X% Y d
YN HRVYRVVANY I

U

TasamsIoy
Y

v = ¢ dy da v A o
ﬂ:11uﬂ1umunmmsnmmae"l‘mmmmsmSﬂwamma@ﬂ NQ‘WHﬂ‘H!!ﬁ%ﬁﬁﬂlﬂWﬂ’J

(Chloride resistance of mortar containing fly ash, limestone powder and expansive agent)
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Abstract

This research aims to study the chloride penetration resistance of mortar containing fly ash,
limestone powder and expansive agent. Type I Portland cement and type V Portland cement were used
as main cementitious materials in mortar. The water to binder ratios (w/b) of 0.30, 0.40 and 0.50 were
kept and different pozzolan to binder ratio was applied. The mix proportions of mortar consisted of
both binary binder and ternary binder systems. The mortar specimens were exposed to chloride
solution with 3.0% concentration for 35, 91 and 182 days. Then, the chloride penetration of mortar

was investigated for both total and free chloride contents.

From the experimental results, it was found that mortars containing fly ash 30% have better
chloride penetration resistance than mortars containing limestone powder, mortars containing
expansive agent and cement-only mortars due to the effect of pozzolanic reaction of fly ash. Mortars
containing fly ash and limestone powder have clearly higher chloride penetration resistance than
cement-only mortars when water to binder ratio increases. This is because the effect of pozzolanic
reaction of fly ash and filler effect of limestone powder in mortar. Mortars with type I Portland cement
have higher chloride penetration resistance than mortars with type V Portland cement. Mortars with

higher w/b and longer chloride exposure period have higher chloride penetration.
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ADUNTA ﬂ\i‘IJ‘L!GI,‘IJﬂﬁ!,Wllﬁ"li"llm&lﬁ')!"ll'l"h.nua'?uNﬁ'il"ll’f]xiﬂﬂuﬂiﬁﬂ%z%?ﬂaﬂﬂiyﬁ1ﬂﬁ1’iﬂﬁ'}
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voinouniald

311 3.2 3981987 (Expansive agent)

Y a

a . [ a o A
- NQ‘H‘IJIJJ‘IJ (Limestone powder) Lﬂuwaﬁnmmﬂmmﬂizmumiwa@qmmmiu
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ﬂu%muﬁﬂaimmuﬂ °lumigmuvm’Jﬂmwuﬂuiu%muﬁuuueﬂmﬂ%zzﬂumﬂnﬂmiaﬂ

u U

' v 1 F4
HanszNUReAUIAdouta) SeriamuanuasaTumssumaslugriegusnldmuiudae

gﬂﬁ 3.3 mﬁuﬂ,u (Limestone powder)
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<Y { o 4 A
18 mnay (Rich husk ash) i@ wnauiluagiles Tearwminnldnemuanuansaly
v = s A Y, o A a . i &
MIAMUMUMIUNINFuvednae 13a tosninludwnauiusziilsmnuves sio, fiun Faey

1 a 9 = I'd
ﬁﬂNﬁﬂ@'l’f)ﬂﬁﬁnu'ﬂ”luﬂﬁLmiﬂ“]ﬁJﬁlJﬂQﬂﬁf‘Jvliﬂ

517 3.4 18 wnaY (Rich husk ash)

4 ¢ ¢ { ¢ ¢
M9 3.1 esAllszneumaniivesyfuudlesanaudszani 1 JuFudlosauausd

Usziand 5161800 Mariulu @15v01802 tazidunau

Material Cl C5 FA LP EA RHA
Si02 (%) 20.20 20.97 36.10 0.06 9.60 88.33
Al203 (%) 4.70 3.49 19.40 0.09 2.50 0.48
Fe203(%) 3.73 4.34 15.10 0.04 1.30 3.37
CaO (%) 63.40 62.86 17.40 54.80 67.30 0.52
MgO (%) 1.37 3.33 2.97 0.57 0.40 0.28
SO3 (%) 1.22 2.12 0.77 - 18.00 0.12
Na20 (%) - 0.12 0.55 - - 0.15
K20 (%) 0.28 0.47 2.17 - - 2.76
LOI (%) 2.72 2.30 2.81 43.80 0.40 3.71
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3. #1 (Water)
= A = £ Aa < !
4. 1203INAIBAYIONI Y (Sand) HUWDINIWFUTUNIATIWATVUIAENATT 4.5
[ 2 Y
HaduAT Y30 Na1NIT0AARIUAZINTIIOUINATTIUILOS 4 uanaiideadivunalaiidnndi 0.07
a a A g ' dyd [ . A
Naawns ¥I1a3WNENNNUGTENI Hu (Silt 130 Clay)
AN a I a a £ o I 1 A 1
5. M3AARUA (Epoxy) Wunaadnvalvianila laen ldezueniuaesdiune diu
A Lﬂy o . . . ' A 1 o < 1 o
A ‘VILTJ‘LJLHE]Epoxy N141910 Bis-Epi Resin LagdIU B mdud i (Hardener)®3UN1INILNIN
4 % 4 4 A
91002U (Amine) 150 02 lu@ (Amide) FullonaudnlyluiloEpoxy udrvzldnaaiinves

v
A v v

A "o g vq ¥ Aa o =
Epoxy uana1any lumsnaaeaiiis1 1819 Epoxy Nlinmauiianus ¥y (Waterproofing)

