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Abstract

This research aims to study the chloride penetration resistance and compressive
strength of concrete containing wet fly ash. The ratios of water to binder were kept at 0.50 and
0.60. The wet fly ash was used in binder replacement content at 20%, 40% and 60% by weight.
The moisture content of wet fly ash was 60% by weight of fly ash. The moisture exposure period
of fly ash was one month. Cube specimens of 10x10x10 cm’ size were cast for compressive
strength test of concrete at 28, 56 and 91 days. Cylindrical specimens of 10-cm diameter and 20-
cm height were cast for rapid chloride penetration test of concrete at 28, 56 and 91 days and
chloride penetration test of concrete submerged in 3.0% solution of sodium chloride for 28, 56
and 91 days after curing in pure water for 28 days.

From the experimental results, it was found that the use of partial replacement of wet
fly ash in binder content of concrete results in better chloride penetration resistance and higher
compressive strength. The replacement of wet fly ash in concrete at 40% of binder gives the
highest chloride penetration resistance, while the replacement of wet fly ash in concrete at 20% of
binder gives the highest compressive strength. Concretes containing wet fly ash at low water to

binder ratio have better chloride penetration resistance than those at high water to binder ratio.
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1. UBUA (Cement)
4 s 4 4 va
T udwuddosanaualsziani 1 (Ordinary Portland cement) linai dufAnsan 1
S = A e q o o
WA FIUNTENTNYATIMNTIY WO, 15-2532 1w udmualesauauasssuanlglumsmeauin
= Y @ = s a A Yo w v < @ Y
apunsaluaulnssairenig 1 JuFwudsiiaiildimaegaluszeznarlusiadwmin 14

¥
PRI TELITMIRMITRN

- AS1B1D

~ yaulpsyas

= J

514 3.1 YJudmudiofauaudlsziand 1

a 7 ~ ~ 7 7 P ~
M1319% 3.1 93A)szneumunlveuamudlesauaualszinni 1

paddlsznoumanil (%) Yuswudledauaudilssianii 1
Silicon Dioxide (SiO,) 19.51
Aluminium Oxide (AL,0,) 4.97
Iron Oxide (Fe,0,) 3.78
Calcium Oxide (CaO) 65.38
Magnesium Oxide (MgO) 1.08
Sulfur Trioxide (SO,) 2.16
Sodium Oxide (Na,O) 0.01
Potassium Oxide (K,0) 0.44
Titanium Dioxide (TiO,) 0.27
Phosphorus Pentoxide (P,0;) 0.07
Loss on Ignition (LOT) 2.27
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2. 10108 (Fly ash)
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10199891NVIINIATLYN I 1avsNanHUzIUKNIaZDIATIN
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a o galyy (% (% d‘
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Lﬁl']ﬁf]flﬁluxi'IU'mﬂ FD10069 1091 INTTE09 HaN1TMIendsenoUnlataaslu
{ J aa J I J @ 4
M13199 3.2 nudaeelidsunaudaneusen lua (Sio,) Wueerlseneunan uaviienSouiey

9
LﬁWﬁE]fJVNﬁ’ﬂQ"IfNﬂWU’J'I Li%}'m@flizEJENﬁ@Qﬁ’ﬂigﬂﬂﬂﬁaﬂh'lﬂﬂ'}]'lligﬁa’ﬂEJLLZJLZJ'I$

a s ~ Y ' v
A13197 3.2 f]\‘]ﬂﬂi%ﬂﬂﬂ!ﬂl]“ll’é]\im"lﬁﬂEl!.LiJLiJWLLﬁ&ﬂ'mE]EIigEIEN

astlsznoveenled  Na,0 MgO ALO, SiO, P,0, SO, K,0 CaO MnO, Fe,0,

Y
Govaz Tagrimiin)

1B1a0uLNINY 1.6 270 2230 41.16 031 143 293 1527 0.13 11.51

(Mea-moh fly ash)

18100052804 047 0.74 2825 4524 035 3.63 0.66 11.80 14.48 243

(Rayong fly ash)
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R GRI IR ES 18180852804

d' @ 9 v k7 Ao o 1
ETJ‘VI 3.4 aNHAUSVDIDUNADIADYLNLNTZUATIDIADYTSYDINNIAIVYIY 3,500 (N

3. idaveitlon (Wet fly ash)
y g 1 % sol %
Hudaseuianmanii Ianusuludiasslenmnuiosas 60 Taertimiin waul¥imn

