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CEMENT MORTAR WITH FLY ASH, LIMESTONE POWDER AND EXPANSIVE
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248 P. 2012

This research aims to study the chloride resistance of mortar whose binder was partially
replaced by fly ash, limestone powder and expansive additives at different ratio. The water to
binder ratio (w/b) was employed at 0.40 and 0.50. Bulk diffusion test, rapid chloride penetration
test (RCPT), rapid migration test (RMT) and water absorption test were determined to investigate
chloride resistance.

From the experimental results of mortar with binary binder, it was found that mortar
with fly ash to binder ratio of 0.30 and mortar with expansive to binder ratio of 0.10 has higher
chloride resistance than cement-only mortar. The more higher limestone powder to binder ratio
from 0.05, 0.15 and 0.25 results in lower chloride resistance. For mortar with ternary binder, it
was found that mortar with fly ash and limestone powder to binder ratio of 0.15 and 0.15, mortar
with fly ash and limestone powder to binder ratio of 0.25 and 0.05 and mortar with expansive
additives and fly ash to binder ratio of 0.10 and 0.30 have higher chloride resistance than cement-
only mortar. It was clearly note that mortar with w/b of (.40 has higher chloride resistance than
mortar with w/b of 0.50. Type 1 Portland cement mortar has higher chloride penetration resistance
than type 5 Portland cement mortar.

Furthermore, it was found that the investigations of chloride resistance of mortar by
bulk diffusion test, RCPT and RMT give same tendency results of chloride resistance. But, water
absorption test still gives different tendency of results from others. Finally, mathematical models
for determining surface chloride content and chloride diffusion coefficient of mortar is presented

for predicting chloride penetration of inortar in chloride environment.
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N Conceptual service live model of steel in concrete
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Limit state \D

Start of steel corrosion ——>
Corrosion rat

Depassivation time

pu R A L

Time

4

Initiation or time before steel corrosion Propagation

) ! (t)

Service life
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g1519% 2-2 YSuaundenas lsAingavoanounIa(alonso el at, 2000)

3

Values or intervals

) Free | Depassivation detection
Condition Reference Environmeni Total Cl
Cl CI/OH method
[Sawc)
(Yawe)
Shift in eprrosion
Solution simulating the
Haussmann Solulion 0.60 potential visual
Concrele
inspection
Anodie polarization,
Selution simulating the
Gouda Solulien 0.35 shift in potentials and
Concrete
visual observation
Steel in alkaline solution
Gonj and
with chloride Solutions 0.25-0.80 | Averaged comrosion rate
Andrade
= T
Gouda and OPC 2.42
Monar suspensions Anodic polarization
Halaka BESC 1.21
Mortar 2.5-6.0
Cements with high or low
Pettersson B0% RH 06-1.8 1.7-2.6 Caorrosion rate
alkali content
100%RH 0.5-1.7 1.7-2.6
Bt OPC and Sp. BFSC Andrade orC 0.15-0.69
Corrasion rale
(Cl- added as admixture) and page BFSC 0.12-0.44
Hansson
Three OPC monar 100% RH Increase in current
and 06-14
{extemal chloride) 50% RH density polentiostatic test
Sorenson
Concrete slabs slered in
Peltersson Concrete 1.§-2.9 Corrosion rawe
10% Cl seawater
Concrete exposed w external Lambert ¢l Concrete
3.00 Corrosion rate
chloride contamination at
Concrele with added C1 Gouda and OFC 3.04
Anodic polarizalion
Halaka BFSC 1.01
Gouda and
No pre-cleaning he bars OPC 0.60 Angdic polatization
Halaka
Cl added as admixture Concreic
Mediun strenglh concrele MS 1.15
Assumeing a threshod
High strength concrele HS 0.85
Kayyali and CVOH value o 0.6,
High strength concrete + HSS 0.80
Haque calculation of free
Supplement
chilorides
High swength concrete + HSSFA 0.45
Supplement + flyash




A1919% 2-2 USuaundenan lsdingavoinounsa(Alonso el at., 2000) (@0)

Values or intervals

Free Total Depassivation deteclion
Condition Reference Environment
Cl C1 CVOH mecthod

(%owe) (%wc)

Cement with different C3A content

CJIA content = 2,43% Huszain el 0.14 0.35 Assuming 4 threshold
Concrctes
C3A content = 7.59% al. 0.17 0.62 CVOH valuc 9.3
C3A content = 14.00% 0.22 1.00
Concrete with admixed C1 Schiessl and OPC 0.5-1.0
And extemally exposed o Cl Breit BESC 1-1.5 Macrocells currents
FA 1-1.5
FToﬁ;relc PrisSms al marine exposure Thomas et ) 0.50 Visual odservation +
al. mass loss
Reinforced concrete prisms wi;l-{ ; —‘

Fly ash at marine exposure

Fly ash content =0 0.70
Thomas Concrete Mass loss
Fly ash content = 15% 0.65
Fly ash content = 30% 0.50
Fly ash contem = 50% 0.20
Corrosion rate , AC
Conerete slabs with added 0.097- impedance, visual
Hope and Ip OPC
Cl 10 various exposure condjlions 0.19 inspection, gravimetric
mass [0ss
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1 M
M1319% 2-3 9A3zneUveItiMEIA (Mindess and Young, 1981)

Quantity
Composition of seawater
_ I o

Sodium chloride 27,000
Magnesium chloride 3,200
Magnesium sulphate 7. 2,200

Calcium sulphate 1,100

Calcium chloride 500

Total dissolved salts 34,000
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second law of diffusion) FILAAIAIALNTT 2-4 A%

aC, (x,0) b 0°C (1)

2-4
ot “ 8% @4)

i) T
1Usuanas 1sANmMuaN Ty osN1a x 1INAEIAUUDN

=0
0
—
Ry
—~—
N’
o))}
a0}

Tat
fszeznal t (lyaans)
F=1 =y o=y o IS
C,(x,0)no YSimnan lsdoasziszoznie x 1InAAIULEN

fvzozna t ua/any)

D, fio mdudssAninsunsassnaslsaluneunia
@y’ AD

x fp STOZNDINAINIUUDNUBIADUNT A (1.)

t fo szeznafmdanaelsd @)

¥
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N
A P TR
g g gt Sigatalyt

-
N L ¥ J y
=Taa .-.‘.-.EI.J WX o I'-l-‘&"d.—id e

Ty @ Free chloride @ Fixed Chloride

= =2 2 TN = a W
MWH 227 nalansdagadaswdn Ll luasunia (nige, 2550)
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axamgﬂuu?nmfu Fauaasluning 2-7

4 usedutiy (Permeability /Hydraulic pressure) Iﬂsaa%’wﬁagmﬂﬁusaﬁuﬁw U
Sumafiuau g luas 484 A1uUanA19Y99 Hydraulic head aunsaildihddinaslsdseon
wapufidud ldneluneuniaanusiufi Hydrautic head qﬂﬂﬁ’w?nmﬁﬁ Hydrautic

head @1
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WA 2-13 N1SNAABY Salt Ponding Test (Chia and Zhang, 2001)
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1.2 Bulk Diffusion Test (NordTest NTBuild 443)
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2. I NAADUUUUTZILTU (Short-term test)
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W 2-21 AIDD1IABUNIANEINUAIBE1TALAY Silver nitrate (Hooton, 2006)
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founnsoaninmsnagey RCPT MalwFaaveansieIsanisinasudeboewileann
a = ' a1 4 o = [ S =]
nae lsAeouBIns1uRe) 1aXIT0IvBIRUMNNITNARDUNE Y uADE1e lsAmumsnaaoy
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dananpduiunisnaaeniasidmuiwihonmouen fFafudagirIWiiaais $1wan
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manuIemsuen ffwmehldifailymnsdansluglnseinismaasy esnn
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nszua I Rdaassriudni WdhunninegdeiusesunegluazainluTnsawaaiig

= 39 Y g Y a ar 1 day 1 o o
uazdaddni iz Tuvildinan1sdaaes wu TunsdiduamveurannevIuiy
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wuiminda fdnadinnuiiu il 1dRzdwasuniunisinfouiivesnas lsa uadnaslsa
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2.4 Resistivity Techniques
= P ﬂxdn; ) 1 o' =
HudaniledisnlslumsUssiiumaimsunsnduveanan 15a luaounsa lag
e e = 1 9 y o o cg a Y ar g
Resistivity fig mnnudumunszue Wi weviagguiunuimiidaden11ued daa
ar ' as ] Y as 1 o o 1 . & A ' ']
Fanardudadiunnduduninsiii Iwd waz 1é11181 Formation Factor (FF) 4D 101511
[ W 1
TWihvesTaguuthunarsnouhdeaimsi lWihvesasazatelulnse wilszgndldie
M aulseanin11e97919 (Kyi and Batchelor, 1994: Streicher and Alexander, 1995) L3 A0
Indanasinmmni i wazdinsuns luiaguiuihweandauduiustwiloannd
J o w » = ar s 3 [} =od
nansynuiuagiuilatonguifeaiu Aaiud1Eu1T08IA1 Resistivity UDIADUAS AN
annsoniaImsi IfvesemsazareluTnssreaie1d uazanal FF i lfanmnsoman
L] 5 o«
mah Ifhvesiaquiuthunanivubuazadudse@nin1sums 19 (Streicher and

Alexander, 1995) T18819UAN1TNAADLUAAAININT 2-22

Powersupply
switching belween two yoitages

Dala legger

Srecords applied
vollage and current)

Caoncrele sample
sides sealed with epoxy

Electrade contagt is ensured
with a conduclive gal

NN 2-22 91992D8AITNITNATOU Resistivity techniques (Stanish et al., 2000)

AINATILEIMITN Ia 2 TEuan q fin 19 W nszuaasando Tidh
o ar %) 1 C§ ar 1
NTLUANAY (Monfore, 1968) Tastagnsainaaouaiumiw 1dusesdu A miladianm
3 ¥ 1
nszua IhRRaiu mnszua Iifhdaina1n 1 1y 19 uaun1suee Monfore (1968) e

Resistivity 4@ Tdfanmiainsi IWiee u
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R

a = E o 1 . w o
Wenner aray probe [HUBNUHIIEH 1% UM IAA1 Resistivity Tuauu Tngli
1 1 a '
faaiimnizdisiunohunaaoy InToulonadoUAAAIRA 4 AU uARSYABYHIIM
Fwszazmaniifu quenegTudwddidesnszua T daugTudaduseduladh
4
Fauamalugal 2-23 TasrnunuIveIRI08199ABIIINN T ZUZH s EN AR 21NN
Wdayalufuaamie Resistivity A20aun15409 Morris et al. (1996)
L. ) = S 4 <
Resistivity Techniques 315% lewtinn Taomwiz s aaunanusaiE uay
ol lunmsmaidasimsmaatulunounsn Tudevod Resistivity of concrete MJ
¥ T . . T
wagpuHTsnindsdynisesnnuiouiloswminlduuiaus sty T Undsz 19egTuse
. ¥
4 ' . o as 1ad 2t o a
#1N71 10 V (Streicher and Alexander, 1995) wagldnamagouvadu o uantidamudnlu
r o X = Y o =t
amsmamsi Ifhvesmsazaislulngs Fso1 13 5harsazarvnislulnsensunsa

§ ) ¥
DOAINIINADUATANDAIUINNIA Resistivity ¥5 0117 d10e19neunTadmhdisasazale

= U o X & 1 Qddd: g =t Y 1
NNIUATINITUN lﬂ‘ﬁ'] PAAASIDAUUVHADUNTTHINADHUYIEN

Current applied

1
'!
E Tesl
Patential mazsared box
Conductive poirts
A Ak et A AT R e oA 20 Goncrets surface
o A R e R L N S S ] 10 be tested
o i s |l AP i Y S e = ST e i e
a 3 #

WA 2-23 Wenner array probe (Stanish et al., 2000)

msmmmsi lihvesasazaneluInsssesindidodsuagumeiszans ad
o [ SR o o a1 1 w 9
usnine Managsylioyluaniiz Steady-state 182ITMINAITZHABUTIFUFOU (Andrade

etal., 1993) dmiunouniaquamguiiuGowniazgaaisazansluTnsseannndedig
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uATit lunang s ldnsdsznamaenuh ldfwesansazareTuns e (Andrade et al,,
' = s 4 = [ o' o 1 a 9w dy
1993) AR UNTAIUSIIHNANIenounT e ldaseue D lumwzauioz lamannis
. ) o q.:sd.v o o 9/ o 9
Resistivity Techniques §aa 0 U3t Augudmiumanuduniuaas lsn lngle
¥
ac o & ar o a2 o ] = s
Fasma i uazdmsvaqi liddh ludeasuniandnilymisuRortumsnaaoy
RCPT 1@y RMT
2.5 Pressure Penetration Techniques
a = 1 o= El =i ¥y
Slumsnameuildiininsnas sdooommsndud 1l luneunsa Taslddu
cé ar t oW as -:; b1 a 9 s d! ) )
wilswesmnsnduRdnumsazatoiussgaleane lsaneldanizussau e linams
as A o gt =1 ¥ . . .
Tuiaounas 1saw 1l lunsunsadiuna lnued Diffusion lia Convection UAXATMITON
T ar o=y a 1
AauseAn§N1SUNIUaY Chloride profile 19) (Freeze and Cherry, 1979)
1 <3 o 9 s 5 ar 1 <3
AMTNATBUMIAIMILNSNFUVe9Aa 154 las 4T aaunaisiunIsuIaInIs &
¥ » v " ¥
youifAinaaeuTaeld Pressure cell (NN 2-24) Taodred 199z gniiidautimas ldaslu
- s w | 3z a O - o o o
Pressure cell iADURIAINATo VR PJosdumsiimy Idmsazarenanlsdinaluawad
@ o oW g 4:‘9 ar 1 t:lu 9 @ 9 ] £§ A 9 b
Fuderiuamunilsvesdieny uazisulvanududuegiseznaimiaensufmuanaiing
#1001900N3 1N
o 4 a 9 Fov—1 1 P =3 ar 4
MIAATIZRHaMsnAde Ny 14 2 35 odrwsn Tae 1935 aumafeuwus
' @ . sada y A ad o o ¥ o
a8 Tun1sun Iueans v (Fit curve) I5HY018e A TTUADULNA N1INI5HU e LA
a r o o =y Y Yoy = I w kY = & oo A 1
Froea 1 Tns1e FamsinazvdelFisnentinmans dusen 9nuieds fo N1suIa
=5 =8 L4 =1 . . . 1 =g dl 9/ o r
ANUANDINNTTUNINFUAIBIT Colorimetric technique laomaANNaNH lag1u1soti 1w
¥
=2 o .
NIFUUBIUIDIN Valenta equation (Valenta, 1996)
2.6 Indirect measurement Techniques
¥
MIMIAINTTUIUVBIADUNT A TITHI9gHA1875 819 TasldmsTuruaeaii
HI0UAT FININUANDISWIVUNG R VDI Darcy flow
=3 :’ 0.) ar U ’ lé
mssuvesveunal (Tasdndldin Taena llamusmdeniasiladmizen
= =4 [] dl o = e 9 20 W 4-_:! 9/ dw
ANvanveImIguL lunmiidivue niefidannms Inadmie lvasen Fedayail
ansoh ludasmmdulszantnsdueu Tnadenldaumsves Darey (14ons1n19
9 & & 3 = = 1 o
“1mmma‘lwaa@n) HIDAUAITUDY Valenta (hmmmaﬂmmmsmumu) Taon1sfAua

AINTIIAIANIUNTIAYBIBUMARdosihins TasApy Dalieyinaegesd it

kol ' A i 4
’L’f’liJ”l‘iﬂiﬂf“r‘Hﬂ’lﬂ’JTi.l“r‘iuﬂﬁJ‘EN"UENL?’TE!TJVLQ (Bamforth, 1994)
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NN 2-24 T10AZOBAITMINAADY Pressure Penetration Techniques (Stanish et al., 2000)

a ] =2 [l Y o 9/ -1 a 9 @ W ar t
nsYamnisduiu lesldunaldmaniaitnisnareuiindwiuiunisiaa lag
Tdvounan Taogasnisdurusimiegasmimmnlsegnd lgniianulndfveiu adesld
U ar [~ r o [ ] =1 -4 [ T ar
manuduveiasinlunmstiuudie TasammsdFusuyewnainaduegiumanuéy
1oaNanIn 1Apg19u1n (Bamforth, 1994)
Y1 PR [ ar 9/ ar 1 =& [] =3 9/
udnvane in ldsunsHannldmmsoaninmsfudiuveinounia lasld
16 | <@ 1 a" 1 o 1
YOUNAIMIBUAE uARnUIITma il vunzeulumsdszdiummanuainsaduniu
o = = at ar r
AaD 13AUDIADUNTA (Armaghani and Bloomquist, 1993) 1&1sziiumanududusszuing

