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A Study of Compressive Strength and Expansion of Mortar Mixed with Palm Oil Fuel Ash
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Abstract

This research studied the compressive strength and expansion of
mortar mixed with Palm Oil Fuel Ash (POFA). POFA is a by-product
from palm oil mills which palm oil residues were burnt as fuel for
electricity generating. The quality of original POFA from a palm oil

industry was improved by grinding until the particle sizes retained on a

sieve No. 325 were 17.1% (fine POFA) and 1.5% (very fine POFA) by
weight. Then, Portland cement type I was partially replaced by ground
or unground POFA at the rate of 10 to 40% by weight of binder.
Mortars cube of 50 mm were tested to determine the compressive
strength at the ages of 7, 28, 60 and 90 days and the expansion of
25x25x285 mm mortar bars submerged in 5% of magnesium sulfate
solution were also investigated.

The results revealed that the compressive strength of mortars
mixed with original POFA were lower than that of Portland cement
type I mortar at all ages and decreased as the percent replacement of

POFA increased. The results suggested that the original POFA was not

and very fine POFA at 10 and 20%, respectively gave the compressive
strength higher than that of Portland cement type I mortar at the age of
90 days.

The expansions of all mortar bars containing POFA at the age of
364 days were less than that of mortar bar made from Portland cement
type V. The use of ground POFA at the rates of 30% by weight of

binder gave the lowest expansion value.
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Specific Retained on a Sieve No. 325 Blaine Fineness Median Particle Size
Sample 5 )
Gravity (%) {em'/g) (micren)
Cement 1 3.14 N/A 3,630 14.6
Cement V 317 N/A 4,440 7.5
QP 1.97 41.2 N/A 62.5
G1P 2.17 17.1 6,990 19.9
G2P 2.33 1.5 12,220 10.1 |

N/A = Not Applied
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Portland  Portland
POFA
Chemical Composition (%) Cement  Cement
(G2P)
Typel Type V
Silicon Dioxide (Si0,) 20.9 22.1 65.3
Aluminium Oxide (AL,O,) 4.1 35 2.5
Iron Oxide (Fe,0,) 3.4 5.5 1.9
Calcium Oxide (CaO) 65.4 62.4 6.4
Magnesium Oxide (MgQO) 1.2 0.9 3.0
Sodium Oxide (Na,0) 0.2 0.0 0.3
Potassium Oxide (K,0) 0.3 0.1 5.7
Sulfur Trioxide (SO,) . 2.7 1.0 04
Loss On Ignition (LOI) 0.9 1.6 10.0
Tricalcium Silicates (C,S) 62.8 51.1 -
Dicalcium Silicates (C,S) 12,5 24.9 s
Tricalcium aluminate (C,A) 6.8 0.0 2
Tetracalcium aluminoferrite (C,AF) 10.3 16.8 -
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Water Requirement

Compressive Strength (ksc) — Normalized Compressive Strength (%)

Mixes W/B Flow

(%) 7 days 28 days 60 days 90 days
cTi 067 111 100 333 - 100 436~ 100 499 - 100 525 100
cTs 067 108 100 286 — 86 441101 504 - 101 542 - 103
OPI0 068 105 101 27683 381 - 87 46293 49494
OP20 070 109 104 248 - 74 319-73 37575 40677
OPI0 072 107 107 179 - 54 289 - 66 33166 35768
oP40 073 108 109 133 - 40 193 — 44 250 - 50 264 - 50
GIPIO 066 107 99 318 - 96 a-94 | 4R=100. 35 - “‘
GIP20 067 111 100 298 - 90 389 89 473 - 95
GIP30 068 112 101 258 - 78 36183 443 -89
GIP40 069 107 103 21765 309 71 366 - 73
G2PI0 066 107 99 32598 28-98 | S10- 102
GP20 067 111 100 30190 414-95 | 498 5
G2P30 067 106 100 283 - 85 394 - 90 469 - 94
G2P40 068 109 101 260 - 78 34479 409 - 82

s 1

| & ¢y ool v ¢ dw A @ oA : ‘Y
HUWe : ﬂ"l’tl"ﬂlﬁi\ﬂ'i’ﬁﬂﬂﬂ\?“ﬂiﬂ"ﬁ‘ﬂﬂﬁlﬂﬂ'lﬂ'lﬁHU'ILI'H'V]I.IflWfo)ﬂlﬂ?ﬂUHiﬁUlﬂﬂ'ﬂUﬂ'ﬁWﬁHlﬂi’j'\u CT1