.2 . P 2
nuuane 131luds 1 1heu aguuanadn uaztladsliBeuios ilonuiihseiooon 1l

511 3.5 1d1a08dlon

U

9
4. 11 (Watet)
9 H 9
it 1Flunissiimsnaass Ae Wzl ludesd jriansiaanssulest ain

N3 1851 UHIINGIAEYIN

5. WIA3INHNYIU (Coarse aggregate)
a A Y ] 4 A A A v 1 Aa A
HUNANDYUUASUNIIVUIANIATFIULIDDT 4 Wi@'ﬁuﬂllsllu']ﬂﬁlﬂmuﬂ'ﬂ 475 yantuag

o X a I [ A v A
hudiazen w3 drudludnyazdudIRILa
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310 3.6 WrasIWHEIY (1)

6. ¥195I0az198A (Fine aggregate)

{1 4 <] 1 a A 1 13 1 a a
NTWNHIUAZUNTUVOF 4 VVUIAENNI 4.75 Haauas Llﬁﬁlﬂﬂulllmﬂﬂ’n 0.075 Uaauag

‘lJﬁ 3.7 172350821009 (n3919)

1 @ ] 4 a a
7. LLUUMﬁ@ﬁ@MM@&Nﬂ@Mﬂ?ﬂ NIQNUIAN Gumﬂﬂﬁ}n 10 LB UAAT 8717 10 LBUALUNT

910 (¥ uAINAg

‘]Jﬁ 3.8 LLUUﬁﬁ@ﬂ@uﬂiﬁﬂiﬂﬁﬂUTﬁﬂ
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ﬂﬁ 3.9 LUK ADADUNIANTINTZUDN
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i lwarutionounsailuszeziat 6 52 1u4
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Y o Y o g
14. ¥OUANTT Gl“lf@lﬂﬁﬁﬁgﬁwu’swﬂuﬁ1‘iﬁ$ﬁ1ﬂﬂ1%1uﬂ1i1’lﬂﬁﬂﬂ

9y @

31N 3.15 Foudnens

15. Danesvuia 250 ml 1¥d msvldarsazare Twdeunanlsa (NaCl) nazaisazals

Tamdeulanson lod (NaOH)

16. D3 vuia 1,000 ml g msvldasazare Isdeunanlsd (NaCl) tazaisazalsy

4 a 3 <
Taideu lansenlod (NaOH) uaz@urindauaudaLIuIa 1,000 ml
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) [ J
17. 0378 Gl"ff}ﬁ'lﬁiﬂlvlﬁ'ﬁa%ﬁ']ﬁﬁgﬁ"lfliclﬂaﬂllﬂﬁ'ﬂl’liﬂ (NaCl) uazmiazmﬂmﬁﬂﬂam

I'4 4
on L@ (NaOH) aaluisaanaao

519 3.18 318

Aaa o ) 1Y @ ] 4 @ <
18. “ﬁaiﬂu 1%ﬁ1ﬁiﬂﬂ1ﬂ@u@]jﬂﬂq\1ﬂﬂﬁﬂﬂ lﬁﬂﬂ@Qﬂuﬂ155'3“§uﬂl@\1ﬁ15a3ﬁ1ﬂ

519 3.19 Fa Tau

Y

N ) a s a s
19. 41N U 1%waumaazmaimmamaa"liﬂ (NaCl) uazmiazmﬂmmﬂu"lamaﬂ"lw

(NaOH)

naY

ﬁoﬁ

1/% 3.20

Sah
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v
20. 1u9# (Suction apparatus) 14145 UABININVYIANTOIET (Suction flask)

9

gﬂﬁ 3.21 ‘]jllig]ﬂ (Suction apparatus)

21. 193999% (Hot plate) loennsulianudou

511 3.22 1950981

U

22, UAHUNTEAENT0d 19 S unIoIaTazale

519 3.23 UAUATZATHATDI

U



23. N9wdMTUNIBIAITAZ A 1%ﬁ1ﬂgﬂﬂiﬂﬂﬁ1iﬁ$ﬁ'lﬂﬁ\iclusll’lﬂﬂii’)\iﬁ"li (Suction

flask)

311 3.24 nsredmsunsesenazany

24. YIANTDINT (Suction flask) ql“ffﬁ']ﬁ%ﬂiﬂ\‘]%ﬂﬁ'l‘iﬁ%ﬂ'lﬂﬁN"]uﬂ'liﬂifN

317 3.25 ¥IAn3509a15 (Suction flask)

A . . Y o o
25. 1394 Auto titration Gl‘lfﬁ']‘ﬁi‘ﬂ]l@lmi‘ﬂ

31 3.26 19394 Auto titration
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26. 11T DUVIIADUNTA thfﬂ'ﬂj‘].ﬂﬁﬂGUﬂiﬁaQ!lUUWaGHlﬂ