AIFUHINUI LA NI TN NY0IAaD 15ADDDU (BINNTNAT DY RCPT) Wulwanagouh

2as (=) =y 9 as a = g [ 9
1asulsifinnufertes Tasassiunguimsunsnduvenas lsaseeu uailumsaia

ar r [ o 'd ar ue:{w =
anuduuiiunsnaTey RCPTInrodulseaunsaluaznisduna aoaulianin oz

w w A o -::. = t o =
anuduusiisudnilen Aazesue lddnas lsasoouuns ndurn il lulaseadwaounia

Tdeera'ls



45

3. AISNAADLUVLNIIDDU (Indirect test)
3.1 Sorptivity

A1 Sorptivity vesnauniailunsialnaweararinnud U luneunsan t

=

3’ s a ¥ 4 = ad e 4 4 ' 1 =
B1117 (Hall, 1989) FuAndniiinan1nusen1iaas iinadumoeain Tnsaesinglunsunians
A .g = Yo o = =
yoaunaudn I luidlsnounsa Fuiulyidlumamguiresiasannisinalugn o fsma
T ° - et ar Y a P v ' ° Y a A
ugezdumsimsnieasinenans naudewinu 1 el azainasnisi i i4eT aile

A915105 Tra luiemader ausosmon ldonaumsyea Hall (1989)

i =S 2-7)
= 4 a 5 & &4
Tagdl 1 o WasIudnN1sgATNED YN (mm )
2 ' = :f e 12
S fD  AINISGATUUL/ Sorptivity (mm /s )
r=1
t A0 ANMINATDY (s)

nIsnATe LRI Iwaz@eanagl 2-25 thai Ia lddeunsiianuduiug
IEHINAIMIQAT AL INAAB9UBII ATNFUYBLEUIL [uNAT gavBInT Wz YN
ﬂ ] .. 1 3 ¥ Y o o
Ul uA1 Somptivity Av 1 (ASTM CI585) uenviniundads laimswanngiasalnig
NATDL Somtivity dusuldlunaaeuluauuiog University of Toronto {Desouza, 1996)

aalaad 1unIw 2-26

0

]
l
rment of Aree l /
1 ’1‘"3
|
L
]

i, ('-'lln‘:iu b

Sides zeatsd win
glecliclin's fape
T

WA 2-25 510a1D0ATTNITNATDU Sorptivity (Stanish et al., 2000)
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Hublis level
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Unidiactions! fiow | Outerring
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AWM 226 gUnseinaTe Sorptivity T (Stanish et al., 2000)

A
3.2 MINAFOUDU €] (Other test methods)
Feldman (1987) Yaf1m 313 1ao 19 Propane-2-ol uns Adur U IUAINaAN
o Y

] ¥ ¥ ] [l r ¥
auaadaeh mindinldeu T ve sFuudmadouiniuglu Propane-2-ol azgndanadingis
1 ¥

# Feldman 148asiinedagilsyas 0.3 81 1.0 Anuvu 114 uu. dretsdesgnasiaih

]
=

¥ v 1 ¥ 1
3-7 fu iR douudanivlliddamainisuns iiRaduiie9wn Propane-2-ol AU
Wl luneunse
ar @ o U ] T = as 1
Sharif et al. (1997) BUBANUAUNUEUDIAINITHAWI VDA RAIUABUATAR LAY
= FaN = o 9 o ¥ = L=
MILNINTUUDIAAD baruAsuNIa gUnssimInageulfiwadnagey 2 419 Tnvlinounia
o ¥ = 9 o e W Y o a ¥ o
AUNAN AUniITT9deuna 1 Tnsau saeNBnd I uUIIARUNEBIREY 1A1A NUAUN
° L] [T o e 1 o = v o PN
fvua 1) manududuvewnangszgndunannudswdas dnlsaguiaieaia iy
IBARUAANIUNAINNISUNT VO WA TFIUABUNTA Toyaa q azgnth Tdduaummmsuns
(AuMIMIAIIUGPANEANIN Sharif et al., 1997) 1719 9 1agn310911TA Sharif et al,
Y (= P = o '
(1997) Tusreau S suisumdu sz AntnsuwsannITNAae D Chloride ponding Uag

A ' ' ' o @ dois
mm"lﬁ’mnmsmﬁ@umsgmﬂﬂﬂuﬁ’awumﬁmmmﬁnwuﬁm



47

d' dl o == ' .:1” =1 [ c'i
e finan1snagaun e naus laedinisnamowra 1t uaaslidiudan

1 .«.‘i 1 = q,: ::. L] ] ] 9
wngeiio 1¢ uanuniduasuiigssinlunisnadey 98191 Propane-2-ol Mnaaou ¥

o P o o [ o ' o 9 o
Fvt T usnaaaYNuInuaz Ifnameaen 14 54 o1 luwizaylunsii Tl 1y sy
ar ' = 4 a o @ A v o - a [
§r9019aaUNS A lLGPIUDIIAIMATOUATY IMSUABNISHNT A I0UAY N19I93 suAIDE1

= a oW ] Y k3 g ¥ a O o q': ° o 9/ o’:
Tasmwiznismasuiaatse el hilmfensdumiud ldaeudneen uennniu
FEmsduaunerIsImsuns dasldudnnisnsadamansneusey nasdilidoradenn
FIIUAN A UAAIA porosity-tortousity NivilauAuAuDDoufiuanA1ai (Bido,

8 ¥ '

TuTasiy, aaolsa) nie'ld wennniudinmsnaaaudeisninmaril luensonezi

=Y 0 a o 9
Ansonmas o lunsinfuaaslsa 1é

= £y ¢ 9 2
M3fSaUfgUHaNAAB IV INMTNATBUMIANNMUIUARD 15a6I835A q
' 4 o ' 1 aacay 4 % A ' ar
MsNAdeUMIAIANNM YN INAae IsAnudwsazI3nTdon Joide uanraiu
= 9/ LY — o a g ol w o [ .:;[. ar
mud a1 3 luansed 2-5 dsudeyannudunusseninmsramsvageui ldiuan
1 9 -e:l o a A A t:i. 54 ar a’ ooy
usagmsnadeuifudeyandiiydnlsenmsnite o ldiflundninasilunsaadulelums
2 =ael I o b
@onlFiBnsnademinas lsdedisgndowumzmuisdy
ASTM C1202 180U IHAMINATOUHIATAIINA N IUARD 15AT 1AS V1NN

naoU RCPT aulngud innududus AN UNan1SNATeL Chioride ponding test

&
{AASHTO T259) ‘HQLﬂ‘I—!ﬂ'I‘iWﬂﬁE]ULLUU‘RH%EJTJ
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Considers Unaffected by
At a Constant
Test Method Chloride Ion Conductors in | Approximate Duration
Temperature
Movement the Concrete of Test Procedure
AASHTO T259 90 Day after curing
Yes Yes Yes
Long |{salt ponding) and conditioning
Term |Bulk Diffusion 40-120 Day after
Yes Yes Yes
(Nordtest) curing and
RCPT (T277) No No No 6 Hours
Electrical Depends on Voltage
Yes Yes No
Migration and Concrete
Rapid Migration
Short Yes Yes No 8 Hours
(CTH)
Term
Resistivity No Yes No 30 Minutes
Depend on Pressure
Pressure
Yes Yes Yes and Concrete (but
Penetration
potentially long)
1 week incl.
Sorptivity_Lab No Yes Yes
Conditioning
Somptivity_Field No Yes Yes 30 minutes
Other  |Propan-2-ol
14 days with thin paste
Counter- No Yes Yes
samples
diffusion
Gas Diffusion No Yes Yes 2-3 hrs.

Tang and Sorensen (2001) NAABUANMLNUE1VDIITNADY 3 35 AB Immersion test

(NT BUILD443), Electrical migration test (NT BUILD355), Rapid migration test (NT

BUILDA492) AT0W193§ 14 NordTest Nagouauoalfianaaou 9 un wunhdulsedns

' ¥ o
ﬂ’]‘iLLW‘i‘ﬁLlﬁ"t]’lﬂﬂ’l‘i“ﬂﬂﬁﬂULLUUigﬂxﬂu‘uﬂﬂ.ﬂ'SLﬂU&ﬂH UAFWUIZANNITHNTIINATT
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‘Vlﬂﬁ'ﬂ‘1_|LL’LI’1JS%El&’tl”l’)ﬁﬁ’wérlﬂ’i”lm‘iﬂﬂﬁﬂULLUUSzﬂxé”u Fauananmnmd 227 udiiie
WSeuFouuua IunsnaTa LWL IINMINAROLILUSEez o1 I RamInaase 1 Tuiiamas
Rofufumsmage UL szedu Mevi e (Repeatibility) Az N1 1ny
(Reproducibility) WUNMINATOY RMT Tﬂﬂﬁ";‘lﬂ‘lﬁ’ﬂﬁﬁuﬂuﬁwﬁqﬂiumsmmﬁuﬂizﬁ'ﬂﬁ
720156 YuzAin1INAAOY Inmersion test THansnageunNuuLuifitinels azms
NATBY Electrical migration test Iframsnameunrmsiuiimine lolunguvesdegad
e T uﬂ"l‘ﬁwanﬁv‘iﬂmiﬁ"lﬁﬁﬁ’ﬂﬁ'ﬂﬂfjnﬁmdnﬁu'faLm'u

Chia and Zhang (2002) NATBUHIAIATIUAIUMUAAD L5AYDIADUNTA F2675MT
NoROLAIRY 3 55 WU WA snARoIR IdTUMINAI N de UL Zo AU E MM TATY
Aan lsRuuLITe (RCPT) Tanuduiut 1 lufiamaRefuduns naaousuu szeze1183e
A5NINAEOU Immersion test 418% Salt ponding test

Yang and Wang (2004) 1@ 1msnagouseswgAnssuueamsunsyoeneuniaild
mswamﬁmwimmimaau Salt ponding test 148 Accelerated chloride migration test 012
dodmanaaeuildiuninmmaaeuiia 2 v eudeudu wohaiduilszFninns
s 13F UM naae I3 T e nudmiufiFuduiu Suaeslua i 228

Chiang and Yang (2007) H1A15NAFOLMIAANUTURUEYDIAINTUNT VDA
ADUNIAYINNTNATOU Salt ponding test LA Accelerated chloride migration test udimans
naaeUR [45unnnsnaga U roedEmse Sowfvufy nansafoufiouanslfii
SrdutlszAnsmsunsi I3 unInmMInaaou Salt ponding test Sududlszansmsindoutred]
anuduiuilududuianesu duaaslunind 229

P. Chindaprasert et al. (2008) NAADUMIANUMUNIUAD 1TAYDIADUATA WLIA
Charge passed 91NN15NAT0U RCPT 1azf1 Chloride penetration depth 1INNSNATIU RMT
YD4NIITNA AOULISEE I T T anuduing TluRenadendufus Chloride
penetration depth YDIMINATOUUUUILHLI1IRILITNITNAADU Lmumersion test ARy

WA 2-30



a =) = @ = o ' s
NN 2-27 ﬂ‘i’]“l'vlL‘l_]'iUiJmU‘]Jﬁll‘lJ‘iSﬁ‘ﬂ‘ﬁﬂ]‘ihm'ﬁ)"lﬂﬂ’]'i‘%’]ﬂﬁﬁ)\iﬁ’m’)ﬁﬂ"l‘i"ﬂﬂﬂ’mﬁi'lll

U1AT§1HU NordTest (Tang and Sorensen, 2001)

L
<>

a

y= 0.46x + 0.8903859 x10°
R =0.954 ®

o 2
= LA
PR |

Diffusion coefficient from ponding(x 10°% cmzls)
-
T B

7T T T T T T

0 10 20 30 40 50 60 W

Non -steady state diffusion coefficient from ACMT
-8 2

{(x 10 " cm’/s)

a o w2 | a2 v )
NINY 2-28 Llffﬂ\?ﬂ')"lllﬂ'lﬁ"luﬁ5$H'J’Nﬁl|ﬂ5$ﬁ3’]ﬁﬂliLLWiﬂ’]ﬂﬂ’]'ﬁT’lﬂﬁﬂﬁJ Salt pondmg test

ar o

AuduUsea@nFnsunsANITNATEL ACMT (Yang and Wang, 2004)
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7

Regression line
Jix)=028x~0.49
R =097

5 . i s M i &
Diffusion coefligient from colourimetic method, Dy, (x10 cm sy

B I
o 1 | k| 4 5 6 7

Diffusion coefficient from chloride profile, D, (xclo? cmg.’s)

A 2-29 nauaasnnuduiusveedilseAnsn1suns 1INN1INAREY Salt ponding test

A1t77% Colourimetric method 4a¥3% Chloride profile (Chiang and Yang, 2007)
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Jerqlszan wilavesTaq i ldunufiyuFund USinamsunuiifudund Teefhmsnagey
593 4 3% Ao maunsianue (Bulk diffusion test) M3ILNIATUARD'ISAUULIT I (Rapid
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vosdulszanimsunsvesnanlsa luuesmsas

INAALY
1. JagilFlunisneans
= = s s = &
L1 YuFunud (Cement) MduFmudofauandilszinni 1 uay 5 &
AU AUUANTIAIY NIATTIUNTENTIQATINAIIY UBN.15-2532 Aauaadlua1s1en 3.1
ot s &4 = S o s i
111 Yudwuddsznnyits YuSmudlesauauasssua (Ordinary Portland
= = o § o a '
cement) T udwnavesanaudissnniionlduniigeludszmeIne 19luamneai
] = o a o o - [ =3 o Ly =
Mneunsansodindadmaiou q 1 lidosmsguamiey imnzdmiununsunia
1 '
a oo q @ Q a
Taona 1 Tuan3deiildunsidne (haume) dwmduaulnseadia
= o o o 4 ar
1.1.2 Yudmuddszand Yudmudlodauaud dssinnnudamaga
= o ;A:I. 1 a } o T
(Sulfate resistance Portland cement) YuFunaUszinntill c3a Tuifiu 5% iodloaiululi
o ° g = Yo v 9 1 = o & s
Fairaannsuenu I mloneunsa nar limadnniudundlesauauaszam |
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¥
3

1 L1
Famlage 1wy nuAsa et iiminde, Insadnidosdudaiuindolaonss, uaz

1Y

Tnssardaladn lunuideiilduasidra @refy Snivaunudamags




- s A = s s o =
F139N 3-1 'fNﬂ]J'ﬁgﬂﬂUﬂ']\ilﬂiJeU@Q]Jucmilu@ﬂ'E]'ﬁﬂlalﬁuﬂﬂﬁglﬂﬂﬂ 1unx s

Rl 5T NEUN AT
Type I cement Type V cement
(% by weight )

Silicon Dioxide ,Si0, 20.80 21.52

Aluminum Oxide,AlL O, 5.50 3.56

Iron Oxide, Fe,O, 3.16 4.51
Calcium Oxide, CaQ 64 .97 66.70

Magnesium Oxide ,MgO 1.06 1.20
[ Sodium Oxide ,Na,O 0.08 0.10

Potassium Oxide ,K,0 0.55 0.24

Sulfur Trioxide ,SO, 2.96 2.11

Loss on Ignition ,LOI 2.89 1.74
Tricalcium Silicate ,C,S 56.50 71.60
Dicalcium Silicate, C,S 17.01 7.68
Tricalcium Aluminate, C,A 9.23 1.80
Tetracalcium Aluminoferrite, C,AF 9.62 13.72

1.2 181800 (Fly ash) 210 159 Ifusinne sariasgne saaslunmi 3.1

1.3 WfUU (Limestone powder) 19Hafuyfufiie CALCRETE#] vesu3in
Surint Omya Chemicals (Thailand) wﬁm‘luﬂs:mﬁ'lm uﬁﬂﬂum‘wﬁ 3.2

1.4 T13%810613 (Expansive additives) 115901083870 EXPANE 18411519
Taiheiyo Materials Corporation 119 0 szmadiu ueaslunmi 3.3

15 11 (Water) 1%151‘1]§$ﬂ1ﬂ1ﬂﬁﬂﬁﬂ§ﬁaﬂ1ﬁﬂﬂuﬂ§ﬂ MAIAINTSN T
ANZIAINTTUANAAT UM IING1EDY TN TanTawas

o = = s =
s szneumaniiveudiaon weruuazasueead uaasluaisieh 3.2



197 3-1 181900 (Fly ash)

AW 3-2 w33 (Limestone powder)

MAA 3-3 A15V01067 (Expansive additives)
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4 1 (=1 o
A15197 3-2 paAllszRpUNIuNTYa AN DY HITUI UAT AT YL IEA)

Expansive
Fly ash | Limestone powder
Chemical component additives
(%) (%)
(%)

Si0, 36.10 0.06 9.60
ALO, 19.40 0.09 2.50
Fe, 0, 15.10 0.04 1.30
Ca0O 17.40 54 .80 67.30
MgO 2.97 0.57 0.40
S0, 0.77 - 18.00
Na,0 0.55 - -
K,0 2.17 - -
[LOI 2.81 43.80 0.40
Specific gravity 2.27 2.70 3.04
Blaine fineness

2 2,460 9,260 3,500
(em'/g)

2. ginsel arsmilnaz iRl lunisnaans
¥
2.1 MINANOUMTHUWININUA (Bulk diffusion test)
n) gunssifldlunismaany
1. HUUHADTUAIBINNTINTZUBA ﬂmmﬁuﬁmﬂuﬁﬂmq 5 9. Uazg

10 1.

