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A Study of Ground Mea Moh Fly Ash as
a Pozzolan for Increasing Concrete Strength

Smith Songpiriyakij* and Chai Jaturapitakkul**
Department of Civil Engineering, King Mongkut’s Institute of Technology Thonburi

Abstract

This paper purposed the use of Mae Moh fly ash as a pozzolan for increasing
concrete strength. Fly ash was ground to increase its fineness and used as a replacement
of cement. Setting times of cement-fly ash paste, flow, and compressive strength of
mortar containing different fineness of fly ashes were investigated. Mortar cubc of
5-cm was used to determined its compressive strength. The mix proportion of cementitious
materials (cement+fly ash) to sand was 1 to 2.75 with water to cementitious materials
ratio of 0.59. Three different fineness of fly ashes were used. There were the unground
fly ash with Blaine fineness of 3730 cmz/g, the 6-hr ground fly ash with Blaine fineness
of 5563 cm?/g, and the 12-hr ground fly ash with Blaine fineness of 17727 cm?/g.
Cement was replaced by fly ash 0, 15, 25, and 35 percent by weight of cement. The fly
ash mortar cubes were tested for compressive strength at 1, 3, 7, 14, 28, 60, and 90 days.

The results reveded that use of fly ash in the mix resulted in the increase
of setting times of cement-fly ash paste. With the same mix proportion, the finer fly
ash reduced the setting times of cement-fly ash paste. Flow of mortar increased with
the use of fly ash in the mix not more than 25 percent, but, decreased with the amount
of fly ash higher than 35 percent. For the same mixture, the higher fineness of fly ash
reduced the flow of mortar. All the compressive strengths of the mortar mixed with
unground fly ash were lower than the standard mortar strength. The use of finer fly ash
increased the rate of development of compressive strength of fly ash mortar. Only the
ground fly ash mortar gave higher compressive strength than the standard mortar strength.
With 15 percent of the finest fly ash in the mix, the compressive strongth of fly ash mortar
was equal to or higher than the standard mortar strength at 7 days. With the amount of
the finest fly ash 25 and 35 percent in the mix, it took about 14 and 28 days, respectively,
for the fly ash mortars to gain the same strength as of the standard strength.

* Graduate Student
** Assistant Professor
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Sample Peri entage of Compressive Strength (%)
1-day | 3-day | 7-day | 14-day| 28-day| 60-day| 90-day
CEM 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
15FA1 84.1 75.3 79.8 91.9 90.8 87.3 96.6
15FA2 85.9 95.3 98.8 | 1025 | 109.4 99.3 | 101.8
15FA3 93.4 91.2 | 107.9 | 1052 | 115.7 | 103.4 | 109.2
25FA1 57.9 46.4 711 68.6 83.9 89.5 97.0
25FA2 67.2 62.2 70.3 83.9 | 106.8 | 104.1 | 109.8
25FA3| 766 | 669 | 93.1 | 988 | 124.6 | 113.1 | 122.6
35FAl 57.9 | 60.2 70.3 68.9 829 | 803 81.9
35FA2 63.5 70.2 78.7 63.7 97.6 93.4 95.5
35FA3| 700 | 824 85.9 80.0 | 104.9 | 102.6 | 100.8

u | o Jvl Vo o v sV o
dunuanfaaandiunauilymaidemnnniusimsnasgu

'3

B d a v g a g v o Yo a ¢ v
f'\T’iﬂ?\."ﬂ 7 lNE]LWNTJ?N']mlﬂ’]ﬂ’]uwutﬂuiaﬂaz 25 Qzﬂ\flﬂﬂ’]a\laﬂ?’aﬁuﬂim’ls

o @ as

4:' v =t 1t 3 ' < ¥ <l v ¥
No1geu Mmead nanAanasms 25FA1, 25FA2, uaz 25FA3 fisnmasaaiiudas

¢V et &

| @ P2

8 57.9, 67.2, Udr 76.6 VoWBTNS CEM fiong 1 Tu Nawaiisiiongunniu

¢ v sda v 1 A da o v e o o o dg ' ¢V o
waIMininduiuniienuazidsannuanpgldnIMtNNMAaMEININBTMS