@ oa

ATINONNHTIEH UNUTNYBIN

.

d - o ] Fe
@nhdwiniu op usadlugi 4 wudwesfiumuidadnhdu

¥
a 1

Wiufouua (OP) yASAsIMsunuiazyneIynIsnareuiln

o w ow o ' Sy Y
A19DARINUDTAITUINTFIU CTI Iﬂﬂﬂﬂﬁﬂ’]i OP10, OP20, OP30

o o

iaz OP40 Tifdadafiony 7 7u i1y 276, 248, 179 taz 133 nn/ay’
niofafudovas 83, 74, 54 uny 40 YeeuLIMINIATYIU CTI

o w A 4y oo 4 & o ' Y w1 A
adidy iWeves A tengudiuiiu 28 Ju wudwesiidananil
o w ar P a d
rdasainiafy 381, 319, 289 uaz 193 nn/a” nieAndiusounz 87,
73, 66 Uaz 44 YoswoiMIsIIATEIL CT1 mudidy in 1A ddeda
o A o o & = d o oy e
fisnanauiiosanmsunuivindu mgiihuguiimsiziudnhday
Ed
WunsuuadIuuInoyMIAl TNsI0INA ANUARTUGS Lazaula

12 o |mas 3 A o < = 2 o
IngtainlfnsenlesTeannlos Wiothuumui luyudiuud 39
IWihddnanas mswiddai idnindfifentes Tenm ianse

o w w o & = ¢ 4 a :
yaruididananauiliowinmaaayfudiuud uaziieinsam
w =g w Y o 4 = ' Iy ¢
Fiifdaveaneiiig OP20 o1y 7 unz 28 U NUNWBIAIEATY
¥
e a1 1o o, w
drihduinfudeuuaiinufiseiouns 74 uaz 73 awdidy Faloy
L) Sy o o : < ny LY 1

nfesns 75 veaweimsunsgu duludnhauhidunoumsua
Felumngauiimn i Tagles Tenmmuunsgu ASTM C
618 [4]

o o L] o_ @

{ o o o =
Eﬂf’l‘ 5 HARIANINAUNWHUTTEH I9ATARALAZENTINTUNUN

¥
o_

sy e v s o4 a 4 &
ﬂﬂ#ﬂaiﬁ]‘fﬂﬂﬁ”iﬁ"iﬂlf\uu’]ﬂu GIP WUNNDANUAZIDYALWUUY

36

= o ' o
G1P10, G1P20, GIP30 g G1P40 fiony 7 uaw 28 Tu HAwmiiy 318,
298, 258, 217 LAz 411, 389, 361, 309 nn/wy’ nTefaiuiovas 96,
o 14 o o
90, 78, 65 LAY 94, 89, 83, 71 YBANBTMIUIATT M MNEWY unzll
v o o w o w A o oy A Y da F
wn Tumsdannmdsageiuanioaiousimiiioguinay Tay
A w A o« o o w '
fio1y 60 T llueddrd Gip1o fidhdsdamnaifesnay 100 v
29 ¢ 4o v w sy < ¢ 3w
veimiasgm uenaniimidedaveanesiinmudinhauiniu
GIP #dasImsununfoeaz 20 fie1y 7 uaz 28 Su TAniiiuievay
o o A ' v A
90 unz 89 MmudIAY FadldrgenAuInsgIu ASTM  C 618 [4]
[3 ¥ oA by ' ¥ 49 o T
fmua'ld fie lidesnirdevaz 75 veaueimimasg uaasn
¥ 0
hduiniu 61p SnauiiiuSages Teadia
4 3 £ Wi
iovadnhdminiuldazBoaduiiu c2p  anuduiud
sgriuiddatusasnmsunuiiuaasluglin 6 wuinsasims
dv A o o v w /y_os
unuifeuaz 20 Tamiminveadiagiszau Mdwdaveusiniii
o ' 8 ' & ' Vo
91y 7 30 28 Ju fin1 ludinddesaz 90 Fallargandiiunnsgiu
° { A
ASTM C 618 [4] Amualififouas 75 Sadeuay 15 uazilounsmill
o1y 60 uaz 90 Fu MdsSavesneiArd G2p20 amnsodmun il
ihfunSogenimeddrmnsgu fie Deuviiu 498 unz 532 nnvay’
¥ 1
wieAailudevaz 100 uaz 101 mudwy uennniimsununievaz