2. s,ﬂ?mwﬁu%muﬁmﬁﬁ (Cement paste mixer)
3, 130eRARIBIINAADY Han Wi 3-4

4. ndaqwamﬁﬂmiﬁyﬁuﬁmdwwﬂfmu

5. ATANULARIDENNATDL

6. finnos Y11 100 LAY 250 mt FINTHA 35

7. ASYUBNAN YUIA 100 mi AINIAT 3-5

56




8.
9.
10
11

12.
13.
14.
15.
Ie.
17
18.
15
20.
21.
22.

23.

57

Jula (Pipet) ¥u18 25 mi S0 3-5

110150153785 V1A 1000 ml Fanwd 3-5

- vy fanmdi 3-s

 uviaufann fanmdi 35

UHNATEDN FINNA 3-5

130 (Biichner funnel) §am WA 3-5

w2ansaaAafu 1134 (filation flask) §an W 3-5
Foudnes fagalf 3-5

TEE-fluorocarbon-coated magnetic stirring bar ﬁam‘wﬁ 3-6
113849 Auto titration {4 721 NET titrino metrobm #3017 3-6
19509MIMUIIHER N NT 3-6

Lﬂ?m@ﬂ (suction apparatus) ﬁamwﬁ 3-7

193093 (hot plate) Han1WA 3-8

st ahminuuuasasa (Digital balance) 3N 3-9
URLATEAEATBUTOMETIHIA O F3 30T 3-10

ALLATITOUVUIALLDS 20 (850 ym)

MWA 3-4 1ATDIARA1DE14




= A o
1A 3-5 gRginsalngoid

NN 3-7 1070999 (Suction apparatus

58



= &
NN 3-8 195094 (hot plate)

) v [ b
AR 3-9 1SR niinaTADE

1 »
AIWH 3-10 LAUNTEATHAIDIULOHEIUUUIA O

[
=

Q) seifnlFiuamsneans

1.

pA

3.

4

5

A5 TUASH (Nitric Acid) [WUYH 100%
. lslasnunlosoonlad (Hydrogen peroxide) Wt 30%
methyl orange indicator
d=a ¥ 9 :’ ar
. M5azaiwnan 13ADDY AWIVLTY 5% lagtivin

. 308 WINAITIN 0.1M T3 LA (AgNO3)
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6. Wneu
¥
7. AP uduAAsUTUAIDI1IMATDL Monoflex
fA) ABMINININABDA
=1 LY ) oY o 1 T dY o
1. 93 0UUNIAI9E1LDIAS (Mortar) HaDUVIUDIAITNTINTZUDN YUIA
uriugudnea 5 ey, g9 10 v 5 uduuddeSauaudsuand 1oy 5 Wudaquseau
wan 198anduihde Taguszaumiiu 0.40 uaz 0.50 1Hid1a00 mriuyuuaza1sve10?
= = o ar ¥ ar - P 1
unuAuFaud lusesdi dawaes 13 lua1sed 3-3 ooauuulonardiuly 24 su.
ar 3 1 s 1 :' =] Y n’ ar 1 .;’f = =3 a
waantiutuieialuihdn 27 Ju Fudtediinuaszgrinioudisdiend sndunla
¥ &£ o = ¥ A 9 w ' ] o = [T )
AMunils dsaasdunini 3-11 udahdted e lurearsazaane lsadoouanududuy
oy a i) ] :r a < ar w a
5.0% o miin (19 NaCl 82.39 nfuaoin 1000 n3u) (uiaat 35 Yu 91 Tu uaz 182 3u

walfinansunsuasnas lsdninmsazaadigaind s (nmi 3-12)

P S oo oA A EY V) w &
HINAN 3-11 FUAIDENVUAADUHIATUYTIRLTTITNUTY

AW 3-12 nsusdeglumsazamnaotulu 5.0%
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o

A157197 3-3 FAFIUBAUUDIUDTAS

Binder (B) Water SSD
Designation Cement Additive (kg) (W) sand W/B
(kg) F E L (kg) (kg)

C1w40 1.00 - - - 0.40 2.5 0.40
C1Ws0 1.00 - = - 0.50 275 0.50
C5W40 1.00 - = - 0.40 2.75 - 0.40
C5W50 1.00 - - - 0.50 275 0.50
CIE10W40 0.90 - 0.10 - 0.40 2.75 0.40
CIE10WS50 0.90 - 0.10 - 0.50 275 0.50
CSE10W40 0.90 - 0.10 - 0.40 2.75 0.40
CSEL0WS0 0.90 - 0.10 - 0.50 275 0.50
CIF30W40 0.70 0.30 - - 0.40 275 0.40
CI1F30Ws0 0.70 0.30 - - 0.50 2.75 0.50
CIE10F30W40 0.60 0.30 0.10 = 0.40 275 0.40
CIE10F30W50 0.60 0.30 0.10 = 0.50 2.5 0.50
CIL5W40 0.95 - - 0.05 0.40 2.5 0.40
CIL5SW50 0.95 - b 0.05 0.50 2.75 0.50
CI1L15W40 0.85 - - 0.15 0.40 2.75 0.40
CIL15WS0 0.85 - - 0.15 0.50 2.75 0.50
C1L25W40 0.75 - - 0.25 0.40 275 0.40
CIL25W50 0.75 - - 0.25 0.50 2.75 0.50
CIFSL25W40 0.70 0.05 - 0.25 0.40 2.5 0.40
CIF5L25W50 0.70 0.05 - 0.25 0.50 2.75 0.50
CIF15L15W40 0.70 0.15 - 0.15 0.40 275 0.40
CIFI5L15WS0 0.70 0.15 - 0.15 0.50 2.75 0.50
ClF25L5W40 0.70 0.25 - 0.05 0.40 295 0.40
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= @ SUY Lt
15199 3-3 AT IUHTUUDIUBIATT (ﬂ@)

BindertB) Water SSD
Designation Cement Additive (kg) (W) sand W/B
k k
ko) F E L (ke) (kg)
ClF25L5W50 0.70 0.25 - 0.05 0.50 2,75 0.50

Fu
I : ANUHUIBYDITY AN 0! LU DA A IMHANTIA N RYIBA 1]

“C1” HUBD
=2
“Cs» OTALIR
“F LE” Muedd
“510,... 30”1180

a0 8D

posdiAlfduFwudmlodanaudlszani 1 duTaqlszau

3

L ﬁhﬁumuuﬂﬂmmmuﬂﬂsum‘n‘n 5 udamlszay
11006 ML uaz @187

a a = o a ar
USnawmuiiyudmudaindiaes weduunioassensdo

danannhasiaalseaumiihy 0.40

or ' 1 o ar o
AIDE NN TDIUA RO E U

=5 Y saq W o s o s =
“C1F5L25W40” viand MaﬁﬂWﬁﬂi%uu“ﬁLﬂuﬂﬂ Elﬁglufluﬂﬂizmﬂﬂ 1 uazgﬂ

a 9 = = o a Ao 1 : 1 oar 1 ar
ununAuiansuazsiuui 5 uaz 25% mudy foasidiuniwedagiszaumiiiy

0.40

oY g

2. ‘I.ﬂLL‘PN‘LIﬂﬁﬂ'l‘i‘ﬂLl“h'ﬁluﬂ’l‘iﬁgfﬂﬂﬂﬁﬂu]j@TS@E]‘N%NFISU?%U%L’J@’l‘ﬁ

¥

L [
$1%ua (35, 91, 182 W) dmduduaNnurunlzing 1 o, $119U 5 Fu Aszduanydn 1,

I
2,3, 4 182 S FU.NAIAUUBN LdNIBUNBSATARALAINI LA

Y I o

Y '
'ﬂ‘l—-lFN LENKIUDIATTAINTTD

ar 1

¥ . ]
AUTEAUTUANUANIINAIA 19819 é’mmauﬁmai'aaﬂszam wiinvesTagnldunud

]
=

=1 = o 4 = 4 o [}
Yuduud 1sinumsunuiyudiuud szeznamandygnas lid mnduheauesensin

1l

e
nagounISuaan lIANINUA (Total chloride) Mo uA1919ADBATARINIT ASTM C1152

4 - I _ _ -
Fuilumsnnlsuunas lsanazainlunsa (Acid-soluble chloride) HasnagoumIUS U1

=y @ 1 = =zd A
ﬂﬂﬂu],‘iﬁﬂﬂ‘iz (Free chloride) MElUAI9819ABUNTANIUITNINAABUUDY ASTM C1218 49

= a(.:; :’ R & = o
lﬂuﬂ75W1ﬂ5M1mﬂﬁBhliﬂﬂﬁ$ﬂ151uu1 {Water-soluble chloride) “Iﬁﬁﬂ?iﬁ'lﬂ‘ii]’]ﬂ!ﬁ‘l‘iﬂﬁ@llﬁﬂ

¥
ar . = oo ) = Y
V9HUA (Total chloride) 1ag 1S1aasanelsAdase (Free chloride) 33 ANITBNAYAUD

aas o = P o £ o an = I u‘:lv: B B
1gAsendansuldenuilasidnd luih saGen3TunlSurnnas 158791 Potentiometric

. i o o Y ¥ o N e PETI
fitration Wﬁﬁ"t]"lﬂuuuﬁﬂﬁﬂﬁﬂ’]'i“ﬂﬂﬁﬂﬂﬂiﬂlﬂuﬂi’]ﬂﬂﬁu’]mﬂa'@ l‘iﬂﬂﬂ"i‘ﬂ.lﬂclu‘l]@ﬁﬂ’]ﬁﬂﬁ;ﬂz
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AMUAMRAY 0.5, 1.5, 2.5, 3.5, 4.5 9. 910A W 1UNEN TaeliT1azDeavodduasunInanng
¥
A1)
= o n’:’
mMsneaeumyUTuaeasaas lsanavua luszuu
s . . oA &
annlsanazaialunia (Acid-soluble chloride) NABAAD ITANIHUA
(Total chloride) FaHTA1TNAG DU TIIAAD l3ATavuAdall [ASTM C1152, ASTM
C114]
1. 1dedlnounsaRuadufudwoulszie 5 nfu Taoda
az@eand 0.01 s Whanldludnnesvuia 250 ml
= : Yoo = ¥ a
2. winhadll 75 wl vduduansazmensa luas g 100% #
ar 1 Qs i 1 = =t Jr:;u:
dilute Judasraiu 1:1 a9l 25 ml ewas lUviud Tneaos o wuadly nesaudouduuaniy
audufou (umps) Iusneonnniu sriinduesiias 149t (hydrogen sulfide) Tuszyinail
Hauasarawlelasnuioroon’lad (hydrogen peroxide) 30% aaly) 3 mi taznea methyl
. . 3 p=} o 1 9 g c:? =2 & Yo
orange indicator 31491 3 noa Yadnmosfourunszanudrdena Bidunat 1 S92 6
fivdoedsdmaosdulsinguuiuunysvowisiianaz nousg uaasnaisazarwigns
dunsaliine Tvoamsazaensa luasndi dilue Tudasian 1:1 adlludraulandon o
' ¥
fusunseilsingiluBauwmieduauion 9 minunsadisazaionsa luninee lafan
IUIU 10 189
3. Wanudeuuniinmesndarhdourunszandlronsaniivion oo
¥ '
Tidoaiiu 2 4 3 W% IMIUIB8AIAAT DAY (hot plate)
ES ¥ L] ¥ o
4, AWHUATEAENTDUBMIIUVUIA 9 cm AIBULHNTUASIAE 25 ml
¥
S 4 3elan1dn15n899A (suction filtering) AIUNT0 (Biichner funnel) Yu1A 250 13
500 ml sazvanseaud1Au il (fittration flask) iEnMsarawdviinisaravaudduliladqe
: 3 o & . a 1 =
i uauanios Ysenouniesga (suction apparatus) HALNTBIATAZAIAID01 A1adin

4 1 3 3’ o =3 o = 1 i
NDIUASUNUNTEATENTDI 2 ﬂiﬁﬁ?ﬂu1ﬂ1u'3ulﬁﬂﬁﬂﬂ AINTHN 3.13 ﬂ'lU?I'"ISﬂ%ﬂUﬁN'IHﬂTﬁ

¥
a_= o

- 1 w o '3 U=
nspsvinvaauianu I llddnnefuuna 250 m uazdrsvaudfulilsiuidaniinnes
[) b v '
guusni I mnld ldnsmsazaefiiiunisnsos BRgamgineslsasdoslimu
175 ml
o w ¢ o o Y = v A - 1
5. dwmsudninesmsguud Mednnesuwnisanunimaniasld

TFE-fluorocarbon-coated magnetic stirring bar 8411 1% electrode waz i usad WS uYany



64

1305810 0.1 N Faied luain (AgN03) adlumsazanedvanyszinsz Taee1 14 stining

= Y
bar 112U electrode (FUNI5ATHE |

NIWN 3-13 MINIDIAITALAIHIDEN

6. (13049 Potentiometric titration 1210717 lnTiesnld lavsa Tusia las
mé"rﬂmiaﬂ?;ﬂuLvﬂaaﬂsgg"lﬂﬁwmcumﬁmtha Lﬁ'aﬁaqﬂqﬁ (End poinf) 191384 Potentiometric
titration azuansTinanan ladiazSnmvesdanes lunsni 1fuazliey

7. vauazimsiufinkai 1491nA304 Potentiometric titration

8. uaasrananareuRidilunsiSinunaslsdimunluyesds
fsvezaudnings 0.5, 1.5, 2.5, 3.5, 4.5 4. 9nfduuen

mIinaaeumySinuaninae linoase luszuuy

nanlsdfazaeh (Water-soluble chloride) JusyuUveInOUNTARAD
Aan' 1580a5% (Free chloride) C?ﬁfl"?%ﬂWSﬂﬂﬁ’DU‘H‘]ﬂ?mmﬂﬁﬂqiﬁaﬁixﬁdﬁ[ASTM Cl218,
ASTM C114]

1. asaeuniadeifidums w5 ndy Tnofiazidea

§10.01 n3y i ladluiinnesauia 250 ml
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1WA 3-14 ﬂ?'illﬂmi“ﬂiﬂﬂlﬂ?ﬂﬁ Potentiometric titration

¥
2. @ (reagent water meeting Specification D 1193) aql 50 m!
¥ ¥ 0
Tadonszan vh'luduididion s uifl danald 24 92 Tua nsesdaoustiduarmionisgariu
} 4
fszAuioaziden {a fine-texture, Type 11, Class G filter paper of Specification E§32)
O18EIALAONMIUMINTBS (filtrate) adTuiinnosyu1a 250 mi
3. @uANIazaUnIa luAsAf dilute IeAT18U 1:1 a9l 3 ml uae
asazarvlalasinuiloseonlad (hydrogen peroxide) 30% ad'ld 3 ml aslumsazansiisu
= oW 1 @ 09: ; ¥ o = = @ 3 ' =
mM3sn509 Yadimnasiisununszanualnsha Aduna 1 892 wii Ianudousdeswmiss
™ of ot a g A a ) a & o Ay
undnunesniladawpos sorlfideauiwnu 2 893 WA niuhesnnATAY (hot
plate)

&
o w

5
MmsneaoumtoulIsmsmdSuaas lsdn vy auade 4

udul
2.2 MIUNTATUADD 15ALUULTS (Rapid Chloride Penetration Test-RCPT)
ny gunsaialdlunmaans
L. nuudosudIREImsInsEION Y FUAIUEUEND1 5 T, LAz
a3 10 w0, faneraalun it 3-15
2. waRezASAN (Acrylic Cell) daumaalunind 3-16
3. B 1AN 3 Sikalex-11FC

& o o =
4. 1n50euAuLs L W duemaduning 3-17
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=g Y
V) FITAVN LH IUNTTNARDY
1. #198%a10 NaCl i9udy 3% lagiiimin

2. €1522878 NaOH Wy 0.3M

AR 3-15 LUUYa0A19E81aNAR9Y RCPT

AR 3-16 (FAANAAOU RCPT
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WA 3-17 1nTesnuguILT e IHHN

f) I3N1IRINTNADD
= ' LY g ' oY o [] s
@IHUIVHINO AT (Mortar) HEDUBSAI VLI UATUEUENATY 10 . 7
9 ar ] ar a = d'i 1 ] ar ]
s gy M daaumsnaudwaa 13 lua1790 3-3 neauuudioratdiuly 24 sy, tudieg1
: = as n:l 9 ‘é o 9 [} =1
Tu1®n 27 34 (911N 3-18) TagAun v nrannagol (muLLﬂTwﬂ) laasazaianae
E .
aae lsdanududu 3% Teotimin dndunids G e Tue) Jdasazae Tmdon lanson
4 3 ar o a o o o Ll
lod dudu 0.3M Tagunsainaaoudanini 3-19 hdnedunaaeuumagey Tagly
u53 e 60 v dlunat 6 v, Tuiinranmsnaaeuidumnszua i Inasude

