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USE OF FLY ASH AS CEMENTITIOUS MATERIAL IN CONCRETE

Ashitar Nover Khon* Attauilab Shah** and Qaizer Al*

ABSTRACT

15 sk or puiverized fuel ash is one of the mineral edmiares in concevie, widely nsed treonghont the
warld fawever recy little attention has been paid to 1he marerial in Pafiston, thongh laege guantitees af i e
Hezngs v M thrernial power stations. The wim of this resvaecdy wos o sty e cemontitions plopet pe o 4y
v e voflectod feam coal pive station Lakira Cisect Hyderanad Sive(h

Dt chiemiva! unalysiy of Sy ash revealed thar various cavsietaenty ars fallon wthe favonable s s ee-
cmpenyarded e the Americes Conerete Association. The eiject of coment substitution by (v asit i concrete way stid.
il tfr tn poopresseon wad flexure, The leved of substiainn, o vpical propary sehog! with mays consiegstion at!
v Pakispan was considered. The vesearc bas veveaiod thar the compressive strength of concrete Jins been
aey rvaged o merely 5% itk half of the cement replured oy flv asl wheveas therz 75 an overali saving of 1 2% n
i cest o constructive. The behavior of reinforced v ush added convrenealso reflected veey slighs reduc o on the

Hevnand awvwath af vonerete. The vesults necvssiting fuiked vescarch abont the vacions aspect of i ash avalaal,

WAt (oopmdad Bowey Stations

INIRODUC TION MATERIAL

Fiy ash iy oash or puaverized conl five ash =
cotlected as by produel from the flues ol thermal
poeer <atians where powdered coal'is used as fic)
[ samole of v ash was cellected tram Lakira
ol hire nower statien Sindh.

The chueneal analyss of the naterial waus
carned v w Lueky Cement factory D1, Khan as
stan n Lande | The General specificasion of Ny
ash are cosered by ASTMC-01.. where 11y ashes
s = heen classificd Into Category O & F. The fly ash
sanniple s been cumpared with both these catdeories
As e Table = The American Congrete Institute
iy pevemmiended cerann favourable dimits of vani-
dbs s sdiduts Tor By asn to yaeld Bigh strength e
Inferestiie woante that most of the constituents of £
sshagmnte aee adlmg i these fimis,

Cemerre: Ordinury Portland Cement (OI'C) of
tvpeed contomng o ASTMUE-150 has heeg used
wiizh hisbeen compared with the fly 250 in Table 2

Aggregote: Crushed apgrepate hos heen used
from Marpatta Hills quarry with sizes between 38°
I 223" swherens sand from Lawrencpur o been used
with lineness madulus brogesn ! S92 0 The graita-
tion 0f agpregate has been shown in Table 2

TESTING PROGRAM

Prediminary testing: The mitn) tessing of
weatartn | hath as cement substitute and addetive wis
sarmted put at Matcesal Tosung Labkemtory ol
Compemaicaion and Warks Department Ahbottahzid.
fo thess leste 309 and 79% of cement was replacad
by tly ash sud the resulis ware compared with the
santrolied ouy having na v oashe The moivs: ol
vemenititous material, Nne and coarse agereoute was
weptas 12290 in atl these ceses. The §0% replacerient
of ceovent by 1Ty ask bed 1o oa reduction of merely LS,
inthe 28 duys sdrern of conerate. Honee detailod

v usgation soas aulbdied.

Mix Proportivning of fIv st added cancrere:
Six bahes of conerete wese peepared such that the

{repavivent wf Cied Fngineering, N-W E P Unversing of Enginecrimg & Technologr Peshawar, Pabistun.
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Table 1. ASTM C-618 Chemical & Physicnt Propertics of Class C & F My ash

PRUOPERTITS CLASS "¢ CLASS "F"

Chemical Properties =
| Siat AL Fe 0, (Min %) sn T =%

Cuo | MmYs ) 7 =) -

Mizo i Mm'y) 3 4

»_-\.\Vul!:shlc Alkudies as NO. (Max%) = i —1

| NO (% Max) 5 " e

_Loss ananition (%) 2 6 a
Mowsture [Nax Te) - oo L lJ-

Plivsical Properties X
Fuieness (Max Y retuined on 43 micron sicvie) 3 "

L Autoslive Expansson (Max %) : 050 {1280 _
IPezzilonie Actvaty Index with Portland Cement 25 davs| @ » l
Water Requirement (% of controtled Mix) s 105

L Devise Shrinkawe (Max %) 2.03 . » =iy

lable 2. Grudation of course and fine aggregates

COARNSE AGGREGATE

Tuble 3. Chemical and Physical Properties of iy
ash of Lakhra Station compared with ASTM
specification and recommendation {avorable ranpe

