ Fsje d ho-w
calcium AAMs (70% naturalov@db@athapgyspegre mkban
still Bnvahaeged bl mMymt Rua@i mé.tasasless[e2l0B] val i
reinforced AAEFBTeanmoerlt aerxstT ruaspeopl garttt ebder sddhwaet s e

15 mS mMy¥r passivmandbombditbobBB3amwvViive conditio

These findintghe ivmdiueast &R Stemmrftoarc danvd a¢ @n c
significantly from trhed nd@prCcreddcrad r e#tad uelds ius @ d
26 mV ucnoduel rdetset itnhe act ual corrosi onHorweetvee ri, n |
duel it midtae G , appropriateABFSYamoesarf co'emaieaoh o

uncl ear .
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2. BonHroperMoirgghohodpati otemporafCoEvobsubnon
SMI / SCI

2. 5BanRdr opefrdReesnf AACed

The pend orbmanmweeinnf oaceémeanhcrete i s an 1 mport
rei nf or ceads tc oenficen @itrexti md or e manenn s§p o s ietfifeenc ta nvae |
trantsdregissBomsdreemgtshndepeadalc!| fudn ®e@gd ace adhe
friction, and meehgonpcak Bgoggeerakk]ComnntE&sil orc
particul airrdd/uccehd oa g e siind ede2c.tBiaaieer | momad e

str eWlgittiheea rsityac e r mayempoir acaetéhges bondystiéhnhginly
mi cgaops ateodherete interface  ,gIS&I gcnognerdols i c o r
ulti mately redué€&es bARANRIS sctocneddmettthe st r ensgt h ¢ h
are revikewedranutéeregarding tbheg mpal lexwiorsgl ra

enviroamen¢(2) the influence of reinforcement

Forinmhé uenat etryophels, as de2cRi lide icomPeefsisowe
highll ci um-cah dAAIFOBwWw c owmerriee sed idfufeerteonces s nuct u
whialhsafof efceé sbondAl dtirteamrgredip carl . ed RtOWWatced AAFA ¢
exhibitboestdrenhgength than rdiimidgr avk Agd@RC cor
and Mandvwho [2t0Bdi ed t hree i mdADAIFdsetdroenncgrtent eo funder
curing es@lievamedat and agnbh ey utnhisehnoppeer eard dudr e

el evtadmpecarumgr ove bomAzzawiengbhakrh@B800he
bond strength of reinforhciegdhfArs Mk toeant c3r0elt & oi 1B
kgPmnsli0ont erctt i iviad ®c¢ se ddid g Nadr t cho nitnecnrte as ed  F/
content amo lemomogEe neous and ¢ o mphaltgSiH0ionndteern tma t
enhabnbes skel et drRA-SHt rgledt. croem x @ a N&O v @ n tmarnyt

hi ndleemi calbyr daoatmicnny a compact hydr ¢Ario@é¢ | ay
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Zhang etexalmi nfedlalhe influence of curing temp
on t het beonfdtbhlMKn daendd FAPoabhc¢cr ¢ eshomeswlitmens
cured bel ®whiSioidt |Ar bohowébebdrayi bond strengt

decr bshadd when the curing temperature I S 0VE¢

Ramagi ri st udiheedn @21 pé&r f a mnacauoree dg fa Il ebiausne d
reinforced AAFS concréhdywmidlat bogtd seEmeeghtl
wi hhg8aAarcomnecet ambbent deafriedgle mperaposear e
Not avd mpwietssiFA: SA offfaEBx dni b hleeesdt mechani aal per
temperater®siAnCy Tihmpsr ov e metntt r iwmusft endemaotf i onne w
crystall i nseu adkheaosseasnMd $37) ( @and gel£MD)t,e whdacshO
r e ddupcoer olsii u yet ialv.e s[tahligéaft e dper f or maxmuae dqQf ha mgh
cal chiausned rei nfor awerdheiXd\IF St esf puepr @ toeT8edf o uAnCd)

t hat bond sdwietnlgtihn cddregpaesBatsgerde on hh@iad cn esnul t
AAFSoncr eteed lepxehriibart bond perdfoovamancewusadmpaes

ambient [?@thgdi mbhar bond pewlmpreramdaren ders

To undédrhset amaln d behaviour of e AA¥ &t ecdontemper
condi@adtnesl, andi nFvoesstteirg dt2eld3 |t h e-evh b o ieu prf op ecretdi
AAFS concretessicmeg ead oatc edlGaGR®,nt o mBogh ébpd

and smewemhe bbaeltheyohritgdhdemd stmeinmgftdr c end AAFS ¢
thaneinforced, OPCwWeeegmcdttdal esd odtutebet t er chemi
adheishAdMmMS coacirmitlear -dbloinp e ma&wiso usranwalsetsb bser

smootsh bar

Regardehfecber oCuiiont saludi[edl44]lhe i nfluence ¢

bond properties of reinforceuwsi MR nc@redreet e
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reference. The i mwi adsederctur de/sd mmgea phhol di2e0d0

t ®amp laecsc etlroenn atf ®c ceme atloeny ptohitaitee d | a utmat e bor
i ncrda&@serr osi oradobil@.d®e%d b atdd dhea AAfStAers pe ci men
exhedsilti ghtly higher bond wsdtreagt bsitdodndeOgrC
appr oxil®ebt anli yAd rbli yt,ar gteparlr tredlizrofAdfEcAe dc oncr et e

exhi bt t ebdognedr stthhra@&mg®@mPCafctoemcredrer osi on

Al thetutgldnes he bond hfClopfeot iAAsH Saftcoounscerdegt eg | a s s
fiiwree nf orced hpaoveg mMeae n| eddabfiyctaede not i ncl ude
fall owstcoepikec ¢ Drices itoon .| i mi t edfseft udo rehoomimdon her

pr opemteii mdAArFcSe & gintcy ed leasr @ anaée mi smisawf f i ci ent |

2.5M@8rphol ogy ewir ttalre/ concrete interface

The S<Ltlenairt ar (i SINie@rffedncse ¢ ontact r 2amel eothwea et
omor,parmnagn I mportant role in reinfpardedud @amd
i nfl uehceoirnnrgpsi on behaveoufobiemene®sddednment
Thsduet hienhomogeneity and poreusfefeddhpast es
showhi gmy¥ ewhi ch i ncreiasfotbtemé@hskdawhlt bsebhect
to the tendency of coarse aggregates to be e
or mould wall ss,rircelsudn-dad@gogceaeg at epacrie, naar t |
showwkigfi®eA similar packing inefficiency oc
(I Z)he region surroundidmwdhetbethggregatma |l at
particles | eads to higher poThoiss tegjfsfaencit x\we ak a
t hpeor ous fsaund traesrieufnawh e mént bgaasledpeci al typ
aggregate[] 2h6.A83hthhet §CIt hoer p¥ilsl&mcepos t he u.
packing, | eadi g cthovza hleovad leldy epfpaarsxtsie gy wta o d

c astdiimge CCthiemmn ,et oals.erv21d8 ]t hadnet haerhapuonirdoauast al |
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embeddcddsi gnil fyihec @akter on the | oweaf sedehahdant
Thasymmedgswyl ts from the combined efifrecucsedf

particle rearradgewment sethnpamamtoi 6, swhi dh

pronounced on the undersja8&89pf the steel bar
Ccmcnt\ /Coarsc aggregate
C‘zo‘ '
|

o =
Mould ;g;“ oy

FigudeSketch of wall effect

Bl eveadt er r ef et bmit @gswghwea rwa taenrdsoac ¢ hmu luatper si C
traneslhpdrac ed afrr eegnloluy ed rei nflR2r2dlle® Tthg savebar
resulmer e nporousr eggndnde dv@&r xcedrncrete matrix on
reinforcemetghe wend ebebamede nt htehec appt ecati dhe
vi braur boher talcectefleeceniart elsub b lb e s etdhreld pdpuerdt h g

Vi brlagadnt o vorneaBRRR2{hred et tpdceonl o neecnta vaerley r ef
the Atop[R4A&G.,lenl BDgdd oh coatttel e me n tr ebbesswoeaaut she t h e

t hevoatdos expiandreasi ng228fkir thickness

To better characteri ssecarhmei n5gClel etcetcrhoant gruiecsr o
commonly [e2npTBEBMdenalkise®d ultii@gm I magi ng of t he
two primary modes: moaaoncdhbagk €¢ &tct e mad é SIEg c t

SE mode captures morphological and topograpt
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BSE mode distinguishes mgt2elr8i2a2l@ fmamadsdd uwit tr la
Figub2eSEM is often coupled with.Eh&rgryowiideps

el enemstt rmdbps i oy scanning [2Redi fic |ines or

ot}

Fi gureBSE i mage for porous structure

Mortar

matrix

‘%’ |27um 2000kv | CBS | 1000 % ;tS‘mm 40
Fi glb22exampl es of SEM i mages in BSE mode (

These techniques are widely used to study th
in reinforced Qhincetetsatlusdti fede Btiireescorr osi on
duplex stainless steel embeidnd gEHB® Ba nOaPICy sainsd,

charact@®8Masedf o hed itOPaLt nolre aSMlwas | ess compa
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t hahaAA$SA mortar after 360 &hysevifmrbescshiOddae
t he -tleornrng coesositamce of reinforced sAXK8A mort
monst h Treey mithweod corr osi ve environment s: 3.5
at mos pher.Resadpgdsscuarteed t hat corrosion resist
wad | eaweaatrmosphertbaeapowmmmereayvioche ndciefdf ebrye nc e s
i norrossbnl ayer thBSEDSs s mabddidrewddsds ri but ed
t o Itohwe carbonaotPASATr mdu ¢stahaan € e npcoer tolfatnhgeo t e i n
sol yt iwdanca & arabguafifnest ¢ a2B&rfati on

Chen et aaWand 28t3Jsalu.dijecalthg heitthpeas si wes tfeiellm
reairmmer sadnuilmt ed AAFA and AASA epcotbiENed) &l, u tuiso
analaynsdi sashhkeytticbal quAeAFA potr peassli wteindsaifls tas

bil ayer sb&onrFledt@Hr @eh wo u thear F el-@aiycelr iamnndeard ola@y evi t h
firm, -lZ&el iltagger out §i2BBAABA pasei gsel utayen,
aluminate/silicate | ayer was obserlvaeygaron t he
deteichmetdhgassnegwsitigahm photoelectronf28pgectroc
Howewarmmul at ed pcoarnefi od dlyutrieopnrse s ent the actua
passi ver gdiinfroeoone endd e d i n mor flair miotra tcidoriner bed cea
simul ated pore solution pumwve siesb ot ama,d po mt e
howetleirrse sitsr AAFEBalr 4 maio n cd wedt dicad mpd eerxe nRu evor k.
to IimitedS€tudiradMird onlted AAMRS|I atoincmr hiep b e

corrmsecbani sm and interface characteristics

2. 5SBati ot EwmelowEdoornr oasS @In and S MI
Al t h®BlEdgh coupl ede nmaibtliheesE®Sudy of mor phol ogi c

charact arhi®@€t mes n dcborncceadet REMIi m e i n fnoorrcteddre,s e

t ec hnrieggudeess € rsuacmp hveep as tae p © s Isiuccilihlgess e otnrleyat me r
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reveal fiadeor méat ispenoimieintl e aviiemg etvlad wtf i srur f ace
characuerknetwwncs Tsop asttiuodtyes miphaert alon chifar @acit eo $isd m
the SCI or SMay ovemput end-CtTXmd grcdaphiyyulek Xad be
CT i s-das thomectth ovper © Whaitgels s o I3t i owafg @ap Iseads i nt er
struwittum@®ut causi n[g2 By ssi d elc hsha lqaligddoidgfhetrss i n
the durability of r éiyn fid rl chesdv r cadoni amrgestived tilsi tornu c
progratseweaisalluptewurf @k Fona mcset, §-6 Tceame vielasép at i al

di stributionaadf tdfe&2%CH2®Bogr aiok ¢ weyerdt er n al t en
f oscesul tiotmgyge accumul ati on Tlod s acsa rgrieansiai lhokne r u ¢
devel cophnuemmetmiocd&ll s t htaheex pamal anheof coacmrasck on
propa@gdaBi,a@asg7tahBiediolmed,rad i amgcedioecfei ome ser vi c

of reinforced concrete structures.

Beck et wakemobhd®FE9]f i rst to study the corrosio
chl codndteami nat ed (Iddr tmar Y ydlioirQgEamra |. y Sihei r r es u
demonstthraa@ Ted aliyasiug ttaebclhen iiqruwe isfhpgigtatti ngi sorr os
rebar e wmibiterdl drea@lr t a Gasiajmp | el i ¢H I.t b2t 4eddg-C O f
analiysstiusdyi ng t he fharcdeaamdrbteihtaivalTtbegrm@atfey e cal s
X-CT to momhot matfdtahrme 0o sidoced cover cracking i
cylindeusbsmugpglecmpdetsoed cDhomgnéet ma XA dtjd2 4 1]

t raachke evolution of cosrfrrodnmnen iprodatctbeshomeér
reinfoemeeedéd i n tthoeh ec epmreonpta gpaatsitvehu odd comra ol
Theirpmwovikded detail endr plh® & egpdrnaebmts nppakesrifea e e
i ncl pdt migecsatvh ¢ spati al driwdtrd béud & enlnt o nfcworr tr hoe

reseboecdy et iavest242Y ed the perfsaimmardefoff cc
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concret€Taursad InNlgsaXe p otrht@dd r o s i osm e il rauys abrintadtri o n

t he tShCelrexli emgh e s er vied e fdairnfocer deotfe st ruct ur e.

I n adtdet owimdbirmpdoli mdioc amlactoiroonas i adhhe SELCTor SM
analcyasni saldsed ehcedirpm ene ¢ b aswii $imamdened cementi ti o
l'tty etcoalducdyt 243 moni t or iomlg fodfe reeafirter baasyig@aerb o n

steel axntda ifsdlregeaid)e ¢ cedneinnb yypouwsmdgal vanost ati ¢ ¢

wi X¥CTanal Vhseiisr resvedated that carbon steel e
corr ovhieofregarsr i ti ¢ stainless steel shows | ocal
However, mo s i ntgh arsgan ¢ saobnoevdecel du dt he | mpressed ¢

taccelcormratpe idliv | Thi s caapnp rweaacke n t e edffif mtichheat e
concrete matriixngcdafmmr asandetbufhetdheh®proasst s
corrosion process of reinfor sseidg mciofnica aariatel yi nf
i nducteldemlpy essed curlrnennta tnumerdahle>d etr tniang e, ect r i
t hnei gr atcioornr ocfil mes tiiemmisa.ns pocobingriemgovieyned by

di ffusion and capillary2.suclti on, as introduc

To adtdhiet sng taaft itomes I mpr e s sXid arud rYenmp | njeptShdo] d
alternat-dwvyi nwgtday aplgioc ecsodr tr ofsa @ Asemme/ r atnwr dé i djrt
usi ngora ashiaamb e r to accierter-neéeastoeodot bsisdre el
embeddiedOPC ddbdmutrielXi€sTadaltysstitsdyatiiebtspi buti on
corrasdondgmaear tpe das ¢ m @ae sodfexrt seaf ddormagcokut er sur f ac
t semoot h .Shieel f biadicibfpttiasus e t r ams weeri snd ocrrcaecdk sc
wempe evinowed Went i weé ee astitidbeinb uti end utc @idihrgaa dh @ k

thanackingtlcausedumplrabisd @ 3Gmpad®med he i mpres
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currentt metdwsoedr, o6 bamber all ows for more prec

when simul atingsmraovVv iagli egpevri raopnpnreonxtd onrad ii toino n

Currdenter abher sAAHBorotfar and iX@lao®léhyassi spr i mar i |
focusendalomscngstructural characGweha sane sQu eslul
Pl amondount i[l 2@BeldanX@al yst e t porbd ®idBgdhe dwift h bauxi
resi déemBd akdty,andsZhohdngd|[ 2&4@] di spersion ani¢
AASA peaesgtndwdrtchediat ur alBy erl d cud rosster U O thX@F .3 D i r
d a,t atohbesyea vwdlil  pdr sedobuft it eeSAanswheiecthf ect i vel
mi t idgdtre nkiangge . et usle & T[X25n0a]l ysi ¢ heo desami beaeti
corrosion rust armrd ndAkcaFAe gbaeshttaeafiii mbiFregsiy n appl i e«
the impressed current metnhsiaghneploauisscogl ¢ wat i i
set:upsne wrapped in a sponge .Kedutebvee ad telde rt hi
cracks t hascsceudmublyat i on gorfe w of narlsstseh rieantl @ elsp p e d

sampbepandspdmge wrapped sampl e.