, :
3.2 guUnsaazansiniinlilumsnaaes

Iaq Y ' s
gilnsain1dluminaasinmsunsvosnaslsa
1. 1n504 Auto titration ij: U 785 DMP Titrino Metrohm
2. TFE-fluorocarbon-coated magnetic stirring bar

A ' <
3. ATONNIULIKAN

gﬂﬁ 3.5 Lﬂ?m Auto titration 31 785 DMP Titrino Metrohm LQ1Y Lﬂ?mmmmmaﬂ
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4. 1A3090AADENINATDY

v o [}

3.6 INT0AAAIBEINATDY
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=).

5. Lﬂ?ﬂﬂﬂﬂ (Suction apparatus)
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6. 1AT99AN (Hot pate)

dl n'.l :} £3 aa ..
7. 1073 WIUIHUNLUUAINDA (Digital balance)

Y

3.9 1399 MIinIUUAIAOA (Digital balance)

'
@

o
=
=D.
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8. HAUATLATENT B4 1EL

9. ¥oUANAI

31 3.11 Foudnans
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10. TN UUIA 250 ml

— =
= =

APPROX. VOL.

v
=

M
ladg In.Germany

51 3.12 Tnesuua 250 ml

11. NTEUDNAMUYUIA 50 ml

31U 3.13 n3zUeNAIA 50 ml
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12. thalawuia 10 ml

3UM 3.4 Wlaving 10 mi

13. ¥IalsuUSuIesvue 100 ml

3U0 3.15 valsulsasvina 100 ml
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14. N378 (Buchner funnel)

gﬂﬁ 3.16 1328 (Buchner funnel)

15. ¥Ian30AIAU T1)39 (filtration flank)

510 3.17 vaanseandduTise (filtration flank)
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16. ﬂﬁi’N‘Wﬁ”lﬁﬂﬂﬁ”l‘ﬁgﬂﬂiﬁﬁ!%uﬁ’mm\i’ﬂﬂﬁﬂﬂ

v k4
310 3.18 navanara@nd s uDI I UAIRE UNAT O

17. ATANUUAAIDENNATOU

31 3.19 AsnriuDAAIeE INATR
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an 1 a
VATUU VLTI DA

Na
SBe
Na
e

A g Y = %
’dWﬁmll‘VIGlG]f(luﬂ1§1/lﬂﬁ’€]\1ﬂ']ilwlﬁﬂclfll"’llﬁ]\iﬂa’l’]lliﬂaluﬂﬂ 1

1. n3a'lua3n (Nitric Acid)
2. laTasiunlosoon loa (Hydrogen peroxide)
3. @1592018019331U 0.05 N NaCl

4. 9139221901939 0.05 N c‘fmnaiﬂlumsm (Silver nitrate)
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3.3 35MINaana

=S LY 1 SY o
L.MTATIULUNNAIDINNATDUNDIAT (Mortar)

JY

=3 L Y Aax ] a 9 1 [ =% 1
MINAADUMIUNIAFUVDIAAD 158 IUVDTATA18ITMsusuuulnd 1Hrasunidiegs
JY o Y F) ] J a =1 a
VOIAINTINTE VN THTVINATUAIUFUINAIS 5 1 UANAT UAINGR 10 15UAINAT Taanaw
A0819MUONTIFIUNTNAIAIT N 3.2