1 e T 4 ° U Qs J e
AP CEM Ltudet 25FA3 fimmasdaiiiusonaz 98.8 (lailony 14 Ju uay
P2 a g o v o PP ' &
WaagdunnaumMawarewNaims 25FA3 wxieiiaganusawnaians CEM nndu
=l ‘J s b 4 o Qs s ¥V
AaNey 90 Ju wasi3 25FA3 fimmassaguiusasa: 122.6 vawasms CEM
o @ ¢V 4 v v v v = oo a d ' ¢V ¢
dmiuneimd 25FA2 dadldnaedipe 28 Ju Feazamnselimasnannnihuaiis
: o e i codl

CEM Lo udmasens 25FA1 wldidhawiunlilduaiimasnanniwasens CEM nnq

A =4 v L hrd o d e \] s 4 =
nghnaasslasiismaidaniany 90 Jumniu 462 an./ox.? wisdalusase: 97.0
YIS CEM

A Bl vV \J = Q‘ d o e s
WaTwnadswinluvesisiiuiusesa: 35 (93Uh 8) Masdeves
A \ o 1Tt l! 1 o Q Qs v ‘J 1

wafminlmuiukasegiicsmniimadaawaian CEM Aaudeanniiargnay

el VvV IJ s ~ o s 1] o/ G o
14 Tu wp¥ns 35FA1 Mg 90 Judimasdaumniu 390 nn./an? wisdailusauay

[y @ - v v a o <& '
81.9 289NDMS CEM MU dunasms 35FA2 Fldiorouiiuiue 6 1y wun

61




2159157 d35. UN 18 aUun 2 Sunan 2538

Yo w o ‘J 1 (L A s o °© o o = 1 Q 9/

Timasdangeniwaiss 35FA1 wazilinany 90 Fuasiimasdaiaunhiuaasong
& v w ’ & a v vy ¥ o1 a d

CEM @auinu 455 nn./gn.? wisdmiludesar 95.5 msliidrewivinuadiunm

o % eV o ' vo w o & o X o4

12 Hlwdalunaiend 35FA3 wuhaunsalimasdadiuimhwela wihaziiviinm

sasuBudludunanissasa: 65 vhuu wdsmsalimasdageniuasand
J ar v « ¥ | - N e ked

CEM #iony 28 Jule Teafidwhiy 470 nn./zn.? viedmduiesar 104.9 uas

d’ o T v ' = @ d A 1 @ s o

Wamatnenaniiong 90 Tu azmmnseiumaslaimiu 480 nn./zu.? wiadaiy

Ja88 100.8 WBINDSAISNIATHU CEM

700

600 X 15F°A3
= A 15FA2
&
& 500 ® CCM
"f‘o B 15FAI
g, 400 -
73
2 300
G
2
3
E 200
Q

100

0 : ; ] . t Z T r

) 10 20 30 40 50 60 70 30 90 100 [ 10 120

Age (days)

d v W ¢ A v & A d - 7V ¥ 1 oA W
Eﬂ'ﬂ 6 ﬂ’nNﬂuwuﬁizﬂ’J’NmmBﬂnumqwENNB‘WHSI.NBll‘num‘J‘u‘muumﬂ?ﬂl.mmuﬂuiatlaz 15

700

600 X 25FA3
= A 25FA2
1>
& 500 e CEM
£ ®m 25FAl
£ 400
|
Z
2 300
3
>
-9
E 200
[&]

100

0 - ! T 1 ~t 1 T T ; 1
0 0 20 3 40 50 60 70 8 9o 100 110 120

Age (days)
a‘ s W g J o & @ A d (J J =4 ¢V v = 1.4
gﬂ'n 7 mmauwuﬁszvmqmaqamnumq’nawaimimaununﬂlumnuﬂmatmmunusaﬂa:’, 25

62




700

600

500

400

300

200

Compressive Strength (kse)

100

15399 §95. UN 18 avun 2 Sunew 2538

X 35FA3
& CEM

A 35FAN2
B 35FAL

. ,
1 4 T

10 20 30 Jo 50 60 70 30 90 100 Ho 120

Age (days)

o @ o 1 o @ @ W v 4o o - > Y 1 a v
E'L"" 8 ﬂ’r‘uauwuﬁiizﬂ')-]qﬂ’]a\’aﬂnuajq'ﬂa\iuB{ﬂ’]{luBuﬂunﬂuuﬁtuuﬂ(ﬂjﬂlﬂ’]‘nu“uiﬂﬂaz 35

agﬂuamsnmam

1.