1 ¥ |
nan i nhdeyad ldumiunldng i s10anilus Charge passed Tuniag Coulomb

NN 3-18 AITUUABE T
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AW 3-19 MINATDL RCPT

23 nsinAoudnenas 1s@UIs (Rapid Migration Test RMT)
n) gUasaif1Flunisnaan

1. LUDNABADE19MTINTZUDN Y IAIFUAUALENAN 10 B0, LAz
§9 20 W,

2. wadernsan (Acrylic Cell) Fauaaalunind 3-20

3. MO NVIMFURIUAUENA1S 10 91, LAz G 20 vy, dauanlu
Al 3-21

4. Cathode (Stainless steel) ﬁduﬁﬂﬂﬂﬂ?ﬂﬁ 3-22

5. Anode (Stainless steel) ﬁmﬁm‘lumwﬁ 3-23

6. Plastic support fauaaslunind 3-24

4 o
7. 0309 0RNLS I LT



AW 320 19AAAIDINNATOY RMT

NNT 3-21 NBUNNATOY RMT
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AIMH 3-22 Cathode (Stainless steel)

AW 3-23 Anode (Stainless steel)

V) A 5atA 1 U1 naans
1. e3azas NaClLidudu 3% laethmin

2. @588 NaOH 15Ut 0.3M

70
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/) AT NARDY
- ' Sy o ' P o o
IAFUBLNINOTATT (Mortar) NEDLOSAITVINAEUHILEUENAT 10 . g3
3/ o 1 ar BT = A 1 M
20 oy, 1ddadunisnauduaas Ay a1919% 3-3 aeauuudonaisiuta 24 92 Tuq
o ar ] a9 A s Yt p) v o e o v 1 g
i ldadeniasdainduinadusmgudngs 10 au. ga 5 au ddsauuiuly
3 i
1180 27 fu fnmsnaaeuadiefumnadey RCPT Fudisornadouazgnldadlunses
a [ o ar [ : & =

(M 3-24) udrSado@udaaauaa it 1INTHATIIADUNITTITY (1WA 3-25) AU

4 Pl Y ' A o YY) a9 E
nilsvoumasnaaoy (v Ing) ldmsazasndenas lsdanududu 30 Sndunily
@vue Tue) ldmsazatn Tadon lensonlad udu 0.3M Jaginssinaaoudenni 3-26

) ¥
w1 s sau Iifhouia 30 v naznagouilunal 8 2 Tuue wdsnmivihgiosauriuen
a 9/ S & ar 1 [ = ol ¥ 9
aumwh 3-27 ud1 ¥ E nnilave sdiedaunud o sazaleFanos lmInaN s uduy
Y o J =g =y -:; n:; =4 d‘l = oy =1 1
0.1M @2 iamanuannnuSnuiulfouiludesnyni 9 ienndFisousiisening
i ¥ . 1

aae lsduazdanas MnsTasmiedu 7 a1 TaoSudumuwsnina1sdiodia ndwdu

¥ . . [ ¥
ponlasaas 10 nu. den i 3-28 MFaundevesmanuanidanmuatiunanisnagou

1 Vv
MW 3-24 M5 ldrunaaoulunoss




NI 3-25 ﬂTSG‘]i’J%ﬁ‘EIUﬂ'IS%’J"?lJ

WA 3-26 NISNATDL RMT

AR 3-27 N1SHULUAAIDE 1Y
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AN 3-28 LaRIAILHUINIT TR NUED

2.4 AINATDUMT @ﬁ%llli? (Water absorption Test )
) aunseiildluntsnaaes
1. LUUMABAIDENNTINTZUDN VIR UATUEUINATS 10 .
q9 20 a9y,

C ALAANE AILARI TUAINT 3-29

o

3. Wuene W Sauaaslumud 320

4. wandue 6 vy, dauaasluniwii 320

5. Plastic Sheet fauerasluninii 3-29

6. 91979 Sauaaslunwd 320

7. wiRmauna 31859 0.1 5u1di dauaasluniwi 3-29

8. Lﬂ‘ﬁOQ‘D'QH’]WHﬂLL‘U‘Uﬂﬁ]@]ﬂﬁ]ﬂ]ﬂ'lﬂﬂ?']llﬂglgﬁlﬂ 0.01 NSy

HaE
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| s i il it

Vi b S oter sl ian

ANH 3-29 Qﬂﬂ‘itﬁm‘i‘ﬂﬂﬁaﬂ Water absorption

¥) FENININITNABD
= ar v Y o 1 o 1 9 1 J
B3O8 NLDTA1F (Mortar) TaeManR18E1 YU A UAIUGUING 1S
10 oy, g9 20 . Mdaduniseay a3 lua1s1ei 3-3 oosunuiionainily 24 s,

o _ o v

o % A o g v ¥ o o w1 A
uplﬂ'J'E)FJ'NLlﬂﬂﬂﬂ:]mﬂ'iﬂﬁﬂﬂclwumu-lﬂLﬁuW’]uﬂuﬂﬂﬁ’m 10 s, qq 5 S, u']ﬂ:]aﬁ]'lﬁﬂllaﬁucl.u

L »
o =1 a o CY °

11BN 27 Ju ‘ﬂmmnuum‘lﬂxﬁuﬁlué’auﬁqﬂmgﬁ 50° o et 3 Ju (fann 3-30) udnh
sedrufvuenlunausiiididalnedsddiornmaamwise Tnar o ldnndu
(RanTwdt 3-31) Fpamgd 23220 @ unaiBnesiades 15 Su himsfuiadedadndiedae
milsinme I iazaquilafiad i uuypeiies e Plastic sheet (Ranwdi 3-32) thiegialy
naaeuAINNTH 3-33 Taglhiianidetnszanes 261 wu. udadudanimingioesd
Lﬁuﬁmﬁmmmivwﬂﬁqﬂaﬂﬁuﬁumegﬂuﬁ’ﬂuﬁ’aasjw TagmsFahminmusranasus
60 W%, 5 W1, 10, 20, 30, 60 W ua:%’a@ia"lﬂnn 7 F2Tuouns 6 $2 T mn'tfum%ga
A& f 1M Absorption [Hall, (1989)] udnir lui@ennsiwszninem Absorption iy
My nfiassusnm @agd 3-34) Armduresns it 18 nmsyszidiuTas 14 T sunsy

T Tnsarmyl Excel 2003 #iafn Rate of Water absorption Tnufifin Regression yoaaudumus

aoaluideooni 0.98



'
=)

" o ar 1 =
ﬂ’]Wﬁ 3-30 MTNVAIDY NGV N 50° &

P < o ]
Awh 3-31 MsiAuaI919 Ty

a Y Qs r
WA 3-32 Maguilasetis
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NN 3-33 NITNATOU Water absorption test

0.80
L 4
'E 0.60 -
E
5 040 !
g y = 0.00466x + 0.05349
L 4
0.00 — — —_—
1] 40 80 120 160

AW 3-34 A108190TIHH 1AINATTNATOU Water absorption test

ﬂ"i‘i?JLﬂ‘iEﬁlmzuﬁﬂﬂlﬁﬂ‘U!.ﬁ@ﬁ1ﬁ1ﬂ31uﬁ’ﬂﬁuﬁ!‘i‘zﬁ’j1ﬁﬂ1ﬁ‘l’lﬂﬁﬂ'ﬂ‘ﬁ]ﬂ}nu

94 d dy d
MUNIUAAD L5AVDINDIAS

¥
1 a o o (=3 =1 @ a
TumuilizhnsimseidoyanSeudiounn Tusamsnaass manuduius
rriamsnaaey Taoludiuueanisnaaey Bulk density test 3zthdayaninududuvos
v_ g = w4 ¢y de @ =Y ¥ 2
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Chloride Titration {35 days)

No| Desingnation | Depth (cm) Total chioride Free chloride
Sample weight (g)| % €l [ AgCl(n¥) | U (mV) [Sample weight(g)] % O | AgC(ml) | U{mV)
0.5 2.11 0.37 2.20 154 2.44 0.36 2.521 84
1.5 2.10 0.01 0.07 166 2.75 0.02 0.153 75
1 Clw40 2.5 2.09 0.02 0.09 144 2.14 0.00 - -
35 2.16 0.01 0.08 108 2.32 0.00 -
4.5 2.34 0.02 0.10 115 2.5% 0.00 - -
0.5 2.14 0.42 2.57 132 2.36 0.36 2.423 86
1.5 2.05 0.08 0.45 148 2.61 0.07 0.511 76
2 CIW50 2.5 2.09 0.01 0.07 122 2.44 0.01 0.053 54
3.5 2.14 0.01 0.69 120 2.38 0.01 0.088 37
4.5 2.09 0.01 0.07 115 2,66 0.01 0.086 37
0.5 1.00 0.46 1.32 141 2.96 0.38 3.197 76
1.5 1.01 0.06 0.16 124 303 0.02 0.162 73
3 C5W40 2.5 1.09 0.04 0.14 118 313 0.01 0.081 85
35 1.0t 0.07 0.19 96 3.05 0.01 0.120 67
4.5 1.02 0.17 0.50 69 3.01 0.02 0.141 63
0.5 1.08 0.51 1.57 159 3.30 0.41 3814 80
1.5 1.02 0.12 0.34 127 3.35 0.07 0.662 105
4 C5W50 25 1.00 0.05 0.55 118 3.22 0.01 0.078 82
3.5 1.06 0.03 0.10 121 3.39 0.01 0.097 53
4,5 1.20 0.03 0.11 124 306 0.01 0.082 88
0.5 2.12 0.34 2.07 131 2.04 0.26 1.534 95
1.5 2.11 003 0.15 109 201 0.01 0.054 71
5| CLE10W40 2.5 2.17 0.01 0.08 111 2.07 0.01 0.058 48
35 2.26 0.01 0.07 115 2.22 0.01 0.071 42
4.5 2.07 0.05 0.09 106 2.43 0.00 - -
0.5 213 0.46 2.76 160 2.14 0.40 2.546 50
1.5 2.70 0.14 1.11 112 2.11 0.11 0.688 76
6 | CIFLOWS0 2.5 222 0.01 0.08 122 2.05 0.01 0.079 43
35 2.06 0.01 0.08 117 2.27 0.01 0.072 42
4.5 2.12 0.01 0.08 110 2.27 0.01 0.072 4L
0.5 2.07 0.32 1.87 154 2.25 0.30 1.92 61
15 2.33 0.02 0.16 137 2.26 0.01 0.06 77
7| CSE10WA4D 2.5 207 0.01 0.07 126 2.08 0.01 0.05 57
35 2.29 0.01 0.09 118 2.14 0.0¢ 0.07 53
4.5 2.01 0.02 0.09 124 2.08 0.02 0.10 35
0.5 2.58 0.47 344 122 2.10 0.41 2.47 7%
1.5 2.47 0.13 0.92 134 2.20 0.11 0.67 92
8| CSE10WS0 2.5 2.31 0.01 0.06 140 2.04 0.01 0.09 52
15 2.56 0.02 0.11 112 2.16 0.01 0.09 42
4.5 2.29 0.01 Q.81 120 2.23 0.01 0.07 48
0.5 2.32 0.30 2.01 172 2.62 0.27 2.00 91
1.5 2.01 0.01 0.06 121 2.20 0.01 0.09 36
9| CIF30W40 2.5 243 0.00 - - 2.59 0.01 0.09 2
3.5 273 0.0l 0.10 109 2.67 0.01 .09 K
4.5 2407 0.01 .06 121 2.55 0.01 0.06 48
0.5 2.12 0.42 2.54 126 2.27 0.34 2.22 72
1.5 2.07 0.02 0.11 115 2.23 0.01 0.09 49
10 CIF30W50 2.5 2.24 0.01 0.07 118 0.21 0.01 0.07 43
3.5 231 0.01 0.06 118 242 0.01 0.09 36
4.5 2.17 0.01 0.08 114 2.81 0.00 - -
0.5 2.51 0.32 227 138 2.56 0.12 0.89 120
1.5 2.23 0.03 0.16 130 2.33 0.02 0.12 67
11| CIELOF30W40 2.5 2.26 0.01 0.07 119 2.84 0.0( 0.08 35
3.5 2.66 0.01 0.08 115 271 0.00 - -
4.5 2.34 0.0 - - 2.16 0.01 0.07 51
0.5 2.20 0.34 2.11 154 2.76 0.3¢L 2.44 52
1.5 248 0.03 0.18 128 2.28 0.02 0.12 69
12| CIE10F30WS0 2.5 2.21 001 0.09 108 2.15 0.00 - -
3.5 2.23 0.01 0.07 117 2.04 0.01 0.05 52
4.5 2.21 (.01 0.08 114 2.78 0.0¢ - -
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Chloride Titration (35 days)

No| Desingnation | Depth (cm) Total chloride Free chioride
Sample weight (q)] % C! [ AgCl{ml) | U{mV) |Sample weight{g)] % C [ AgCl(ml}| U{mV)
0.5 261 0.41 3.06 132 2.25 0.33 2.10 66
1.5 2.36 0.13 0.10 134 2.05 0.02 0.09 52
13| CILSW40 2.5 235 0.01 0.08 111 2.24 0.01 0.08 38
35 2.27 0.01 0.07 1 2.18 0.00 - -
4,5 2.29 0.01 0.10 100 2.13 0.00 - -
0.5 229 0.50 3.26 121 2.74 0.42 3.28 66
1.5 2.44 0.07 0.49 127 2.50 0.06 0.41 72
14| Ciswso 2.5 260 0.00 - - 2.66 0.01 0.08 44
3.5 243 0.01 0.05 127 2.37 0.01 0.05 47
4.5 242 0.01 0.09 112 247 0.01 0.06 48
0.5 230 0.35 2.29 151 2.62 0.32 2.40 61
1.5 217 0.06 0.36 111 241 0.03 0.15 78
15| CiLi5w40 2.5 247 0.01 0.06 120 2.26 0.01 0.08 43
3.5 249 0.01 0.05 117 2.06 0.00 - -
4.5 2.33 0.01 0.09 100 2.26 0.0§ 0.09 41
0.5 242 0.39 272 120 2.19 0.33 2.03 98
15 2.23 0.11 0.71 143 2.14 0.09 0.56 86
16| CILI1SWSO 25 2.33 0.01 0.09 118 2.34 0.01 0.05 60
35 2.20 0.00 - - 2.42 0.01 0.08 40
4.5 2.33 0.01 0.07 110 2.28 0.01 0.08 39
0.5 221 033 2.08 161 221 0.45 3.30 87
1.5 2.36 0.10 0.69 130 2.25 0.08 0.49 78
17| C1l25W40 25 2.09 0.01 0.09 109 233 0.01 0.08 47
35 2.24 0.01 0.06 115 2.36 0.03 0.22 31
4.5 2.27 0.01 0.06 116 2.33 0.00 - -
0.5 2.32 0.38 2.52 116 213 0.31 1.88 71
1.5 2.25 0.15 0.98 162 231 0.12 0.77 93
18| ClL25Ws0 2.5 2.34 0.04 0.26 125 2.28 0.04 0.27 37
a5 2.28 0.01 0.07 120 2.74 0.00 - -
4.5 2.17 0.02 0.09 112 205 0.01 0.07 50
0.5 2.21 0.41 2.59 131 2.52 0.29 2.13 113
1.5 2.10 0.10 0.62 152 2.62 0.07 0.50 112
19| C1F5L25W40 25 2.77 0.01 0.08 114 2.24 0.01 0.05 57
3.5 2.40 0.01 0.08 104 2.33 0.03 0.20 13
4.5 2.20 0.02 0.10 97 2.07 0.03 0.17 18
0.5 2.19 0.44 275 129 2.06 0.38 2.27 88
L5 2.71 0.21 1.63 176 2.78 0.13 105 111
20| CLFSLZ5WS0 2.5 222 0.04 1.45 146 2.38 0.06 0.42 64
35 235 0.01 0.06 133 2.12 0.01 0.07 60
4.5 2.16 0.01 0.08 121 2.70 0.01 0.07 48
0.5 267 0.39 2.54 160 2.43 0.33 2.28 62
1.5 2.29 0.04 0.27 130 2.25 0.02 0.13 93
21 [C1IF15L15W40 2.5 2.27 0.0% 0.05 124 2.51 0.01 0.08 4}
35 2.64 0.01 0.08 109 240 0.01 0.06 48
4.5 263 0.01 0.06 115 2.73 0.01 0.05 55
0.5 2.56 0.40 294 122 2.48 0.3 2.22 102
L5 2.19 0.09 0.55 135 2.27 0.02 0.11 68
22 [C1F15L15WS0 25 273 0.01 0.09 110 261 0.00 - -
35 2.29 0.01 0.08 103 2.36 0.01 0.06 50
4.5 2.14 0.01 0.07 104 2.57 0.00 - -
0.5 2.60 0.29 2.19 129 2.44 0.23 1.58 66
15 261 0.01 0.08 106 2.35 0.01 0.07 51
23 C1F2505W40 2.5 2.84 0.01 0.09 98 2.26 0.01 0.06 46
35 2.70 Q.00 - - 2.53 0.00 - -
4.5 2.52 0.00 - - 2.84 0.01 0.07 48
0.5 2.97 041 3.49 132 2.22 0.38 2.42 80
1.5 2.90 0.01 0.06 162 2.38 0.07 0.49 66
24 [ CIF2505WS0 25 2.80 0.00 - - 2.68 0.01 0.07 60
35 2.65 0.01 0.08 98 241 0.0% 0.08 45
4.5 2.71 0.00 - - 2.17 0.01 0.05 58