Based on tlhe ejreudigevada scecaanréecxhisgibbse stodyosfon i
rei nfAQAArFcSedmor t ar,particoemgakethsemat i oteerogaurtdlon o

corrosion at the SCI or S MI

2. 0Numersicrmul aftioom® sriecmfmoomcerdet e or mortar

As computer technovegyapmdt ypakbas mbleatomen a
i ncr e gsoiweg Ifyul t ool for analkiynsgi ntghe pperdfi@rnt ma
compl exs IstyBé emont ext of rei nfwmeridc aclongir mu le
pr owiad euiarbdsegnptoedi ct i ng hHyresismulvatclkea adieco uo s
Over the pastumewcaoudreocsa ddensbthpdBdllsB&RHh uni forn
nouwmni floa wme dbeeveentogpiemutl tecdoe r o gieamf @mfe mbenddéed i n

concr etiempaangiit iaise u f a tFAmarn cierDsetkaorsctee,r e mp | ayed [ 2
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finiteardl|dyhsEimM®) stthvedldg x ur alo fb echoarvricoduerdsucarear et e
uni f or m ccoonrdri.otsiliéomny | nadioo at @ gl eetevaeent FNEA hr e s ul
e X p e raitneSatima rClhye,n and Malhhpadbdowsmrdi2®D®2]m corr osi

t i matlhmeg t hroefe cshil g ecsdeed os eonf onced concrete

Il n the pasmediecsfldermocdher d uccodrdr @ mieomf or ced con
hagye adebl fyeami for mntid omégm aTghdtsi 0 @ haebbiydb i t vy
nouwmni f or st onooralee ¢ u Ir etpaleysemodsi on behaviour unde
Zhao etcamparfddmape cadwowedn mydi fnomm corr osi
reinforced poopoeeed. addalystso ade s¢ i meotnt ba o
uni f orm c odrernoosnisdirn mé-weddi f or m cau g essd tadanat goe
concretd@aocover f oBeny dodadui s 8 § ia ;an medapasriovaec hes ha
been detvoehlaorpaetdher f sact urce® nlte leduaideanvredd i e

al .i phL8pdessecdaylaen Mi sesi matdhhd at © ur e cbhoerhcarve toeu r
covanderwnidmrm CTeism msisarievdeml edothatks f or me
sur f amencafet e theedebedopmerdceocontsriasctke nt- wi t h

CT r ds2u3I5t]s

The comehoasniiosimsi nf or c ememanr et eoduced. BIlol Sect i
comprehenste®lry oevahwrdeehrave®nyi agthihes r ol e o0
i ndi vmadeali |l splRédsas c[o2ahmseépthayggiregsagcmeuphbt ngns
havgai nsedj ciafmttt erftoiront hei r ability to capt ul
Envirommerdt aliomsas -tthhaew fcryecel zees [ i2rbadrgwbel tdt irnegg i o
drying cycles 1 8[ 2na&Yiedriets teihaeto o £rhd otr i de t r an
concirCéteen. et ianves[tdigddireadd e u girmagisipaose coupl ir
consi tlact ogscosaucste aggr e gfarnt etelz @wh ecTyicEfliZgsu & n g,

val i dat ed p ag adasteat \vadtal eetd coaresxh ialpigtigneght ec t
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omhl ori dewhditlhek wlafcic@n cetr lad reisd eA dtdri at nj sophobbksieyr v e d

t hfart etelza@w ey écehsleor i dewittrhasfhgezatd mmiom@ pr onounc

as
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hnheu mmery cil esr.&¥anseder Zangenpernsossaloa pWwa Snsgr

d chl ori dei ni ocnoswicd ileféfeuascicoana h tdirryg nf.ofrbg gl e s

por tcehdl otrhtadtengpiomar i t hWroobbBrgbépsagsr at ed
rveiss mal | edo mptormelsutmal | y to this process
ectrotcthelbmiscead si mul ati ons of corropl®4a]in |

ve galrsner ed i ncrEBRissS n@ p @rcda @tohreetr eRss & n ¢ k

uat(itdhres mo daymahentiicysa)tl iaacn zat i(kn ne du atei)samsi b e

i ffustitweor a e iocBesst z e tmoalle.l | [ead5@&lhe i nfl uenc

acks on c¢hluesrifndek @* nekyw ame adnxapvegrai tnaeshvatt h

i mul at i omnfhoeugrsdu | tsr ong eegrc@eamesd Smble aweedn | oc a

rrosion in chloride garctoamboothaedigceooébl ce
d macrocell corrosiosat i mec haedgoams ordr adgh
vesti ghtl @idndilubceed corrosi on,éewalrueadnimagsced

s i smeanhcwaha scr ac ks fadelpdoxyat ed ssttheeoluglharnumer i

i mul althieoynspoi nt e dc oonwtmn tmomiteg ltbhdee r e st i mat e ¢ |

ncentration and overestimate tmBdHowewveirge

gil mullaatcikkchne e x peal mdSanasbonn etus@&. sfimudJati o
valanetwd v dev efbwrp ealstshees sciosrgraotse omf rei nf orc
r udiiwrheed. esti mdlk dcgo2dB @]si on peopédgatedhogncr

ectrochemidealif vmam atnheetierr se xfpple re tmepht ap § avda Jk s

nouwmni form modbbsedxpar imesndlatlaf nadiempr essed
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| i muloaftdaiomf or ced AAFS Iiouwmce tkti alvarskdiar t alre,

transpAF$S concrete. Theyeé&puoneéd bthwhuicEsagsnt e
t hceorrosi o,n wtno dtegagtriegmat e pbhenmeéefdiess | i mi miedi ga
transpopgtetstaddiog@dd9gonf omacretdarmbAi ned wilt h po
al cohPoVIA) lursée ngt h experi ment al gEmgl| ooywmmery i aal

uni form corrosbeprtimbliie!| di ¢ thriytbhuit d bmé $osf werdu s t
Gaussian dd&bsegriehugailodihe2i6ilff | uence oofn cthhleor i
ser VVeotPeAAA an@| L @ecsatlocniencedan gl @@tprsi dering vari:
trot uoBh dsyirmul at i mev eraelseud ctdsrhaete héed ihte efsptghe

tort cosnptay ed t o ,AARA camsdnrooipegfeé e ra geafi fnesat chl or

i ngress

Thmi crosthacthoteristics ofvaksARS iddenpeemedliegn o ror
mi X rpartei cotisy paecst | v@n menandt coni ng.Honweivreorhme et s
paramater sot upnder,smaddadti mgatdewedhe me nstismul at i on

r es eiatrhdahse a

2 . Jummary
Thi s chapter provi des fAAME ompo @ tf eottsuisv en g r Wi

fundament al characteristics, mechani cal pr o
performam¢eyr facd al behaviour. However, curre
corrosioni nbehaivmnfoarced AAFS mortar and conc
spati otempor al Jewonlcuteitoerd nanta @t lif aocnenncerelltyh eu s e d
value from OPC systems may not be suitabl e
Furtheemwmpi¢ée dheir strong mechanical perfor

chall enges s-ucthuasdsbtraokiagge and effl orescen

50



Therefore, this researdlerfmoesdoroanaewvalod atrie

mortar and concrete under corpoactviecalonapplio
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3 Met hodol ogy

3. Mat erSammlnddxperi ment Preparation
3.1PlLecuAs@rms)j neaAMA@absvangr Procedur e
Il n t hi st woad etesyrmydsA Mee e i 101 saesdss oFu rFcddeodn CE ME X,

UKand GGBoSvi ladsbwy celme nadaedkalodglaina ( i mest on
powddrSwegriemcor porated as sMKEpiwvemenmsadyt mateanr
effect of alternative cemewhiteouSPmwasriats
evaluate the infl uenTchee ocfh el mnmiecrat!l thihareps ocashiattaieadni
wereal ysimtigay f |l uamalaynsinsaea e i pfiaddt ent e d

Tab6 €hemi cal compes udetoanrshoykrReady f | uor escence
[ wt . %]

Loss
El eme¢ Si,O AjJO; CaC MgO S@ Fg; NaO KO Ti,C MnO POs Sr ( BaO ignit

(L. O.
C'F:S 52. 19. 8.:1.70.C8.2 1.01.60.¢0.00.40.10.1 4.33
GGBS 33 13. 40. 8.00.€ 1.1 0.20.50.70.20.00.C€C0.0 0.72
MK 62. 30. 0.00.120.C1.3 0.00.712.6<0. 0.00.C0.0 3.28
LS 8.9 0.151. 0.20.C0.1<0. 0.€00.00.00.00.Cc<O0. 40.02
Thfeor mul ati on and preparation of the alkalin
the polymerisation reaction, are detailed as
Preparation of alkaline activator:

T The alkalingrepbyeatoonbl wa Mg NaOHwsw@huti on
NaSiz®o !l ymdiomt atind enlgi WMeaDeh % el at i bvien d eor trhaes s
(FA+SAMaO contri pubdbponbtetenseeednc 6 impom et s at
fixaddati o (ONaQHS2N@bhi s combination was de

hi ghralggechani cal stren@wi2]in the speci men
Solution preparation:

T The 12 M NaOH solution was prepar(@d by

98pour i nyp dfdeéi émiesed ewladrewsiirmmpganelt i ¢ st i
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facidiidsaadlelAt b @it iong oom tempéuai onewasher an
a-llitre volumetric fl ask and sstaompehds tiinn g h e

TheSN®®ol uti on combai 2&.00p BB b M% Hass. Bo

solutieonsrfwede Fi sher Scientific, UK.
Water to solid (binder + dissolved solid in
T A water to total solids ratio of 0.3 was

t he water contributed by the alkaline sol

tests demonstrated that higher rangeds i nt

setting times and reduced mechanical stre

Addi tjoesahtdywith a f iwauseesds anso dtuhleu sf ionfe 2a g7gor
of coar se auwtgirleigadadsesweesealOh mmwigrakhewemadt
| i me sAttontehe beginning of this researctho 10
evaluameehtpeacpdrft IAAF S ; c hmowreleveeeagurassv dlat er r epl
with 20 mm | iiteswern emeaaahea ntioc a l strength and
proper wheshillnt | ow stthceesgtsmafmpl e dt heex preecdte d

performance

To comprehensively investigat eAAtFiSe nmoartraa s i al
congcr dhismedix proportions vwddes iag sreadn g A ga nfdr oS
cal ci um( ays$lt gmll g-ovaloc i um( BAVSHt gmld gt a afbaebd e

Il n addisuppl e gaviotwaersye | ncl u d70dS3ABA mihxi 1 n t hese
grodpesf RArewas wepMKaaeMdr dsSp eclthiesseb gt iwteutei ons
appli ¢ dscreonmpl Ivesi mgst onée ed gighye giantfel uenceomf t he

the strengPAAF|®r c placcrioengp®,r iass ornef erence OPC gro
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teement ratio pftbBhi domabnpyegaeddi n cement s
hydration efficiency, mechanical perf or mance

Tab7l e Mi x pr oHARFS i ohmmlfdy . kg/ m

Group | Cl as c . Frec Coer s
Name OPC “_,~ GGBSLS MK NaOf NaSisO .~ San Aggreg

1 100SA - 400

2 70 S3A0 F 120 280

3 50 S50 F 200 200

4 30 S7/A0 F. 280 120

5 100FA 400 - 44.(110. 43.C 640 1152
70SA

6 20L$BF 40 280 80
70SA

7 50 MKOEF 40 280 - 80

8 OPC 40C - - - - - - 160 640 1152

To ensure consiunt dmeyenrmo x93 n g | laanptpersotpi kA @p S ,
equi pamechtpr oceemp le gysevdsrheobFning tiBtwo di fferent ty
Hobart wear ee us@AFS moranot haeroch d okFe emor t ar mi
feattuh rsegpeeleey el tsloev, me di unmd e sa njdo e d idgimfi, fxe rnegn t

requi r.emeostvseralt wasg used to achieve the uni i
mat eninxll gpdiecgr sors and s asmpesawtiind girhdéodit ® uignd d |
mi x iorftghe al kal i né hracw i mater nagvi ses@ciewdm wii IXli ng

pronmodret ar mbteitaveen t he al kaline .@8btsvapproaa
prevents premature hardening ofl otsvipe emhi i xi @& ¢
condiThenspgadd wmeoduet | ldiuseadg the tastonlge psbdc

concretopemiaxers atspaesdingle fixed
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Figu3eTwo different twpesagfdcddgmbret e nMnkees

Fi glu4The al kaline solution mixed using

The al kaline sol2t MomMNaOdHo Dik@id li wini, @fMN,a and fr
waprpr epartendraonudghl y mi xed wusi ngniaf gnramistey h cws |
i Ri gl 4Ad tpare p & hae nkgaalcitn,ev aathoer mi xi ng and casting
ouTheaspiromgedAARS frnor t ar samgflelsincliwesediseaimiei a |

stewist h the onl yaddiiftfcerae rocfe Alg@girreg@ at e e tTeh es a mg

det ai |l edus 1begpleodva:r e

1. The precwroudgred onweaexdeegnt ai ned oy mpeosdr e
eveamstr.i buti on
2.Concgs &n et waddteod ctohnet andemi xed at t he same s

di stributed.

55



3. Thal kal i nwagcaduvalkt by addeadtwmiudepeenandx x inmgg
was initioarlbyghsgdcombpmecdy h&ohbénbeideidutnby a
speed tnmaxhinggve a thorough mi x.

4 FoOAAFS concr,etlei mesmdpdmrdestaerd t o anrdiexwemberit ar

uni form consi stency was achieved

Af ttehnei xjtnhge mortar or cowvanmrempeud dess | @wiimag da |l i n

set tihmg mouwdapwedei n plastic film amd ptrreevre n-

pl acedt hfeo ro velureiprecci mens were cured at 60 AC

devel opmenlmasv at ed curi ng t ebnepceatubpeeuer see nwcaes onfe cFe

t he precursors tendg hteog s | eonwve ré gayrneirniegitlaid rrgee and  d

reac[t3i9gn

3.1Sd@mpPlreeparati on

Il n thissammsleessr ¢dofus si zes werf éxetc@dites o facildi
f 100 100 x°cl®dt@asmtelse® mpressive strength of
T 11200 x %0o0 isndeeval uatnes itlhee stpleintgtth of AAF
1 150 x 15CbeasdOv esttifegatéeéure properties of
T 150 x 1mlcxbd$s0to explore the bond proper:t
under different corrosion conditions

T 40 x 40 ®pris6 smtmudy the flexural strengt!l
AAFS mortar

T 40 x 403px iss@umamti fy the el ect eior AAMmSe a | b
mor tamrdnal mern ghol ogi cal and at geieg rcagrhrias i fc

initiati on.
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1 T20 mm x 2O0stnom ectypidémadeé ot e mpor al evol uti on

rei nfAArFSednor t ar

Thttypes and di menartoeuntsl ionfe dialdad bswaemheldeodfie s tiei pt
specpmeparation iTshepproaeiddead sbdloowbasic strer
compressive 6ebonemuwtes  t esspl iftoriemscodbecserengy
and flexur al and compr ps s, mBr estmaetn gd dis d reish esd
arccet ai l ed i n-1BB63EBS 1EROMBAIHNd BSL[RN 4196

respecltaib§perd oyvi des det diocdreda mply@emat naeahudi ng
curing conditions, sampl e skeythesder(,exahdd,]

specimens), and the mix groups selected for

To nvestigate thehawitaumoAhInicread f aom t he pa:

st ateerr osni o,m aftii vomi graciBs as shaobvna ni@mOP C

]

eferenwer ggr Deallpehcet esipedeme y dOd xa st 0 3mo r8t0a rmm

priswimtihé amm emebbeadd ede mTo é¢fheeci | i t at e ednealtiri ca

=y

owadr il heemle si de baf éssescetainadnopper wiranwas i n

sol dered avdattesc ohdaBbt hho .ends wendé édealr @edbpavx ¥y h

-

edbieli ore embedding it in the mortaTFahbdlra sm. A

X-CTwassed tospatudyptewhhp ant alon ofSNMloirgrho sriecsno | autt i
f or phaswasa muallihyedrieaf olr2e0 mm nmxo r Z G r mad & pf tr eodm

Xi and Ywag [avBEthgedupA | 4 mst sevwaosb Aposi t i on
in c¢ovof i guraeemovigthhe cyltmaeleot bedd rorh ffsream t h
centre. Both ends of theedwhipmdeesentetéenoat e
exposed . Shteeseab n fhiagruvrea tei odhessii mgwneesdt o tga © sk cwtnh i n

relatively -uniform asmPAkikred e rutfs havim p b8 &
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Theampulseed to study the beindf op&aenee minaess e thee t
desiigmeadccordlbER mwe ¢ & mmzevaha tcihomsspleand yl engt h
at |l east five t.Ameertdhegleb ded kmaesdetddaagcttde do f
1122 mm r ebdmo.rsdlchoef onhohmwa s ebaver ed with an acry
di rceocntt actt theetbwd ehceonndc Tleé es ket cihs lolf u stAmdptl ed 1 n

8.

Referring to¢2B&S]ENt AdBHES 1cr a Sk muni txh 2tS5hxemns i(zwel
depwag cut on the bottomlSO0Ddemok b6 t@mmnxr &
contrfodr mahtei on and pEroepggbotvieel hef terss c kwoert h o ¢

t sessampl| esdewialihl ebdee f ol |l owing sections.

Besicdesjdering hhgbmpecaeomgt bé drying shrir
oveurmaipead to irr dwehsep e bimme o b 8 flagse sdteusrcer i bed
Seci. @pd3i.fifeevemnmitd ngawe a@epldieped mdhi ndhe sp,eci men
as pr esTeanbt8.e&d t iem ovVAAFSampingst wveedleabor atory

condiwhenaG sampk e aweetreeru nttahhlek st. dat e
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Tab8e Sampl es

i nformati on including oven

proportiDbal) d as per
. Oven cu
Mi X Sampl e Study h
our s
1-8 Concret Compressi ve g 24
2-4 Concret Split tensil 24
Concret Fracture pro 24
Frame for LVDTSs
2'47, £ ; A . ) LVDT
Q|
o < 4 LE ° Aq 4
pd & 5mm < . -
4 a 9 4 4Clipgauge p
SOmQ 500 mm QOmm
600 mm
Reinforcel Bond proper{ 2 4
12 mm rcbar
_ | ~Acrylic tube
i 4 “-_g,'
_ '
CoAs0mm 8 ]
15, Mortar Fl exur al and co 24
Rei nfMarcte El ectrochemica 16
5 mm rebar.Monar EEpoxy Resin DLead Soldered
1—5 y Copper Wire —
\
. i m r I
Rei nf or ce¢€ Spat ote pora 4
CoOrrosi on
|
3

59

c

u



3. 1E8po<Efwmrve ronment s

Foll owing curing, the corrosion resistance

accelerated testing regi mes:

1 . Alterwatttiivreg Wdcdyycilnigc :corrosi on
a.Appl i cabled escampmlcenseemi c-GT samplles. and X
b.Equi pment : Envi Fogmpret al chamber (
c.EnvironmentMasii mel axip@sur e conditions
d.Cycle parameters:
i .3compWwekdt ecpyecrthe2sdr ,peri od
iieachcacloensi sting of the following st
1.2 hours salt fog (3.5% sodium ch

2.3.5 hours drying stage at 50

3.0.5 bhotifer stage to allow the <ch

from t5dd 2b5ef ore the next cycle st

2.l mpressed current accelerated corrosion:

a.Applicabl e-ouampleess: shwlcli mens.

b.Equi pme DCpoB&Or VELUpDB g (

Fi gub eao)r r @snivo m arhmmenbte rp;| abc)e neehnetc torfoc h &€nii cal a
sampl esornestihhenacrmmenbte r
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The secoemthpmeyblddwiampresse,d whiirtlews mes hed c

of

st

s |

reinforced concret erocmpEaresdma®dk exeéfidurir all ¢
uadtghe bondoprroeiemft oreceds AR ec ochocnrcerteet e cov

ocwhsl ori de penetr altn otnhiisn mwe tdh ccdo,ndarn ieoxntser na

mM/ émaappltioed he(st ampkoesks )WBEi ng DaCpB8We¥W supply

[ 22B9Ynderi ntf Heu eamecxet eorfn alf i ged tdéhr toimasld) eraatpel d | y

t hr otulggoncy edaleectri ccsmggrhitcamtly accelerati

compardad ftad oolee e tfuoprmp r e s s ende tchusdrewmfAi gheé e

To

ci

Fi

3.
3.