Conslitaent Hivash | ASTM F‘l‘;n';f’“
S 2% | 2% F3. 0
AL, 4.3 27.5%

il Fe), ’ 208,
Ca) - 16 A%-110.5%
[ MsO I U‘i’"/ S%max| 37004855 :
Lot onignition | 14% | 12% | S

S +ALO+Fe O | 7187

& Yaroy V\_. ¥
e fiomitie Cumulative | crrentage
Retwined
14 g 0
125 b
3 [
475 104
Fine Agprepate
!
4.75 D3
130 2.60
| iR Si82
601 miucron 28,74
b
300 micron 6% 1)
[0 micren 9130
Pun Lag

s
%

|
O™ minl 47992785 §

contralied mix with fatw 1:2:4 had no 1y nsh The
remizning balches ol conercte were prepared in she
nonunal ratos sx 1:2:4, 11203, 1:2:20 11=172-3, and |
158-5/2:2 bt in all these unxes 30% of cement was

replaced by Oy ashe The water to comeniitious mare
vaab radi 1 all cises was kepg s (.3 as hund mexing
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Table 4, Comparison af chemical
properties of cement and fly ash of Lakhra Statinn

Constiluent Fly ash ASTM
S0 2057 % 2%
ALO, §25% 0.5 %
- Fie (), RAR R 93¢
R 64 03 % 1247%
MO 231 % 4% |
SIOSALO ~Fe0, | 2935% 70.80%min |

wis done. Coperete eylinders 0 15 e x 30 ¢ were
prepared anc tested at 7, |4 and 28 days. The deemils
ar mux proportioning end compressive sirength of
Ihese vanoms muxes af conerete gre shown in Table &
and Fig |
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Testing of Iy ash edded concrete in flexure: Dascd
on the resndts of mix proportioning of My ash added
conerete (v pomingl ratio of [:2:4 was adopted (o
studv the material in flexure, Six beams of 1S em N
Wem (6" x 12") area, and length 210 em (7'-0") with
reintorcenent of 6-1/2" diameter bars were prepared.
The concrete =atio was kapt as 1:2:4 bur in three
beams 30% ol vemens was replaced by fly ash, the
beams were tested after 28 days under concenrrazed
Jouds that were gradually increased 1o 10 KN and the
cortesponding. detlections were also observed. The
detrly of bl and dellection for all six beams are
shuwnan Figs, 2 & 3

Cost implicution of using fly ash added concrete:
The saving i the vost of concrete with 30% replace-
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FigZ Load delloction carves jor plam coperete boamg

ment ! coment by Ny ash contes dirzzt)v as the cost
replaced cement, To'study the saving i the cos: of
construction with the use of fly ssh i concrete, o
typreal Govy, Girds Primary Schaol was aken and the
hil! ot quantities of all items 1 shawn in the Froure

From all viems of work shere cement s used,
s suantity s determned wath the lelp or WAPIIA
schadele of Mureral and lahour. With §0% repiace
ment the cuuntity and cost of coment is zaleulated us
showitan Table 7 & 8. v reveals that an oversll saving
i the cost af construction is about 12% i.e. for eveny
L sehools we can get 12 adiinenal schools as fres
0nrCust.

ORSERVATIONS AND DISCUSSIONS

The 28 days compressive steength of onerete
L2 watly no 1y ash comes to 21.64MPa (3151 psn)
which decreases with the 50% replacement af cement
by thy ash o 16.76MPa (2433psi) te only 22%. The
28 days compressive strengths for other iy ash added
mixes e 10203 11305, 1222 and 1:1-1/2:2 comes
ot to be 17 A25MPu (2332ps0),
F3 LIRMPACIF04psr), 10 40MPA (1588pa),
T24IMPa (1081psi), and  [2.815MPu (I860psi)
respectively. The steength of 1011723 fly ash added
concrete @5 slightly mare than §:2:3 sl 1:32 the
strength has been consrderably decreased though the
quanuty of cementitions material is the same Thus
stllicient coarse apgrégate must be avatlable in the
mass of conerete,
The reinforeed canceete heams with no fly

Lt
=



e & appl scl vol 2( No, | dan - June 200! LSAN 12 5-a02

v ] ! 1 fur eyual Juads when compared wil other beans

\ ] The Toad deflection eurves show that the Hinearity s

i best exinbited in U range from 33% 1o 809, of il

wre fogg

b 1

2 ] ¥ CONCLUSIONS AND RECOMMENDATIONS

: - :::.12 . A large volame of Wterature (< ayvailuble

3 —a-A3ll anout the vanous aspeets of v ash osed as
T TTTT additive aad subsituie of cement but in
iy II'”l | {l PARISTAN very linde onention Las been

n paid 10 this matecit. The materal 15 ibyn-

20040 60 8O 100 120 14p

dantly avistable throughout the country. but
115, suceessfnl use, as voncrete adinxtore
requires developing local specitication angd
stndardization 1ot materml, Hence oxien
sive research §s reguired to be carried o
gbout various types and forms of 11y ashes
avalable at different coal fire stations.

