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7Ly Ast aas Jeen :sed ia the productisa of concrete
in Australia for over Zifzeexn vears, dut it {s oaly recea:zlv ,
that the =aterial has Heen available {2 Viczorfa. Czher
speakers at this fuaction will have defined Tiy Ash and

Pazzelans, 4nd described thelr use in concTete genera:ly.
It is also assuzmed that the production, classificaticva
and discriducion of Fly Ash {s also kaocwn.

As the company by which the authcr (3 emploved ts
iavolved in the distribution of Gladecone Fly Ash L2
Victortia, 3ost of the remarks Zoilowing apply particulacly
to Gladstone Ash. Howvever, most of tie general scatements
apply to dost gocod qualicy bituminous ashes.

HBundreds of papers have been wrizcea on the subjec.
over the last-thisty yeirs, and an enoramous amount of
research has gone into the papers. However, {(t i{s {aportant
to rTealise that there is a3 great difference between Tly Ashes
produced £from various coals and 7arious power stations. A
considerable aumber of these are suictable for use i2
concrite - a refevence to cthe Code a5 1127 will readily
establish suitabilizy.

Generally, 2o be suitable ts produce sudvericor coancrece,
a Tly Ash needs t2 De -

- high or prime oxides (Stlica, Alumina, Izon)
- low on carhen, sulphurs, magnesium, alkalis

- mocderate in calclium

- as fine as possibdle.

Figure 1 gives an analysis of Gladstone Asha. I: is o
be noted that zhe 2sh shipped 20 Ticztoria is £=cm che
seconCary precip.iatars, vhaich snsures Taxizaum fineness.
Generally, the {iner zhe Ash, zhe lower the water demand.

Tly Ash produces superior concrete due o four =2aia
factars:

{a) Water demand ‘s reduced.

{%) 7The Chumizal rTeacticn Deivaen =-e siliza - aluminaczss

cf cthe Ash, and the calziuym avdroxide of the csmencz,
izproves ccasity, .and ceduces lerching of soluble
compounds.

(e) 7The very fine pactizles zh7vsizally 2eln £
voids.

(d) The spherical shade allsws betser workadilizr, aad
compactisn, laading o Censer concrecte.
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Vasz of the advantages of Fl7 Ash Concrete Rave been
covered, Lut it is desirable to enlac-ge con some of theam:

>

1. Compressive st-eagih:

Figure 2 gives some typical resulcls using Gladszone
Secoundary Ash, with North Australiar and Victorian cement.
Note zhat water is reduced ia both cases - very large
reductions with North Austzalian Cemeat Limited, and auch
smaller reductions ia Tictoria. One of the wajor dillerences
is the much lower 7ater demand of the Victorcian mixes. Note
also the slower rate of streagthl gaia of the Ash aixes -
e.g. at the 265 Xg. level with N.A.C.L. cemerz, the 7:28:90
ratio is 77:100:115, while with Fly ash itz i3 62:100:132.
This continued growzh afzer 28 days is used to advantage in
@mass concrete, foundations etc., producing 2ot only lower
heat and shrinkage, but also lower costs.

Figure 3 shows a typical mix design for Victerian
macerials, ained at produciag at leasz equal 28 day st-eng=a,
wich impraoved workabdilicty.

2. Sulphate esissance:

Much has deen written ¢ the imporoved resiszance of
fly Ash Concrete to sulphate attack. The U.S. Bureau of
Reclamation has an excelleat publicacion "Fly Ash Iancreases
Resiscance of Concrete to Sulphaze Aztack” by J.T. Dikeou,
covering results of thefr veseacch iate the subject. Thevy
save since established zhat the Tly Ashes which offer bast
advantages are bdituminous ashes, while ligaice Ashes zay
increase dezericration. Thei:r specifications now incluide a
formula tc determine suitapilicy:

1 = Ca0 = 5 (R = Resiszance Tactor)
Fep%s

dhece R -~ <@.75 - Resistance Ls g-eatly improvad
= 0.75 to 1.5 - Rwesistance is ncderately improved
= 1.5 to 3.9 - ¥No signtficant change

1.0 - Resigzance L3 Teduced.

Noze that fo:'Glads:onc Ash
R s S5.831 . 35
5.02
= Q.14




Thus Fly Ash fs a Bosc imporzant matertal ia concrete
expased o sulphacte soils, sewerage jlan~s, sea vater,
and even sult laden sea breezes.

3. High jstrength Concrete:

In some parts of tha world thers L3 an {acreasiag
demand for high strenzth concrete - compressive strengchs
{a the 50 2o 75 Mpa cange. To achieve strengths of this
crder, concrets 2ix desizn zeeds to be very Thorough, and
macterials aac controls musc be £irse class. Good qualizy
Fly Ash can hel= obtain these strengths, by reduciag wacer
demand and increasing deusity. Iz the upper cement contaent
bracket, {2 (s avident that 70 Xg. Fly Ash will increase
strength To a greater extent than 70 Xg. 0.7.C.