o o | @

30 westiSadmidesatadovas 90 eny 28 Ju uaziiudiuiovay

4 LR R iy o &
95 ney 90 74 AN AVIIWNUTHYDINDIATINAIHBINIAAIY



Fennssums iuiteuasiana U9 15 aluf 3 w.a. 2547

CARVIP - S o |maa
gidvavoudnhdminfuiigeiin MlannsaingisoesTeam
137 nazeynaiilauaziduags awnsaunsngaeainaveanas

P I |

) y oy sad o 4

dawn I uesdsTiouduiu fdadalageiuy
nafidednvesneititreadu uaaaldiiiuiinisviulys
E3 7. 8o ¥al = 4 2 4 a

gummdhaniiu TaemsualdinruaziBoaiviunsolinng
Ao o P ' o 0w w

oymandnaaiuiliisdigfidinalaonsdemstauisidsa
‘v sayad day 44w o s 4

voaeimi WAty FaldnaruAvriutagloaToarwsiaou 3

MsAnYIMIUATI MUY Ailnsuns s [6] Paya LazAm [7]

g —%— 90-day
= —&— 60-day
2 —— 28-day
% —&— 7-day
£
a
g
g S
Q

0 10 20 30 40 50

i .l}eplacemmby OP (%) )
= o (] 1S =
§1J°ﬂ 4 ﬂ']'luﬁllwuﬁi:ﬁﬂ'ﬂ\lSﬂﬂﬂtﬂiwimﬂ'l‘illﬂuﬁ

o w i ¢y P =
inzidadaveims inaudthdwinii op

[+
(=3
(=]

—— 90-day

—&— 60-day
1 —8— 28-day
_"_\—’\0\_‘\' 4 7day

& 2
S o

[

(=

(=]
i

Compressive Strength (ksc)
= s
3 153
1

0 T T T T
0 10 20 30 40 50
Replacement by GIP (%)
U0 s anuduiussenindesazilSunamsunud
1 ¥
uazfdesavesis inaudndunhdu Gip
600

500

400

Compressive Strength (ksc)
b=
=]

0 T T T
0 10 20 30 40 50
Replacement by G2P (%)
31t 6 auduiu sz hedevanSmnsunud

G e syt Yo a e
lmzﬂ1ﬂmﬂuaimiwﬁﬁmmﬂmumuu G2P

RESEARCH AND DEVELOPMENT JOURNAL VOLUME 15 NO.3, 2004

3

o d
4.4 MIVLUAIVOIUYNNDS ']‘EJ

{ ¥ o & ' - A
707 7 vamennuduiuseniunisveeduazegiuglu
o ' < <

arsazmenuniliFoudalavesuavesdriunsguiihfuduud

e i 4 o '
Uesauaumlsziani 1 nazdsuand s Hufaqiszanuiloandre

=t s ' w 3 ' gt NS
(@Ag7 wuNNe gAY 100 Tu MTYeIAIVBIUINEI AT NN I
) "ow ! 4 & o

CT1 way CT5 dfwandniudosun eoigiuanaiiu 364 Ju

2 d ' o ' 1
IFUIAUATINIANAINYOINITVEIEAIVOUNINBT AT Taauma

Yy o a w 1 3 sy o
WBSMITUIATE M CT1 Imsveredawinaiumanesmiuinsgiu
o A & o

c1s uazfinsvneduiuivedisiaii fs dauidudevas 0.43
| sy ¢ - i
dauuianeimsuInsgu CTS finsvoeduiiviiuediedhe Tash
ar o v o 1w ar ) 3 = o
81y 364 Tu DAnsvnediwiiuievar 0.09 dunadudiudiuud
4 ¢ < 1A o o o b
Yesauauadszand 5 ifiuFuim c A o uddufemsverediog