CY2N = ¥ 1 o 1 ) P ¥ o v
Aadni@maedzaadsudulidsuwdsaiisuadrduiulvidnas

\d 1 ° Q' J =t 1 L)
LA TNINOANIUNICILIWNIUMNNANINDIELBYNY auﬁ"omuﬂu

toa o & o
MIUALINENUAUMIBATDY Los Angeles Abrasion (a1 6 Hlue M
4 \J ~ 4
Trwnawdsraadidiiundounn 26 luesau Wy 11 luesou uaz

o ¥ & ° v | <
lualﬁl’)aTUﬂ 12 ‘d’ﬂm%ﬂﬂ‘nﬂmﬂLaaﬂaﬂmmaa 5 luﬂiau

msldunduiusanluyuduudazildnmmsnadumunnninsdla
v ¥ o o ald A\ o =y voas P L
Tadhdwiu TudnnaunfiishawivlulSnuridy anvszdeevad
ovdulinansenudaszezaImsnanizafududinad Tasidou

o dd < : ° v \J ar Q’;
wunumwazLaﬂmmn‘uuazm’lwsxﬂznam"ﬁnamauaq

¢ v

ANNATLBIAYBAN EIUAUTNADEININING DM SNAUINEIDADIND TS
daihduiiuianvandennniu mswannmasaiasidanniy

mslddhauiuiazdaaiigeludunusasmaslihasanuvniumie
gqm'waffs’hs‘mmsgmija‘lﬁtmuﬁ%'atlaz 15, 25, uaz 35 lagiminyas

=4 :J YV L. L °c o
Yududnenguaswaiinsiniu 7, 14, uaz 28 u museu

63




P | o o a
38159 §95. UN 18 aUuh 2 Suney 2538

nefnssndszna

Hisurauaunayasaussmbsnumniimlaihuhuih Iimaseindg o
Wdehed Faldud evnsdwusing dum=ins uaz aedadil ans nnmeinmaly
Todfan aoewdinuuasiag  aotumalulefiwszaaundsuyd Aliamnhamda
Tumsshammwansaymezesudunduandiduiu mmhivasjiammasau
PnUFEn sodsudaud hife Alienudsmdslummaseuasdusznaumand
washeigaifidsudeworaugu wegsdnd wedwsadn edyyy Nadue
wazwslszangy gnadu dndAnmmadlaimnssulen Ademdalumsiiudays
mATeMeanusias: et

L@N&§1591994

1. Somchai Kokkamhaeng, “Fly Ash Utilization as Earth Construction Materia”,
Proceedings of the Utilization of Mae Moh Fly Ash, Department of Research and
Development, Electricity Generating Authority of Thailand, 2 7 - 28 April, 1993.

2.  ACI Committee 116, “Cement and Concrete Terminology”, ACI 116-85, ACI
Manual of Concrete Practice Part I, American Concrete Ingtitute, Detroit, 58 pp,
1992.

3. David, RE., Carlson, RW., Kdly, JW., and Davis, H.E.," Properties of Cement
and Concrete Containing Fly Ash”, Proceedings of the American Concrete | nstitute,
Vol. 33, May-June, pp 577-612, 1937.

4. Lane, R.O. and Best, JF., “Properties and Use of Fly Ash in Portland Cement
Concrete”, Concrete International: Design & Censtruction,Vol. 4, No.7, July,
pp 81-92, 1982.

5. Mukherjeg, P.K., Loughborough, M.T., and Mahotra, V.M., “Developments of
High-Strength Concrete Incorporating a Large Percentage of Fly Ash and
Superplasticizers’, Cement, Concrete and Aggregates, Vol 4, pp 81-86, 1982.

6. Carette, G. and Malhotra, V.M., “Early-Age Strength Development of Concrete
Incorporating Fly Ash and Condensed Silica Fume’, Fly Ash, Silica Fume, Slag,
and Other Mineral By-Propducts in Concrete SP-79, American Concrete Institute,
Detroit, pp 765-784, 1983.

7. Mehta, PK., “Influence of Fly Ash Characteristics on the Strength of Portland-
Fly Ash Mixtures,” Cement and Concrete Research, V01.15,
pp 669-674, 1985.

8. Cha Jaturapitakkul, “Utilization of Fly Ash in Concrete”, Ph.D. Dissertation,
Department of Civil and Environmental Engineering, New Jersey Institute of
Technology, Newark, New Jersey, 1993.

64