‘lJﬁ 3.27 Lﬂiﬁ]\ilsllfl']ﬂf)uﬂiﬂ

= l:l -4 Y a 1 4 A ,’;’,
27. Tyqeunae lsa (NaCl) lyauarsazarelusousaanadeunvlay

51/ 3.28 TmiRounanlsa (NaCl)

= ll ll 4 Y A 1 4 A ,’;’,
28. Tyaewn laason laa (NaOH) lyauarsazarelusousadanagouNvILIN

51 3.29 Tanden Tansonlass (NaOH)

35
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29. N30 A3 N (Nitric acid) MUY 69%

i.lﬁ 3.30 N3A lUA3N (Nitric acid)

30. leTasiausiosoon lad (Hydrogen peroxide) 14191 35%

Hydrogen
Peroxide 35%
£

51 3.31 TaTasinunleseonlas (Hydrogen peroxide)

31. 5L BNIATTIU 0.1M Farnes lumin (AgNO,)

51 3.32 Fanes Tuasn
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32. AN UBUAD UV UNINIDINNATDU DNDNY (Epoxy)
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v a A v a v v
3.2 ﬁ?‘ir!l’/lﬁilﬂ'ﬂ‘l!ﬂ‘iﬂﬂﬂﬁu!ﬂ1ﬁﬂﬂ!ﬂﬂﬂ!!a$!ﬂ1ﬁﬂﬂ!!°ﬁﬂ

a ! A A Y ~ Y Y
M319N 3.4 ﬁ?ﬂﬂﬁ%ﬂ@ﬂﬂi@ﬂﬂﬁum”lﬂﬂEJHJEJﬂLLﬂ%Lﬂ”IﬂﬂEJLL‘I’N

38

' iaoe Mix proportion of concrete (kg/mz)

M (%j REGH) Cement | Wet fly ash | Dry flyash | Water | Sand (SSD) | Rock (SSD)
150 - 404 - - 202 761 965
I150-WFA20 20 312 125 - 148 761 965
150-DFA20 20 312 - 78 195 761 965
150-WFA40 40 227 242 - 98 761 965
150-DFA40 40 227 - 151 189 761 965
[150-WFA60 60 147 352 - 51 761 965
150-DFA60 60 147 - 220 183 761 965
160 - 360 - - 216 761 965
160-WFA20 20 279 110 - 169 761 965
160-DFA20 20 279 - 70 210 761 965
160-WFA40 40 204 214 - 125 761 965
160-DFA40 40 204 - 136 204 761 965
160-WFA60 60 132 307 - 89 761 965
160-DFA60 60 132 - 198 198 761 965
Wineme ;1 wineda Yudmuddesanaudilszani 1

WFA 11894 1a1aeeitlon (Wet fly ash)

DFA

= 9 ¥
TNUYDN 101808478 (Dry fly ash)
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3.3 35Msnaaey
= d v
1. MsnaaeUMsIMInFunas lsanuuis
1.1 M3WseuaIngNdImsumsnaaol
WABAIDE1NABUNTANTINTZUBNANVUIAFUAIUGUINAIT 10 IBUAINAT FI 20

wuaas TaglFarunauaunuaailunisg 3.4

1.2 35Msnaaou
o w 1 A A ] %‘ A o g ?,’ 2 9
1. 11A20819noUNIANAIUMIININ1gATD 28, 56 Az 91 Fu Yuani Nald
Tnounsaua

o_ o v @ I ¥ Y 1 4 a a
2. Ll"l@]’JE]EJNbl‘]JGlﬂslﬁllﬂﬂlHWNﬁuWTHﬂuﬂﬂﬂN 10 LEUANAT FI 5 I UANAT

v
A o

31 3.35 Aedeneunsaiii lida
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o w ] % o an @
3. 1hdeg1eseneutnnuaanaao (Apply voltage cell) MFA IAUTOUA?