e rcsownrsacsotrermots i on  caucrrroebnet vEleanlpdi eay j oi nt el e

Fcudtti wiasseldu s tFri ath &)

gluBSeet up for the i mpressuad tcewrtr esmtmprheetsh o d af
supply; (b) a joint ecloercrtorsiiconc icrucrurietntt od eenns
consistent for a group of three s

Mechamdies al

2Chmpr eStsneyregt h Test

For the compresfi XAFSt c enqindtadr € swWeldrles éndin c u b e

ac

cor dabB® eEWI-X[2B36FY | | B rEgN -3[2ZB83PDOf he | oading r

sett®d. 6 MPachoempr essi v é hAeAFR&ongciwled eef ¢ wisatnegd t he

foll owing equation:
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E — E g9

wheAfies t he compr esskivse tshter enmmagxtihmu m nl dvebPda t ahte f a

cressestion area of the specimen &én which the

Il nitially, compressive st-geagyéh testsetwerein
was used as thEowoar s @t &3g0gk A€, §1&8ESAA T 7300FSAA

and )OPwer e examined at 28 days of curing. Th
due to the high shrinkage risk of the for mer
each mix ratio, three cubes were prepared an
Subsequentl vy, gravel was repl acerddowiptrbe sisii me:
strength was evaluated a.tSptwd mewisi d iaddesdm( X
i Mab7llwer e prmwe marteod,al oé&steiatfcdhic mdbexbmread i oubes w
tested at eatThecavemaggeageal ues atb asaecdh ocnu rtin
results of .three speci mens
Thesestpewasoursma@igpnt 2608 kN codbmpmesshBinglLY a
amachine designed for testing concrete and ¢
| oadmsimachine is compatible with various tes
flexur al strength, dnd samlaiptttaibnd it ¢ n analkes s s ti

r angeex poefr irneegnutiarle ment s
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GoE i W

o

FigufSetup for scommmd HhANRNESt concrete cube
3.2Te@nsSiplletting Strength Test
The tensile splitting stifedgtar miespthiginss i & ewi

strength of «concrpethd.e sTnhpirse sisnidvier el cata dt retesatt 1 ly e
appltyemgidteo lcooancc rehatdbengbng@qunifrhdé e owdss

conducted foll o nEEN t-&{237@0ui sdianngc ecy |l i nder con:¢
wit hditnmheensf oh 00 mm x 200,smmwRT lyé Butteislttihsseedt u p
same compr e@siganyefguampP dads peci atcesdory desi
speci f otcrail 4 y pAufrtpeorsne | eheng est , the tewvassile s

cal cwlsathggd t he equation bel ow:

2 EqlO
£ 55 q

whefFies the tensile spilstthegl esngemgothi sha Mp
the diameter of the cylinder specimen, i n mn
I n this tegrngvelnlogormMArFest estcegd,i ndeirsg welhe s an
those adopted in the compragedi congstrredregt A htee

splitting strength at-l i2rBe dtagyrse waasmlad sc uweart e ¢

6 3



materi al l i mitations, as there was insuffici

t hat ti me.

Figlu8Setup foplitthnisn doefs t ALeS tcho ntcersett e cyl i

3.2TBr-Reint BerddMomgt desSampl es
In accor dBr cENMWIA@GA Ibot h f | extunpaelienst bemogliiimg t

compressive strengt husotfrhgmos a me mamt e mmpmeiasomr
X 160Dunmi)ng, ttelseg imarst dn rprti smbj ect edwhioch he f
caubstse br etako ihaleamgsgr oxi mat el y .BHeommpriers sl & @
strength test isewbemhakvesucsiedgoa speci fic
X 40 mmectodn for both todmwadmnswgebroeh tedamt N lsat e
f otrhteh rpeoe@ nt ben Ri4r0P f tblgd sto mpmessi ve strength t
strength and compmadressad mpteesstarl ecnud telt iéridgl by wi n g

equations:

5 820 Eql 1

I Eql 2
wheXies the fl exurAils stthree nsgitdhe, lienngiPra;of t he s

in @&@ims the | oad applied to t hies ntihled|dei sotfan e

6 4



the supp@rits, tihre mmmpr ess&ve sheemgx hmumnl|l M®Re

i n N.
I n this test, tCoent 8 skBetlr & me t hedwufeli dxur al
hi ghemsittyoi i oademgurfiongeada@acwnmat e g . Il n contr a:

frameisluel t abdmpf®ssi vet sdtr emimdg ha ot elsiaad atei, d o aaf
| acksendiiettinyed ® fk d menagmmalc c u rr eetceblafdart h ip@a nt
bendieffghee tfudph e s e stiwma | tuedsnegc itfhiec ua @ g esEmited

i FRi glb9e

I n this test, AAFS mortars wbtanoi 8, Talslidiss t
7\were pRAepateaed.of six sample@&tshweeesampgltes$owe

at 14 days and the other three at 28 days.

> CONRIS

.

Fi gL9Seet up fpwor ntthrbefeodi PAGA FtSe )artolrhtea rf:l exur al st
b) The compressive strength test for t|

3.2THAr-Beei nt BerdfdNomtgcANAeEGoncrete Beams

Fracture apeplbadtmpeosr t menc hani c al strength in

application of AAFS-woohdr eDadstcivmesEScds. dnn  r
Tevaltuhaet ef r act ur e pr oparhtrgeEsnto fb evABIEN ¢ ohee @ t
on notchled adbecaarsBa nEN [WA@GHRAxe awd itrhe nesfi ohS0 mm

X 150 mm wemwdd@ddkcmamaprHeeud Gotm@mmwi dt h x dept h
t he botofo nmbAsalnd. @ wgaasu gienastthae | readt cvinteid! wab 0nenc k
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' inear wvariabl e (dLiViDIWesrpesnstiitaiHhoaittertda rstshtbe cheeesdm

i Il ugsthr gt@ith e | n@a d hu tnielaCerdBBD S B Mang eipc ti end
Fig2a@ é&THhel i p wapasmgpeé @ we ad onctrraod k tnmeemtgh do p@m acem
(CMOPpPr aa@®. 05 mm/Sminu | t &lueelsTu snledishmei slpaef | ect i on
oft he .beilboypr ove measur ement accuracy and acc:«

using a st haeylee alg\eD off r dnat éMo¥ Osviasa | cul at ed

Fi g20Tehex p e ra bneetihubjr e t tphorienet b e nndoi tncgh etde gbbeg¢aont
installation of cknipf geatpgp LOMWDTsSet up of

Togain andéesirighiod fracture propeatimesxs ofatAAB!
we e i laissleldy s tira &8l Aefdtceormp | ettiessd L t BCAMOD haodd
Defl ectiswar g r st tntgeecc b ad e a . The fGaAacHwmse ener

cal culodtl ebdvien @Rd WiEMH 12i7Rdagsp r & &k 3

Eqls3

whe#® @ s atrleea ubdae ft bet | adJiy$€mocsurtve mass of t he
t wo supports, i mc kgl ergatifsgn Bex.g8ladef Yy ect i on

failure positioninmft tehearbeeamm® the | igament,

6 6



The fractunr evasabghusaBgdd4 based on the met hooc

Peterson andanMasbeaanod FS2a78kr [ 116]
+ —— Ap2oo8ix! p®b6 cHpPp ¢ Eql4

wheO ei s nmahxe hwommd of r,ecigrii dkeNd hcea tsgp ammmAaf db e a m

Aar ewt defldeaotfh heamAimsn t he notchdd Adhack dept

For the mbxtémodpsand 8, Tab7 €iwet edh rtegptaale d
sisxampleerse cast f amde adlvimied wmttioetahmede egs ouP st

at dhsastdhe remai BRIy t hree at

3. 2P&DOUL Test

Understanding the bond performance between
ensuring the quality and dursabhéomnyg 9tfr engt
significantly i nf] 2édde ss htelaa] XZ7abfdv isa edicielt ir uy t
Howeveirnf oorr cement cor rtolsh eomd chayn aced wemu loa tait ree

product s ,redlutchmagselryice | ife of reinforced c

The -puwtl It est can be bdiswidd eods litirdpeoc ludkmwabapirtea § a g e
and tpeakost apeakTlse ageerepresents the slip
reaching t hehipe epeocatkb 8d age descri bes the slip
the residual bond strength savferer elmphadyedil @
contr ol met hod and the displacement <contr ol

investigate the peladkt bomshisp reeatgwdemntdhe ei nf

prppeeak stage, whil e the displacement control
resi dual bond strenetelakamsd argeeshar sl ip in the
Fotrhheoad contr ol met hod, a | oading rate of 7:

the rebar, following the RC6 gui ddgl2i6rbegl hfer o m
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test setupFigafkka)usThasetlesh was performed u
test machine (UTM) with a | oad capacity of 2
the reinforced AAFS concrete, securely faste
strggpamnmge was attached to the rebar to monit
di spl acement control met hod, a tensile test

FigaXxeée). A loading rate of 1 mm/ min was appl

measure the reinforcement slip. Both tests
occurred. After the test, bond strength was
- Eqlsb
Y a

whezies the bond 8itg etnlgg hma % inmuMRuatl; ota@Aitisr dirhnep N ;|

di ameter of thelirseitnhfeorbcoen doeadr ,| e mg tmm;of t he

For this testscoonmleysptome i3migndt g tGialsaubf, sSe smeerde i n
prepar edl @l safmpl wedrde vi dedgxrionutpdsnionil gl It we AAFS
gr avel sooercdrneetnessiveedeedere t o t he pbpeaker efi ah
causesgplbytianng tfheei J|Jpudrdéde Icmaadvamre mlggc ed awiet h | i
I n adOPBipemr, jweenes al sbopr epapsadtirseonpr i mary f o«
t est biosndt hpeer f or mance of reinforc2imARABFS <co
l'i mestaompé es (Hogr d@phsdi 120 OP(Cd isvaindbdodg siautpo

were prepared. Af ¢2r8s abepflerse wee set icrug .e d

6 8



(a) ®) !

.'; '\D.' : ' \ /

e X : s \
s P \

FigateSéoupéhef or c eodu tAAtCe sptu:l I(a) Load cont
Di spl acement contr ol met hod

¥

3.l ectrochemi stry Measurement s
As descri be&d 4iOhCPSecntdi olnPR ar e t he most cComm

techni gukesstifroucthione moni soaf @ gmiréed thef dir weernremns
concrete structures. To perform these el ect)
|l nterface 1012dIBdctwiotdhe uas yt$H ssemesl B g Aiee T h e

el ectrochemical sample was psaol uttolibngi mihneneer s e
effeodt sconcentratildffdpoéariati ocomcrcpolsarwhseant iio
accumoeahel ectrodelckuerirmg hepdawmdal nogpaceindomat |
gradBynnltiimiting the i mmersion, it was possib
the electrode and enhance natuwual acdnwmachtan
a more uniformmMmdidon ithmsdéehd bd%i & a&lotl wa it mtew

enhatnhcee conductivity of the sample throughou:

|l ® hs st up ,elbcteonnenect ed to the copper wire serve
whil e a tfituantausoniendes hcount,eomel @t ialgaet (ICE I
bet ween theAWEatamrdatCeEd c al oanerb ien eedctt gvipitdie 4 S
capi,wWharysed as the réEherBBcesel aberedel!l Yy RE)

participate in the reldoxtiggeechuet dessaotonsbDBt €
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which the potentiostat uses as a reference |
WE . DOCiPrecasur,emetntiss assumed that no el ectri
and,eRE wrgelde hi ghrempaeathameceo ot akcepotedbWweOosnh at

these two el ectrodes.

Thleuggin caempl aayoyyd wtgheeme a€t o h mi cd rdadp2)gl6t{ | R
consoibstgl as s btoudhyec avnahrh aaoalt t gwi ng taadei ehair yc
tiApgar,agwls a s dlistl hlewr g gdigeei, Wil 68 hRyE hiens etrhaeg@ ri nt o
gewi tthh @ dediyiialsl us thrigti@ e The c apiolsli acilyondeadpt o
t he specitneennh asnecaek a ¢ e me tyniancicnuirsaicnyg t he pat h |
cur rtehnetr e fealronagh mi ¢ r esi st anfFcoareimf oheed yAAE®
resi stasececucrh adigeantlwepowehrao rt ar amahe iexl ectr ol
Poonntg hleu g gciarp i | Inaerayh et ispa mp b a ssd theaftiamtel euence o
resi st asdweepchlhabsneg a siisteigdnsg Hb IMelhveermt, $p pbac bé
too Cobosampl e,asurméagraeussehi elwdhiempe Luggin cap
interferes with electrolyte fl ow, WEdotric
avoid théesdistancesbrhadanggh @@ < @appolludlaadr yo e

| e svitcheeut er dit doeeeptielr[ B ]t i p

Whi Leggi n capisltiher yi nmilt®legecgee ot ohebyi mi nat e i
Theref or-éédr,og hwad Rmeasur ed obsiimng ftumedBmpddineht i o
the measuredomBedsapedvawi t hihins tlhhev esly sd fe mc o mj
sel etcot emdvoeirdc o mpemwshatcihomoul d potda mthhemd d yr €ecd us

dafa7,277]
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WERI% CE Potentiostat
oGO

Luggin
Capillary

3.5%
Saltwater

Titanium
Mesh

Figa2 eSétivhpe -¢ lhe @eter ode system

For these meas usraemmpel netss ,c oar rteostpaol mdoifin @ twer @r @u g
During t he acceleratsd sCartcrdoind@P pamd od PR
measurements were conducted dail gctoombaeamt oa
samples in the envTihreo nOrGM twaa swcentiedrslbermregds fri g sd
oncevalbkeabt bil sedobtileas / IMimV This watsheerfo
samples were partiall yalilnnriéraesge ecronnadi tthheen e b &€ c
sampbéeabbodlilsewi ng the OCP measur eanemduyc ek L
smaploll aposemdan(ghtl0 mV) wasWBEwpthedpobobenhheal S
from negative to positiveéelasAfGtEeimeasnuremeat of
2 for each sampl e EydIhewat lcwiEapdmal ofv € if nuE s

t hp htoefdoral ayrs i s .

For the Tafel extrapol at.i4dond phedirdgoeds erdasmpgsda an &
(N200 mV) was appusienigam&Eaher at e amd d theer e PtRi
measur.enkintce t hicsontsediesikctqguemidayvauaadirrever
changes to the sur f[&2¢ldt pcraotpheer ft hheeess uorfe bighnet raeck

reduchBgr ThemTafeleextr apwasatperofndimgnicbded once
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bef ore the accelerated cor r ocsororne spirdoncaetsiso nb ev
det edAf etdhmeasur ement , the anode amd weathode
det er mirmend t h e-l opgoatreintthiovditl & @ rpd daihcdt at hodi ¢ regi

Subsequdrmtel yTaf el constant B val (EEq8f or each s

3.4 nteChaceact earti stahtei oS\M |
3.4FLieeBandd CiCootadaetthet he SMI
The chlori@e)iitt hseshaltd®d 3,irBe.f®e st itoon t he crit

concentratiaanc @amudWad olGddmdidnef oreament o t he br ec
t he pfaisjsiha.,&hS8ller stCameéi rtg wcsisieetsghfeordur abi | ity a
i fe of r ei nsftorrusceddutr@arnrcaisaiiceni at i on i wast heet e
el ectrochem@mi pal t scaomploédsetdhhacsspimgh &6l Fual I nspec
of the Tlomoromatosnuxr ot meemmegddeebdar was carefull
frarmaer evzdhere corrosion was observetdandahgsedtr
to det emwnitse@!l ubhlee chl oride {£Dteél ehlkbltiodelde
chl ori dei)n ctehnen ¢éAcArFcSe dsoSritnacre copper was i nsert
there was a potential risk of galvanic corro
of the two metals, even thougd drmsuererbaasaintast

any ssampwienrgr osi on ats etahl ee de pzooxnye rweassi nex cl uded

Thleon Chromatography Profesdoronali aséh@8RdPwBDH Bn
Fi g238Teni ast riudneesnitgned for precise and efhtioins
angas chosen itpotadfde rreastchdeh garuesseetinpchey doefs i n t |
whiacain comphe ma®deduraaddy i onal Ith her atdiitdint amesttli hoond
met hasd |nvietrs @lt wtgiscent i t o0t emCt he tg elaufteadonsga mp|l e
apr eciopfigtCGlide sasi Elgle8Howedés sol ved (sBadrpehi dagi on

reduazgamgttchaant r e acsti Iwietrh®),iftahmeani (nAyg ap rseecci ophidtaartye
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AgS. daldds trieardli on ¢ o s e @ogse islavbetrea@lt eg o toexnt i al |

| eiardga m v er eisdonf mathe act ucaolnitfernete chl ori de
I C #1011 C#I EQL6

¢! ¢ 3 O C38 Eql7

ot

Figa3elon Chromatography Professiona

The staensptl es were preparedsimA@CTMoCHABBEd wi t h
ASTM Cl2%2 |whpirohvi de det aafidredmea sowreidrug et he fr
chl ooandteeantmor t ar uasnidn gc otnhcer ettileh @ d & pporeodc pedtulr ed

modidf el ysi CRi,i8BH&0dadhef ol |l ows:

1. Powde&araenpl e Preparation:

a.Grinding daheoSieaevimgtrix extraawtasd fro
groumdcaofine ppasseed amhir ough. TAns 850 e ®n
ensdurna f or m pemtiamghe €i s8o0!l ut idowr ionfg c hl
the next step

b.Mi xing with :Tbheioeav sce¢ dpmoweded wiatsh t he d
water at a mass r atDeoi omiastkedr& (upscevdd etro:
el imnaeef eran @eonfasl opmt enpaetnetr ,i nensuri ng

chl ormdasuoepment .
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2. Fre

e

chl oride i ons extraction:

a.Hot waterThtai xkdtumentf powdered sampl es

3.Fil

4 Bou

subjectmdaiat @5 hot wald er. tThliag cdelme p apr

rel ease of free chlornde tbesdeiomi skd

a

of

.ShakTheg :mi xture was then subjected to

mechanicab sFheg@e&rai)nThi s step accel er ¢

physically ,eobhaddiehexntircdaetiioms ef f i c

tration @edcdil oui dencbot et measur emen

.Centri fAWgselra ldinme suspensionl@a®/ miemtr i
to separate the | iquiKi ag2n4dé )sodndl (pd)a.se
Fi |l t rThteiuprer nat ant was filtered using

poséze membrane filtemvisobedemeveakedee
.Di | uT hf®inl:t ered solution was diluted to
to ensure compatibility witTmhhetiHetdcdt e
sampl etshavealaysienigecCP B5§2 R e

nd Cddmtrédte measur ement :