i o ' 19 tet @ ow
Uszwimfovaz 0.1 ey 1 1 uaaaliisiuldd c,a Tilaiedundn

[y o g w a 4
A liAan1svoreduioeetiafen [8,9] ¥e91An15Any1v0d
Gonzalez (1A% Irassar [10] Min1sAnyInIsveedvesurauesms
d o 3 o o a

fhnduduuddumudamaimnu 4 aia 3 yidaidinu
C,A whiufevaz 0 uazdn 1 wilaliUFuim c A viiudosns 1) Wi
Usua ¢,5 unnandusglugasdovas 40 1 74 wanms@nymuh

o<l

Yugiuantdium ¢S g denaldifiamsveedageniy

o o 2 4 g
FanvosnanosArsatidnhduiniu op (Hudiunauiudas
v 1 ]

foung 10 4 40 Tneniwain Taquseau dwansluglf 7 nuhi

' a o = 1y 0 = ar v o

gIgnau 100 TunisvneidanissuAvidunesasuinsgiu
Vo 2 ¥ E s By 3 o
wagliiiunavesnislfidrduiniudsnisduniuveieds

w A w o

4 ;
weennilmlndifveafuuin Funaldninnsiiddnyuszinizs

& 4 o 1

' w w o 4 )
Wungy wasnduiieny 150 JusnldSaSuniuganudiuns
sy e v & &y o Ha w) 8
waidminnmudhdwniniu op yndasmsunuiiiimsunedam
fY o o
nNINes AT uIATEIM CTL uaz CT5  ednlsinuiigeery
fanand lmisovendBanunuininadomsvmediven
¢ A 4 © '
vesMT1d nazileo vy 364 4 wudwesdas oplo,
a w. o & a
OP20, OP30 U@ OP40 Uniswueisdufiududnidnitos Ao fan
- e v 4w i,
mfudeuaz 0.08, 0.06, 0.06 uag 0.08 Auddy Fadsnsiidrdiing
uiue M UINTI U CT1 D610
o F( ; o
msunuidhdminiu op founs 10 ¥ nsveredaiie
A A o 1 Sy & R |
anaunnideifivuduuvanesdsuinsgiu CT1 Wedlifiosninns
Y v & Ha v ,od
unufidhduiniu op hllnnuwgugeuazeyninuuinlng) (v
@ al o= ' o a
1aFavinnmvsiweymalugli 3a) luiRsewuaildaadTuw
a o o a v 1o o 4 o
C,A uazdldufim ifamsvowdudr uadeifideuesds
d w Y oa v ' 4 4 .
udaf AT ANUNTULBLFDITININAY 9 Trassar Uag Batic [11]

' L. P @ 1
Uy Moukwa [12] WU Ettringite ARIUIZU810810419919

37



ennssums atuIdouaziann 19 15 aduh 3 we. 2547

¥
molugeeinadinan eldifaussrunoluilouesdry duwaly
o [ o« ¢ o 3
msvenei Taesuveavisuesasinmise
- a & ' o
U7 8 uaz 9 umasANUdURUT ST IIMTVLIEAazY
1 s ot as ' PR
msuglumsazatouundiFousainveaunanes s ineau
¥
idnhauthidu GIP uaz G2P awdidy wudnlnuaziuaves
o AR R { 1 W w oA . ] ]
Wdnhduiiuiiuiu uanisvoredadaida liuand1aanana
i 3w w 4 M o
woimiAweudnhdawiniu op wimin Tasfiny 364 Fuwuduns
uBIMT GIP10, GIP20, GIP30 LAz GIP40 finisvuiwduviafiy
$ouagz 0.07, 0.06, 0.06 AL 0.06 MUY duuvaNDIAS G2P10,
G2P20, G2P23 Uaz G2P40 Imsveudvinfiu 0.07, 0.06, 0.05 Lag
o w o ' Sy o o o B o
0.06 MudIAY Fearasniauneuesms AT hdud i op
A - .II 3 o ;I’
@neu WenfFoufisufisasinisunuiimertu uenviniitadann
o w o - w )
Tdhwavesdnsimsunuiidrhduniniudenisveiedaveauna
[l £l
wesds nrrudduiiniu G1P uaz G2r 1Wkalufiemaieasy
I ¥ ]
vesmsnraud 1 duiniu or ndanfenisunufifosas 10 fins
w - .8 .4 A dy &
yrwdmngauazaaaudomsunuiiiuiuiuifitovas 30 &
5 e e o ]
Wusasimsunuiidnisversdadiga ndemiudeifunis