Figure & shows cthe results of recen: trial aixes Zor
the new Gateway 3ri{dge in 3r{sbane. While the nominal
streagth of cohcrete i{s 45 Mpa, high early screngths are
required, vesulting {a higher than necessary 28 diy st-engths.
It s eviden:s that, at very ezrly age, the Fly Ash mixes are
behind the 0.72.C. mixes, bur later produce hizher s=Zrengcths,
and may be able to offer a sound compromise due to lowver
shriakage and creep.

Materials Services Carporacion of Chicage, who p:oducs
such of the high streagch concrete used in chat area, hava
a policy of not supplying any corcrets over 40 Mpa Cencrets
wicthcaut Fly Ash.

4. TFlexural Strengzh Concrete:

T#o {mportant factors in obtaining sazisfacctory
flexural strengths are aggregate parzicle shape and wacer
demaad. It Ls essencial to reduce water o the lowest
possible amount which will give sacisfactory workabilizy.
Fly Ash assiscs in this regazd, nctC only by having a lower
vater demand to start with, but because i {3 easier to
compact Ash aAixes, coarcer mixaes may be used, lowering the
water agaiz. ZIvea at 28 days, quicte adequale sc-engths 3ay
be obtained, sad at 90 days chere is che added advanzaga of
the growth {a strength from 28 to 90 days. Note :that flexural
sczengcths arm often specified ac 90 days.

The Alabama Fighway Departaenc zas been usiag Fly Asa
fn {23 pavements for 15 7ears now, and Ls axtremely pleased
7ith the results. 32alov {5 a comparison (lab. =zials)
between thelr original Q.2.C. aix, and their 3resenc ash aix.
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a.2.C. MIX TL7 ASZ MIX
0.2.cC. 134 281
asa - 54
azo 170 149
SAND % 35.8 30.2
COMPRESSIVT STRINGTI 7 DAYS 20.5 17.5
COMPRISSITT STRTNGTE 28 DAYS 29.5 26.5
TLEIXUZAL STIENGTH 7 DaYs 3.5 4.5
TLIXURAL STRENGTE 28 DAYS 5.0 7.0

These mixes contalined 4% air ia che 0.2.C. zix aad
3% in zhe Fly Ash mix.

Today, over thirty U.S. scates iaccrporate Tly Ash {n
their specifications. The Federal Zighway Admiziscracion
urges all sctates to change their specificacicns to allow
the use af Fly Ash. 1Ia che area covered 5y 23ur cqompany's
Wescern U.S. operations, Fly Ash (s anov used Lo highwaxy
concrete in Wyoming, Colorado, Utah, Uregon and Cali{foraia,
{neludiag ths =i °*ive Dumbarzon fridge L2 San Fraancisceo

(approx. 760,0.° ~° >f concrecas).

figure 3 shows tae results of concrets supplied to the
Department of Houstug and Coast-uctiocn at Amberley Ais Jase,
Ipswich.

3. Crees:
——

Yot a Lot has been written ou comparative creep of
Tly Ash coacrate, and the available literature is coactradictory
This 2o doud= relartes %o the quality of macerials used by a
particula: researcher. Iz Auscralia, C.35.1.2.0. has done a
certalia amount of research {nto this subject, and ia fact has
carried ou: trials on boch 3risbame and Gladszone Ashes, wich
the local cemenc and aggregatas 12 both cases. Joha Wardlaw,
of €.5.1.2.0., prsesencad 'a paper at a2 C.L.A. Seminar on Fly
Ash {a 3risbane {a July,'78 and L quoce on the 3risbane
Tesulcs:
“Raesults %o an age of oae 7ea:r have Tecantly dDecome avaliladble
and preliminacy analysis of zhese shows thac, undacr 3e
candizions o0 cthe zes:, there Ls l{ztle dif2erence ia drviag
shrinkage betvaen =de conizol and Tly Asi concreCes, wiils 1e
cTae3 3f z2ne Tl7 Ash zancrete Ls appreciadly less thaa :that
of che concrals”.
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§. Abrasica esistance:

12 would apoear that Tesistancs T3 abrasion depands

on a aumber of factors, the foremast of which ara concrace
streagth aad surface Qqualicy. ©Tly Ash aad Q.?.C. pavements
will perfora equally at equal sctreagth. It follows zha:z,
as strengtl fncreasas with age, the ability of concrete =o
withstind abraston v{ll Lfacrease wizh cize.

-

7. Sctenl Corrosion esistance:

Larsen and Page, of the Florida Depazzment: of
Traaspgere, report that "cerrosicn protective properties are
enhanced by the inclusion of Fly Ash". This referred to
electrical enargy -equired to cause "failuze'" of reinforziag
steel due To corrosion.