Chloride Titration (91 days)

No| Desingnation | Depts (cm) Total chioride Free chloride
Sample weight (g)] % Q[ AgCi(ml) | U (mV) [Sample weight (g)| % Cl [ AgCi(ml}| U (mV)
0.5 5.02 0.35 5.011 110 5.00 0.29 4.105 62
15 5.05 0.12 1.733 154 5.00 0.10 1.426 65
i ClW40 2.5 5.01 0.05 0.702 72 5.01 0.01 0.150 63
35 5.00 0.01 0.192 92 5.01 0.01 0.095 48
4.5 5.04 Q.01 0.144 103 5.00 0.01 0.084 56
0.5 5.04 0.44 6.238 130 5.01 0.36 5.098 111
1.5 5.00 0.22 3.057 129 5.01 0.17 2.355 58
2 C1WS0 2.5 5.02 0.04 0.574 115 5.01 0.04 0.536 20
35 5.05 0.00 0.066 152 5.0 0.01 0.136 58
4.5 5.02 0.01 0.100 134 5.01 0.01 0.105 49
0.5 5.03 0.44 6.278 127 5.00 0.34 4.829 o4
15 5.04 0.15 2.140 152 5.00 0.12 1.665 54
3 C5W40 25 5.00 0.02 0.294 113 5.01 0.00 0.061 89
35 5.03 0.02 0,298 14 5.0t 0.01 0.099 53
4.5 5.03 0.01 0.282 105 5.00 0.01 0.112 67
0.5 5.00 0.4 6.191 101 5.00 0.34 4.795 98
1.5 5.01 0.24 3.423 123 5.01 0.18 2519 59
4 C5W50 25 5.01 0.08 1.115 123 5.00 0.01 0.208 147
35 5.01 0.02 0,269 160 5.01 0.04 0.213 50
4.5 5.01 0.02 0.233 124 5.02 0.01 0.091 54
0.5 5.01 0.34 4,879 128 5.00 0.26 3.647 62
1.5 5.00 0.07 1.045 123 5.02 0.04 0.595 101
5| CIELOW40 25 5.00 0.01 0.156 117 5.00 0.01 0.088 51
35 5.01 0.01 0.129 114 5.02 0.01 0.085 40
4.5 5.01 0.01 0.090 130 540 0.01 0.078 40
0.5 5.00 0.46 6.563 114 5.01 0.35 4.982 65
1.5 5.01 0.26 3.668 104 5.00 0.18 2.564 93
6| CIELOWS0 25 5.00 0.07 0.971 128 5.01 0.04 0.605 53
35 5.01 0.01 0,122 145 5.00 0.01 0.080 74
4.5 5.00 0.01 0.113 128 5.01 0.01 0.080 52
0.5 5.00 0.38 4.534 118 5.01 0.33 4.013 95
1.5 5.00 0.13 1.768 95 5.00 0.10 1,151 87
7| CSE1OW40 2.5 5.00 0.03 0.346 70 5.00 0.01 0.093 38
35 5.00 om 0.158 107 501 0.01 0.082 51
4.5 5.00 0.02 0.216 97 5.01 0.01 0.085 52
0.5 5.00 0.47 5.670 155 500 0.42 5.048 56
L5 5.00 0.24 2.928 112 501 0.17 2,106 90
8| CSELOWS0 25 5.00 0.04 0.536 129 5.00 0.04 0.489 20
35 5.00 0.02 0.222 111 5.00 0.01 0.094 48
4.5 5.00 0.01 0.100 135 5.00 0.0t 0.091 49
0.5 5.00 (.49 5.864 134 5.00 0.37 4,479 83
L5 5.00 0.01 0.206 110 5.00 0.01 0.138 56
9| CIF30W40 2.5 5.00 0.01 0.076 131 5,00 0.00 0.045 65
35 5.00 (.00 0.054 132 5.00 0.00 0.054 54
4.5 5.00 (.01 0.075 114 5.00 0.0t 0.064 46
0.5 5.00 0.47 5.648 157 5.00 0.37 4.444 44
1.5 5.00 0.01 0.140 166 5.00 0.01 0.070 124
10| CIF30W50 2.5 5.00 0.01 0.003 110 5.00 0.01 0.073 45
35 5.00 0.01 0.112 100 5.00 0.01 0.147 14
4.5 5.00 0.01 0.107 104 5.00 0.01 0.063 48
0.5 5.00 0.44 5.347 110 5.00 0.36 4.296 76
1.5 5.00 0.03 0.391 149 5.00 0.03 0.361 66
11| C1E10F30WA0 2.5 5.00 0.01 0.110 109 5.00 0.01 0.080 46
35 5.00 0.02 0.195 72 S.00 0.01 0.061 49
4.5 5.00 0.03 0.310 62 5.00 0.01 0.072 48
0.5 5.00 0.47 5.654 121 5.00 0.40 4.789 81
L5 5.00 0.08 0.967 142 5.00 0.09 1.117 2
12| CLIEI0F30WS0 25 5.00 0.01 0.114 117 5.00 0.01 0.086 55
35 5.00 0.02 0.231 75 5.00 0.01 0.076 53
4.5 5.00 0.01 0.070 139 5.00 0.01 0.149 50
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Chloride Titration (31 days)

Total chloride

Free chloride

No| Desingnation | Depth (am) gt ()] % 0 [ A0 (i} | U (mv) |Sample waight (@)] % 1| AgCi(mi) | U(mV)
05 5.00 04 | 5299 | 133 5.00 035 | 4238 | 58
15 5.00 011 | 1280 | 143 5.00 008 | 0917 | 89
3| ciswao 25 5.00 001 | 0063 | 135 5.00 001 | 0082 | 43
15 5.00 001 | 013 | 105 5.00 000 | 0054 | 8
45 5.00 000 | 0049 | 131 5,00 001 | 018 | R
05 5.00 044 | 5313 | 120 5.00 033 | 39 | 68
i5 5.00 024 | 2946 | 117 5,00 016 | 0157 | 78
14| ciLswso 25 5.00 005 | 047 | 109 5.00 004 | 0423 | 58
35 5.00 001 | o0gs | 132 5.00 001 | 0097 | 47
45 5,00 001 | oa21 | 104 5,00 001 | 0055 | 39
05 5.00 046 | 553 | 134 5.00 032 | 388 | 104
15 5,00 024 | 285 | 103 5.00 04 | 1678 | 84
15| ciiswao | 25 5.00 005 | 0s8t | 110 5.00 003 | 0380 | 56
35 5,00 000 | 0058 | 143 5.00 001 | 008 | 1
45 5,00 001 | odos | 109 5.00 001 | o074 | a1
05 5,00 047 | Se62 | 146 500 039 | 472 | 80
15 5.00 028 | 33% | 150 5.00 021 | 2551 | 66
16| ciswso | 25 5.00 02 | 13 | 118 5.00 009 | 103 | 3
35 5,00 002 | 0185 | 140 5.00 0oL | o100 | 78
45 5.00 001 | 0094 | 1% 5.00 001 | 0079 | 4
05 5,00 045 | Saea | 121 5.00 035 | 4167 | 8
15 5.00 027 | 3214 | 122 5.00 019 | 2283 | 65
17| cioswao | 2s 5.00 009 | 1066 | 130 5.00 006 | 0751 | 89
15 5.00 002 | 02% | 15 5.00 001 | o5 | m
45 5.00 001 | 0125 | 110 5.00 001 | 0080 | 4
0.5 5.00 053 | 640 | 117 5.00 042 | 502 | %0
15 5.00 032 | 39M | 110 5.00 024 | 287 | 41
8| cioswso | 25 5.00 016 | 193 | 156 5,00 010 | 1198 | 44
35 5.00 00s | 057 | 125 5.00 003 | a8 | 71
45 5.00 002 | 029 | 115 5.00 001 | o010 | s
05 5.00 057 | 6854 | 150 5.00 041 | 495 | 97
15 5,00 06 | 317 | 12 5.00 017 | 202 | 54
19 CiFsLzswa0 | 25 5.00 003 | 0301 | 144 5,00 003 | 0314
15 5.00 001 | oo61 | 143 5.00 001 | 011 | S3
45 5.00 oot | osx: | 1 5.00 001 | o116 | 3
05 5.00 056 1| 6721 | 136 5.00 044 | 539 | 8
15 5.00 038 | 4580 | 126 5.00 024 | 2871 | 60
20| ciFsizswso | 25 5,00 019 | 2258 | 132 5.00 011 | 1308 | 49
35 5.00 005 | 062 | 121 5.00 004 | os2 | 19
45 5.00 002 | 0250 | 121 5.00 001 | o8 | 75
05 5.00 057 | 6814 | 151 5.00 043 | sa3 | 80
15 5.00 ol | 1355 | 122 5.00 008 | 09 | 72
21| ciFtsLiswao | 25 5.00 002 | 027 | 7 5.00 001 | 0152 | 23
35 5.00 00L | 0471 | 9% 5.00 00t | oo |56
45 5,00 00l | 011 | 109 5,00 001 | ou8 | 4
05 5.00 056 | 6677 | 115 5.00 038 | 4600 | 63
L5 5.00 017 | 1985 | 104 5.00 o1l | 1282 | 7L
2| CIFIsLBWS0 | 25 5,00 001 | 0070 | 164 5.00 001 | ol | 67
35 5.00 001 | 015 | 109 5.00 00i | 0145 | 43
45 5.00 001 | 0067 | 150 5.00 001 | oom |
05 5.00 052 | 620 | 144 5.00 041 | 49% | 53
15 5.00 003 | 0328 | 140 5.00 002 | 0263 | 64
23| ciFsiswao | 25 5.00 002 | 0134 | 100 5.00 000 | 0052 | 9
35 5.00 001 | 0128 | 115 5.00 00t | o010 | 47
45 5.00 00t | 0u3 | 103 5,00 001 | oaes | 57
05 5.00 053 | 6370 | 186 5,00 045 | 54% | £
L5 5.00 008 | 1018 | 143 5.00 006 | 0668 | 114
24| ClFsswso | 25 5.00 00t | o155 | 123 5.00 001 | 00 | 78
35 5.00 006 | 0768 | 33 5.00 0ot | 003 | 7
45 5.00 001 | 0124 | 13 5.00 001 | o014 | 3
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Chloride Titrahion {182 days)

No| Desingnation | Depth (cm) Total chioride Free chloride
Sample weight (@3 % Q1 [ AQT (ml) [ U (mv) |Sample weight{g)] % Cl | AgCl(ml}| U{mV)
0.5 5.00 0.48 6.860 152 5.00 0.42 5.947 63
L5 5.00 0.20 291 113 5.00 0.16 2.343 &4
1 Clw4g 25 5.00 0.03 0.408 125 5.00 0.02 0.254 65
15 5.00 0.01 0.113 117 5.00 0.01 0.092 28
4.5 5.00 0.01 0.111 121 5.00 0.01 0.074 34
0.5 5.00 0.50 7.059 149 5.00 0.38 5.463 58
1.5 5.00 0.33 4,747 128 5.00 0.25 3518 29
2 Clwso 25 5.00 0.16 2.339 110 5,00 0.12 1.707 59
3.5 5.00 0.04 0.633 152 5.00 0.04 0.583 47
4.5 5.00 0.02 0.262 118 5.00 0.01 0.131 72
05 5.00 0.51 7.201 116 5.00 0.43 6.144 77
1.5 5.00 0.26 3.426 110 5.00 0.20 2.876 65
3 C5w40 25 5.00 0.04 0.853 111 5.00 0.03 0.487 50
3.5 5.00 0.02 0.453 121 5.00 0.01 0.106 70
4.5 5.00 (.02 0.254 138 5.00 0.01 0.107 59
0.5 5.00 0.46 6.601 104 5.00 0.36 5.143 104
1.5 5.00 0.32 4.557 114 5,00 0.27 3.779 59
4 C5WS0 2.5 5.00 0.18 2.645 110 5,00 0.13 1.889 111
35 5.00 0.08 1.288 111 5.00 0.05 0.720 100
4.5 5.00 0.02 0.562 128 5.00 0.02 0.322 64
0.5 5.00 0.51 7.264 106 5.00 0.40 5.657 61
1.5 5.00 0.24 3618 130 5.00 0.18 2.499 55
S| CIELOW40 2.5 5.00 0.03 0.584 90 5.00 0.0L 0.064 109
35 5.00 0.02 0.460 118 5.00 0.0t 0.086 42
4.5 5.00 0.02 0.450 120 5.00 0.0¢ 0.098 53
0.5 5.00 0.68 9.678 117 5.00 0.57 7.945 48
15 5.00 0.43 6.069 114 5.00 0.32 4.475 62
6| CLELOWS0 25 5.00 0.21 3.546 125 5.00 0.19 2.515 58
3.5 5.00 0.10 1.571 121 5.00 0.08 1.049 S0
4.5 5.00 0.04 0.622 128 5.00 0.01 0.193 72
0.5 5.00 0.42 5.933 113 5.00 0.36 5.024 57
) 5.00 0.20 2.776 136 5.00 0.15 2.102 52
7| CSELO0W4Q 25 5.00 0.03 0.445 126 5.00 0.02 0.239 55
35 5.00 0.02 0.080 1560 500 0.02 0.24¢ 5
4.5 5.00 0.02 0.256 120 5400 0.01 0.113 21
0.5 5.00 0.4t 5.778 122 5.00 0.33 4.552 50
1.5 5.00 0.26 3.689 124 5.00 0.18 2.553 83
8| CSEL0WSO 25 5,00 0.13 1.802 164 5.00 0.09 1.290 M
35 5.00 0.04 0.556 120 5.00 0.03 0.358 39
4.5 5.00 0.02 0.289 115 5.00 0.01 0.109 54
0.5 5.00 0.52 7.420 127 5.00 0.43 6.077 64
1.5 5.00 0.05 0.654 124 5.00 0.03 0.440 62
9 CLF30wW40 2.5 5.00 0.0t 0.165 128 5.00 0.01 0.124 59
35 5.00 0.02 0.054 148 500 0.01 0.129 38
4.5 5.00 0.01 0.145 130 5.00 0.01 0.097 61
0.5 5.00 0.79 11.200 123 5.00 0.63 8.768 117
) 5.00 0.08 1.138 123 5.00 0.05 0.676 108
10| CIF30W50 25 5.00 0.01 0.109 139 5.00 0.01 0.085 58
35 5400 0.01 0.124 i34 500 ¢.0L 0.101 59
4.5 5.00 0.02 0.244 81 5.00 0.01 {.088 56
0.5 5.00 0.49 6.891 130 5.00 0.40 5.640 124
1.5 5.00 0.06 0.800 150 5.00 0.04 0.615 106
11| CIE10F30W40 25 5.00 0.01 0.146 110 5.00 0.01 0.113 55
35 5.00 0.01 0.050 140 5.00 0.0 0.103 S0
4.5 5.00 0.01 0.085 126 5.00 0.01 0.102 47
0.5 5.00 0.59 8.206 11¢ 5.00 0.43 6.008 61
L5 5.00 0.20 2.835 129 5.00 0.15 2.059 £HO
12| C1EIOF30WS0 25 5.00 0.01 0.205 108 5.00 0.01 0.143 79
35 5.00 0.01 0.175 99 5.00 0.01 0.092 63
4.5 5.00 0.01 0.134 115 5.00 0.01 0.114 48
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Chionde Titration {182 days)

