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The Central Research Laboratory has beenestab-
lished within Ready Mixed Concrete Industries
Ltd. to carry out research and development pro-
K jects for that Company, Blue Metal Industries
Ltd. and the Ready Mixed Concrete Ltd. Group
of Companies in Australia. In addition, as an
Approved Research Organisation within the terms
of the Commonwealth Industrial Research and
Development Grants Act, it is available for the
execution of Contract Research for any other
Organisation: :

The information contained in this report is confidential
and the report must not be reproduced either in whole or
part without the written consent of the Chief Concrete
Engineer. f
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READY MIXED CONCRETE INDUSTRIES LIMITED 006

CENTRAL RESEARCH LABORATORY

TECHNICAL REPORT NO. 48

November 22, 1971,

EVALUATION OF SOUTH AUSTRALIAN
GROUND VOLCANIC ASH

INTRODUCTION

In ancient Rome naturally occurring ashes, originating from the
explosive types of volcanic eruptions, were mixed with lime to produce
a cementitious material. Many structures in which this form of cement
was used as a binder still stand today. Pozzuoli district was particularly
rich in volcanic ashes énd these have given the name '""Pozzolans' to any

siliceous finely divided inorganic material which upon reaction with lime

-at room temperature forms a hard and insoluble compound,

The United States Bureau of Reclamation adopted the following

classification for pozzolans:- : SN

(1) Clays and shales (must be calcined to activate):
Kaolinite type
Montmorillonite type

Illite type

(2)  Opaline materials (calcination may or may not be required):
Diatomaceous earth

Opaline cherts and shales

(3)  Volcanic tuffs and pumicites (calcination may or may not
be required): -

| Rhyolitic types

Andesitic types

{ Phonolitic types



2.

(4) Industrial by-products: 008
Blast furnace slag
Fly ash

Silica fume

In Australia, use of pozzolans in concrete has found official

recognition in the publication of the Australian Standards on

¥

Blended Cements - A181-1971
and Fly Ash for Use in Concrete - A,S,1129 and 1130-1971,.

Many valuable properties of pozzolans in concrete such as reduced
Heat of Hydration, Reduced Permeability and the ability to‘ control Alkali-
Aggregate reaction, as well as the increased resistance to Aggressive
Environment, has changed industrial pozzolans from being waste by-products

into the premium priced materials,

Therefore the Utilization of Natural Pozzolans, particularly in those
areas where the Industrial by-product forms are not available, is of para-

mount importance to the Australian Building Industry.

METHODS OF EVALUATION

The Australian Standard Code of Practice for the Use of Fly Ash
. = < -
in Concrete - A.S.1130-1971 - requirement for pozzolans is based on their
performance in concrete, rather than on chemical or mineralogical com-

position of these materials,

Concrete is a heterogeneous material and hence to achieve homogenuity
on the results, relatively large quantities of Pozzolans must be tested.
Therefore, in the initial stages of investigation, it sometimes becomes

necessary to evaluate the potential reactivity of Pozzolans in mortars.

The Central Research Laboratory has adopted a Pozzolanic Activity
Test with hydrated lime based on A, S, T. M, C595.

This method consists in mixing 1 part hydrated lime to 9 parts of

graded silica sand (from Ottawa, Illinois) by weight, plus an amount of
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en dry pozzolan equal to twice the weight of the lime multiplied by a
cpelat obtained by dividing the specific gravity of pozzolan by the specific

gravity of the lime. The amount of mixing water is such that the flow of

pnorlar is 110t 5 per cent when measured in accordance with A, C. T.M. C109,

Three cylindrical specimens 21 1/8 in, diameter and 47 1/8 in. high
sre made from each batch, These are stored at 73.4'.*.' 3°F for 241 2 hours

then at 131% 3°F for 6 days until 4%  hours before the time of testing.

F 3 :,,4’5.

trney are cooled then to 73, 41 3°F and tested in compression at the loading

rate of 100 to 500 p.s.i., per min.

Minimum pozzolanié strength according to A, S, T.M. C595 should

t¢ 00 p.s.1i.
1 ESULTS

Porrolanic Activity

The results obtained with South Australian Ground Volcanic Ash

sre 66 follows: -

C.R, L. No. 'S.A. Identification Pozzolanic Strength
to A.S. T.M. C595

P1611 - 200 North end 1300 p. s. i.

P1612 - 200 ’ 1070 p. s. i.

Best Australian Flsr Ashes have Pozzolanic Strength of 1100 p. s. i,
i INENESS

It must be noted, however, that the degree of pozzolanic activity

e f'lﬂﬂf‘ly related to the fineness of pozzolana. Dr. K., Alexander in his

c23er "Observations on the Blaire method for determining Fineness and on

the Z{clationship between Surface Area and Pozzolanic Reactivity' published

*h¢ Australian Journal of Applied Science, Vol. 6, 1955, gives an optimum
#-eness of 8000 sz/g for pozzolana-lime and hence pozzolana-cement

B -V R . . .
€10n. The fineness is calculated from the Blaine. equation -
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d(1-e) VnL 5o .L; 008

where

Sw =  specific surface (cmz/g)

d =  density of powder (g/cm3)

e = porosity

A =  cross section of plug (sz)