As well as providiag this proteczior, Fly ash c2acrate
fecr a given strsng.h, {s less permeabls ctitan C.2.C. concrete,
glviag physical protection to the sceel.

Maost Fly Ashes have a2 high 2% factecr. Although cthe Ash
tends to use up the free lime whica gives the high P2 {2 0.2.C.
conerate, the ?% of Tly Ash concreta is very macginally less
than conventional consrete, and is almost always at a level
to guarantae reiafsrcement protectiasn.

8. Low Streangth Concrete:

Ia mass concrete, 6.3. dam struyctures, Fly Ash oT other
pozzolans ace usually specified Zo reduce heat of hydration.
Curtently fa Souchaast Queenslaad che Wivenhoe Dam and Pover
Station are under construction, using Jactra cementc, Swanbdbank
Tly Ash, and river gravels. Most nsed 3ix {s a 75 mm aggregate,
15 Mpa at 90 days =ix, which uses 135 Xg/adof 0.2.¢. + 80 Rg. -
Fly Ash. This mix i{s in fact produciang 18 - 20 Mpa az 23 days.
Fly Ash -as a proportion of cementizious material {an chis
projecs 7arliaes frzom 27% to 3’%, the higher conctent 3eiag in
the low strengsh Z{ald.

9. Alr Zac-ainmentc:

Higher amouats of carbon in Tly Ashes 22ad to 3;ake
alr entrainiag macre ALfficule, L2 somelines Seing necesracy
o {ncrease the dosag~ rate of AZA 20 32any Tizes thal zi1cesszacy
#ith 0.2.C. nixes. dowaver, La low -~arboo Ashes like
Gladstone, ounly small {ncreases a- 1ecessa=y ¢.3. L2 sacens
Tests L Queensland 122 Jarva cemens and Gladszsne asa,
equal doses of AZA gavae 8.1% for 0.2.C., and 3.2% faz Tio Asia.




Dosage Taze will wva-y a7 variatioas i3 ceamen: Zineness,
saad gradiags, water demand, azd a aumbder of other Zactors. N
The Tly Ash is azother variadle, aad #ill prabably need ,
testiag 2o establish dosage levels for any given airx.

10. Placing of Concrete:

Generally, Tly Ash concrete is lictle different frem
convertional councrete. Howvever, being Rore workable, less
efforc is required to produce a fatty surface, whizh sometizes
leads to a problem. An inexpecienced, or lazy, placer will
vork the Tly Ash =:ix less, zeglecting The anecessary compaction
effozst. This ofzen leads to setclement cracking. It is really
necessary to give these mixes as much effort as 0.P.C. mixes -
the boanus then beiag =hat che fatter surface Tequires less
finishing effort to achieve equal saocothness.

11. Pumpabilicy:

The fiaeness and sphercial shape of the Ash pazticles
have a marked effect on the operation of concrete punmps.
Even with less sand than a specia’ly designed pump aix, cthe
Ash mix will £low more easily. This {s readily chezked by
compariang the pump pressures for a givea slump concrete.
advantage may be taken of this by pumpiag at a lower siump
than was previously possible.

12. Setting Times etc.:

Figure 5 shows lab. tesls on concreZes usiang aAshes of
different fineness, and the affect that this has on

setting times (inicial set) ac different concreZe Texperazures.

Tigurzes 7 and 8 show results of Cests comparing sectiag
tiznes under differenc condicions; ifia cthis case, concrete
poured on a cold day, wizh and without Tly ash, ladoratorv
and £field cured. Note that cthe big difference i{s between
temperature. : the difference betveen Ash and 0.2.C. i
approximately :the .ame i sach case.

?L;ure 9 shows =he streng:zh Zes=s on =he same concTeles.
Note thaz the peccenctage of field sctrzeng:h of laboratzory
strength {s the saze in esach case. On this cccasion, tie
0.2.C. mix gave a very Nigh strengza (zasget streng:zh vas
JO Mpa for F'e 23 Mg-+). 4 furcher trial gave almosz equal
szTengch, e.g. at 7 days, the 0.2.C. Jas 1.2 Mpa ahead of
the Azh {lab. zesulzs).

In Queeasland, T17 Ash tas verv wide accedstance 57
engireert andé Governzean: Zejacinents. The followiag
Departadents srovide for Fly Ash in sheir specificaczions




Szaze: Jedartaent oI WoTks
Jepar:zent of Maia Roads
Jepaztnent oI ailways
Qld. Housiag Cocmission
Water Resources Commission
Co-ordinator Generals Deparzaent

Commonwealta: Telecom Ausc.
Departzment Zousiag aad Conszzwezion

Local Authorities: Most city and shire councils approve i:
ese. 3risbane City Council Tequires use
of Fly Ash in eservoirs and other wazer

tighe structures.