.Oven dlrane agur e boungd hceh Iroersiiddeusatl ie gsnogd i d ¢
weroevelmi ed tmoirefmboedeisecod | ¢d hwaowd droed

|l oosen it, aemptedvsaedbeécoimeg the centr
Acitd eatTrh@gowdered solid was treated wi't
the procedure out[l2h®]Jdhisa ASE M ©ditc 2d
chemically ®doundochher isdbe akimgp 6down t
mi crostructure

.Centrifugati ofhhiasndotifdpwedtit de s ame p
described in Step 3.
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d.Di |l uThfeinl t ered solution was diluted to
as previous telatlti veby sl swewedoncentr a
After thatdil uted sampl egqFiwegZre anal yse

2 (b)

Centrifuge 5804 R

Fi g24Eexper i ment al setup
(cs)eparation of | igoedt anfilugati dnphase

3. 4SEMEDSampl e Pr amphmraltgtoinS MI

SENMEDS anahkypsoiwse it fecihqueirnvestilmat mog phol ogi ce
topographic amatracit & & s tlipiocorva $iteragixd demir eat i o n

sur ffeecad ureelsetmeendd st r i,buwhiocmhp aidsgpantunder st andi
corrosipnaprooese ®2udkeakhanaeetbeeabnforced AA
mor tmarst,i cul arly aeamphes SMér e feigh @ gpygercoendd sf r om
el ect r oscahmepibessa i | | UashiB)reed tt ¢ed iCro i t vas 0 D@@reet e d.
sl icoemt atimd ngorrowaewnr gomed Malpy ipapabcedur e

including slicing, oven drying, epaoxuy lrienseidn

bel ow:

1.Slicing:

El ectr oxdampliesalwere sliced into 5 mm section

cutter, Risgbhe)wn Tlhpe ocovaidsi megr f or med < dieu esratme
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sampl &f t er t hde afmornsdt coudaprientgh®deibsyonino pr epar e f
the next coamnsisewadmionng hi cknleas nseda mda geheel | s |
cresesal mner face diR2iB0dg trlod ad u totnp amgfeeeadd orf a t1e) |

oD. 03 wendesl ect ed.
2.Et hanol treatment and drying:

Af ttdaeut thiengs,| itced i amamep Ineex twearneol t o remove wat
the cutting prowasspl awpadadvat @e do alinliomigs csuttetp |
was necessary ctoo rpreanedguet b d goarifiolters si ngvamd be
dr y.Fod¢ | cewihmgn ol ,t hseaemmpslieosn wer e oven e@msedefor
compl etfeordreyg anxgy Irressu fnd ncymi amtwil edegvo e sitrurtehe s ampl
hi nidnegpoxy resi,hepdnagr atowi amcompl et ®encawver ag

sampl e whu wihad flf es tbs hBJEMEDE Nnal ysi s.
3.Epoxy resin caetgiamssggiaamgd vacuum

Af t er ,tdhsey mpnpeetse a n siftnesrirld c ocsancho @i i 1 ed Wihteh epo
sampanedo uslwee t enphacewadwmum chambdeghpsasgshamn
i Ri g2a%he . Thied Stylelpf atilppoaned hqui d eempnale yno v e
air bubbl es fr omdtelgea pgiiccamgssst m espedv aetm englenst | | no
bubbvMeas oA dedeevrgeads.s$ Agpalneds moe kb da s uwarstiidle t he ep

redsibuhlay dened.
4 . Surface grinding and polishing:

Af ttehre e polxad rfeetithgned, sur face grcionnddiuncgt eand
Sur fgadendi ndit heee mepexy coapwhnigcduil ndt ewif 8IE M
EDS measswpraemecti DanhyRessisgpoxly resin sawum ftalcee s

cawmeakeaeneéhgyssgamrde nimodpelce mdompr omhei ng
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accueglagndeentte.cGt 1 na@vias g c arprrioegd ecssiinve lgapedi wgt h
t hgersisné 60, 12a0n,d 284008, f toeOsOh g r i dwansy , p erofl d rsrhd ch gt
polishing papsod WwWi2t00 , medah,d 4DOO®®MHcab Dsénloeo t h

and sueha€enapdlyi,shtelpd es -weatedbbdce conduct

duri nggDSEMIieasur ement s.

The Axia Chemi SEM whlaBS eampd loyseids feotr tShEeM S MI . T
sampl e setup, and Hii gg2e6 a Thhaeg edsu aalr eS Es haonsdh B $E
the analysis process by eliminating the neef¢
Further mor e, the Axia Chemi SEM can simul t a
providing det ail ed momrgoshiodeo ge tamenitnaflor map p o
measured zonEDSFmeashee®E&Mts, an accel eratio

size of 4.0 nm wersolsuedomoobdbsrUvathionpnh of tF

. :\
FERIREEIAZ

Fig2abe) The ATM Brill i gn)t ®2i0ngrwadwsu mnc lcaimh e
the air bubbles from samples pore
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Elslrjolsl®

5

Chambes Pressur: <5.00E-2 Pa | Specimen Current: -19pA @ © | Emission Current $9973jA |0sCountRte: - cps | E0SDead Trme: — % | 1) A oW

Fi g26Sea mpdteup i n t he Axi aEDCh emei aSHiMbedbnbetnot B E Me f t
and )rwiigshiitn c hr oniazleide wy rhacpdiet SoEp f t ) modiet B P E
right)

3.4XET analysis
3.4.I13ntlroducti on

As introdud®edXTamalSywmeiad otadddero-che st raivcaii ooabt
thenternabfei nicothoceeet ef omse wphledb rsgpsagt | alnddi str
tempewval utd ornr ocsfilomn trhuisst X-C €asrealrweahd, semp |l oy ed
invest sgpateotthapasdMbn 5DBEAMAFS mOnéasampl e wa

prepared for edédcknstreelbnidasipdesition

Fotrhi s measur ement ,Oomahfi feljiuk opnp exdT wHatydh2 Y0 uz %=
was uUsedy and CT aosgHaogiivoeifrh e s &mEluteepveyd
ontdhe scanwiinfghsgelaathe ndg oc phgevasltnt vt haduli dn
compr admig®aa.lBietajrar d eana migc ha 6 gKd ay i pt@lssough dens

mat ssuah awamsitteiepygt eapp@l YWi.M”p mm copper fFfilte
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parameterts®@ Wereprsejtecti ons (anguldaanBtep 0.

exposuwuheseaksn and Yang [ 235]

TheCK speci mens weirttheinn tpaddiyxe® cammadidtnitamo,n,r
which wor ks apAf tsecrammntnigeCT gadvaotfa wasi neoconst
visi bl esu3sDtnngeaadrabrudidnt al gmage hporocessing and
theperformed using the softwar eapAhviizcoa.t ilom st hue
the 1 mage processalnlg oafndwhaincdhuyneanter g iblft ba A

introduced.

FigarTea) Ni Kon XByHaao CfTorn n¥pesetiugn; b)

3.4 .Br:-BX ocessing

Figh8ea) shows the reconstructed D abrsutsur
passi ve.Tchoendintaigoen r eveal s tBkai gantidhgs pe eismerrc ei
riagtidrmoth top andhkott ormassulotess sflrigrht t i |t
sampl e dwomirnmgwhischamagni fi ececioms.t hBlee i anti f ac:

attri betend haeofdfeena bnggrtehnelC ™ mac hi ne.

To align the sawmphbedpel ahnirala,tf s psbiewatrieons

util i semmdge r efglhcerterda time@ogie arnedgviast ruateideem met r i c a
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t

n

Vv

b

ransform asmpeceElmegmtbdbthlgepati al .ohrei enrtapg i edi t
emovedltchorent ai ni ngby i oago popftfhejcattehds r egi ons f 1
op and bott,omasoft hehsee izamamgees C A BHBaAGg M Ed ) unr el

i sptlhaey scorrectedadPbbl yliegget adjegsstameetrs.

n the foll owing, advanced processing was ¢
nhance the features of each materi al phases
he i maging filter and volume ee@eitsmoODhéi ngn
| gorithms, such as sGausei whifel peesewkhialg e
ence, eonwvhkamdilng mage quality. The volume ed
diting and manipul ation of volumetric dat as
'l ows customisation of threshold valsues an
mportant to note that volume editing must
xampl e of thi sFipgradgdcea dd uvisde rataowrg itrhe effect
osegmentation. The | eft image shows segment
oise (irrelevant information) is visible ou
olume editing (right image),sé¢ heut hireees htoh &

ody is successf uil hyggwad mawed, i mproving

(@) (b)

Fi g8 eReconstructed 3D strueczt uarxei sf rvoine w,h e( a
geometrically processed | mage, (b) ir
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(b)

Figagel ume edit treatment on i mages (a) b
3. 4. MBat3ePhabkes Segmentation

Theegmentation ofi maltedimad phasescor pvOES O N St ¢
per f oaursmendy t hieng hméetshheod nde t h oadmalti esrt ii ablg wpelsldh soens
thgregl,uemshi ch corr espomad etro awa rgigeétsioapysoti n t |
of the gr egprvoabliunegs lailnoeh gped $ $ ang mabhrosigbceel o:
bar, s@amackpwgiersg t hese threshoft dese tvahsa seeg m
successfully ektr adtoaud .d htheew etvbeipsg @ me td @e d e

det er mantdh @ othemesri # eydinBaly b e un ddeured diiad gnlann ®idt y

of hset e eCo nbsaerg,.amah bt #lvwaeampl opsdsipmci bosepsunes

accuracy

Af t eir nitsheeggrhed nad n e ac h maatdevra pacl e dpehgasswea s per f or m
t he segmemntsadhmdmo ap eadn avlgyirstdadeenlal. VIseset b od
extract mait refr 0 rarha spuhgaasoeasst r y Wanidn g htalpe . anal ys

functitdhre segmentedrimmbpgeednsac auaosfd diyehseu | t s
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Fi g3®dePhase i de@Tiifmagd itomr omngX using gr
3. 4.Batda processing

Toanaltyhsepgat i otceomp wrsa lo o ft eheemb @ dsdt eede | bar and c¢
rustthssieg mepmh 68 ® | mangleesgj f er entomcdir rioshi®oneve r e
al otnlge | ongi tudi nal tdo relkettaiom masgahit viei@dausapl me | e |
corrosion rust afnrdsncioa,a otdlieke nsstaenepl | ehiawidtl e

posi tsitcered s tlb@awhi ght e

Thesleiiceadge § iwamne e nd-midtor watghewn!l naisgfgr om 0 t o
25%hicenvefradiolhihitedhe mtdi f¢ wrat 0 ©®inomfr ustwiatnhdi nc or
t he iwha genger es b ydti esdgir ey t.Adodhietsitloeratf loy maddi c e

t he fiilneprsdavaiensgpr et ebs6i agcy.

Pyt wass ¢@er fboartptrho ¢ ecsfs isilgecmeadgilde pr ocessing pr

included the foll owing:

1.Shape i dentsihfaapmpdotsiiothihoenTber r oslsei re ewwe heéara n d

identifnedathrsmage
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2.Centre det eersntianbaltiisolanx aeadredid fe ddtecce n shfip e d
wadet eranmhaceddlvi aairthe d. Tchetnhxeyax e r e esatabt hiséec
point

3.Border 3Jrteanghofs tatkee sxawostthaer t i ngth @ ob ot d eran
of theashapgea mned fvatl c appiuxelngdata al ong t

After thatat at werei xeolnverted to the thick

further analysis.

Fi g3tPae ocesc&wg ronsi ohhcyourgtosd ealndt eel

3. Numersdicrmdlsati on

The numémiudtcsal i ohl or-i@udcedressrosi on in reir
werceondubcaseedd -Cadn mEasurememtt hies2abésmoeaet b,
empl o¢pednutliheeber osi ¢ mtripeavda @xlovensf i gsdthaet maohati on
waper feadr mGOMQSOL Mul,t sphyeapaobit eumimul ti pl e
physindsest fea oreud amel ex apploaiensgd s u altiodabtriaodmke

c hanogveesr . t i me

3.5GéomeCaonfci gurati on

The geometri c tdheisdei gaidgdt @ soenrFtifepdd RTemge omet r i ¢

par amaioeornss iwsi titetme XrCeTa la mp | ehss s ¢ ni irBbeecdt3i. olit e
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di stributivaextorfacptoehdes me mt ed opbotraei neltdaTisfer om .
measurement data ,usdiissg uAd\¥ledt® eosutsli o vetalmeu | at i on,

these aprceo B s itdoeufefdelror i de dilddaasu saen etpresyobas ed.

(b)

Fi g3iz2eGeometric configuration fpmpasintiidadd ed ploe

3.5CRAl obi te@as@ayggen Ti Mospgant

Asnenti oned2. 3t.hI'e ptriesrence of <chl ori decanns o
cause pittliylgcdditermpdoiwvonn t he plheseopodiingn,t h
under | ytiiomgcoceresr o.@menéefarss,umetd t hat the con

chl or igdoev dirledessp as sprvadd ohhhe passive film for me

Theranspor tt heelfectoreosl urtee t thhrmesssulgahnd isfnfsed ie@n r i ¢
mi graride c o nvledddtdiwern er , due to t heoftcoanpAARKS mi
mor,joamit wdei f f usi omc hgrooo alseisp @€ 0 nisni dtelriesd si mul at i

procdgescribed by :Fickds second | aw

— 20 § Eql 8
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whed ¢ s definedioamshkbenthlaoi odediOni snorhearchl or
di ffusion coef fYismiisenthei ndinfiofrutsa+fenfiam m&D, i malsl.

the mathematics operator that is wused for th

Undreealciosntdiidt hXeCnTs ,s a mpsewebsj e otw/thde cycl i cancorr os
environmen®Abal ho bhegheombeat uwat Bdsalt Wweg ndurin
cyctlhaec taumad wwrntl oardisdoeo h 6@ s a mpillkei miutnefd.sies si mul
asur tatecroindcee ndOnnafli ® ovito.rt ms ed t ot haedpsroersbeendt

chloride on thassasmpleeteuird®#Bd, B2V i ous st uc

Further mdiree critical(0 chwhirmarek bteln @ @ solfs ti aenl
reinf offrcapmend avaec ts tvaetdeet e rbma neldlC® nan aslhyoswns , a

i Mabll7amean ofal 3@iwt .a% apbed 8SA0 Mo rittalmi s si mul at |

Al t hobpbbdriifdfenasy oaoduritinmuaensi ti on from the wett.
t ha fsfiesootnsi dered negligi bl e aulei tdod ybimmeee rsdmiarl at |
ahigh templkrernd Uosesss,.utmetaldo chl ori de di ffusion

dr ys nglgheer ef or e, i n the simulation, chloride

the wetting phase

AccortdBianbgaee and, Ctalse ed hl[dr7i2de B0 $5A0uFsd mtharc oe f

ranges gmomy spBopmn Mm.Hencet he avewlgpeen val ue

mJs is a¥erl ected
Oxydgemnsmport aail rscea nd e or iIFh ek 6s second | aw:
1o o~
—= 20 o Eql9
T o

whed d s defined as the oxygen?3®oinscetnte adii fofnu

coef foifcioenytg enor # asr. in m
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| hhneat enal ronmbeptcoxnyg g% toefs ailre, stud tt aolxgy giem t h
concen@r paf .om8 >*nBoilnsctee ®Ir r 0 s i olmo twhetpanidr eosx y g e n
gaseous tohmpgemsi Wi ssisiovd he p&Arceosdl wmtgi adm. He

| aw234, 2830evcent rdaitsisoonl vefltt beaygnen t am® surface

™ eXxEM attritmuftendesence of adsorbed salt sol
During t he xdyrgyeinn g asnt asg¢ @mlo lroa dfirdadrta lea n nd @t a hat e
sampaneds r egiinstsoo Iltvhee pore sol ut] 284 d2h@ded otr lkee
iitassdtnmeat t hceo nax yduednitsitsyeosumdnr it dEtohred i sfs ol v e d

oxygen.

Frof gBdtehe 508A mor tsadremopamplrate r dxoulGPC cor
mortar ,sasmnglgesnt il ag mibDuestouthereésack of spe
oxygen diffusion coef f i ¢tiheento xi yng eAnA kdsi ifef outsci rioet

assume® t@ poem’,s based on v@haaeandef@blehteed p g

par anmdretrison a dseuanbnoavier a B e

Tabil Ge omeatnrdi cmat eri al s parameters

Parameters Val ues Source
Concret&® cover 20 mm
St eel bab di ame 4 mm
Sur fchder i de 0@1138 Wt.O/Experimen‘
Critical chlggrt0.36 wt.?Y
Surface oxygepl 0 . 246¢7n

Chloride diffus 6. 71% s [ 172]

Oxygen diffugjo 61 P@Y s [ 28 1]
3.5P8temDi sakrt iibMotritoanr
To si muhleatpeot ent i al di stribut-Pbandlk wenspgdtairorn

empl oyd@thi s deegsuwcatiiboers t he mboememindeof thar g e
concentration gradientasl e(cairbfcasi mm)dyveetl ieanr

expressed as:
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L oo Y9, s
° v ° E 20

whelies the mass fli,uxi nofmo@h/a(rng2aks Ydo fefoue f f i ci e
m2/ s ,0 iasndt he «c odnrceepnrtersaetnitosn.t he val.éOicy tdfe t |
Faradayos constyarst ,t h®6 45 ve/rmall. & < otnise an
abolute tempesatheeel eatdkKiisc tphoet efnltoinwa lv,e lionc iM.y

in m/ s.