No| Desingnation | Depth (cm) Total chlonde Free chioride
Sample weight (g)] % Cl Agll{ml) | U (mV} [Sample weight{g)] % Q AgQl(ml) | U (mV)
0.5 5.00 0.43 5.961 156 5.00 0.32 4.484 95
1.5 5.00 0.21 2.917 149 5.00 0.1 2.006 106
13| CiL5w40 2.5 5.00 0.03 0.476 147 5.00 0.03 0.436 56
3.5 5.00 0.01 0.074 144 5.00 0.01 0.110 57
4.5 5.00 0.01 0.107 113 5.00 0.01 0.071 58
0.5 5.00 0.43 5.965 146 5.00 0.32 4,448 g7
1.5 5.00 0.27 3.715 125 5.00 0.19 2.601 105
14]  CILSWSO 2.5 5.00 0.12 1.680 102 5.00 0.09 1.297 43
35 5.00 0.03 0.449 128 5.00 0.01 0.195 110
4.5 5.00 0.01 0.112 145 5.00 0.01 0.220 58
0.5 5.00 0.41 5.737 129 5.00 0.28 3.982 57
1.5 5.00 0.23 3.261 133 5.00 0.17 2.321 53
i5( CiLisw40 2.5 5.00 0.10 1.418 127 5.00 0.07 0.952 63
3.5 5.00 0.01 0.202 164 5.00 0.01 0.239 51
4.5 5.00 0.0 0.181 126 5.00 0.01 0.118 55
0.5 5.00 0.43 5.823 127 5.00 0.32 2.444 58
1.5 5.00 0.24 3.574 133 5.00 0.08 0.837 79
16| CIL15W50 2.5 5.00 0.09 1738 145 5.00 0.01 0.477 89
3.5 5.00 0.01 0.304 126 5.00 0.01 0.070 65
4.5 5.00 0.01 0.147 135 5.00 0.00 - -
0.5 5.00 0.33 4,633 135 5.00 0.25 3.208 84
1.5 5.00 0.21 2.884 147 5.00 0.05 0.488 72
17| ClL25W40 25 5.00 0.13 1.865 154 5.00 0.01 0.083 56
35 5.00 0.05 0.695 157 5.00 0.01 0.219 38
4.5 5.00 0.03 0.3%0 128 5.00 0.01 0.058 48
b5 5.00 0.38 5.410 127 5.00 0.23 1.682 74
L5 5.00 0.11 3.563 135 5.00 0.06 0.766 98
18] ClL25W50 25 5.00 0.01 0.991 127 5.00 0.02 0.283 46
35 5.00 0.01 0.742 117 5.00 0.01 - -
4.5 5.00 0.01 0.329 145 5.00 0.01 0.082 56
0.5 5.00 0.36 5.570 135 5.00 .27 2.370 108
15 5.00 0.17 2.743 125 5.00 0.08 0.511 112
19| CIFS5L25W40 2.5 5.00 0.03 0.974 127 5.00 0.03 0.239 63
3.5 5.00 0.01 0.371 127 5.00 0.01 0.085 40
4.5 5.00 0.01 0.089 109 5.00 0.00 - -
0.5 5.00 0.43 6.457 117 5.00 0.32 2.324 at
1.5 5.00 0.32 4.952 110 5.00 0.14 1.007 116
20| CIFSL25W50 2.5 5.00 0.03 1.274 127 5.00 0.03 0.427 64
3.5 5.00 0.01 0.841 136 5.00 0.01 0.077 67
4.5 5.00 0.01 0.321 145 5.00 0.0% 0.053 58
0.5 5.00 0.40 5539 124 5.00 0.21 2.284 62
1.5 5.00 0.22 3.144 109 5.00 0.09 0.125 93
21| CIF15L15WA40 2.5 5.00 0.07 0.960 117 5.00 0.02 0.079 78
35 5.00 0.02 0.324 126 5.00 0.01 0.084 70
4.5 5.00 0.01 0.113 135 5.00 0.01 0.048 54
0.5 5.00 0.45 6.727 114 5.00 0.33 2.237 111
15 5.00 0.31 2.477 132 5.00 0.07 0.271 68
22| CIFL5L15W50 2.5 5.00 0.02 0.963 145 5.00 0.03 0.183 73
3.5 5.00 0.01 0.742 127 5.00 0.01 0.061 59
4.5 5.00 0.01 0.529 154 5.00 0.01 = -
0.5 5.00 0.42 7.763 135 5.00 0.25 1.581 66
1.5 5.00 0.32 5.479 142 5.00 0.11 0.071 51
23| CIF25L5W40 2.5 5.00 0.01 1.283 127 5.00 0.03 0.062 46
3.5 5.00 0.01 0.974 164 5.00 0.00 - -
4.5 5.00 0.01 0.541 127 5.00 0.01 0.067 48
0.5 5.00 0.47 6.608 134 5.00 0.35 2.840 83
1.5 5.00 0.18 2.525 124 5.00 0.09 0.433 60
24| CI1F25L5W50 2.5 5.00 0.01 0.093 164 5.00 0.01 0.074 69
35 5.00 0.03 0.371 124 5.00 0.01 0.084 55
4.5 5.00 0.01 0.084 127 5.00 0.01 0.049 47
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Sample No.Test Cast Date: 23/8/2008 Test Date  21/10/2008
Sample : Age 28 days Concrete Mixture: Ci1Ww40 Testby  Akekasak
Diameter (mm):  100.1 Room temp (c): 25
Thickness(mm):  51.8
Desianat Penetration depth {(mm
Seonatl a1 a2 43 d4 95 46 "d7 | Avg. Depth
C1W40 10.0 11.2 11.1 11.4 11.6 12.4 12.1 11.4
Sample No.Test Cast Date: 23/9/2008 Test Date  21/10/2008
Sample : Age 28 days Concrete Mixture: CiWs0 Testby  Akekasak
Diameter (mm).  100.1 Room temp {c): 25
Thickness(mm):  50.2
‘ D eai T Penetration depth (mm) 3
i di dz | a3 d4 a5 36| a7 [Avg Deph
C1W50 19.0 17.9 18.8 185 185 17.1 17.7 18.2
Sample No.Test Cast Date: 23/9/2008 Test Date 21/10/2008
Sample : Age 28 days Concrete Mixture: C5W40 Testby  Akekasak
Diameter (mm}:  100.0 Room temp (c): 25
Thickness(mm):  50.1
e = Penetration depth {(mm
AL LU 42 da d4 d5 d6 d7 | Avg. Deplh
C5W40 8.3 8.7 8.2 8.1 8.6 8.4 8.3 8.3
Sampte No.Test Cast Date: 24/9/2008 Test Date 22/1072008
Sample : Age 28 days Concrete Mixture: C5W50 Testby  Akekasak
Diameter (mm):  100.0 Room temp (c): 25
Thickness(mm):  48.1
R Penetration depth {mm
Desdnaliof di a2 K d4 d5 i 47 [ Avg. Deptn
C5W50 15.4 17.9 16.3 17.1 17.2 15.2 15.7 16.4
Sample No.Test Cast Date: 24/9/2008 Test{ Date 22/10/2008
Sample : Age 28 days Concrete Mixture: C1E10W40 Teslby  Akekasak
Diameter (mm}.  100.2 Room temp (g): 25
Thickness(mm):  49.2
Designation Penetration depth {(mm
d1i d2: d3 d4 ds dé d7 Avg, Depth
C1E10W40 13.9 13.1 13.0 12.8 13.7 12.7 13.7 13.2
Sample No.Test Cast Date 24/9/2008 Test Date 22/10/2008
Sample : Age 28 days Concrete Mixlure: C1E10Ws0 Testby  Akekasak
Diameter (mam): 1002 Room temp {c}: 25
Thickness(mm): 51.3
: : Penetration depth (mm
Desiopaten di a2 3 da d5 d6 a7 [ Avg Depth
C1E10WS50 16.4 i7.4 18.4 16.8 18.5 16.0 16.5 17 1
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Sample No.Test 7 Cast Date: 25/9/2008 Test Date  23/10/2008
Sample : Age 28 days Concrete Mixture: C5E10W40 Testby  Akekasak
Diameter (mm): 100.3 Room temp (c): 25
Thickness(mmy);  50.6
Designati ; Penetralion depth {(mm
R T 42 43 d4 45 46 47~ ['Avg. Depth
CBHE10W40 11.5 13.4 12.3 12.6 - 11.0 13.3 12.3
Sample No.Test 8 Cast Date: 251912008 Test Date  23/10/2008
Sample : Age 28 days Concrete Mixture: C5E10W50 Testby  Akekasak
Diameter (mm);  100.2 Room temp (c): 25
Thickness{(mm):  50.8
ez | [ ‘Penetration depth (mm e bes
DesinationMie=ay 92 &3 da | d5 d6 97 | Avg. Depth
C5E10W50 13.6 15.9 12.2 14.5 13.6 14.8 13.6 14.0
Sample No.Test 9 Cast Date: 25(9/2008 Test Dale 23/10/2008
Sample : Age 28 days Concrete Mixture: CAF30W40 Testby  Akekasak
Diameter (mm}:  100.0 Room temp (c): 25
Thickness(mim):  47.1
e Penetration depth {mm
g 1 a2 a3 44 d5 d6 d7 | Avg. Depth
C1F30W40 8.9 8.8 8.5 9.8 7.7 8.4 8.4 8.6
Sample No.Test 10 Cast Date: 26/9/2008 Test Date 24/10/2008
Sample : Age 28 days Concrete Mixture: C1F30W50 Testby  Akekasak
Diameter (mm):  100.2 Room temp {c): 25
Thickness{(mm}.  50.3
Wi Penetration depth (mm
DA =t 2 &3 da d5 36 47 [Avg. Depin
C1F30W5Q 111 1.1 12.2 121 13.2 12.1 12.7 12.1
Sample No. Test 11 Cast Date: 26/9/2008 Test Date 24/10/2008
Sample : Age 28 days Concrele Mixture:  C1E10F30W40 Testby  Akekasak
Diameter (mm).  100.3 Room temp (c): 25
Thickness(mmy):  49.3
Dasianationa Penetration depth {mm
EaciLs ) R 42 a3 d4 a5 d6 d7 __|Avg. Depth
C1E10F30W40 10.6 9.1 9.4 9.8 10.0 9.7 9.3 9.7
Sample No.Test 12 Casl Date: 26/9/2008 Test Date 24/10/2008
Sample : Age 28 days Concrete Mixture:  C1E10F30W50 Testby  Akekasak
Diameter (mm): 1001 Room temp (c): 25
Thickness{mm):  47.7
e Penetration depth (mm
Desigraton d1 a2 43 - d4 a5 a6 d7 [ Avg. Deptn
C1E1OF30W5SD 136 13.3 14.2 12.7 12.7 15.6 12.3 13.5
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Sample No.Test 13 Cast Date: 271912008 Test Date  25/10/2008
Sample : Age 28 days Concrele Mixture: C1L5W40 Testby  Akekasak
Diameter (mm):  100.0 Room temp (¢} 25
Thickness(mm).  51.7
Designati Penetration depth {mm
A [ a2 a3 d4 — a5 a6 d7__ | Avg. Depin
C1L5W40 177 11.7 15.9 11.1 16.5 10.5 13.7 13.9
Sample No.Test 14 Cast Date: 271812008 Test Date 25/10/2008
Sample : Age 28 days Concrete Mixture: C1LoWS5S0 Teslby  Akekasak
Diameter (mm).  100.1 Room temp {c): 25
Thickness{mm}):  49.8
AL R - Penetration depth {mm}
Deslanatien | sasw A2 == da 5 | d6 d7 . | Avg. Depth
C1L5W50 156 158 15.9 16.9 15.6 16.4 14.8 15.8
Sample No.Test 15 Cast Date: 27/9/2008 Test Date  25/10/2008
Sample : Age 28 days Concrete Mixture: C1L15W40 Testby  Akekasak
Diameter (mm):  100.1 Room temp (¢): 25
Thickness(mm): 51.9
Dz anatan Penetration depth {mm)

S a1 2 | do 44 | d5 d6_ d7 | Avg. Depth
C1L15W40 14.7 15.2 14.8 14.9 14.8 14.5 14.7 14.8
Sample No.Test 16 Cast Date: 281912008 Test Dale 26/10/2008

Sample : Age 28 days Concrete Mixlure: C1Lt15W5S0 Testby  Akekasak
Diameter (mm):  100.1 Room temg (c): 25
Thickness(mm):  50.3
FEa Penetration depth (mm). ;
Deslongnel a1 42 a3 44 45 1 a6 d7 | Avg. Depih
C1L15WS50 23.2 23.4 20.5 22.8 21.2 22.8 21.1 221
Sample No.Test 17 Cast Date; 28192008 Test Date  26/10/2008
Sample : Age 28 days Concrete Mixture: C1L25W40 Test by Akekasak
Diameler (mm):  100.1 Room temp {c): 25
Thickness(mm}.  48.9
: . Penetration depth {mm). WL
Designation =1y a2 43 da 5 | @ 47 Avg Depin
C1L25W40 19.1 196 19.1 - 19.1 18.5 18.8 19.0
Sample No.Test 18 Cast Date: 28/9/2008 Test Date 26/10/2008
Sample : Age 28 days Concrele Mixlure: C1L25W50 Testby  Akekasak
Diameter (mm): 1001 Room temp (c): 25
Thickness{mm):  49.9
Desimaation Penelration depth (mm
i d1 d2 d3 d4 d5 d6 47 Avg. Depth
C1L25W50 30.3 303 309 29.9 28.9 291 28.9 29.7
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Sample No.Test 19 Cast Date 5/10/2008 Test Date  2/11/2008
Sample : Age 28 days Concrete Mixture: C1F5L25W40 Testby  Akekasak
Diameter (mm):  100.1 Room temp (). 251
Thickness {mm})  49.6
Dasianat o i Penetration deplh {(mm
il T = d2 43 | da d5 46 a7 - | Avg. Depth
C1F5L25W40 15.7 17.0 15.1 20.7 13.9 201 16.7 17.0
Sample No.Test 20 Cast Date: 5/10/2008 TestDate  2/11/2008
Sample : Age 28 days Concrete Mixture: C1F5L25W50 Testby  Akekasak
Diameter (mm):  100.1 Room temp {(c):. 251
Thickness {mm)  48.7
i SLamna =0 - * Penetration depth (mm) .
R Py d2 Q3= o= hdd d5 d6_ ] _d7.. . |Avg. Depih
C1F5L25W50 304 30.8 25.0 30.5 278 30.3 294 29.1
Sample No.Test 21 Cast Date: 5/10/2008 Test Date  2/11/2008
Sample : Age 28 days Concrete Mixture:  C1F15L15W40 Testby  Akekasak
Diameler {mm):  100.1 Room temp (c): 251
Thickness (mm)  48.9
o R Penetration depth (mm
Resianation s a2 a3 a4 d5 d6 d7 | Avg. Depth
C1F15L15W40 1.7 11.1 11.8 11.5 12.9 11.7 13.3 12.0
Sample No.Test 22 Cast Date: 6/10/2008 Test Date  3/11/2008
Sample : Age 28 days Concrele Mixture:  C1F15L15W50 Testby  Akekasak
Diameter {mm).  100.1 Room temp (c). 239
Thickness (mm) 48.6
= s ‘Penetration depth (mm
Designation di a2 d3 a4 d5 6 d7__[Avg. Depth
C1F15L15W50| 206 20.9 22.3 208 22.0 21.1 21.4 21.3
Sample No.Test 23 Cast Date: 6/10/2008 TestDale 3/11/2008
Sample : Age 28 days Concrete Mixture: C1F25L5W40 Testby  Akekasak
Diameter (mm):  100.1 Room temp (c): 23.9
Thickness (mm}  49.7
- 3 Penetralion deplh (mm
DesgnatonESi@ e -] oo @ da d5 d6 47 | Avg. Depih
C1F25L5W40 14.1 14.8 13.5 12.6 11.7 11.5 14.2 13.2
Sample No.Test 24 Cast Date: 6/10/2008 Test Date  3/11/2008
Sample : Age 28 days Concrele Mixture: C1F25L5W50 Test by Akekasak
Diameter (mm): 100.05 Room temp (c): 239
Thickness (mm)  50.5
. . Penetration depth (mm
Sl = @2 a3 d a5 a6 a7 [Avg Depth
C1F25L5W50 18.9 201 18.9 19.3 19.5 19.7 20.2 19.5
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Mix No. 1
Mix Designation C1w40 Exposure time = 35 day
Fick 's Second Law : X

Cragy = (Cs —Cp)| 1 —ef — | [+¢;
’ L/Da 't

Calculation Input C. : Chloride concentration at depth X (em)

C, : Surface concentration of chloride (% by wi. of sample)

o4 : Initial concentration measured in concrete sample (% by wt. of samplc)

t : Exposure time (year}

X : Depth from exposure surface (cm)

Determine D, : Diffusion coefficient (cmz;’ycar)
Chloride concentration at depth X
C, G time Depth
(% by Wt.of sample} S
(szlyea:) (% by Wieof sample)] (% by Wi.of sample) (years) (em) Cx[ Cxl Caloulate
0.0 0.723
0.5 0.370 0.365 0.0000
1.5 0.010 0.033 0.0005
0.723 0.00 0.096
2.5 0.020 0.001 0.0004
315 0.¢i0 0.000 0.0001
45 0.020 0.000 0.0004
0.0010
1.00
Y —

| ——Ufmandsanslsdianuai lonntimadey

¢ e & - Enindenns lsdfamund Tnnmi o
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g <=
£ e ]
L d M== = . i s |
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8 £ 040 | - —————— e — — — — ]
€ g
va ,é
< 0.20 _—— ————
a g
2 e
£ £ 000 ; f—— 1 . =
0.0 1.0 20 3.0 40 50

S2HENIAIAVIAFIUAN ()

Then, DifTusion coeffient = 2930 cmz.’yeﬂr
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Mix No. 24