- ' ?Y JHq Y
MINN 3.2 ﬁTL!W’sTllil65&5]1’51/1161)'1umi1/lﬂﬁ’ém

Cement Additives (kg) Water Sand

No. Mix designation (ke) A p A RHA (ke) (ke)
1 C1W30 1 - - - - 0.3 2.75
2 C1W40 1 - - - - 0.4 2.75
3 C1W50 1 - - - - 0.5 2.75
4 C5W30 1 - - - - 0.3 2.75
5 C5W40 1 - - - - 0.4 2.75
6 C5W50 1 - - - - 0.5 2.75
7 C1F30W30 0.7 0.3 - - - 0.3 2.75
8 C1F30W40 0.7 0.3 - - - 0.4 2.75
9 CI1F30W50 0.7 0.3 - - - 0.5 2.75
10 CI1L5W40 0.95 - 0.05 - - 0.4 2.75
11 CIL5W50 0.95 - 0.05 - - 0.5 2.75
12 CIL15W40 0.85 - 0.15 - - 0.4 2.75
13 CIL15W50 0.85 - 0.15 - - 0.5 2.75
14 C1L25W40 0.75 - 0.25 - - 0.4 2.75
15 CI1L25W50 0.75 - 0.25 - - 0.5 2.75
16 CI1E10W40 0.9 - - 0.1 - 0.4 2.75
17 CIE10W50 0.9 - - 0.1 - 0.5 2.75
18 CSE10W40 0.9 - - 0.1 - 0.4 2.75
19 CSE10W50 0.9 - - 0.1 - 0.5 2.75
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H ' sY A '
M990 3.2 druraunesms nlFlumsnaaou (do)

Cement Additives (kg) Water | Sand
No. Mix designation (ke) (ke) (ke)
FA LP EA RHA

20 C1E10F30W40 0.6 0.3 - 0.1 - 0.4 2.75
21 C1E10F30W50 0.6 0.3 - 0.1 - 0.5 2.75
22 C1F5L25W40 0.7 0.05 0.25 - - 0.4 2.75
23 C1F5L25W50 0.7 0.05 0.25 - - 0.5 2.75
24 C1F15L15W40 0.7 0.15 0.15 - - 0.4 2.75
25 CI1FI15L15W50 0.7 0.15 0.15 - - 0.5 2.75
26 C1F25L5W40 0.7 0.25 0.05 - - 0.4 2.75
27 C1F25L5W50 0.7 0.25 0.05 - - 0.5 2.75
28 C1R15W40 0.85 - - - 0.15 0.4 2.75
29 CIR15W50 0.85 - - - 0.15 0.5 2.75

[

Y
[ Y L [ 1
WINBINE : ANUHNBVRITY AN Al lUudaz dIUNaNTAIY

“C1, C5” 1IN0 ua%ﬁ'ﬁﬁﬁl%ﬂ"u«?muﬁﬂ@§¢11Lauﬁﬂizzﬂwﬁ azsiluiaguszanu

“E, F, L, R” WINEDe a3e1ed, 101800, MR, tazidunay Aua Ay

“5, 10, 15, 25,307  HaNenq é”@iwdammu‘ﬁﬁu@muﬁé’aﬂmiwamﬁ'm 0.05,0.10, 0.15, 0.25 11a
0.30 Tﬂm‘;mﬁﬂi’ﬁﬂﬂszmu

“W30, W40, W50” Haneas oasaiuiiine daqiseauminy 0.30, 0.40 1az 0.50 g 1A
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=3 L Y Y ax ] a
2. ﬂ"li‘l/lﬂ’G‘I”t’)‘]Jﬂ"lilm5ﬂcﬁﬂﬂﬁﬂ]liﬂsluﬂﬂiﬁ”liﬂiﬂ?‘ﬁﬂ']iLI,GD'LI,‘]J‘]J‘]Jﬂﬁ

9

a Jd v
ﬂ'li‘l/lﬂﬁf]‘]JWﬁJ5N1mﬁ1§ﬂa@1§ﬂﬂﬂﬂuﬂ1uigﬂﬂ

s . . A 7o . £~
aaolsanazarelunsa (Acid-soluble chloride) N300 15ANINUA (Total chloride) 54U

42
AWM InaaeUYiIlTINUAIH (M11ATIIU ASTM C1152 1aziATgIu C 114)

) a P o [ ) = = 1% o [
- uTﬁTﬁ%LNuﬂ%UﬂLﬂuNQ?JWTL!’JH‘]J?%?JTEI! 5035y Iﬂﬂﬂf\mmﬂﬂﬂﬂﬂ 0.01 NV umﬂﬁ"lu

= J
UNNDIVUIA 250 ml

311 3.26 MIFIiI0E1

Y =2 A

Aa 3‘ o = S A 4 < 9 Yy a
- muumaum"lﬂ"luunmmmGlfmmmmﬂum ll’JLL’d’J“t]‘Lli]\i*lJ@]100 ml LUAUANT1TASANY

nsaluasnn dilute Tudasrau 1:1 a1l 25 m1 awaalalsiun

H Y v
51 3.27 maduhnaunaznsa Tuasnasludiodia
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Y Y 1 P
Adanuseuuniininesn

Y

o A v Y A nyg v
H199NNATONAY (hot plate) wana B3lviau

5171 3.28 m3dudedn

4 @ 1 4 oy
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ASTM C1152, Standard test method for acid-soluble chloride in mortar and concrete. Annual
Book of ASTM Standards 2000 Volume 04.02: 627-629
ASTM C1218, Standard test method for water-soluble chloride in mortar and concrete.

Annual Book of ASTM Standards 2000 Volume 04.02: 645-647
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