I n this simulation, convection within the I
' i mitations ofUnder pguiee scteralhateuotradd ttiimmsgr a
negligible, and i on tr ansgidiretr eif ®reomiamate d nk

di ffusion and convectiiBlhahnek meexuphrtheesossei dngalsi:f i
a0
L —00 O Eg21
‘Y"\PO q
According to ,theeheFcatrraidca yciusAPJeaan Oensekpyessed

o al Eﬂ a 06 Eq2 2
oYY q

| n moret adhectrolyt eoi snaclhheait deabddtichalori e i o1
and sodi d)m p eomestrrichitbaddie x c ee,| etchter i ¢ current dens

matri x can be expressed as

3 m Eq23
Thel ectric potential distribution in tihe mor i
Pl anck eEqguealt i wint h( FarbBEagd2aly 6and atvheg assumpt i c
electromk@g2BraTi eygti(ng the mor(E@A a8larB8BE Mmi c
resul ti ngEe2xPpprgecswsdroms (t he spati al variati on

equation-sitatae dtoe andegogfu att h@an® abnadsouaumer i cal | vy
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appropriate boundary conditions to determine

the mortar.

|©

%o Eq2 4

OE %0 T EQg25

For boundary conditions:

1. At dthemelr baundamacr d el | c(r)f ¢ owsdeoemus wtay d
t haect i vet ooweagridont hepaosievai seginon. The mac.
must tehjeo & lal current flux at t hbeouinndtaaiyf ac e

shown bel ow:

Q 0P % Eq26
whef®Qedenot es macrocel | ¢ mr PAdsarmod tTtherantt da

vector to the boundary surface.

2.At hdendamhmmeorotfar sur f ace, owhceurrest no scuaderf € mi

boundary with: zero current f1l ux

OB %0 TT Eq27

Wi t h these two b o usnpatriya |l ¢ o;mdti & n toinasl, dihset r i

numer bgaubbyng the finite el ement method (FENMN

3. 5Mirocel l and Macrocel |l electric current
Il n this scoaombihigdthieomti ebhace clomedriodsi on waeehani

empl oyhehdei cr ooelt bsexmosed st eel acts as the a

whi | ad}j hzecema chopwas eidser&elstnhe cat hode, where
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pl alcecantmacsrntaeoel o nivold ves the devel opment of

mortar, with the anode and cathode | ocated f

Wh ethhaen ode anudn deatodt@ dveat i ont hpeoilrardlzeedtirocmde po
from the original val ues tasssmewaeegudi lwilbhi ur
Thi scskabheeverpotential, which drives the el
electric current. Usingcpot aniEzgd garmednt ceagtuhaat d io

curdengEgq2¥Pcan be calcul ated

0 Q6 RS e
WRO o Eq28

9 00 %o %o
(OB (%) T[-GT— Eq29

wheY%oean¥% artehaecnodi ¢ aredyud dti bbo ddguvvgot),SQAED aV.

an®ar e amlmeli ¢ anao rcraetshpoodnidci n g e x c Buanndgeer ctuhrer ¢

equilibriumiplo@®éamiQarles the anodic and catho

densiti%es, in Al m

Il n addiacttowmatioonc mdantirsattiiamapb & dees cattihord i
react i o hdeedluaey etdo r e pl e niosxhyngeennt a ©¢ o o ne fulomrgrdt h i s
current idnetnrsoidtuyc eids i PAss bmengi emull anieam di str
concentriaahmoars afrt@m é he s[tlke®H ¢ sluirrhiatciengQcurren
(APhman be calculated as
O a '@
Q Eq30

whed e s t he vonlferay hofdi Owhriecdhusits lodh Far adayods

96485 @/smotlhhe oxygen dimbfresarbémcdihet aneenl fnsam
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For ceméepladd ¢ d (sitse efdit xoemtoufe 8 mm. -pbacelesstsedkek
the dilsctaanncbhee @al|l thkatsbdrtest di stance efrom t
usiEngg 1

0O

0 & OE i —
c P Eq3 1

Accor diRenrge zttoh®9 4 jetl eacdir {dEg2Qunresntei ai mmndi fi ed

wheanrme | imitingsoaogpreontatedsity
%0 Y0
QQoorf,EernﬁT—
Q

Q.. %o %o Eq32
p @me& T[-G'T—

| n hectiwg@gdonmngr coelrjotshiebect r ons r eaneocamlsesed f r c
consuimdécda tanTondee .el ect ri of c mir €@ ditse debonuadtt yt aod it & e
electric currenEq3ddemact gcedbh bt heeb oempescitornons g e |
the anode surface are partial ladjcammesutoedd | b\ .
The remaining electrons are transpwhiteeld itshr

| ocdtaed hemaenodeConsequbatelhectric cuf@>ent der

can be eEpI4Ass&dtch drawing is shown 1in
v~ %0 %o
QQwId Mme——
Q Q — T
Q. _ .. %o Yo Eqg3 3
P @mearneT—
e o %o %o
0 0 0 000K ne— 2 RORE T
&
* 1 Q. % % Eq3 4
p @me&nﬁT—
Further more, idl Is htolhud d e leaacsterdot ndsd ocamm et hree l an o d |

Theregfohe total caor besieapresseents
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%0 Y0

Q Q QQqu;E&fnﬁT— Eq3 5
The values f onent hienn gtalriasmnest eexrisinmlaarbill®ee d i n

+ ipe2 Imac = ire ~ lo,

e

[—

iz

IL ip i imic = lo, = lFe1

g el 0, 2

Anode Cathode
Fi g33The sketch of microcell and macroce

TablOEIl ectr oc hmeemiecralu speadrmep e hnluimeg i siamul ati ons

Par ameters Val ue: Source
Faradaydésg con 96485 (
Universal dgas 8.314 ®&)
Anodic Tafel <246. 8
Cathodic Awfel -255. 6
Mortar rzesi st ¢ TV

Anodic equil T bgi -780 m
Cat hodic equi’lgb 160 m) [ 281]
Anodic Exchangeé _( 31 A/ m
Cat hodic Exchange 11 PA/m

Constant

n ,
rExperl me

3.5ChbrrosSBtomelanBast Expansi on

Tha&node adcamgietsywfltomgtcheel Iharlefacti on(EgZxéamr on ¢
be wusgeudanttbh & yaaoanfo udnihses ol ¢ énd oFseiydeedaly D9 4Jadsw s hown

bel ow:

2 s S —— Eq3 6

wheYddrepreseatisatéel oss around the circumfe

reg, oonnh ims t haveatgdimiea t1 &bi5r. 884,5” gi/smotlh.e density
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whi c7h8 530 kigd emBdthes val enrcegaotfi am,0 dwi ecphr & sse n2t.

t he corrosi camdi rciotriraeotsiiooens pfé one isvhe Ityi.me

Threust exp§hodndndfreiarserdahtei ov wlfu mdcemfr osi on pr o
to the vol unmset odl ltddker2@8R@ihgicemaukbet k gessoef on r u

| ayje#d)around the circumference of the steel

1 | p YR Eq37
Il n this mc®eseadrselo,n tghogfanshieonc orratbiack e2n. 9a6s,0 dausc t

repooryedla et al. [ 287]
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4 Mechawropleaft i £AAFS Concretes
4. I ntroduction

| n t hi ¢ hreehsauphieesrh, athaeseta il mighpeu-6 bt ,ftoAREBor t ar and
concrete saanap lyesseodwmpaameddod® C r e f er eTnhcee -gutlolu s t
wi || be pr es é&nRaecdtionrfrsl uChnaom tmdyra ntihcea | properti
concretest,hmrei Rclpu @d@fpg € c oannddchres aggr d gatae el vy pa
| i mesweornee)det ai TerEeElhrpeneahyséeéndi ng test for mc
i nt r ofdiyfceetdl owded ky mpewsss iolnet esspind tt i agt urf er

AAFS cencrete

4. Xl exural Strength and Compressive Strengt!l

Fi gli4dbows t he (hd)s ¢ sdmadnngdidlo mpr essinvesfistttrengt
fikiendsAFOSor t(@Grrosmlo as detTha dMesmh di MM Ct aocbt ai ned
f r anrteh rpeoa nt beamd ctphmipe €tssi veorst mengshh apessr
descri bed3.i2n. Bectcaiiloend r e sTd kil moFa gf@mMevitd eids i
observed t hat r baongdh hcfolmepxruersasli ve stireageiatshé or
hi g8grcombhM@FA samples exhibit the | owest v

compr essi whitbheer eln0OgOtShA, sampl es show the highe:

a) [ Ju4pays b) 114 Days
10 - 28 Days 100 4 [ 128 Days

84 ' [ 1 0+
0 <
40 4

il | 1

10054 TOSA-30FA S08A-50FA 30SA-TOFA  100FA QOrC 1005A  TOSA-IOFA S0SA-50FA J0SA-TOFA  100FA arc

Flexural strength (MPa)
Compressive strength (MPa)

Fi g3i4Ha st oogfr atnih-eoit htr eleendi ng t estFlaemxdurcalmpr e
strengtcho napnrdessi ve strength for AAFS mort a
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Tabllle Average fl exur al strength (MPa) and <co
at dh4s and 28 days

14 D{28 DI 14 D4 28 D

Group Flexural Eercent Compressiv Percenta

( MPa) i mprove ( MPa) i mprovem
100SA 7. 7%29.1 18. 76% 84. 1 74. 3 -11.61%
70S3A0F 8.5¢7. 8 -8.61% 74. 4 73.5 -1.18%
50S5A0F 8.0¢c7. ¢ 2.10% 63.6 55.1 -13.32%
30S/A0OF 6. 2t5. € 9.28% 50. 8 44 .8 -11. 76%
100FA 1.8:2z2.1 20. 33 % 11.0 14. 3 30.61%
OPC 7.3€8.1 10. 46% 50. 8 57. 4 13.11%

At 28 days, AAE®S nin@m%rors amm@il € s Savr ecdouncttei notn s |
both fl exural strengtclompaded othpy ¢ SiFemn d#hs e
fl exurathetredgthi din gi®®arc e A bceosnmipmieshsi ve str el
70S3A0FA sempblidst the smwhihestredadicrt@BAnand
50 S5A0 FsAa mpalrees mi | fir g minfgir earhtalhyh7e0 S3A0 FA sdmpl es
contt AB0XS/AO FA ands almpd Rsw an itnhcerigtay28sgkmengt |

compamwe d Hleaiyt r eengt hs

Thebservedsidnfsérengéh edvDbagntiday dmpdvee n

attributed to the combi ndmolefderrd esn swdititidho ry i pmrg
t he mor tTalre nrad d u ot iiopgir iimmd usetl ryeon gttthe hi gh SA ¢
promotes t heAS$H rgidieoab i ppdiloydcso n e roscadtiidorni but e s
tohe formation of micr ocAdadciktsi owiatlhiyn tdhrey i ma
descri bed.i2pa3Ssebc tcioonnircirbouft ceasenidsoieom o t he moi st
[ 28@8¢ nseqguetnts &t yod n gitdimpd eecsr ed sad2syT he |l idgrhap i n

compressiaofe tsh®eR@Shampheusebd odthe opti mal mi

which raamoulet smorMftoam matri x.

For h20S7A0FA and 10Q@ héeh smaaetb & sASSH | cesl hingth ude
por owhitaorhe fi ese eetivhoel pt 0D gersedbs(sCA-SH g ehlr cCtAgSHH g e |

parti chDypattheshear acthedr i sdliyxcondehe attlos orne fpirnoec ets
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overall p aroa g iatry ntaftertti éxle t hsetnrheonttghindn gt ar s amp | e
Compatrhenge r asaunlpdl genstwabitOrihrn gnsodc entrewvtedalf § er enc e s
i mhe eftfhppot yodndensatTvansi ptoeaessfrom the di

por ocshiatryact er i sA-SH sg ebl eAdoédegd I€s st at2e.dl i n Sect

Compartend@PE€ef esamplrBB8ort ar coampan@rsen g I5a8An 3 0 %
contemtcbmpar ablseapefrlieewiernadndtcempgt keastg itbh e

same cer iHogwedvgeirr, strength devel opmeedatfirwean
growth trend, as refledabllldbhge t baspar tent & de
di scussed i n RdiréBelhIVADFA © dmifelé eexsu rr aillnsg tl thohvaenr

t haOPOGfsamplhesloemptrhees s h viesmp a.fembgbte FA s ampl es s
t he Ifdveexsutr al csampernggstshi.Vanidst r en gAtSEH tge | t, hevhN ¢ |

i's more porous.

4. Mec hanStcméngt h fParo pAEoRT et e
4. 3AAFSr avelncs et e
At itrmiet i af & hagtehees elaOrOchA andvel @0 Al adervidiweps

hi ghest and srew@percOnt vy e Bgparigdwietsh compressi ve
compar P& etforeweneeseaeed eamdiirmghbe t er at,ur e r e

asut liinn ed&c t2i. dn

Fig8@kdhows thedayecagmpr28sive strength and t
three AAFS conc{7®tFé&, goE0ORPASs a(A3dD SAD § A@RIC

referenceat gtlo0e pnmngagrlavel as Ashes hcdoway Bsifere Ja,ggr e
t haeverage compmoés AAFS dscecmemhagssths a rSAucomoant r
i n ptrheec yoosmosriws tt dinrtehned © Ibs enp v &€ dR u rstahmgprhnecsrree s ul t -
f of0S3A0FA an< 0 BAAOSNACc ragtee sca lois ghlgld @eAAFS gr oups
demoné&t ghempressi ve OtPCemgtflRrtemazre gheup.
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Fr oFm g8 Y di)t,evisd dhratta viemreage t ens i loeA AsFpSI ictotnicnrge ts

f ol laowd mi | arc amperneds stiov et haet 5 B n g bngctrhesessutinigs S A
cont ent i nsrtits@osmp eerdalfzB@Boe f er e n c et hgeB 6760S Aa n d

50S5A0FA coaxhiel iet hi gher tewhierelaes pBOBEAI Ng

sampl es show | ower Aden sainlad dsil @ |t g & endgim estt erresn gw i

ber eséentfeollel swich g on .

(@ (b)

£ t ¢ g = ot
L = i = [y = in
L 1 1 1 1

Average compressive strength (MPa)
1
Average tensile splitting strength (MPa)
I :

0.5

LIA1]

T T T T T T T T
TOSA-30FA SOSA-S0FA JOSA-TOFA OPC TOSA-I0FA SOSA-50FA JOSA-TOFA OPC

Fi g3bsTh28 ayyt r engtflorhegepds AAGFBScratde ®©PCer ence
concwietthe gr av:€ laa)vaegrgangeeg e é € s i aredbs)y ¢ sapgd h t i ng
tensile strength

4. 3ARAFISi mesGCGomaes et e

Il n t hi st heeestlittheo mpgr esstsrienegftokAAEFE®&8stoncretes an
concwietkemests@ade a r eplgaaemdntagpgo eesgedmtea k.e t he
groups sAAEStedave®l tcdenclrOedtSeA andell®@®dIAude @ u |
in the AAFS | i MAdeédi bintevealppyd canaedearn al s, MK an
weeepl oyed to investigate the pnobpeenBdas&Sf p
concirThtese. madreal dad st o-3 0@ hA ddUpl aci nqFR 0% of

content in the precursor.

Fi g@6per estehmedvser age ¢ omprreessstiibvtes AsAtFrSe nagnnch OP C

samples at 14 and 2%28%vddpdbl2uifrhhhieet ag,t ot pllao
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i bser vaetddH4hsgtv ¢ haage comppoBAFBvV e cetnp@ tegtn ly
onF/x anaprSAAclgesmaer at iswiableghAkrcontent, except
7TO0FA cagmamgoetighese heolwpPd§FAS$ ampexehsitbei t t he |
strength, whil s atmpsthedsvd 0tSPA] bk lein @ hdee ¢ ¢ ghtreld 'we e n
these twamtdnmaotumpedre cd tni aatheemcomposi ti on of the
specitheatCaraesnts horwarmd. El@a mi x pr Dpdf & urotntse r(
ampltifeyomposi ti ogaésdili fifegennoakithtei NCadHSHEAd i D N
geilk 00 SAmpanddsA-SH gied 00O FA s[a8mpohjelsar acbéritdeses
gsantdhenfl uence on compbpedescvebetramd ERedthivan
2. and nwbtk le peediaet Td edsief f euletnicreatadllhogbos ev aeidat i on

i oompr esg g ichnegttwheheewo gr oups.

|:| 14 Days
B o8 Days|

=) ~1
< (=}
| 1

n
(=}
1

e
o
|

Average compressive strength (MPa)
3] —
o o
| 1

(=}
1

1]

. . . | . ,
QQCJP‘ A% > AN > A B o B A% [ A > o
A < o o v R N
N 2\ A0 AV Ao
SN

C

Fi gBfteThe aver age oodAmpFrSe sasnidv eOBsCt cebmgttalped ea n d
days
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Tabll2e Average compressive strength for concr e

AAC
Group 14 Days 28 Days
Average compress Average compress
1 100SA 67.08 66. 24
2 70S3A0 FA 55.17 65. 34
3 50S50 FA 43.23 49.26
4 30S7/A0 FA 46. 68 53.92
5 100FA 11.71 12.15
6 70 S2A0 MKO F 53.02 50. 47
7 7TO0S2A0L-$BF 43.62 48.12
8 OPC 43. 46 50. 41

The 3I00FA concrexkhiigimpt esompritelsshee5@FAengt
concrete samples BWOItFAl cwenp |l telsan, Whh e hphSA b mMart
wi obhsersfaotri othhe B AAMERgrdaanm AAFS gr awaen kencr
attri buwoad ttthoes :-fiwakcbhusétiebiraddree g a hpeh yasnidc a l
properties offhet hiewad d g reengf aetcéet oon € d 5d &@u a%eesnt i o n
uni form ditshaer k dlut n®enaotfi vataorrotalwdd apg@ercegasove
[ 216,l2lardliorag i at i ons i n t[h2e8 9d Bu®Dit|ut nedr eorftshtehred | T
i nfluenftwalolf dfhfeect 06 on campt &s ainvad ysti rse nwgtsh
Fig3itempares t hedicsompdbsuiGti idanp@a-Qi@ b0t er nary
di agr am,s c a snb esde2c.tIih@en correspondi nggrroadaps®s f o
guantitati velTywb® @rmanacruilzaetdedi nf rom both solid

acti.vator
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= ]100SA

e 70SA-30FA
50SA-50FA

v 30SA-70FA

100FA

70SA-20SM-10FA

70SA-20LS-10FA

0.00

1.00

0.25

1.00
0.00

0.00 0.25 0.50 0.75 1.00
Si0,
Fi g8TrTernary diagram il lustrating-7the comp

Tabll3e Thad invasi no fe F eAmeFnSt sc ognr corueptse

>

(9}}

Group Cal/ Si Sil
0O00SA 1.
S3A0 FA

w|o1|~N
===
€2
E
T
>

~NololbhwNF
R ololoolkr
GHCINNGIEN = ¢
0 NNR RO
GIFNSEFNFE NN NEN
NI IENIENIENIEN] RN
NIROo|N oo D
o ololoololo
RN oMM
N ook ok a0

Frofmbl3® t heb®BRAS Adimsupi gher Ca/ Si -7rOaFtAi og rtolugn
Suggetshte nfgoo fmamaeAeseH Qleo we,x dvre Al / Qah5ed 85001 FOA i n

group I sibhbweB06Aagdgirhewse variations influence
at the 1 TZ in AAFSFazmogcard esAhalg clio &® ntgi dm o
first artelitamgs*alnTZiSomws,i ch irmrestulhda sf o-A-BilHt geh. of
Subsequé&mbhygadual epmsed from SA grai-A-SHIl ead t
gel, which cAHbiqels twhndughNh t he polycoendensa
( GA-SH gHbwe,vetrhe r €liecansse forfomCaSA grains can

formation of a coampadthebyphdmghxicoeamcfeinlt mati on ¢

[ 103 As a r e s7uOlRA, stahmp | 3GBESA how hi gherduaev eroage
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th@ai ghean OM®lo n t(Feingtd ,vehirchedshe actoinca&tnamati on
faciltihreealtee®f8 ooifer. c otnhl eoaneite@ n d-Os&lonti eantt he 50SA
50FA gr oluipndmeay t he 2%ielnassa 9deo ensoft Qaeduce t he &
concendgfaftae otniAde li y icoomeplrleys,s itviiee3tONSFA@ gy tolu p 1 s

| owert htanta hdfS3A0 F&A gueup o ditfhilee mie p abyspeishh e i r

mi cr os tcrhmo tawrtaaslr i It irosdlu2el i n Secti on

For JOFA greguapsddhegi nfl uence of alggs egagal ay
shaped,argwer aae@ampdrgad,wai ch hass nao essnbarlflaecre .