Mix Designation C1F25L5WS50 Exposure time = 35 day

Fick 's Second Law : x
C(Xl) :(CS_CI) 1 —erf| - - +Cl
’ 2\/Da t

Calculation Input H : Chloride conceniration at depth X (cm)
C, : Surface concentration of chioride (% by wi. of sample)
o - Initial concentration measured in concrete sample (% by wt. of sample)
t : Exposure time (year)
X : Depth from exposure surface (cm)
2
Determine D, : Diffusion coefficient (cm /year)
Chbloride concentration at depth X
C, C, time Depth
{% by Wt.of sample) S
(% by Weof sample)| (% by Wiof sample) (years) {cm) C, C, Caleulare
0.0 0.857
0.5 0.410 0.383 0.0007
1.5 0.010 0.019 0.0001
0.857 0.00 0.096
2.5 0.000 0.000 0.0000
3.5 0.010 0.000 0.0001
4.5 0.000 0.000 0.0000
0.000%
1.6G —
L —¢— YHinanndenan lsdnaai ldnnnimarey ‘
c ~m 080 7 - E . .
2 .2 \\ — 8 — ywnfoanelrdnsman ldvnmidnea ]
wZ B 0.60 ==
& =
- 7
-
2 & 04 - ——— ST aTeT |
[
w =
€z agop4— o N e e A
S B 0.20
Z e
® E 000 i -— - T
00 1.0 29 3.0 4.0 5.0

a a
TTUSMIANIRFIUDN (1)

Then, Diffusion coeffient - 2i2a; cmzlyear




Miix No. 5
Mix Designation CIE10W40 Exposure time = 91 day
Fick 's Second Law : e
C(X,t) _(CS _Cl) 1 —ed| —=— +C1
24Dy
Calculation Input C, : Chloride concentration at depth X (cm)
C, : Surface concentration of chloride (% by wi. of sample)
C : Initial concentration measured in concrete sample (% by wt. of sample)
t : Exposure time {year)
X : Depth from exposure surface (cm)
2
Determine D, : Diffusion coefficient {(cm /year)
Chloride couceniretion at depth X
D, C, C, time Depth
(% by Wtof sample) S
(cmzlyear) (% by Wiof sample)] (% by Wiofsampte)]  (years) (cm) Ca Cet Catculote
0.0 0.780
0.5 0.340 0.430 0.0080
1.5 0.070 0.057 0.0002
0.780 0.00 0.249
2.5 0.010 0.002 0.0001
3.5 0.010 (0.000 0.0001
4.5 0.010 0.000 0.0001
0.0083
1.00
—

4 ar

1Banasnaslrdfianues

Then,

-

% Tansing

4V 2
UNYDIUDTAT)

0

E =
—— Suumienas lsan e ldnnmanazoy

. :
— @ — Finunfonse lsananuan I nnnmadiaw

| e — e

1.0 2.0 . 3.0 4.0 5.0
TYOEMIIADINETHOAN (B31)

Diffusion coeffient = .1,4'1 : cmlfyear




240

Mix No. 9

Mix Designation C1F30wW40 Exposure time = 91 day

Fick 's Second Law :

X
C(x,t) =(C, —Cy)| 1 —erf ;\/T: +C;
a

Calculation Imput C, : Chloride concentration at depth X (cm)
C, : Surface concentration of chloride (% by wt. of sample)
o : Initial concentration measured in concrete sample (% by wt. of sample)
t : Exposure time (year)}
X : Depth from exposure surface (cm)
2
Determine D, : Diffusion coefficient (cm /year)
Chioride concentration al depth X
C, c, time Depth
(% by Wtof sample) S
(szfyem) (% by Weof sample) | (% by Wiof samplc) (yeafs) (cm)} Cxl CxlCalculare
0.0 1.310
0.5 0.490 0.484 0.0000
1.5 0010 0.009 0.0000
1310 0.00 0.249
2.5 0.010 0.000 0.0001
35 0.000 0.000 0.0000
4.5 0.010 0.000 0.0001
0.0001
1.50 ———— -
L —¢— JFirundeaaslsdiavuadi 10 nnumarou
125 P — o el -
€ o A — & — Hinendennslsdianmi ldnnmifnnu
g g 100 === -
’= g
fg 3 0.75 == — ===
€ 2 030 e
wa £ N
_co )D:[
E B 025 et o s s e e |
5 —
N =®
= 000 —
0.0 1.0 FTUN0VIRDINHILAR 1521) 40 50

Then, Diffusion coeffient = (162 cmz.'year
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Mix No. 12

Mix Designation CIE10F30W50 Eiposure time = 182 day

Fick 's Second Law : X
C(Ka() = (CS - Cl) | —erf| ———— + Cl
2\/Da 't

Calculatlon Loput C,, : Chloride eoncentration at depth X (cm)
C : Surface concentration of chloride (% by wt. of sample)
C, : Initial concentration measured in concrete sample (% by wt. of sample)
t : Exposure time {year)
x : Depth from exposure surface (cm)
Determine D, - Diftusion coefficient (cmllyear)
Chloride concenmration at depth X
D, C, o time Deptl
(% by Wiof sample} S
(cmzlyear) (% by Wiol sample}] (% by Wiof sample)) (ycars) (em) Cxl C.‘-‘I Caleulate
0.0 0.870
0.5 0.590 0.592 0.0000
1.5 0.200 0.189 0.0001
0.870 0.00 0.499
2.5 0.010 0.034 0.0006
15 0.010 0.003 0.0000
4.5 0.010 0.000 0.0001
0.0008
1.00 : =
L —— hnminionae lsdwavuai Idsinmsnacou
e OO TN gl e
g .2 \ _ Fumendonan lsatanuan lnnipmsdw
o g 4
€ 2
r L4
= 2
o = -
& I
w £
£ vz _
2
2
w8

0.0 1.0 20 .30 4.0 50
ITUTMINIATINETUBN (B31)

Then, Diffusion coeffient = 1A cm:/year
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Caleulation of diffusion coeffient

No.13 CI1E10 W/B 0.40
Test duration 35 day
Fick 's Second Law : X
C(x,t) —(CS _Ci) 1 —ef]| —F/— +Ci
24/D, t
Calculation Input C. : Chloride concentration al depth X (cm)
C, : Surface concentration of chloride (% by wi. of sample)}
G : Initial concentration measured in concrete sample (% by wt. of sample)
t : Exposure time (year)
X : Depth from exposure surface (cm)
2
Determine D, : Diffusion coefficient (cm /year)
Exposure Deplh from Chloride concentration at depth X
D, c, c,
time, t exposure surface, X (% by wi.of sample)
(cmz,tyear) (% by wt.of sample) | (% by wtol sample) | {years) (cm) C, Coca
0.0 0.751
0.5 0.340 0.356
1.5 0.030 0.024
2.55 0.751 0.00 0.096
2.5 0.010 0.000
3.5 0.010 0.000
4.5 0.010 0.000
1.00
r—’— Uinannfionas lidnnmai id0anisnagon
0.80 —— —-— — | 3 4 AR . =
& - l — 4@ — JSundonan lidiamuai idnmsduow |
2 g \ =
oz e _ — e
a‘;g g 0.60
= 2
= 2
S .S 040 - ———— e — -
a I
L —
g .5
2 2 020- — - ==
R
S <
0.00 ;i (= T O
0.4 1.0 2.0 3.0 4.0 5.0
TEHEMITIAYINAINDN ()
Then, Diffusion coeffient = 2.55 cm fyear
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Calculation of diffusion coefficut

Neo.25 CI1F30 w/B 0.40
Test duration as day
Fick 's Second Law : X

C(x,t) :(CS —~C| 1 —erf Z_\/—D_—: +Ci
a

Calculation Input C, : Cliloride concenlration at depth X (cm)
C, : Surface concentration of chloride (% by wt. of sample}
o : Initial eoneentration measured in conerete sample (% by wt. of sample)
t : Exposure time (year)
X : Depth from exposure surface (em)
Determine D, : Diffusion coefTicient (cmz.fyear)
Exposure Depih from Chloride concentration at depth X
D, c, c,
time, t exposure surface, X (% by wt.of sample)
(cmz,fyea;) (% by wit.of sample) | (% by wt.of sample) |  (years) {cm) C, Cucal
0.0 0.917
0.5 0.300 0.305
.5 0.010 0.003
1.39 0.917 0.00 0.096
2.5 0.000 0.000
3.5 0.010 0.000
4.5 0.010 0.000

—¢— JSinanndanas lsdamafldinnsmaaay
y
- o d o
& - — A& — Funnfonan lidiomsiidvansdioa
2 e
hal'ad
g
ue @ = =i S s . Sy ]
~G 5
=z a
= £
=3 = JE— —_ —_——
€’z
s E
£ 3
=] el & — — — - -
£ 8
= 8
&
» : — P
0.0 1.0 2.0 3.0 4.0 5.0
szpznieTaoniIuen (¥u)
e i 1
Then, Diffusion coeffient = 1.39 cm fyear
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Calculation of diffusion cocffient

No.34 CIEI0F30 W/B ¢.50
Test duration 91 day
Fick 's Second Law : x

C(x,t) = (Cs — Ci) 1—erf T i
2 “t
a

Calculation Input C. : Chloride concenlration at depth X (em)
C, : Surface concentration of chloride (% by wi. of sample)
C;  Initial concentration measured in concrete sampte (% by wt. of sample)
t : Exposurc time (ycar)
X : Depth from exposure surface (em) -
2
Determine D, : Diffusion coefficient (cm /year)
Exposure Depth from Chloride concentration at depth X,
D, C, C,
ome, 1 expositre surface, X {% by wLof sample)
(cmzfyear) (% by wi.of sample) | (% by wiof sample) |  (years) (em) C, Crca
0.0 0.820
0.5 0.470 0.480
1.5 0.080 0.083
1.68 0.820 0.00 0.249
25 0.010 0.005
3.5 0.020 0.000
45 0.010 0.000
1.00 . ]
l | —— Jhnanionnslsstamai idsmnnisraney
— 0.80 _\ ___________ —a— ﬂ?nmmﬁﬂ-ﬂua'i.i\;"{1{311uaﬁ'iﬁ'mnn‘lsr’nmm
& v
%
HE E iiiiiiii - et
= 3
= £
= =
g 3 .
e £
g .3
3 3 , _
a
S
. & —
0.0 1.0 2.0 3.0 4.0 5.0

szEEMOIANINAIULN (B1)

Then, Diffusion coeffient = 1.68 cmz.’year




Calculation of diffusion coeffient

No.39 CIL5S wW/B 0.40
Test duration 91 day
Fick 's Second Law : x
C(x,t) —(CS _Ci) L—erf f +Ci
2 Da f
Calculation Input Ca : Chloride concentration at depth X (cm)
C : Surface concentration of chloride (% by wt. of sample)
C, : Initial concentration measured in concrete sample (% by wt. of sample)
t : Exposure time (year)
X : Depth from exposure surface (cm)
2
Determine b, : Diffusion coefficient (¢m /year)
Exposure Depth from Chiloride concearation al depth X
D, C, C,
time, L exposure surface, X (% by wt.of sample)
(cmzfyear) (% by wi.of sample) | {% hy wtof sainple) (years) {cm) C, Cucal
0.0 0.701
0.5 0.440 0.448
1.5 0.110 0.111
2.27 0.701 0.00 0.249
2.5 0010 0.013
3.5 0.010 0.001
4.5 0.000 0.000
1.20
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Then, Dilfusion coeffient = 2.27 cmz/yea;-
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Calculation of diffusion coctfient
No.43 C1L15 W/B 0.40
Test duration 35 day

Fick 's Second Law :

X
Cix,pp = G —C I —erf T/Tt TG
a

Calculation Input Cq : Chloride concentration at depth X (cm)
C, : Surface concentration of chloride (% by wt. of sample)
G : Initial concentration measured in concrete sample (% by wt. of sample)
t : Exposure time (year)
X : Depth from exposure surface (cm)
2
Determine D, : Diffusion coefficient {cm /year)
Exposure Depth from Chloride concentration at depth X
D, < <
time, 1 exposure surface, X (% by wt.of sample)
(cml,fyear) (% by wi.of samnple) | (% by wiof sainple) [ (years) (cm} Cy Coen
0.0 0.598
0.5 0.350 0.358
[.5 0.060 0.068
4.69 0.598 0.00 0.096
2.5 0.010 0.005
35 0.010 0.000
4.5 0.010 0.000
1.00 ————
L —— Yimundonaelsdfamuaii ldvnmagey
& 0 W= [ = YsurunfonanTsékntad Idvnns i ]
g s "
wg B 0.60 o o o o - _———
T =
L @
g £
E .5 040 e e ——
£ .2
E lu;
g E 0.20 o |
0.00 ; : . & ; &

0.0 1.0 20 - N 3.0 4.9 50
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Then, Diffusion coeffient = 4,69 cmllycar
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CHLORIDE BINDING CAPACITY AND CHLORIDE DIFFUSION OF
CEMENT PASTES WITH LIMESTONE POWDER
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ABSTRACT

The aim of this paper is to study the chloride binding capacity and chloride
diffusion of cement pastes with limestone powder. Type I Portland cement was used
as a main cementitious material for cement paste specimens. The specimens with
water to binder ratio of 0.40 and 0.50 and limestone powder to binder ratio of 0.05,
0.15 and 0.25 were prepared. The compressive strength of cement pastes was also
investigated.

The binding capacity reduced when the water to binder ratio increased. The
increase of the limestone powder to binder ratio resulted in the decreased binding
capacity of cement pastes with water to binder ratio of 0.40, but resulted in the
increased of binding capacity for cement pastes with water to binder ratio of 0.50. For
the chloride diffusion, it was found chloride diffusion increased when the water to
binder ratio or the limestone powder to binder ratio increased. The compression
strength of cement pastes at 91 days decreased when the water to binder ratio or the
limestone powder to binder ratio increased.

Keywords: Chloride binding capacity, Chloride diffusion, Limestone powder,
Cement pastes
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Mix id. W/B L/B
C1W40 0.40 0
CLL5W40 0.40 0.05

CILLI5SW4Q 0.40 0.15

CIL25W40 0.40 0.25

CIWS50 0.50 0

CIL5W350 0.50 0.05

CIL15W50 0.50 0.15

CIL25W50 0.50 0.25
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P a Type | Portland cement Limestone powder
aalszroumainl
(% by weight ) {% by weight )

Silicon Dioxide ,Si0, 20.80 0.06
Aluminum Oxide, Al O, 5.50 009

Iron Oxide, Fe,0, 316 0.04
Caleium Oxide, CaO 64.97 54,80
Magnesium Oxide ,MpO 1.06 0.57
Sodiura Oxide Na,0 0.08

Potassium Oxide ,K,O 0.55 -

Sulfur Trioxide SO, 2.96

Loss on Ignition ,LOT 2.3% 43,80
Tricalcium Silicate ,C.S 56.50 -
Dicaleium Silicate, C,S 17.01

Tricalcium Aluminate, C A 923 -
Tetracalcium Aluminoferrite, C, AF 9.62

Specific gravity 3.5 230
Blaine fineness (cmz/g) 3,200 9,260
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Vwatcrdicspccimens = [Wevapomblc/ 100])( Wdisc5pccimcns (3}
Fixed CI judiscspecimens = Total Cl—indiscspecimens - Free Cl jndgisespecimens (4)
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a Total chloride (% by wt. of cementitious materials)

6.00 Fixed chloride (_‘_’/a by wt.of cementitious materials)
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Abstract: This paper presents a study on chloride resistance of Portland cement mortar with
fly ash, limestone powder and expansive additives. Generally, fly ash (FA) concrete is good
for chloride resistance. However, it has some disadvantages such as low strength
development at early ages. Thus, limestone powder (LP) is employed as a filler material to
develop the shortcoming of fly ash and also an expansive additive (EA) is employed to solve
the crack problems due to shrinkage. In this research, short-term tests: rapid chioride
penetration test (RCPT), rapid migration test (RMT) and water absorption test of mortar were
perforimed as well as long-term test: immersion test was investigated. The resuits indicate
that type 1 Portland cement mortar with fly ash was appropriate for chloride resistance as
compared to others mix proportions at the age of 28 days. The higher water to binder ratio
{(w/b) or LP content resulted in the decease of chloride resistance. However, when EA
content increased, the chloride resistance of mortar increased. Mixes of blend portion of FA
and EA or of FA and LP produced good resistance of chloride penetration. Finally, it was
found that the results obtained from RCPT and RMT were correlated. Both tests had similar
trend of results.

Keywords: Chloride resistance, Mortar, Fly ash, Limestone powder, Expansive additive,
Chloride penetration.