Load (KN)

wildeflociion carves for v ash udided
Concrete Beams

’"J"'..“ c’.

ash filed ar conceniraied loads of 130, 160 & 142
KN guinst the theoreticnl capacity of 112KN
whereas the [y ushoadded reinforeed concrete heamis
faded &0 112, 115, and [10KN against the theoretical
vigues of TOZKN, The lead deflecsion tables show .
that the deflections of flv ash added beams are more

The cutrent reseurch aimed at addressing
this problem and 118 ash sample was ¢cal-

Table - S, Mix progortioniog of fly ush added concrate.

BATUH A It « i3] B I
Lwnent (Re/m'y 343 17235 20 244 . ' 219 268
Fi Al (Kea) 23 201 24 [ 219 268
Yo Replacement of coment g S0 0 o A 50
Fime Agpregate (Kpm') 690 63D 805 946 658 s0F
o ARSI AR 1350 1380 1206 ot 1316 | 1074
Water Cemens Ratio | os | 03 0.5 03 0.5 _‘" s
Slump gin) T 225! 23" 22 740
Cement Vv ash: Sand: Aggregme | 102 1248 i i =4 144 30 R
iCement Matl: Sand: Apgregate 12 12 123 sl 11173 R
Cvlmder Strengals (psi) 7 days 1056 752 Sl 427 797 6=l

I~ ' |4days | 3324 1¥25 s 77K 1904 1452
2days | 3 2433 1588 131 2532 1560
LVL Rc""“'"“" i the compressive t 2 +4 b 9 all
sireneth -
30
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Table - 6. Compirison of deflection for equal louds in
plain and fly ash added concrete beams
Plin Conerere Fly Ash Added Conerete
Laad Dellections (mmy) Peflectivns (mm)
Lt ll:ul:r Bfém Bzm Avp: Feam 11 Beam B Beam B3 Avie,
0 0 (4] 1 (I 0 ] 0 0 t
WO b .14 0.14 0.1 020 017 -5 047 |
ERE 038 031 03 | wa | us 043 048
_1‘1 (U3 .62 .32 033 0,75 X2 AS 075 {
w | wrs 085 077 | 080 T | wer s Lot
el 142 .16 1.00 LG 1.7 l.60 |4t .85 ]
0 1 7= 145 051 136 220 210 208 b e’ |
w1 182 171 ) e | 2R 219 a0 |
L) | %3 218 203 204 PN 294 2:65 D N
w | 2w 263 230 241 408 38 sas | =k
wo | 284 3l 260 285 470 480 130 | 457
1o 332 k3l ERYY i34 6.30 032 623
120 )] 133 1.00 428 100812y SOuLEEy
| s 522 330 514 |
140 - 650 5.20 -
A:"('“ e L .20 -
N . ) 6.80 - -
16y 680 =
| | L I
lected from coal fire power station lakhra Pooregarded ax b suitabie vidne or stucinne
Sind. Phe research gave very good autial whire (e atremeth of thd conerate 5 00 ol
resiits for use as both additive and cement prime importhng e
cubstitute,
. The behavior of tly ash added cupciete was
. I'he chemical analyses of fy ash shows that apatyzed in flexure and 1135 very mlerestimg:

almpst ol the ingredients fall in the fayour-
able range recommended by American
Conerete Institnte Jor successful use of fly
ash. The Ty ash substitetion of cement by iy
ash fur coperete 1:2:4 15 matenialized. The 28
days steength of 1y asl conereie comes i
the range of 362.844MPa or 2500psi which

w note that the aetual filuce Joads are foll-
ing very closed (o the theoretical valies: [ty
safely concluded that the formula fiar the
tiexire capacities bf onbitary cement i
crotr can Booeasily apphed oothe tly ash
added conorete, However further resears!if
requived tor studying the shear and torsioial
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Table - 7. Bill of quantitics of the construction of & girl
primary school under primary educating Programme (1995-2000)

- =

Add 73% above the schedule rmies:

R4 2358467

s No DESCRIPTION QO AT ) AMAET '
| Excavation in Foundation ‘)i,"’l m 195 l 1853 ks
4 PUC 4R us in feundation Masar BRIl = H-l_‘ _!
i .13 masoncy i cement mottar L6 AR 50 19750 '
! Providing DPC 1-122" thick (NS S0 SRR |
3 Rundon Rubble stone masunry ST 330 | 0210
0 1313, musonry in Super Slrueture 1 o TS5 m S0 S7i45 =
[ RE (L2 in shab & beams 070m' | 1318 9291
‘_ 5 Supply & Febrication of Stec! LIST RUCHI A5063
4 Cement Plaster (1:44 A28 m' 26 1004
b Ceinenl promting | BEE T 2% 10566
11| PeCi14i8) under loors 966w ‘ 30 @i |
[ 12 Fleor stopping (L2441 2" thick 98 9 m’ o0 w99
I3 Juinery steel of approved desiyn AT = 106z 12507
14 Nohee noand in cement niortar |3 156m !53 44
£ | OO 136 ay in plinch protection 707w . T 5020
N Wiltte wishing 3 coats : 218t m e 2R 1 i 1:.w_.‘
i 1z Levelize and Dressing NI TS TG Al
=
I8 Roul msulation of brick ties grouled G [40 4aLn
F (Bl S & Fof seel gate of approved desisn S 46 13 4740
43 S | Tatal Rs 311855

Yol Cost of mam Hinlding

R 393670/«

e
1o

capucities lor flay ash added concrete stepe-
res

The saving in the cost oF construction = uh
1he sabstitution of Cement by {1y ash retlects
that the matenal can be easily used mothe
fr-Mung areas i the construeton of edusa-
ton and heaith buildiogs 10 the vicunts of
the coal tire pewer stations,

RECOMMENDATIONS

For successful use of fly ash avallable s
difTerent power stalions, 1 19 recommended
i stingze wise extensiy ¢ sty about all the
fhy asties avinlable in the countex iy be
wilipted 10 develop shae Joeul standards wng
classification of mitennis,

The savies w the eost of construction with
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Tuble - 8, Quantity of cement in various items of work in o typical Girls Primary Schanl

SERY DESCRIPTION Ly Leinenl Toud

| % AR (Bigs)

|t Excavation in Feundanon 029 m
2 POC 1408 as in foundation Manm Idim R3.00
3 i}.B masenry in cement mortar 1:6 62.97 - 1260 79.34 i
4 | Providing DPC 1-1/2" thick 63.08 v
b Random Rubble stwone pasonry 3Tm' Lo RFRAY]
& H.B. masomy in super stm_c!urc in mmla_u p ;O:i- e 1.26/m SN0
7 RO (1:24) in slab & beams 20070 m | Gim | 12420
8 Supply & Fabrication of Steel 1787 J
9 | Cement Plaster (1:4) 45783m° | 3%m 54,52 ‘
';(I Cement pornting on drick wall 18 3vhm’ 1235 ‘
1 e 1a:8) under floors 966 1m0 . R RS 2.8
12 | Floorstopping (1:2:4) 2" thick | es39m 20%m 19.76
3 fomery steel of approved desisn 21m’
L Notie board in cement woriar 1.3 S48 m 173%m' n7s
is I"C.C1:3:6 us in plinth protegtion 707 m' 4. 4my il
HQ Wihte washing = coats 45783 m
17 | eveling and Dressing 9475 m' - T o
1 Renf insulation of brick ofas prouted 1AS m
10 S & F of steel gate of approved desigm 446 m l
20 ‘Total No.if cement bags ) 589 Bagy

g' Total cost cement @ Rs 2250 bag Ry 132585
With 50% replacement by {1y ash seving = Rs 66292
%4 Saving in cost of construction = 662927545676 - 12 %,

the uke of fly ash pecessitate the study of
materials for use in low cost houshig
schemes which are being launched i the
soczul sector so that shelters is provided 1
thie Nun-pravileged segment ol society.

With :sal data svatlable from the research
aout the fMexure strength of tly ash added
canerele it s required to study the materials

in flexure shear and torston under various
categories of loads.

The Nation Budding departments. which are
closely associatcd with the construction of
hasie butldings for education, health care.
womes development ore required 1o use the
matenals in the construction of these units.
1 this conneetion cure needs to be taken 1l

i
A
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necessary zltemations in the specitication
for different works are being formalized by
varnous concerned departmestts,

Further reseorch is alse recommended to
bring more ecopemy 1y e cost of construe-
non by studying the combination of v b
added concrete wiath brickbuats ané other
chieap matenals

In hydel power generation, where <onstruc-
on of small hydel dams scems o be the
altimaste solution tw fight the energy cnisis,
e Small Hydel Dams Authority (STTYDA)
responsible for the vonsttuciion o such
dumis 1y required to study the use of material
in mass corerete reguired for the comstruc-
tion of gravity slruetures.

The matenal con also be used 23 additive
with cement and clay to improve the hming
of wnigauon eanals Due 1o 115 cementitious
properties, ¢rosion of canals can be <ubsided
10 gredser extent thus ncecasing fe effi-
crency

Itough the fly ash bas shown some
cententitious properties when used a8 admis-
ture tn concrere; yet the long term effect on
cohesion or mortar pasie ys required o be
studied,
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