Li mesitahsoronger t han gr av-e0 FIAi Tmeesrt eofneer ea g gtrt
concsrhechdei st i ncti ndicfofnmeprreenscse ve stre-nQ@QFEA groanwpalr
aggregat Eommrntcare ttsdaenmpd cempr essi ve strength for
i soweri ithheanot basmogt aupi s moaedhbdrbgye ntehoeu si wa |

ef foect

Ani nt eroebssteirnvgahlmdotnh3 Ot&7A@ Fror t ar and | ismearsptl cerse ¢
exhibit an average compoegmeseht hhtemeOFaRAappr
samplilespintl g 3% boEfAng repl aasdi bFugdhmatded i n
Fi g8BBAd t hobhgh 100FA group h qTsa bdl BeC anesgh er d toiwee ro
I i miGA-SH rgfeolr maatsi odne s cr i b2e,dl ti me Slkeicg hemthkle/ Ca r
for matfi armniesglgegli bl e. quaasdfe-Ad¢-H giegleanregreat e d. T
porouspgaped of r uARH NgEil g @ hleOOFAorugpsul t s i n
weakbhi nder o&kmpaerted gr @ uResphH earci ng Fphlawri ttShAo f t he
compensates taafhA co@ppicoif mgeankogrCsaa O t han FA
(TabB).@hiencrd€a®®nt amd3e0 $S/AOFA gromphesf or@ati on

A-SH gwhi,cdimb iwn &$#-SHg etlhr ough t he pol ytcoo nfdoernns at
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N-( GA-SH gelrefhei pgnadesmpgacheangAsxa r SOBIAOFA Lt he

g r oaucph streivgeher compr estshiecD @egB8oupength t han

At 28AANRBRFrssGr o2p &, baldB)xhow an increase i n ave
strenogmtphar ed -day t $ifern a s deFhiognfAemaong t heshe gr ou
100BA oaphstbhea | owefs ti nroahteehlhsied S3A0 FAr osutpsivh e

hi ghest. The f bheaecrk iosf atat@rhicbothtt eethite bosst r uct u
reé meamvth i tl deteti s tda ed rhaeduedle a s?i oonfs Cfac o mp a dite
hydr ofxiildee hydr ati on .r e @cOeFBAO R A 3a&0nB#A0 Fghruoeu p s
exhi bi tr at iesni adileliadssre it y d he et e snicam T leodsl BeHo we v e r
for t hegrlgaOpSsA i ght decrease iniavebagexa®dmpr e
compat & drasyt r eTnigd ehc r eaatster iibsut ed t osoafh ed rcyoinmbg
shrinkpgkeyaadde nswitititnchre ofo nge ledvimmagtzts utl ke i n
format mbaor asdfr acsk di scus8ed. 3 hbhiSecgheomomenon
pronoumcemrtar whadn@®pd &y average compressive
mortwandrh SA content abov-daHtOrde,n gash © W& fugtl ir@an etc

34 Thdiuseoi $ he more homogenous properties of n

Forhe -2088PFA grasp shabwipehie @% tcdhfeA coins ent
replvaicteBIPhaev er age compvwas 6 e@ase skhtogletAg tnh 4 days,
the 20SRO0FA oupo mpsatr a b/i0kSEA0 QA akip ol belaenTa b | e

13r awSP comita @entbailmdAbOsc o miireesul hi glgen nCa/ Si
Si/ Al, rwahiiols f1a0ddS A eandd €EA0 A 0owpwadnt ho-REh X
analiynsdiistiaglhesCaO content in LSP (513(%%) ,ciiutm p
carbonate), as evidenddd)Oh yAtlr kReachliyn Ca€®g esf
acta pasrenfi hhROTBLAA groegucing porosity an
strehlgitcdnt st dnat sitnagc ampr essi 8 e mislt eh@®@rS5e80 R A
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graoaAp 28 days, the compr-28k-$PEAssammigedh aodéc
compared -dagyttrtretiipt chéd A eas e icsheamitaadlbluf a&iOai | i |
which is minimally reactive with the alkalin
portion participatd®9ddnsbadeguéasitdleynt agas pr mc el
magevel op around t hese solpirdocgersasi nbse ¢diueee inthog epl

t he opvreorpaelriti es of concrete.

For t h20 MOGBRA gwi 2bpxwht he FAiIisepl ac it habvye rMKgy e
compr essiiveeo mpateanbgitiehd O B Sér Buapbbl MKc o n tvae rnys

| i ChlOehadi g h®sa nAdl >So 05, e@s uil hi glge ranAd /C@ank $ io

whi thbét welkdmBAIOFANd S5SOFHroupas il ITubtlkat ed
ConsequbkredtSPAQ MKOFA samplvens bmpr es s itveehb@B8S-A engt h
50 FA s almmp | eednot rhdbdPto M lhasCka O c ointSse@n dO&klongs ent
act ipvadiltpjad e i n t he,clondirrdoiud h epai anc@reesassseidv e str

of th0MK8 KA Mpl es as hdhbvimd bly2e ,

Wh ecno mp atrhAeA ESo ncr e tEPSC d foe rt ehrec & A E@onrco reet 828 86

SAc ontietnhper e c uaxshoicksimip r esstsriemnegmhat ab |GG cr et e
Parti ,dAF&Sr owpsSA coalh &dBndE%be mon ¢ thaemmper essi ve str
superib@P@maCpnver sEP0OGFA tdsmpw eshe | owest co
strength among all groups. For groups where

the compressailse sobmerOPLhIriesf ted etnltee gr oup.

4. FFr acPuopeafti RABEBCTrete

Il nhis section, t-h@i mteshénadi mdg ttehxet tdmr emot ch
CMOD caoamtenal gsed ddi.scluhsedelidaedt i on behaviours
with the derived fractureG)prapdrfrasKurectod

arceal c wisaBr@dh nBElqL 4Twoypes of cwintch edief bermenst di
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wermpe ep b hfeidr:s,maowipten 10 ,madligmawvel 0dsmmfx 100 n
X 500 mimhskeecon,d atwjtpd 20 mph adii mextsdmd s mmf x

150 mm x 600 mm.

4. 4AAFS Gr avel Concrete beams
Theepresko-£8ODbwndo-ddf | ectsif om AWMNFBEe gr avel Con

arschowRi gB88ewhi | e Gtahnddi oma la m epsr easreaitadi 4 r o m
Fi g8 a)iebser vtelrdeAF&Bah cr e tseh chseiammsha e ofi ni ncr e
the | inear region (before t a8@RGirmegf ereearkc el ocao
beamliigght. yTHiig hkirf f erence may be due to def
such as high porosity, whi chpapteeaekertahgege 8 ncr
evol uteiacrh wlurravegdy st ereasli s o bho@mrv ¢idbch30 SAIl y
7TO0FA samplest er earlsi kieaayp €tdheb g bere ab igga v el
aggr ewiattteise concrete b,evdmcdurpiamg iladd i g ssi |
enef g9Rddi ti ohhEB3IOWFASA oncr esaeh psparnopxl Dem &std dohpy

CMODNI B8 b mei drueaslr efnoaricdneiesgidbtdbent tl. e fail ure

Fr d&dmgd& bt)yhe -deofaldectii oni suolvdexrad de Mohlatth ¢ o@al as
stage (lifndv\&AFSpaven odmmaims st mi I ALIMODI eud v e
bef ore reachingnt ¢ drep g@@Pdly e rocdrdecen hsaldietvi at i on
compati ¢d-CIMDDd cBywanparing the sl opes of these
the deflection stiffness of AAFS grtaltvaetl @fonc
t h@kPC gravel cdonchepepkdbte aqu one OFBatnudr ® p s
rapfdby t hec premp&t ddAddEn mpwhe g2ehdee c i 8 me 0.t hTelri s
behaviinoduircat @@P @ hatehcbhbeam exh@ghbirt $tTR@aess

significant deviati on {CiMOtDh e nidierf eardtp @mt icam \

103



OPC gravel concrete wildl be discussed in corm

section.

Al t hbbcgur ve behavigoaw®n choceaadsAlF P &veer chr ecat ne
ardei ffer enGranKihnea Inueeeso n s iasntoeng3e0 S7A0 F A g7rO0SUAp
B30FA group, arsd i OP CTsagbfl@@heids iinndi cates these

comparable the fracture energy and toughne

Furthehmor5® GRPAr osipewhe | owest valmparsanfeorer tsh
i ndiignayor i n fracture resistance compared to
(a) (b)

404 —— 70SA-30FA 4.04 —— 70SA-30FA
S0SA-50FA S0SA-50FA
3.5 ———30SA-70FA 3.5 ——30SA-70FA
———OPC ——OPC

n

Load (kN)
Load (kN)

n
1
»

1.04 1.0 4

0.0 . . 1 - 0.0 . . T - “
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 08 1.0

CMOD (mm) Deflection (mm)

Fi gB8Repr esentGMOD ec uLrovaed Paf | @acd i omadur ve (Db
concrete beams (100 mm x 100 mm x !

Tabllde Mean fracture energy and fracture tougl

Group Me aGr( J9) m Me akn { M Rbant /)2
70 S3A0 FA 134. 03 18.0
50 S50 FA 107. 33 17. 36
30 S7A0 FA 128. 40 18. 83
OPC 135. 78 19. 13

4. 4ARFS Li mestone Concrete beams

For AAFS | i mest otnhde0 8280nMk OcFtAe am@HMITDBBA gr oups
werael somcl Fd ggdBOehows | a-@OD drmdedf | ect i on cur v
represfRAFE&dnNn owree tcea sbtel awmrse gwthoi Maebll i s i e aGr e

ankicFr oFm g8 g e@t) hheo-€MOD chiovesaldxlgirmiutpsav moluar
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in theelastemean | ovwdd albg i teloans gfilr@osnt ibce f otreeg e
reachhmaxi muargRha)k Bey ofngdx t he emtrevesa s¢afgteeni n
c har act e hpersoepda ghioytr iaaxhko v en ott lerdeegdi oans sFhiogwn® e n

Thi s pdreadessgrooddat hihen s d mpaldeaGs n g a cxtpiafcfineys s
For i nstanc/7eQFA nsatnmpdted D &&i colemep tylpe: & lo.a d

Addi ti onkOPICy ,g sfoadrd e n b roictctiulmds | f sseafmpd &2 sPngxa c hi ng

(represented bleianigh hgelabepanEwea érn eagi on

(a) ———T0SA-30SA (b) ———T0SA-30SA
14 = T0SA-20MK-10FA 14 4 ———T0SA-20MK-10FA
———T0SA-20LSP-10FA ———T0SA-20LSP-10FA
= 50SA-50FA
~———30SA-T0FA

——50SA-50FA
———30SA-70FA
~——=0PC

= 0PC

10 4

Load (kN)

04 =
00 02 04 06 08 Lo 1.2 14 1.6 1.8 0.0 0.2 0.4 0.6 08 1.0 12 1.4 1.6

CMOD (mm) Deflection (mm)
Fi gB9 eRepr elsea@dVM®Di cear ve Paflacdiomadurve (b
concret(el50eamms x 150 mm x 600 mm)
Figaa0eFailure of the AAFS | i mestone ¢

Fromg3¥q &) ,0bistethhastedt he evdlhet-dehl caurdasdDér s
framat loof&€tMODe eaSpveci fhexladbpeg, otr eghieo nloidsee ar
deflectiion Emalwleast hhwdgdMOD cureweusi ri dgefd elcan et

to reach .t hEhips® aaki #ddode m edhi bsetmie m s tu r cebmjeenabtf i v ehe
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t wo meT HHeood@stMOR urivse contr ol | eadt bay cao,s tpdpmu trgiamuagte
t he r elbattiwoenesnhitphe ple oa d gae il dnsdttlaomhoeidn cgontthast
| o-ddf | eccutrrveeh Itehcke § | eocft itomeat b @ chre bmit dvie tawmo

suppAsta ,r d hpdeltagrgpree di ftfheersegnlto tfsor

From boitfhi B %dist not i c3e0dS7A0 Foletaent hieb i t sPhkxh e | ow
Il n addition, i n t he7 O0sFoAE & enn isas@nw © tddn gpem, It chaed 3 C
i ndii rclgpett d leat ¢ d mp g rteldet hoeeragr o.LAss ShAe cont éet i n
precur sostd 0i%nhPeraf e shee0 SSAO e anrear |l 'y doubltde comp
30S7/A0 FAe am Ho we veera@r viah dletshese two groups are
| i stTeadbllben Tshiingi | att rybut @@ behtencatehBd0EStAE C
70FReamwhincchr e aeesli st ahofeairiBeysphiatest mgnp ar abl e
fracturesiegei §§iynadtetedny a |(ued . 7@ ntY® & h3ed S7A0 F A
groue@as0 %o we rotthhearn( gurb®w @ s@2d)2MMPgah | ipgohotrs firtasc t u |

resi stance.

For the remaining gEr/OuUpPs gf @gd®god isnhgo itshest h3aQ S
7 0 S2A0 MK O Pore aenx h ials imadPlag 0o mp ar ed t5d FAtAd gbrubth 8 A

me a@Ganidiceval ues @irmiTlgasrs.tme | ar i t yt oi hseicamp a ri adhult ee ¢
el ementd vsshodabll3&Eme effects of replacing FA wi
strength properties haved4d.amz awiyl berot dhscues
Furthermbeeaddition of MK ernhieaams stome, xd tei
aevi dénchsechoot educhi bonad during sadsseRisoBi@eni ng
(bFor AMRS concwe L& RIseasm §eedhi. Bmhid slnead heo

f or matmiocmrm oxcfracks aroundct &ases mpli relid iptalret ni ecsl se.s
brittilse neewisdheen-ppecaskt & u g8 & eb()wher emotshhe raips d dr c

observed
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For the OPC thteGeabhwmodr awauel aml ¢ he sudden b
anach| y melaka o aliuger e s efmtbl ¥nh e -d ®@faldectobnt bar O C
|l i mestone ¢coanthet és hewsn s iemi tomhafb QWY igo awv e |
concrefteadpesHmogng dAddi ti onal the | i mestone col
| oddfl ect iacngpcssa pa@d sSNno st clonn sciodntd e gpitsé € e | concr
beams, the AAFiSs tgir mautpcsa msphéoene & hgere®WPECr aMihatsi on
may albe r it ougthhys i c al p haegpgerret g aetse otfy pes and t he
beam. The | arger beanc ontzreibbauntde sttd nageur agge

Tabllbe Mean fracture enec®AFSA ndordfacraettairkkee dama gl

Gr oup Me aGe (J Ry Me akn d M Rant’)?
70 S3A0 F A 188 27 . 44
7 0 S2A0 10 F A 230. 12 22. 32
7 0 S2A0 MKO F A 227. 3 25. 08
50S50 FA 206. 28 25. 48
30S/A0 FA 194, 23 1d.9
OoOPC - 27.01

4. 8Di scussion

From these mechanical test results, it is ev
mechani cal properbéeesenfucdecseardi ng -t hi s e
day compressive strength between mortar and
i's predgemgtddcilstmser ved that the compressive
generally decreases compared to their- corre
50FA gravel c e/mOcFrAe tld memrsd o @SAoncrete. The f
increase siivecaosmpreagt h, whil e thelhlkathtieggrhesh
compressive st-T@mAtlhi mdsttdree 3DBMcr et e has bed
effects of paggoeg@beash hprngsent4&.d3Tih2n sSeamni anl s
explain the higher cofPFAsgraeebtcengtatef H

value compared to ddrecmaynecbset oantet ra gogurteegda tteo t
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di stribution of the smaller gravel particles

to greater strength.

Fi gdkehows i mages of the failure of concreteée
aggregates after thpocompbesdiong test. aByg ¢tab
t hat gravel splits in both teststi ovhlearelays 4df
compression testing. For the fracture test,

during the test, with cracks pr opéaeatki md assleo

(FigdBdhis behaviour provides evidence that

|l i mestone and is unable to dissipate energ
significantly mitigates this issue. Ittissesangu
of the concrete, as reflected (Fng3he higher

Mortar
Concrete-gravel
Concrete-limestone

80

Compressive strength (MPa)
(=) s £ o (=] ~1
(=] o (=] o (= [=]
1 1 1 1 1 1

=
1

0 T T 1 1
708A-30FA S0SA-50FA 30SA-70FA opC

Fi g#ateCompari son of compressive strength
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(b)

e
|25

Fi g#42eThe conditidn mefsttome @nrfaweal taemstthse wer e
compression t é&tpeoa(nct) baenndd i (ndg) ttehset

4. 6Summary

Il n this mdalparircalahgr ¢ her firasbotéd PABPFercbDNE:
and mort alravsea mpdsedne maetviad aiTalbge dc o mpr € d seixwe a & n ¢
strengths of AAFS binders are generally enh
precursor mi X, especially atFigd@8rhleyhi adiés ghTlsi

high initial reactivity of slag, which accel

Thebserved Ohsstepagth devel opment between 1
attri bufieal t oaetf HeelTcZt whaggrge ead dtee s t he | ocal d
activator s anudn epvreenc udri ssoardss. b uibki adsktsi hognmc &t she | TZ
compared to . Mdoree ghundek pmaEmanse daffig comeat ed dce

aconf i red mehcét mmitéd yadcreackluf polhgtoodepaati ah |
explaining the cont i nfureodn slt4r etnog t2h8 gdaaiyns .i nT hcic

strength reduction observed in mortars.