1. INTRODUCTION

Chloride attack is a main factor of the corrosion of reinforcement in concrete structures. Tt is
one of the most important issues concerning the durability of concrete structures. When the
chloride concentration of concrete exceeds a certain threshold value, depassivation of the steel
occurs and reinforced steel starts to corrode [see Thomas (1996) for more details]

Fly ash (FA) 1s a promising pozzolan and a by-product obtained from a power plant.
[t is the most common pozzoian and is being used worldwide. The use of fly ash as part of
Portland cement reduces negative environment impact because approximately 3 million tons
of fly ash is produced annually in Thailand. Many studies [Metha (1981) and Massazza
(1993)] have shown that FA has been widely used as a substitute for Portland cement in many
applications because of their beneficial properties, which include improvement in the
durability of concrete especially for chloride resistance. However, it is often associated with
shortcoming such as the need for moist-curing over longer a period of time and a reduction of
strength from the beginning up to 28 days.

Limestone powder (LP) is a by-product from rock crushing processes to be used as a
raw material in cement manufacturing industries and also in concrete industries. The benefits
of limestone powder filler as partial replacement of Portland cement are well-established.



Economic and environmental advantages by reducing CO, emission are well-known, LP
addition to Portland cement causes an increase of hydration at the early ages inducing a high
early strength [see Lawrence (2003) for more details].

The problems from shrinkage and low tensile strength are two major unpreferable
properties of concrete. Therefore, under restrained condition, concrete structures may crack
due to shrinkage. Application of expansive additives (EA) in concrete is one of the effective
solutions for shrinkage cracking problem of concrete. Under restrained condition, when
expansive concrete expands, it produces compressive stress in the restrained expansive
concrete. The compressive stress in the concrete will reduce or eliminate tensile stress which
occurs when concrete shrinks in restrained condition [see Lam (2008) for more details].

Therefore, the objective of this work is to investigate the effect of LP and EA on
chloride resistance of cement-only mortar and fly ash mortar. This is to be able to utilize LP
or EA as a cementitious replacement material and additive to improve some properties of FA
for better performance of concrete. The tendency of results obtained from short-term test and
long-term test was analyzed for comparison in order to develop the relationship between
short-term test and long-term test on the further study.

2. EXPERIMENT PROGRAM
2.1. Materials and mix proportion
2.1.1. Materials

Type 1 Portland cement (C1), type 5 Portland cement (C5), fly ash (FA), limestone powder
(LLP) and expansive additives (EA) were used as binders. Chemical composition and physical
properties of these materials are given in Table 1. River sand was used as fine aggregates.
The fine aggregates used in the experiments comply with ASTM C33-97.

2.1.2. Mix proportion
Cement mortar and fly ash mortar (with FA of 5%, 15%, 25%, 30%) containing different
amount of LP (5%, 15%, 25%) and EA (0%, 10%) were used in short-term tests. The details

of mix proportions of mortar are given in Table 2. Mix proportions of paste are the same as
the mix proportion used for mortar except the blended mixes of portion of LP and FA.

Table 1 Chemical compositions and physical properties of binders

Si0, AlLO; Fed; Ca® MgO SO; Na,0 K,O LOI  Fineness Specific
(%) (%) (%) (%) (%) (%) (%) (%) (%) (cm¥g) gravity
Cl 2020 470 373 6340 137 122 - 028 272 3430 315
C5 2097 3.49 434 6280 333 212 012 047 230 3,330 3.18
FA 36.10 1940 1510 1740 297 077 035 217 28] 2,460 2.27
EA 960 250 130 6730 040 18.00 - - 0.40 3,500 3.04
LP 0.06 0.09 0.04 54.80 0.57 - - - 43.80 9,260 2.70

"Using Blaine’s air permeability method

Material




Table 2 Mix proportions of mortar

Designation Cement | SSD sand Admixture (kg) Water
(kg) {kg) FA EA LP {kg)

C1W40 I 2.75 - - - 0.40
C1W50 1 2.75 - - - 0.50
C5W40 1 2.75 - - - 0.40
C5W50 1 2.75 - - - 0.50
CIE10W40 0.90 2.75 - 0.10 - 0.40
CIE10WS0 0.90 2.75 - 0.10 - 0.50
CSE10W40 0.90 2.75 - 0.10 - 0.40
CSE10W30 0.90 2.75 - 0.10 - 0.50
CI1F30W40 0.70 2.75 0.30 - - 0.40
C1FI0W50 0.70 2.75 0.30 - - 0.50
C1E10F30W40 0.60 2.75 0.30 0.10 - 0.40
C1E10F30W50 0.60 2.75 0.30 0.10 - 0.50
CIL5W40 0.95 2.75 - - 0.05 0.40
CIL5W50 0.95 2.75 - - 0.05 0.50
CIL15wW40 0.85 2.75 - - 0.15 (.40
CIL15W50 0.85 2.75 - - 0.15 0.50
C1L25W40 0.75 2.75 - - 0.25 0.40
CLL25W50 0.75 2.75 - - 0.25 0.50
CI1F5L25W40 0.70 2,75 0.05 - 0.25 0.40
CIFSL25W50 0.70 2.75 0.05 - 0.25 0.50
CIF15L15W40 0.70 2.75 0.15 - 0.15 0.40
CIF15L15W50 0.70 2.75 0.15 - 0.15 0.50
CI1F25L5W40 0.70 2.75 0.25 - 0.05 0.40
CI1F25L5W50 0.70 2.75 0.25 - 0.05 0.50

2.2. Method of testing
2.2.1. Short-term test

1. Rapid chloride penetration test (RCPT)

The 100 dia. x 50 mm cylinder mortar specimens were prepared. They were demoulded at the
age of 24 hours. After being cured in water until the age of 27 days, they were tested at the
age of 28 days for RCPT in accordance with the method described in ASTM C1202. A
potential difference of 60 V dc is maintained across the ends of the specimen, one of which is
immersed in a 3.0% by mass of sodium chloride (NaCl) solution, the other in a 0.3M sodiwun
hydroxide (NaOH) solution. Test results were reported as the total charge passed, in
coulombs, over the test period of 6 hours (Figure 1).

2. Rapid migration test (RMT)

The 100 dia. x 200 mm cylinder mortar specimens were prepared in accordance with ASTM
C39. They were cut into 50 mm slices and curing same as RCPT specimens. At the age of 28
days, they were tested for the chloride penetration depth by using the rapid migration test as
shown in Figure 2. The solutions employed in test were 3% NaCl solution in the cathode side
and 0.3M NaOH solution in the anode side. Applied voltage of 30 V dc was employed for §
hours. The depth of chloride penetration was determined by splitting the specimen and
spraying 0.1M silver nitrate solution on the freshly split section. When the white silver

(WS ]



chioride precipitation on the split surface is clearly visible (Figure 3), measure the penetration
depth at 7 positions and report an average depth as the test result.

50V Berer Sapply
"ll .
it
Dimte: logmer
(records chnrze
passedl

(2) Details of testing (b) Test-setup

Figure 1 Rapid chloride penetration test (RCPT)

(a) Details of testing (b) Test-setup

Figure 2 Rapid migration test (RMT)

Figure 3 Measwement of chloride penetration depth



3. Water absorption test

This test determines the sorptivity or rate of water absorption through the mortar surface. In
this test method, only one surface is exposed to water at room temperature while the other
surface is sealed for simulating water absorption in a member that is in contact with water on
one side only. The 100 dia. x 200 mm cylinder mortar specimens were prepared conformably
with ASTM C1585. At 28 days, the specimens were preconditioned in an oven at 50+ 2 °C
for 3 days. After the 3 days, place each specimen inside a sealable container. Use a separate
container for each specimen and store the container at 23+2 °C for 15 days. Seal the side
surface of each specimen with a vinyl electrician’s tape and seal the end of specimen that will
not be exposed to water using a loosely attached plastic sheet as shown in Figure 4. The
uptake of water by capillary absorption was measured through the weight gain of the
specimen at the set time intervals of 60 s, 5 min, 10 mun, 20 min, 30 min, 60 min. Continue
the measurement every hour up to 6 hrs. The rate of water absorption is defined as the slope
of the line that is the best fit to 7 (the absorption) plotted against the square root of time (s°)
as shown in Figure 5, report as test results (a correlation coefficient not less than 0.98).
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Figure 5 Example of results from water absorption test (C1 W40)



2.2.2. Long-term test
1. Immersion test

The cement pastes specimens with the size of 50-mm in diameter and [00-mm in length were
used for immersion test. Sodium chloride was introduced into the mixing of cement paste so
as to get an initial chioride content of 3.0% by weight of binder. All surfaces of the
specimens were sealed by the epoxy except for one end face. Then, an air curing method was
employed with the specimens for 7 days before submerging them into the tap water for 91
days. At the end of submersion, the specimen was investigated for chloride content along the
depth from the exposed surface. Test results were reported as chloride diffusion profiles.

3. RESULTS
3.1. Rapid chloride penetration test

Figure 6 shows the charge passed values increased when the water to binder ratio increased.
The results indicate that the charge passed of type 1 Portland cement (OPC) mortar was less
than type 5 Portland cement mortar. Fly ash mortar had a good result as the charge passed
decreased significantly when compared with OPC mortar, When an expansive additive was
employed at 10% by weight of binder as partial replacement of type | Portland cement, the
charge passed was lower when compared with OPC mortar and charge passed was the lowest
at mortar with 10% of expansive additives and 30% of fly ash. However, there was a
significant impact when the limestone powder (LP) was employed as an additive in OPC
mortar. The charge passed increased when LP content was higher. But, the charge passed of
limestone powder mortar was substantially reduced with incorporation of fly ash, especially at
fly ash to limestone powder proportion of 15%:15% and 25%:5% (C1F15L15 and CIF25L5,
respectively) had good resnlts as compared with OPC mortar.

3.2. Rapid migration test (RMT)

The results of RMT using 30 V dc as shown in Figure 7 tend to be similar to those of RCPT.
The chloride penetration depth increased when the water to binder ratio increased. However,
the chloride penetration depth of Portland type | cement-only mortar was close to Portland
type 5 cement-only mortar, Cement mortar with expansive additives was clearly lower
penetration depth than OPC the same as RCPT result. It has been found that the penetration
depth of cement-only mortar was higher when increasing the limestone powder content. The
results indicate that fly ash mortar was the lowest of penetration depth and the accelerated
penetration depths are substantially reduced with incorporation of fly ash as compared with
OPC, expansive mortar and limestone powder mortar.

3.3. Water absorption test

The results of the water absorption test are presented in Figure 8. The results were different
to results of RCPT and RMT. Absorption rate increased when the water to binder ratio
increased. Type | Portland cement mortar had close value of absorption rate when compared
to type 5 Portland cement mortar. However, when cement was partially replaced by FA or L.P
or 10% EA, absorption rate was higher to be the same as mixes of blend portion of FA and
EA, or of FA and LP.
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3.4. Immersion test
3.4.1. Comparison of chloride diffusion at different water to binder ratio

Figure 9 shows chloride diffusion profiles of type 5 Portland cement paste at water to binder
ratio of 0.40 and 0.50. It was found that a chloride diffusion of paste at water to binder ratio
of 0.40 was lower than that at water to binder ratio of 0.50 in every distance from exposed
surface (5-45 mm). Figure 10 shows the similar results as presented in Figure 9. Although
the chloride diffusion of type 1 Portland cement paste with fly ash at water to binder ratio of
0.50 was lower than the same proportion at water to binder ratio of 0.40, but the chloride
diffusion at the distance 15-35 mm from exposed surface of paste with water to binder ratio of
0.50 was higher than paste with water to binder ratio of 0.40.

3.4.2. Comparison of chloride diffusion at different binder replacement ratio
Figure 11 shows total chloride content in cement pastes with different binder replacement

ratio at water to binder ratio of 0.40, it was found that cement-only paste had the best
resistance of chloride movement because the chloride diffusion profile was the highest.
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Figure 9 Chloride profiles of type 5 Portland cement paste with water to binder ratio of 0.40
and 0.50
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Figure 10 Chloride profiles of type 1 Portland cement paste with fly ash at water to binder
ratio of 0.40 and 0.50
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Figure 11 Chloride profiles of type 1 Portland cement paste with expansive additive, fly ash
and blend of portion of EA and FA at water to binder ratio 0.40
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Figure 12 Chioride profiles of type 1 Portland cement paste with limestone powder content of
5%, 15%, 25% at water to binder ratio 0.50

While fly ash cement paste had a lower chloride resistance as compared to cement-only paste.
The use of expansive additives as a partial replacement of cement paste and fly ash cement
paste caused the increase of chloride diffusion. When limestone powder was employed,
chloride diffusion tended to increase with the increase of limestone powder content as shown
in Figure 12.

4. DISCUSSIONS

From the test results, it was found that the chloride resistance of type 1 Portland cement
mortar was close to that of type 5 Portland cement mortar. However, type 1 Portland cement
with fly ash was better in chloride resistance as presented in test results. Therefore, the mix
proportion of type 1 Portland cement and fly ash is more appropriate to concrete structures
exposed to chloride environment.

Since water has the highest heat of vaporization among the common kinds of liquid, the
use of higher water to binder ratio of mortar at ordinary temperature results in larger excess
amount of water in liquid state of mortar and being as porous material which is worse for
chloride resistance [see Metha (2006) for more details].

Fly ash is well-known 1n that it 1s good for chloride resistance, but the test results
obtained from immersion test was contradictory. This may be because the curing time of fly
ash paste was only 7 days. Normally, the pozzolanic reaction need a longer time for strength



development. Thus, the cement pastes with fly ash at the age of 7 days became worse as
compared with OPC.

The limestone powder (LP) reduced the chloride resistance of specimen because LP is
not pozzolanic material. It was used as a filler material without cementitious property. Thus,
the porosity of cement mortar or fly ash mortar with LP was higher than cement mortar or fly
ash mortar without LP and chloride can penetrate into cement mortar or fly ash mortar with
LP easier than cement mortar or fly ash mortar without LP.

The use of 10% expansive additives increased the chloride resistance. This may be
because the use of expansion additive with a suitable content, it produced denser mortar,
resulting in improvement of chloride resistance.

Finally, the use of the blend cement with FA and EA, or with FA and LP produced good
resistance mixes to chloride penetration resistance. Moreover, the results obtained from
RCPT and RMT tended to be likely similar and had the same directions of results. When the
results of short-term (RCPT and RMT) and long-term tests were correlated, it was found that
the relationship between both tests gave some the same directions of test results.

5. CONCLUSIONS

From the test results, the following conclusions can be drawn:

1. The mix proportion of type 1 Portland cement with fly ash had good chloride resistance
and was appropriate to concrete structures exposed to chloride environment.

2. When water to binder ratio or limestone powder content increased, the chloride resistance
decreased.

3. The use of 10% EA additives increased the chloride resistance.

4. Both type 1 and type 5 Portland cements with expansive additive of 10% replacement and
fly ash of 30% replacement (C1E10F30 and CSE10F30, respectively) were good mix
proportions for fly ash mortar with expansive additives.

5. Type 1 Portland cement with fly ash of 15 and 25% replacement and limestone powder of
15 and 5% replacement (CIF15L15 and CI1F25L5, respectively) were pood mix
proportions for fly ash mortar with limestone powder.

6. The chloride resistance results obtained from RCPT and RMT was correlated. Both tests
had similar trend of results.
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ABSTRACT : This research aims to study the chloride resistance of Portland cement mortar which binder was partially replaced by
fly ash (FA), limestone powder (LA) and expansive additives (EA). The water to binder ratio (w/b) was employed at 0.40 and 0.50.
Rapid chlaride penetration test (RCPT), rapid migration test (RMT) and water absorplion test were determined at the age of 28 days
of mortar. From the experimental results, it was found that mortar with w/b of 0.40 had better chloride resistance than mortar with
w/b of 0.50. Type | Portland cement mortar had chloride resistance close to type 5 Portland cement mortar, Mortar with fly ash and
mortar with expansive additives were good in chloride resistance when compared with cement mortar only, while mortar with
Jlimestone powder became worse. Somie mixes of ternary blend portion of FA and LP or FA and EA mottar had good resistance to
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2.3 Rapid chloride penetration test (RCPT)
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CHLORIDE PENETRATION RESISTANCE OF MORTAR WITH FLY ASH, LIMESTONE

POWDER AND EXPANSIVE ADDITIVES
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ABSTRACT : This research aims to study the chloride penetration resistance of mortar which binder was partially replaced by
fly ash (FA), limestone powder {(LA) and expansive additives (EA). The water to binder ratio (w/b} was employed at 0.40 and
0.50. Bulk diffusion test, rapid chloride penemation test (RCPT), rapid migration test (RMT) and water absorption test were
detenmined at 28 days. From the experimental results, it was found that mortar with w/b 0£0.40 had higher chloride penetration
resistance than mortar with w/b of 0.50. Type | Portland cement mortar had chloride penetration resistance close to type 5
Portland cement mortar. Mortar with fly ash and mortar with expansive additives were good in chloride penetration resistance
when compared with cement mortar only, while mortar with limestone powder became worse. Some mixes of temary blend
portion of FA and LP or FA and EA mortar had good resistance to chloride penetration. Furthennore, it was found that the

results obtained from bulk diffusion test, RCPT and RMT test had the same tendency of results.

KEYWORDS : Chloride penetration resistance, Mortar, Fly ash, Limestone powder, Expansive additives.
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