Jﬂ ¥ o R £
UnuniddIaynaz 40 NMIVEEAINIUUANNLIUIONUDEY

= ] Y o 1

iﬂ\‘l 10 uﬁmmmlﬁumwmumumﬁ'ﬁmmgm AU

¢y Jal Pl &4 = o =
URTAITNHAUIDTIIANIIUUNATIUASIREALAY AT INITUNUN

A1y numrswesMsunsgIu CT1 1hanis Tnseeedianinle

Fa luvazfuiawesfsumsg cTs densanimeguaiisosiin
anweuthudmies drunvavesdiAnaumdiduiniuu
amTassauendsdanudonelinnin uadananuinsunui
wnfuilturiaefidiAasesdn 18 iinisunufid toz
uianes A Araudnhdmihtuiiinazdeanidses o

ANdae

0450
0400 + —c11 b S
0350 4| ¥ CT5 ¢ - S—

F 0300 - | T OP40
2 0250 4| "> OP10
g 0200 - :OPZO o
& g1s0 OP30{
0.100 -
0.050
0.000 T : T T T T T

0 50 100 150 200 250 300 350 400
Age (Days)

30 7 anuduiusszndmsuneduazeny

' v
yoauvisuesMsAnauidndminiu op

RESEARCH AND DEVELOPMENT JOURNAL VOLUME 15 NO.3, 2004

0.450
0400 - ——gr1 P
0350 4 "HTCTS  pmr e e
T 0300 - ——gGipo ... _ .
E 0250 - :gi:;g
é- 0200 77 —&— G1P30
B 0150 -b—— -
0.100
0.050
0.000 T T T T
0 50 100 150 200 250 300 350 400
Age (Days)
U7l 8 Amuduiussznemsvnwiuazey
voamawedd s Anmudnhduini c1p
0.450
0400 {{ —cm1 | s
0350 1+ =¥ CT5 -
e B e
,E 0.250 --{ —*— G2P40 i
T )11 SRS . A ———
& o1s0 4| o] st e
0.100 -
0.050 -
0.000
0 50 100 150 200 250 300 350 400
Age (Days)

7Uf 9 mwduiufszninnswneiuazey

1 ¥
Yoo Anrudihdminiu c2p

1 ' ¥
UM 10 AmuBomiwveauriaesirs Anaudnhauminiy

4 o .
weuslumsazmuonuniiFoudanery 364 Tu
s < 3 s
myveedvoaiueim iraudnhduniniud 3 sun
=l aw a1 o ' sy osd
Auaziden uazlidasinisunuiidnedu nudwedd i inau
v ¢ & w ; - w & sy o
Wwnhduihfuyndaunauiidinisvoredadinduraue{dg
P :
vinsguveauFuiefauaudtsziani 1 uaziszanii 5 o1

@ i P ¥
diu'ldda udhfmsunuidduiituuiedunauseiild



Feranssuens auIteuazau 19 15 aduf 3 e 2547

w A '

yesfiimfidedanainituesMiuinsgiw e lsAniuna
msdnuaaaldiiuhmsifid i duhiumunsoaanisveei
iioanindaidndiduednd uaznsunufifosas 30 veaynany
auduaiimsvedadiga udninfinsandidssaveuesis wuh
msunuiifesns 30 010 lumnzauidecnniimdsafid dnfu
msunuiijudiudosauaudlsznn 1 rudnhduiniu Gip
une G2P ludasluifudesaz 10 naz20 awdrdy reziily
Fasrdrufimurzay mmzmuisaldiidasaninndweddd
WIATEIU CTI 01990 Fu unzfarmisonanisusioiaiiosnin