Regardifmraact he e, ABFBp e xcioencd esmi tt thleo-eva Inc i u

cont(e3rMtBAFAX hif biatc t urceo nepnaerragbyh ieg k& loc it thme, skaumtip | e s
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signi flioswaent Ify actiuwrde cthd wohhgmreasssuscepti bi.d ity t
Alhto ulgihg® & rc oinmhpermdv es f r gtchdushea ntcoeungehnnte siss acco
increased ilamsdithd tee@ck s apgoaek droepg in | eadgeuri
(Fi gB®elhitsougthmeddtirenddEaspr esent s a <critical

structur al design

Froeperi memteplrasuhgs 10 2@m mgnr d vemersamnicctreled mat r
densificatgua,hiyipadl diTrzg mor e erreloiranmbnecgemalc h ami
propor ty O3 Atd(@&podipiabNshowed mo spterlfaolrarmamedc,
mat c®@P@8gi n both compressive and fl eB8OSaAl str
7T0FA concrete achievemdpazoampl efscde @Pi€lta emad ihs
l'imits itsl|l a@appl imeabdsrleansky t i ve (Famp@lRhieEbat ebos e,
the B50FEA group was repl &AtE-&U actoinvpeosi ti on for
durabil ity ptuebsttts ,t et€ilic lauaddisnXF reeneent fsi. ndi ngs hi ¢
i mportance of optimizing precursor composit

mechani cal performance in AAFS systems.
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5 Electro®hemecfal £AA5FS
This chapter is based on &emgnidbé&mamigt ommgr &.

Xun Xi, Gui j-Qien gS@lmig o-Ir mMGgheuens s | nduced Corr osi
Al kkAd¢ti vated Mortars: El ectrocheds wharmi tBteehda vti

Construction and Building Material s.

5.1 ntroducti on

Thel ectrochemi cal ,immeca studlriecenngewnd E: urneaslouetssTP r om O
measursamghrnbl ues from LsPRotviegh@peut eeeatlt anal ys e
i n thi.§heb apatreaopert cewiad aliarbddegniothceor r bshawi our o
reinforced &AMISr viemrdaisc ragoorrr @fsasrers. 8mesed hes e
paraméher §ree and bound chl or i dnee acaomesabn t i
corroai binatdeAdditteidohfieaf ¢ély consdaneéruds inrag utetse
Taf el extrapohati cal medd oddsamdbaotsha lpyasssi ve

active conditions.

Togain a deepeocf utnersaamndi agi nfluencing the
reinforced ,AAEBS didretcat si um conteons ealebajllior e
l eaching, and <sEuovpaH iackce @mraaddy cde €5 connsbsaésge d o n
the electrochemacalr adsuaitan odd tad m@midmgpart ol poons e d

rei nfAArFSednor t ar s

5. 2Zorr oPsatoenfEtd)alaPnod ari sati ¢Rp) Resi st ance

Due to thef wlblseneet @bl iashed criiterrAABRS foysitce
the interEpval besoeMS OM J817966Hi ch was originall
for OPC acso nschrdestbd neany be uTnhherl g fathd eeu al i nspect
conducted on tsoomeersipfeycitmeensact ual coddspi dbe
t h&owral Uevsilt hi n-cohe ok s@®nlrnanagdedi t i on, a few s
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due to poor electrical connecti on, l i kely c¢
onto tAg aebasul t, t hes aancph adssl weaehrna mbotshacogf | e/ a |l i

ini tial liydedcetSIi.cidhielr estfhioee ma isrmimpd e s| avlee lel ed, as s

bel ow:
Tabll6Re abel of samples for each mix group
Gr oug Sampl e number
100S¢ S1, S2, S3, sS4
7 0 S3A0 F Ss6, S7, S8, SS9,
50 S50 F s11, Ss12, Ss13, ¢
30 S7A0 F s1i6, S17, Ss18, ¢
100F/ S21, S22, S23,
OPC S2526, S27, S28,

Figa4&i g9 ¢ | utsh e ae¢ \eoH: uanRpwva lonfe s mef i fyaero u p s

of reinforceanthhpdes n MDA amisr t ar r dleasicegueree yr o
provide itnhesenfghuematetoblepspr opeut ar |l pnnhiecsreost r
paraméneraghdi tiionfagebe staefcome poabitoadi ned fr om
sampdfetsomr rosi on initiation, antermomive teen tae dv i as

correlation with the electrochemical resul ts

From thesbefhaygar ageapmesivei nforcend AA¥ SO mar
as fAdfilpased i ga4Raproxi-maBetyor LOOBA sdpPl es
MmVscd or t R3e0 F/A0 SAalnipy epdVor t R5e0 FRA0 SAelnipd esgVo r

the -3085A s,amgn2d8ssefvVor t he 1 OTOhReA csraanapsdirédg:

val uedmghl cilucmwatlcci um( eamp p A f oampll@ds )s hown i
FigdBies attripuotgded i wd aenpinies 60 8 hArsu kAU T e
content dgetlreaansferstginotrdd emofr et mo ampmo b er(e@-&r ous
H- C-( NA-SH- N-( GA-SH) i naotge e sp,o rdaessictiynb §&@c.MLh o 8
transati bimeoavteensent of el ect rroddyuceisngviliihn dhert hr
and i ncr easitnhge rcdotaydgghtdoval U2 %3, 29 4]
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=}
1

[
=
1

=130

=
=)

-150 4

Average Corrosion Potential (mV vs. SCE)

=
=}

T T T T
100SA TOSA-30FA 50SA-50FA 30SA-T0FA

Sample

Fig#éaB3elncreadcsioig otmrcdanildchiuwo atl @ i luoow sampl e s

Whil e most sampdarsr eelxahtiibn g ESA -ad pgndtfeFnAt svaintph e ¢
deviate fr,amstpHaab:émagtsti@rgrht | y momdé os3eIA i v e
50FA anbl0BbBA SAa mali  § .ecrabtaics tdtt roi d ohiteie n aN-A-8 o f

H gien t he 10,cHhAarsaacmpeltresssyed ployr ous Thigmosts uct
strualtluows aggr esisihwat® dhesnet rate t heé ami nder
t he dNe(nGAe&SH gbBluri ng t he st fadtihlseiasnatinieotnh-ep etr h roe
el ectr odtehesyisngmess of aggressive ions incr

ultimately resul tEJvgaliune tdh®edemdOded hE@lat i ve

The avEo&x@qéfuer the reinforced ORQ rdafyerlnce
appr oxtlmatveckyas depigdittedsi st at2dlid®ESg€eti on
f ormed hiamm QPR ®ipmir lt-&&Ht geC -dcanl cAIAlBMB s amp hes gh

i tsliisghtly, |whsisc hd enmesype baiflf[efcgt,. D TFuUlr t hdemeproeg e

s o | ucthieomii :1t rQYC@ (AH )f § eg s i ffirmamn ttlhya¢ Na QHD)MALH S
Speci ftihperaed d g Ga €Qidrf QPRPGé¢ awitt hi ol otFeedel 6s s al
dur i neggutine briinumheed eeqcd r o,deh egryeddyetcth @ gmo b i | i ty

fr@le onhs7MhNe | ess dense microstructure and un
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contribute t oEtbtiweael eaneosear nneadgnad@dPr@esrdtbayr s nhanci n

iomobility and electrochemical activity

100

Check for corrosion of S2 when both
E o and R show a dramatic drop.

] High probability (90% corrosion risk) 10

Corrosion Potential £, (mV vs. SCE)

Linear Polarisation Resistance R, (kQ-cm?)

Pits corrosion
-450
0 2 4 6 8 10 12 14 16 18 20 22 24 26 0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time (day) Time (day)

Fi g444 eEvol eba/mRBv olfues over time for 100S

0 70SA-30FA - 70SA-30FA
—— S6—— ST——S8——S9——510) —— S6—— ST—— S8——59——510)

100

107 Check for gonosion of S7 when both g
-4004 High probability (90% corrosion risk) Eopand R, show a dramatic drop.

-
Localised corrosion

Corrosion Potential E .. (mV vs. SCE)

Linear Polarisation Resistance Rp (kQ-cm?

it S ISR BRI I A i M R R | IR IO U U S S S N R

1 {ELE | | 1 1
0 2 4 6 8 1012 14 16 18 20 22 24 26 0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time (day) Time (day)

Figa4beEvol ebarmoRhv awlfues over-30FMmesdmpl 9D SA
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0- 50SA-S0FA = 10004 50SA-50FA

S11 S12 S13 S14 SlS] NE | S11 S12 S13 S14 S15
= -501 3 '
7 g
g =
> ﬁ 100
g 2
E g
3 R
S 3
= &
= g 104
7] =
DO- g Check for
g ;‘ corrosion of S12
.g = when both £
= e: 1 4 and R showa l.ocalised‘corrosion
H :
&) § dramatic drop.
_550 1 1 1 1 1 1 1 Il 1 1 5 1 1 1 1 1 1 1 1 1 1
2 4 6 8§ 10 12 14 16 18 20 0 2 4 6 8§ 10 12 14 16 18 2
Time (day) Time (day)
Fi ga6 eEvol ebamRpy owlfues overS50FMmesdmpl &9 SA
30SA-70FA o 30SA-70FA
3 S16—— S17—— S18—— S19—— 820, € 1% —sie—si—sis—s19——s20
.50

100 5

Check for
corrosion of
S17 when

both £,

corr

p—
1

and
R, show a
dramatic drop.

Corrosion Potential E_ . (mV vs. SCE)

%
Localised corrosion

Linear Polarisation Resistance Rp (kQ-cm
=
1

0 2 4 6 8 w0 12 14 16 8 100 12 14 16
Time (day) Time (day)

e

(=}
)
H
[o)}

Fi gaaT eEvol ebarroRhv awlfues over-70FMmesdmpl 89 SA

0 100FA ~ 100FA

o ——s21 S20——§23—— S24| E ——s21 S20——§23—— 524
O 50 &
n =
£ 100 =100
g e G o 100
E 1501 -127 2

£ <

£ -200- 2
= g
= -250 &~
: e
e -300 ‘g Check for
-9 2 corrosion of
= -350 1 = $22 when 4~
2 : N . . = 104 bomk,,
¢ -400-4 High probability (90% corrosion risk) t and R show BT calised corosion
‘5 g a dramatic ¥
O -450+ £ drop. il

1 1 ] q 1 1 ]
0 2 4 6 0 2 4 6
Time (day) Time (day)

Fi g48 eEvol BebamRhv alfues over time for 100F
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0 OPC - OPC
S26 S27 S28 S29 S30

S26 S27 S$28—— S29—S30

(=3

(=3

(=)
1

100 4y

Check for
corrosion of &
S27 when both

Corrosion Potential E_ . (mV vs. SCE)

Linear Polarisation Resistance Rp (kQ-cm?

Eoeand R
_400] High probability (90% corrosion|risk) 3‘;;‘;:ic aop. B
10 4 Localised corrosion
-450— 1 1 1 1 1 1 1 1 1
1 " 1 " 1 . 1 i~ 1 " 1 1 " 1 " 1
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
Time (day) Time (day)

Fi g#a9 eEvol eba,oRpv olfues over time for OPC
After t hec arcrceed cdbmygs me OB evraallfuesip e c i neeancsh i n
gr oruegpmae hati vely st abl e itnhdriocuagthi onugt stridnhaet t tda ehset s
asoueldect r occhrednTthiedm.| utEdowra |l afes @wernt ichwmar |l y
Ssharrpp from the | ow t o hfiugrha hcaoriymrsoesdh@n nreixs k s z

in relation to corrosion initiation.

For evbé oRjvamn,segni fi carmtr eo vdislalsateitdFiuga4 at ed
t Bi g498 i ncrRegvaasleusiso biselriveglroups éRO0&ALtgnNngup
t hhenidayd hwe/ d cycl i c accel erat edr eaatstero sbsuotne dpr
the reaction oft henmeactdendlvyye atxh @ ctl kesr mal ener
driynsgt age od¢ydlhes,.w/2Zdhe dryi ng agiaac easdssl haatt i D0

el evtaetmepde r at utrr@gpemoti ngg pol ycondemswlty omnormame d
gel i nto thehibe sidietrmarad rhoccmod@mMayl2 dn@det rii axn s

mo b iwiitthyi n t h € o % a egonu e mtclRye,a bieelBaner ved.

|l oontr a6, s & hopd o s ed N-8-GHe ¢lgd 8 kK c oarttdhretr ef or e
havewer cal cium c ouslthd rst aibmsheitnitieet $ o e -8 ons o f
gewhisihgnil fyieckapmtr osi ttypealuy ¢ mmgd e n shhkeifofoefept€Coc e s
A-SH geelviidsssmotmpr es si,v ea ss tsHeoyw®# lei wih e 3 @ STAOH-A
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mortars exhliyiigdhempgnreisfsii tviemtdaO0é& Mg nmosr taarrsesul t
Roval uA90FA samples showf mniediemaly nmi it eddg @ éh e

polycondensation process.

The subsequeRiv ad saudeislbilerait i ioamlduinnoage adaygminr st f
be attrs dbmidled et oburitng@addedleer at @gd oce g @egyiuem:t
alternation between weitntirmgduaceed atileaggti ndge teenrvii a
t he s agmplpeesrdTihhes e | SsueSeca2 e20dddti aislsauteh ei rs
devel opsrernitn koafgvéh | céhafarkdsg it ogenouf 68hiBakage;
andlrying $BOiL AB2da&Ba@in eXec t2i.Tdnel e scirgancikfsi c ant
accelerageeds heamf@li dinfaftboei groctoanpr omi si ng t he
durabilbbHe second i ssue i ¢ 5t6h,el@dddaa mibBg ca fi oanl
2.2.3TRIi schesebr ngtoa#H |l k aslait iioonns on t he mortar
antdhereci pviitthot mes ( sulb flI5®@H ebseeheanvd eojnat hee p or e
net weonrcka ussuer f acec emEationbghg , | mhelgrailltyering the ¢
of the mormtas hdampbas,

Tl skeehasulotuirmaetdetlbye condubrmearvtiaryAmdt t i shall y
i ngr e€disonosfdi tf hcebsn d u dotyi v intcirleemii kg concentratio
poreswshich changed rtyh é adpeenrceer soadlhetmi on and 1 mp
mat r i x bTehhea vcioonubri ned e f feexcptbtahsti gtnhi ef siec afna ¢ toosrcs

obserwvkRgvalnues @deciehgrtabhed .corrosion process
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Fi gbOEd f ecftf lodr est ent ealt bseamfcbee (I ef t)
w/d cyclic acualderat @& N@GOEA $35 aidpI3A0 F A
sampl e; 50FAS59&8MpI-7e0FAd )s a3npS; e) 100FA s,

and

5. 3orrolsniothihim@hoéwri de (Ch)yyteshol d
5.3Catrrolsniotni ati on Determinati on

Thi s $é&octdoaiehceor rosi on i nitiationpartirceulndrolry
rel atbkcomaltbe g ddted-i gdBiendi c atthdeotvilmdtues f or t he
rei nflo)AlkcSdmort ami grrearhgpign @ d hleow corrosion ri
accor dihceggr tmsi on det er mAiShTaM | @A7I5 faist eTadwme fi mo
3Af ew daystaffttdrhet mececel er at,iteldle cb0 0 ®Ah o tpp d C
a dr amat iEcovéil i@ a,nsiftrioomi mnlgdi gbwcoorosi on ri
accompaai edr bgdepohiRpwag These diermr EabhR
valuesul ttelde fbroemak dowersboft ahee hpgésive film
whiexhpstshee r @&cboarrr otsoi v e aerdv ismaarseaemEgwdli ves and
| owgvwal BabseqUafnall yextr apolswe t®nd gaenhidh @& ihe me n t
sampl essptweetrvei sual ¢ mbedd peedRitrgde®Eb ows cl ear evi
of pitti eegd acnodr rlomwdeatbaurrofAasstctielee c e Heo At @sioc e S S
cont jma egpanubaiavaeasp pl | eadt h eor tadghodfo uwlsi, c hc orr e woesa loend

on rneéemBar f ace
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Theoshes erscatnifont met batrosi on diethlee mAJBMLI DA & r i
iapplicabsiensgporosi on in reiRdorcedm@B&é&Bg mor t
t hsesuddemwmmoarnRvalsderi ng the accel sugtgedt so it h
corrosiommpe wivetham cSeAr e¢eadnitreqart i n tmer pvements
i fattri butfed mbobfamamree compacted and a@amdheous
increadsediindlkei npsploadiestihegdArcont ent, as descri
2.3.8pecifi ca0 A odudpinen Sci0aF&tesds D mtoanpa e b & e
OPC refgen@ipgé@ali g4y eeavsi d e ntcheed shiynsi [BEamntdr e nd
Rov alrweed u cMdroenssvielhe comprse$ 8 dave g tyrpenaamdiss o
compa, ashkcewmabll Therefore, AAFS mortar with
cont enpr e cmsudredmmrn sstirgant i efeitceanrdti @ |l r e p |1CGalPcCe nmeorr tt afra r
Al t hbugher Sa&ababola)eimanc¢esr e9or sFoiagMickeeri gur e
45 aTmodnpr esd gievighllilet he 1 ncr esahsreidn kraigsek coafac k s, ;
i n S&cti. drayi tls npatpptlti cati on.