[l 1 aa A Y Y
YN uazi@imﬂ’;lwaiﬂumm"l’mzum

(3 ]

tﬂ‘ o Y o s
gﬂ‘ﬂ 3.36 1neg1sgneuNNUIAaNATOY

] & a ¥ <
4. lﬁ%ﬂuﬁ’lﬁﬁga'lﬂ NaCl L"ﬁlﬂJsﬂ}u 3% BIUTHMUN NaCl 30 DTN NUHURNUINAUIU
= Y A aa o 3 o Y 1 3 &L
Mﬂ?ﬂ1ﬁ§lﬂ1ﬂﬂ 1,000 ¥aaae15 WANH1582018 NaCl nUUINAU 1%&1/1%114615 %uaga'lﬂlﬂhuuﬂ

S (%
RyINu

519 3.37 @15aza1e NaCl 30 N3y

L'

] 9 Y v
5. lﬁdﬁﬂilﬁ']iﬁgﬁ']ﬂ NaOH 0.3 M %9a1582818 NaOH 12 5N 91nHUeNInauau
= 1w A aa v ¥ < Y 3 e
uﬂ?ﬂ1ﬁ§ﬁ’nﬂ‘u 1,000 ¥aaafT NFNA1TaSa18 NaOH nUUINAU Ghﬂlﬂ\?ﬂ'l«lﬁ’lﬁ %uaxa’]ﬂlﬂl\llu@

S (%
RyINu
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vy
6. IAUAITAZA1Y NaCl W uTU 3% NV 0MaZIANaI5azals NaOH [udu 0.3M
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] d' [ Y @ 4 1 qy.; 9
7. @ﬁ"lfli]'lﬂmi@\iﬂﬁﬂﬂNﬁﬂﬂWﬁu‘lﬂﬂ‘U!‘]ﬂaa%ﬂﬁ@U Tﬂﬂm@aw"lwmmmm

q

1y 9
A o

1 % o 7 3’;
ﬂiJl,“])’ﬁﬂTlﬂ’ﬁE]‘]JTl mﬂuazmmﬂ"lvxlmamﬂgﬁﬂmmaaﬁmau

ﬂﬁ 3.39 ﬁE]ﬁ'lfli]'lﬂmiENﬂ’J‘]JﬂlIﬁﬂfﬂ‘l/\'ﬁ'll"lﬂﬂﬂl,"]faﬂ‘ﬂﬂﬁﬂﬂ

a 4 [ ? U @ 1 o <
8. Wansosnrunudand luih mamiunatly “Reset” Ysumdnd i uilu 60 Trad
g’/ g’/ = g’; =) ' o A (2 (3 =
asnalunisnageuianua 360 Wi MntwAenYesdyaIuNIznadey dunalidygad

] ' 4 A
UANFEINUU Llﬁﬂ\T'J'Itﬂg’ﬂﬂtiﬂﬁ)uﬂﬂﬁﬂﬂllgﬁ

31f 3.40 FUmMInagel

[

Y A [ Y o . A
9. Glﬂﬁ@ﬁﬂlﬂl'lm RS -332 %'lﬂ!ﬂif]\iﬂ'J‘Uf]ﬂJﬂﬂEﬂT‘lﬂ"ll‘U']ﬂ‘U Serial port UDIUAT D

99

a S A 9 Ay v
ADUNANDT LWf]ﬂ‘lflellﬂl‘!aﬂulﬂ%']ﬂﬂ']i“l’lﬂﬁf]ﬂ!mgllﬁﬂﬂWaﬂ’lﬁﬂﬂﬁ@ﬂiugﬂllﬂﬂ@ni’mLLa%ﬂﬁ'W\l

10. Aalalsunsunaae Chloride Ton Penetration Test V2.0

ﬂﬁ 3.41 "lf)ﬂﬂuiﬂiuﬂilmﬂﬁﬁﬂ Chloride Ion Penetration Test V2.0
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A 9 a 1 . [ =
11. 5ums s ldsunsy ﬂﬁﬂ‘ljiJ “Begin Process” ﬂﬁqﬁ:ﬂ HasnNIvnN3Igaciayn

9

. Chloride lon Penetration Test V2.0

Foyadmsumanadevasly aagilii 3.40

BB

Status Groupl Power Supply[Volt] Status Group2
CH1 CH2 CH3 VCC1 VCceg2 CH4 CH5 CHé
| | | | 00.0 | 00.0 [ | |
Standby T NewProcess T Test Process CH1-3 I Test Process CH4-6 T Import Tested Results
Begin Process Shut Down
= 9 . .
§1J°n 3.42 19 WQITJ JUNTUNATOU Chloride lon Penetration Test V2.0

12. N PreceedGroupl d M5 uToIdyn 1M 1-3 1N0EUNTNATOU HaznAlly

PreceedGroup2 145 UTOITYIY 4-6 LHDIFUMINATDL

% Chloride lon Penetration Test V2.0

Power Supply[Volt] Status Group2

Test Time(min)

CH1 CH2 CH3 vect VCC2 CH4 CH5 CHé6
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‘& Chloride lon Penetration Test V2.0
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