myazawdan Idiuedied

5. agwamInaaey
Ed
nnwansAnyInasae il mwsoagUuanisdnutld
¥
gare i
v
1. dhdwiniunsuua (OP) ﬁmffﬂs:naumuﬂfmﬂag“lu
o 4
Class N 9113574 ASTM C 618 LAz ns0annsvuealiiednin
aazawuniliFoudamald udvuavesoynialnguazanungy
o an ° 0w w sy o
ga MldiAalfAsonlesTaaudr dennliddsdavesueimianag
wn SelimngeinnididuiaglesTvamlununeunsa
o ny Y Vel = - -!
2. idduiduAdumsualdlinvaziBvaiuiiu
a ar { |
awrsothn 1 dudegles Teauunufiluyudiuud 14 Tay
v
ihdmihfuusaziBeathunaie (GIP) wazuaaziBoauin (G2P)
P a e o LY o w Ao w w A
unuiyudiudlesauaudiosas 10 uag 20 mwdwy Iiidedad
o 3 o s =4 o o« 4
81y 90 Tu gandweidrums guvesuduuddednuaudlszinn
fi 1 fip Tewifudeeny 102 uag 101 mudidy
5 P v ¢ 3w -
1, usneidinaudnduhiuanuazidoathunans
(GIP) unzanuazidoaun (G2P) ndasinisunuiinisveiedam
s ' 4y o = o s P a A i
nhusuesfmivmsguvesudmuddofauaudszinni 5 dous
TumsazaeuuntiFoudadauiu 364 T4 uazmsunuidooas 30
v v /3w - a a a
Mudrhdumhiuanvazidoathunarsmieanuazdvaviniimg
@ 3 @ i d 9 A <
yowiiige uazmsvereialuus IWvanaudndeadedndy

ar

I’ = =3 J
HINHUANMNaZuANInNUY

6. neAnssuiszmna

adsuilifudnmitivesTnsansdsudas mislidunau-
wien'd uazdnhduniniulusuneunia 9185 pumTumyy
A3iteen dninaunsauaiuayumsite (@na) moldlasanis
vpmumﬂﬂ'nui“lﬂumi’luwumummiwwm (';auumw) szl
WA, 2545 mwwﬂwwauamm w Ailgan uanmnwa-uauﬂm

UTEM ity virdhidy 1 il msmtuyutaglunsity

RESEARCH AND DEVELOPMENT JOURNAL VOLUME 15 NO.3, 2004

lBnEI91984

[1] gudmsaumamsinuas, SninnuiasygianIsinyas, 2545, aba
nsinuasuvialszmang Tiweilgn 2544/4s, @ 43, 121 ih,

[2] Tay, J.H., 1990, “Ash from Oil-Palm Waste as Concrete Material”,
Journal of Material in Civil Engineering, ASCE, Vol. 2, pp. 94-105.

(3] gafus qAud3d, s3und uniny uaz v ngsiinina, 2545,
sprldmnunaiFount?ludinzdihduiiduauneunie,
msdszauingmiadmnssy dsedill 2545, 2023 dquioy,
AN, 11 191-199.

[4] American Society for Testing and Materials, 2001, “ASTM C 618 :
Standard Specification for Coal Fly Ash and Raw or Calcined
Natural Pozzolan for Use as a Mineral Admixture in Concrete”, In
2001 Annual Book of ASTM Standards, Vol. 04.02, Philadelphia,
ASTM, pp. 310-313.

[5] American Society for Testing and Materials, 2001, “ASTM C 150 ;
Standard Specification for Portland Cement”, In 2001 Annual Book
of ASTM Standards, Vol. 04.01, Philadelphia, ASTM, pp. 149-155.

[6] aiins deRoziv uaz Fo nqsivindna, 2538, “nsdnyIns
varddmAunnunzite 1iiutag o Team lumsiin
Mfenounsa”, NsmsIveunsiau @v.5., T 18, nuil 2,
w1 51-76.

[7] Paya, J., Monzo, J., Borrachero, M.V., and Mora, P.E.,, 1997,
“Mechanical Treatments of Fly Ashes Part I: Physico-Chemical
Characterization of Ground Fly Ashes”, Cement and Concrete
Research, Vol. 25, pp. 1365-1377.

[8] Tikalsky, P.J., Roy, D., Scheetz, B, and Krize, T., 2002,
“Redefining Cement Characteristics for Sulfate-Resistance
Portland Cement”, Cement and Concrete Research, Vol. 32, pp.
1239-1246.