5.3CBl ofmfhdeshol d

As describ8dd4iboSkctrer and bound cihn otrhdae
region surrounsdiigmneg tthlee t ¢ oner @$. T & ldlrfarroesstebnet si n i t
resfudftreee and boungt oahtlfydppgded e n CAArFtSe dntdrutea rt .
the relatively small bound tbtatidédl obphtdlent
consiasrGeidRe s dlotresi nfOPrCcendor t ar s arne trhgts aisn culdu
extensi vileag exsleraessthgbbeshed a critical chl ori

0. 4 fwor YO €t ainl eSdc t3i. Bn 3

Frolmbll/iietbserved that the 100SA samples exhi
bound chloride contents among all groups. Th

wt . %, while the bound chloride contenhe range
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ad

Cca

ssive film formed on the steel satfac&.i &n
ntrast, the 100FA samples exhibit the high

mes hitdhasfre 10 @HA group. The free chloride

. %, and the bound chloride content ranges
a compact passive film on the steel sur f e
rosi on beharviigodutres isqhdo@enThen trend i1 ndicates
und chloride contents increase as the SA
|l oride resistanche.,2 as discussed in Section
bll7e Free and Bound Chloride for five kinds
AAFS MoFree ChBound ClITot al C@cl)

100SA 0. 006. 1 0. 001. 03 0. 007. 13

70S8S3A0F/ 0. 100. 1 0. 6. 05 0. 1. 21

50S50F/ 0. 201L. 4 0. 002. 07 0. 203. 49

30S7/A0F/ 0. 308. 6 0. 00. 04 0. 5. 65

100FA 0. B®. 9 0. 606. 07 0. 518. 05
gariation in chl obiimceerciomd tmit xnawvr it lhtyihrea tt threi

icrostdi i sbhemwer®H Cgel -AsSHHd ghlparti cul arl y i

rosity andAst odretsucorsiilReydn@ n3 .S¥elce i, c@mmpacus

i crostrfASHuUgesl,of0Mbi nesc cwintdla sy cpMgise $ DHs

Liagli um AAF39 IMnoBMdxdrnsthe ®r i det hesughamheg si
sorption andCarmeeng ¢ eanhtelbyim dgirrmag.i on r a-te of

l ci um AAFsS gmoirflti@avasm tiltsyacaan cii nu m AAvA F Spsonratreds A r s

byBabaee and. Castel [ 111]

Mo

s u

0 X

t a.

t h

reovearmi s tortuous and cosmphet t magcspsttum
bss$ amaueh As rCeBalrctiekda mblyi amBlo@dbeayef BaAML] [
ygen permeability in AASAt cobhcEBEtdmpanges
5T o 5Tmiion natural pozBoltaamre (sNR)no&e camdt

an t hHér7eptdri®e @ ¢ om0 2Weéditi omahl $SA puéphi s
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(e. g%, i A. 82, meshbb)sdeamet h ooy gerfthean i ivredry, r ed
oxygen avail aabnid iatfyf eactt itnhge tShMl f pt @Relaican omf
product deed weensasmud pbkkgperaci pi taesaurom at e and
i nt ewirtah et he [plaSls,r2e34u]f dplomgo uisn-caonmpsamcotm ct ur e t |
decreases its .£paoteqtuketnheel gpaapsasbicvhd cfyeulmmf o mc end
AAFS mort st esbepomesadtali oeaC. v l,a®evi denced by
ex peralmefni{habliye s
5. dTafColnsB¥atues
Tabll§r e stehfieh & e | const anwveBtrepld eog fcfeadsumAdFeS mor
both passive anldt aicst itohes tecroBnetdcarbeuaenss .t he SA ¢
decreasddhe pndbeautrhs oocsUmdp@a sosmicwnea i B i walsyes r an
from 16 aloi g@p tmMV,t he tr Babaereepodta@Risbeill 4dtl1l:
al . ,4RO0OHAdiufgther ences i n specific ranges are o
T For theahpddedd S5OFMa mp | e@sas s i vrea nBgred &l 8u e s
mV an24 1@V, respect iwi elhye. fTihRdsin icgosnd ¢rfasslt.s |
who reported B oval hesa m@h&2i56 nfivebro S5A0 F A
sampl es.
1T For t-bel tbwm groups, i nc F7u0dFi An g atnipd elsQ 0 Fpla :
val uaefgr o2 52 ImVwhairlehgher t-h@G nm¥Yrirgeepb4t ed by
Babaee andf Cadé&minftiléad] sampl es.
Undacti ve sconmlet i 0O0SA samples eahgbn3®i heml o
mV, while samples inataegeddeem¥.3  rlupstoBuvgedl |t hw
values for the 100SA samples are higher thar
| owestalglmod@gs s i s primarily atdan deartterdattioon h

SMIT.he Taf el extiapop alesmghse metelba@ad o uith hoed equ
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redox reaction by applying an external volta
to dominate. Since the reduction reBg3ion at
howev&d®eompact and t or tsuogwns fhinicnadnebrs sydriof xfyugseieo n
wi t hin t[h30 1sj@aanpd eeqocanihdedudthieon r ehittol stnheq u i
anodxcddueonho the imasuftfhichSBWEDSoxegeht s at t
di scussed6.izf. RFe htertohewmErd nesg amdi mgadtheof [ i m
oxygen on electrochemical behaviour.
To bettetrhiid |usSh g@iksdwavs exampl e o funtdieat Taf el
passive and &dodrpaesicoegttibea dindst. omdi ¢ regi on i
anodic rdgrong elweamcatThodi dbedhravi our indicate
reacti orsdudeim mmwuftéex xgemtf or t he cathodic redu.
oxygemddatbtl ghaseed dtee refduc,teivemt uad dsyli comelainng 1
the anodic rate. As a (re)uwlts,i ginhdicatnhddgi s m
anodic Tgf el essludpadonvg Bisrwalwhech r efrleactti ome
Addi t itohnea lghdyli @mi scan i s contemddcaudnigeyntt hhea | mc
t hr outghheousystem. Therefore, even i fsytsenctath
overal Fr emai nenbat Bpeocteedh td wes ttact 6s ef f ect
Unda&cti ve sconidetcanhodi c region becomesasl arg
showhi glmt eSeveral fabobhosspbenomebone
T The breaftthmgawvesi vieowegilleh ectri cadt r3eWMslea,st anc
facilitating electron fl ow
T Shrinkage andf £,& td ss rdeessccern2che® e3siumit@Smaic k g n
andonneotred hetua athtamfgaecsed X y qaeg n t t Bneosrptoarrt i |
compatrndpmadoi ve condition.

Al | t hese f at todbrsseiregveendteraislrut @ Boval ues sf or sa
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Tabll8 Tafel constant B wveloésrted AA¥FE Bgrodp:

Passive Cond Active Condi

Grou T, T, B T, T, B
mV/ dec mV/ dec (mV mV/ dec mV/ dec ( mV
312.6 42.3:16. 450.3 113.139.

100 182.1 82.1:124. 322.4 109.9 35.
145. 2 52.0:116. 219.4 164.7 40.

168. 7 55.9:.18. 440.5 167.452.

109.1 70. 3:18. 226.6 282.454.

20 -m@ 119.5 67.8f18. 259.5 232.253.
EA 121. 4 70. 9219. 276 . 2 251. 957.
106. 4 68.1518. 306.4 288.664.

110. 3 65.4.17. 273. 4 181. 6 47.

141.6 74.33121. 247.2 274.556.

50 50 163.1 87.3524. 230.5 249.252.
FA 129.7 69.4:19. 134.1 267.238.
129.9 77.4021. 427.8 172.053.

159.1 81.0(23. 183.3 302.549.

144.9 79.9¢22. 177.4 407.853.

30 B 123.3 85.0¢21. 209.1 376.958.
FA_\ 126. 8 81.8721. 269.3 277.259.
132.0 87.3.22. 261.7 262.656.

139. 6 85.8.23. 177.6 331.350.

153. 6 89.2(24. 291.8 217.154.

100 113.5 101.323. 368.0 262.566.
113.1 69.9:18. 241.1 261.754.

Sincei tekey angiePit ebiters OR6 aNdaccrt i ve saaddi ti o
52 mWdpeassi vespOBBaimpil @sotweir ®ctlhu dse dr Teosrebaer tcthe r
understand the di st ei tfAdAiIFcSea dnoRritgabrigeaé sieest § or
hi st ethmalinnvgal ues across five AAFS groups und:é¢
The distribution peak for B values -22 mWe pa
whit e perak he active con3I5tmd¥n These bealwee
significantly from the empiricalAnvdarlauwees afnodr
GonzaleZh[(20#kviation can be attributed to
Speci fiscatluryat dchecal ci um hydrokxkedeksmbgéneau:t
environment with relaat iabel ytthye gdhe@amxlosay gmisdr, o

oft hA2AAFS mort ar noaxtyrgi exna m.€marste g @ édleit miyt ed oxyg
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availabilitgomditdideee dgSNMImam gy stihnege tvar i ati on i n

bet weeeinn fOPrCc machd AAFS mortars.

100 ~ Passive
o — Active
2 o
? 100
- ) } Anodic region  * d
=] Ecnrr-l’ i i ﬁa-]’
";: =200 .
E Cathodic region ! ~
= 300 -
8
=
2 -400
a? Eenr -A
T-.

& 5007
g
g -600
o

=700 4

T T T T T T T
9 8 7 -6 5 -4 3
log i,

Figbhtbda f ference i n trhei Mfadredep| MAFS omo rstt @&re |l u
active conditions

\ Al
(a; (b
[ Passive Condition ] I Active Condition

16 18 20 22 24 26 0 40 45 50 55 60 65 70
B values B values
Fi g2 eDistribution of TafeintonséednAABSvmEbIIUI
passiona@i tion; (b) active conditi

5. i scussion

Based on the experiment al results of this s
ASTM (817%50R:onral ues, originally designed to ¢
active conditions in reinforced OPC concret
mortars. This adaptation is made in conjunct

Tabll% Pamssi ve cHaawaltu-80nsikaowa s s edlasetded n pr evi
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st ucisesl i st ed.)4 nalSoemgr avioimelrs exWe&Hdongi 8Beikng
variations in precursor chemistry and mix pr

Tabll9% An adaption from ASTM C876 sfterelicnofrorocse do
AAFS mort ar s mesaastuurreadt eudn dceorn dniotni o n

. omV vs {4_(W0MH Corrosi Tafel cons

O >-300 Y> 6(Passive 20 < B <
3000 <<-35 10Yx< ¢ Uncertarnbdoygi on
. . . 50 < B < 6C¢
O <-350 Y< 1CActi ve c‘,:,‘5 < B < 4¢

For active d&EpomehiRiviaolnuse,s niocosrt corroded reinfor
bel-8®%0 sep@wnd WOOHh kas i | Fiug44 &t g4l8 eQonsequent!| vy,
thresholds were selected as the corrosion |
90% corrosion risk. Based on tFheghbdies tBr iviad tuiea
ranging from 20 to 22 mV for passive condit.i
reasonably selected. However, for reinforced

these ranges should be adjtust4ed mWbwnward to

RegarEHdwmal uevsestadidi es haweyoppongegr e6x0iOmat el
MmVscwi t hin a few days of eaposuhertosodatbwmsd
90% corrosion risk accor[d2h,gl 9T®h cksbet]r & en®vé y mi n
Ecovial haee abbdent buprebts enabpbide si nwEgoelbBwmsesr

oxygedi sasndgt abotflhieethye passi ve f.Homeokrtilse woeh :
noti nsgultphhaisde. §i ] mFeS) &= otatbheg esnt eodble esnwrefdd d ee d
experiwleetrehe rebar was i mmersesafi ApMODYRE8UYEd
Such simulated envhopoomgeabaduwgemwhechni vasty

shar pltyheowimphed het emogeosbuscture of AAFS m

whetrlre transport of substancesespaBOiledloaq |
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S concerns aboutelthtedi mechamippins c

This raise
ideali sed systems to actual AAFS material s.
To evaluat gectlcndmpmiEadmwbli-nased corrosion criter

experi ment

s wesampberduetxepdswdt h o tiwo 3c.o5n%l i t

saltwater &Bod sampwiatiery, only three mix ra:
50FA, and 100FA, represent i fAgSHt h &\-SiNr, a rwg it thi or
5083A0FA as the-(iNBSSEIr mgdt ame C
As shéoewghBmemme saengalrees ¢ o mptalroesde wsittchr ed i n t he
chamber. The 1 enanelrsssenthd kebsw b & h adir oapEc: sichnafrapl | i ng
bet weed sogtVer 00 sowWi t jhuantf ew agysnd mmlses exposed
cycles maintaineHowalgwmeasf.i clampdrgtl shntgléyp,ect i on
rebfarera 1 @ vedidad/ svi si bl et hceo rsreabsfaiaadre son t e t heir
negaHBéweel.ues
a8 o '—0—,‘\'5“"N:\(’1707Tap1\[:1)::‘\—FAllcmali\c\\'dcyclcs a ”——-—1,5%}\’4(1 - Tist:;fgf—.mmrnamc\t"duyc]cc a O‘——O—,‘v,i"..Nn(’l*'*Tapl\::l)::\—k/\llcmali\c\\'dcyclcs
g. -100 3 -100 % -
£ 200 TE ool = 3 -
g z g

5-300 277 E-JOO— 5
N s \High probability (90% corrosion risk) &, 1 W
'-E \ No corrosion was found on the ﬁleel surface 'I-E '-E
E -500 \n - é -5004 E -
g -600 § -600 g -

£ 700 £ 700 E-
8 8 8

-800 -800

T

r

S

S

Time (day) Time (day) Time (day)
Figh3eCompar iEsoppal oest iher samples under diff
hese resul t skowviad udesster vieat ulnadwr saturated c
eflect the corrosi olnn sftadte, otfhd heei sanbepgaredy
n oxygen aSiandebtine toynly variable between tI
tat e, it is reasonakbklopraloesattoi buygenheonma
MIF.i g Bart her confirms this: al though the
dentical, i mmeér éd reanap Ineesd sat Edor/abedesekhah

126



dried specimens. Thhatsoppgenstrhaespont/| usiot
the dominant Eagbbuesnthdendi2iBg S8 cac®@® dlii thigd 1y s
t he proposed corrosion criterion showmuy d be
measurement condition, wheO¢ hexBgwalbiagsamns por
assessments may significantly aoverestimate <c
Furt helrimmiOtaeevda i | atbitlha ySiMIit Bfnflecuost aésopropert
such h@sit As shiognd emi tting corrosion was obse
despiteCtheelil @edDFwt o ,DallllFe weir®ni ficantly | ow
widely Gevceelpee @. 4 wt . % for r[eldfHorscesdi g@QRGtsC
although the dendd SHiI caforfpd esschiugle ofl ori de 1
restricts oxwe@qd&mnmngr amepoerntadb,.| dAspgcabhs Sket pan:
5.,8ecreasing SA content | eads to a more poro
steel surface &adlithtehr eeCleabpyp @ anrcsr etag 1 bmgy oitriovi eornsad |
chl oride arsesigotves e, d -bff ab etxwaaem avail abil

mi crostructur al compactness.

5. 6Summary

| nhid¢sh apttheet e ct r oehrefna rcrsdtneceeli mffor ¢ e d SAUADFjSe cmioer dt ¢
to the w/ d cyadnwi rcoonrmmeonsw ackry sithreama teia ¢.5 b le ¢

corrosion assesshemntorcirgitrealiloyn deawseldo pend f or
to be unrelsiyshlegpairnt iAAUHSar |l y under saturated
hypot hese$fcoartetdruich utoend t o exwp @rhiidentraclaceviode
i mmer si onmotrepsht@ln@drfydss sdescri B)agdk vieral $ecttihan C
avail abi&Mliig &athet de mi nank,rfeasptdonre e asftfuedcyt i fnugr
demonstratE&dvialhmap dcowrt hout cotraelsi lobar due t o

def i criatnhceyma tt éhraina | degradati on. This has sig

127



assesismeAAFS structures, where dense micros:
despite high chloride binding capacity. As s
t@accourehvioodnmenpoarist i satarbyi omatchoenrdi t h @am r €
sol elEyobraped t WMhestedlodaswlapaed corrosi aodmycrite

conditions, was proposed, off Eriragulmepr ome A/

systems.
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6 I nterfaci al Behaviour Bet ween Steel

6. 1 ntroducti on

This chaswi afanadagyfismmesr phol ogi cal anatthSNlogr apt
for tfyippdess AAF Sssmbrjteant ed ¢ or acsiecdENEPBadl ysi s

Thi s e viad @ mtt iw@in esstcionrcrtosi ons mechaaeélsim corr os
macr aeaoelrldihietsrenslarheg r t h er bstuhpef 0¥ e aesdu rs,e memit ¢ h

i | | uts hsepaattei o teevrop aurtcdda m osfi o haesusd cslieantreddioofr at i or
steelunbiadendcceall er at edndofirmalhtegnl at i onshi p be
t beond sdfr ernggitrhf or c ean &\ AiFrSf Ic w estwachatgpg &f e gs toe st, y |

and pr ecur,stdhso maatsgandi spsl esd

6. ZEMED®nal ysi s
6. 2Mbr phoanodgyt opogragaghichan&@Mysi s
As descri b3e.d4.itnh golecltamd ctad polgaragpdti &Ml Bt mes of

t ypoefrse i n fAOArFcSe dnsawretrsatr u duisa ShEgNE D Sne a s u rs.elnveknet y

f eatwerrieesv e s ttihgea tpeodr o utshnez oqnaep hrendpor oe$ ez eneé o
diconti,hobosepdbaked wi th &iugho ypmwrddoisngftayvdee mé n t
facil idiaftfeosk itahgeg r et sosw avred si otnhsd ns tceotnhnei ssxgréofpa c e

i anarr owg ntdigsaup ufspr immdlo ed Weonosneala as water bl e
introdSeect®i.dm2ehi ckme cgawlfays a cruci al rol e
oxygen awai ltdleihdSmkingf li nelgpocaéli sedr orcehaard icdan s

corrosion behaviour

BSEmagédaenal ysestves @mipnsceldadivieg vi ew irmdbgae afndt
deteai i magpeatroeudr spescofpm@owiodetr ehensi ve. analy
For i ndtigm@teh e vanveevr it maagak,r smaa ound rtetaree pt eseé nt

t hbpeor papewhi ch has hoghuped @ibghdedyfhtewareel Iwaas
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empl dyed xtr aczostaanali pgaga wst hreée buasri gnrge w | auned
t hreshol &iThg smetrlhacdfisxdadveo Iswedtdoc teinosnu rbeo xc on s i
and precislogiqoaahmioiHipdaiviecmenr case bbsi was

adjusteadcrtommpll@ade¢e morgthlod oYM .

Fi gbhdpeesBSE si mad grecsr pHaft oghet IA8I0 SfAo rIsFampn & h e

overview | magdyi pabbébeddlpdiamtdle mortar ma
surr ot hred bagrp euanri § Dhren. f or mah ivam coma y atbé ri but ed
to drying shrinkage and t he,aptoh ey csuamdipEmevatnit o n
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Porous band Micro-gap Microcrack
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Porous band Micro-gap
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