[9] Tian, B. and Cohen, M.D., 2000, “Does Gypsum Formatioq during
Sulfate Attack on Concrete Lead to Expansion”, Cement and
Concrete Research, Vol. 30, pp. 117-123.

[10] Gonzalez, M.A, and Irassar, E.F., 1997, “Ettringite Formation in
Low C,A Portland Cement Exposed to Sodium Sulfates Solution”,
Cement and Concrete Research, Vol. 27, pp. 1061-1072.

[11] Irassar, F. and Batic, O., 1989, “Effects of Low Calcium Fly Ash
on Sulfate Resistance of OPC Cement”, Cement and Concrete
Research, Vol. 19, pp. 194-202.

[12] Moukwa, M., 1990, “Characteristics of the Attack of Cement Paste
by MgSO, and MgCl, from the Pore Structure Measurements”,
Cement and Concrete Research, Vol. 20, pp. 148-158.

39



a o aw @ A o
Aranssums aduItouaznai 390 15 adfufi 3 wer. 2547

RESEARCH AND DEVELOPMENT JOURNAL VOLUME 15 NO.3, 2004

Experimental Investigations on Bleeding of Fly Ash Concrete
Kulanan Thumasujarit and Somnuk Tangtermsirikul
School of Building Facilities and Civil Engineering
Sirindhorn International Institute of Technology, Thammasat University
P.O. Box 22, Thammmasat-Rangsit Post Office, Patumthani 12121, Thailand
Phone (66-2) 986-9009 ext. 1908, Fax (66-2) 986-9009 ext. 1900

Abstract

This article outlines the experimental
studies on bleeding of fly ash concrete.
Bleeding is a form of segregation occurring
from rising of some water in the mix to the
surface of freshly placed concrete. Bleeding in
concrete causes low abrasive resistance and
high porosity of the top surface of concrete.
This experimental program was designed to
clarify the mechanisms of bleeding of fly ash
concrete. The mix proportion of concrete was
designed based on variation of ratio of paste
volume to void volume of aggregate phase,
water to binder ratio, type and replacement
percentage of fly ash in order to investigate the
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Moreover, the amount of free water and
effective contact surface area of solid particles
were computed and investigated for their
effects on bleeding.
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1. Introduction
- Properties of fresh concrete are important
for durability of concrete in long term state.
One of the problems of fresh concrete causing
the durability problem is bleeding. Bleeding is
a form of segregation in which some water in
the mix rises to the surface of freshly placed
concrete. This is caused by the inability of the
solid constituents of the mix to hold all of the
mixing water when they settle downwards [1].
In Thailand, fly ash has been used in
concrete for a number of years; however,
understanding about fly ash concrete properties
1s still not up to a satisfactory level. With this
level of understanding, fly ash has been refused
for being used in some construction projects.
Low abrasive resistance and dusty surface of
fly ash concrete are common problems heard
during these days. These problems are

considered to be caused by excessive bleeding
which may be accompanied by the prolonged
setting time of the fly ash concrete, especially
when the fly ash concrete have high w/b ratio
or high water content (relatively low strength
concrete).

Helmuth R. [2] found that among the most
important characteristics of fly ashes are those
that affect the bleeding characteristic of the
fresh cement pastes in concretes. Replacement
of a part of the cement with fly ash may either
increase or decrease the bleeding of fresh
concrete.

Tangtermsirikul S. [3] studied the
influencing factors of bleeding which are

oo PRI o oy T

surface area of solid particies, water 1o cement
ratio, and air content on bleeding rate and
bleeding capacity and found that the larger the
total surface area of solid particles in the fresh
concrete mixture is, the lower permeability of
the fresh concrete mixture will be. Therefore,
smaller bleeding rate can be expected. With
regard to the effect of water to cement ratio
(w/c), cement pastes with higher w/c ratio give
higher value of bleeding rate for cement pastes
made from same cement. It can be expected
that the cement paste with higher w/c ratio
gives higher bleeding capacity than that with
lower w/c ratio since cement paste with higher
w/c ratio contains larger amount of water in the
mixture. Bleeding capacity is also affected by
the sample height. A larger sample height gives
rise to a larger bleeding capacity [4].

Studies have not yet been done on bleeding
of fly ash concrete and its solutions for proper
mix design in Thailand. This study will be
useful for the mentioned purpose.
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