P = mean effective pressure difference across the
plug (g/cm?)

t = time measurement (see)

A ‘= total measured volume of gas passingfhrough
plus (ml)

n =  viscosity of gas (poises)

L =  length of plug (cm) ‘

The method is covered in Section 3 of the Australian Standard A2-1963
"Portland Cement'" and by the A, S, T, M. C204 "Fineness of Portland Cement
by Air Permeability Apparatus",

When applied to pozzolans the method gives approximate valués of the

specific surface only,

Following results were obtained:-

v/"‘

Approximate

Cc R. Lc . . ‘ d i . '
No S. A. Identification Specific Surface

P1611 - 200 North end 7500 cm? /g

P1612 - 200 6500 cm? /g

Hence, the sample P1611 is ground to almost optimum specific

surface according to Dr, Alexander.

It must be noted at this stage that only very small pr0port10n of Fly
Ash collected from the flue gas by means of cyclones and electrostatlc

precipitations is of the high order of fineness, stated above.

iy
1
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Sand Replacement in Mortar
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In addition to A, S, T.M. C595 tests, direct sand replacement with

South Australian Ground Volcanic Ash (Sample P1612) was attempted.

Results yielded: -

Proportions - gms, Compressive
Mortar Mix Ottowa Flow Sreneth pel
O.P, Cement | Ash Sand Water % 24 hours |3 days
Plain control 500 nil 1375 245 105 2100 2630
with Pozzolana 500 125 11250 260 |108 3160 4420
CONCLUSIONS :

Provided reasonable fineness can be economically achieved, these

data indicate that South Australian ground Volcanic Ash will be a most

efficient pozzolan,

%&%M/_

/{. SAMARIN,

Research Engineer.

1

e
P

W. G. RYAN,
Chief Concrete Engineer,
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Ball Mi1l:  cdrmensionss diameter 3L lcm. (12%’;*)
length  39.lem. (1537)
ToDeMe * 21

Ball charge wt, = 51 kilos.

Voleanic Ash (Mt. Schanak)

47 423 crusher

LW mesh giove (HeS.85.)

100 mesh sfove (ReSeS.)

200 mesh sieve (B.5.9,)

011

10 Egme apring balance (for welighing esh loads for mill

accurate t02008,.)

Balance for weighing fractions (accurate to 1/10th mu.)

25 gallon plastic bucket with 4" ciove fitted to top (for
collection of balls when emptying mill after grinding)

Galvaniged iron sheets for drying sample
Morter and pestle



Prperimental Procedure

1,

2e

3e

Le

5e

Te

Fe

10,

T

The oririnal somple {(approxe 110 kilos) wac spread oub on
galvenisged iron sheete to dry out (nob enourh oven spece) in
the open,

Uhen dry, the sample was put through the 3" Jaw crusher and then,
after crushing was thorenshly homogenised. (method for hand
mixine mortar - using a shovel)

The earmle was then split and bagged in 10 kile (apprex,) portions
(Hving 11 bags of material).

A gieve analysis was carrded out on a 10 kilo sample (eee Lesults,
Table A and Graph A)

Approx, 2 kilos of ancther portion wae hand ground end enough

- 63 nlcron materisl was gained for chemicel amaiyses, Analyses
were conducted to defermine the L.C.T, and also the level of
S:i.(}g; !%_1203; Cals Fe 3 Fe 3 Mz03 !mg S,

Another 10 Idlo portion was subjected 4o 1 hour of rrinding in
the Ball '111 (doseription ses "Equipmont"),  After grindins
wag comleted, o siove analynis was carried cut (Results: Table A,
raph 4), The «100 mesh +200 mesh fraction and the 200 mesh
fraction vers sent for a blaine determinztion.

The ball charge weight (51 kilos at the start of the tests) was
to be chocked every third grind,

A furiher sample, this time 2 kilos, was pround in the i1l for
2 hourn, A sieve analysis (see Results Table 4, Oraph &) and
a blaine (on the =100 mesh +200 mesh and the <200 mesh fraction)
were dong,

It weo considered sufficient that, for a ball nill cuch as the

one used bere, with a ball chaxge wt. of 51 kilosp S kilos of samle
per grind would be used, (this is so for all subsequent grinds
unlesa otherwise stated)

S0 a 2 hour grind was run, using 5 kilos of sample, After grinding

was completed the whole sample was pasged through a LL mesh, A
represerdative sanple of 500g. was soreened et 100 mesh (see Results
Table B') A blaine test wos run on the il mesh Craction and the
=100 mesh fraction. (the percentage of + and » 100 mesh fractions
were recorded - table B)

At this ntage a check was made on the welsht of the ball charge.

.....2/
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13,

1k
15,

16,

17,

e,
9.

-2 013

A further 2 grinds of 2 hours each were completeds The ground
mzterinl was passed through hli mesh, The +hhi mesh fraction wes
regorded and the (epprox.) 10 kilos of ~hli mesh materia) was bagged.
500ge of this 10 kilos was taken and screened at 200 mesh. The

+ end - fractions were weighed and the welghts recorded. leamdhile
o blains wes done on the =200 mesh fraction, (see Table B)

The next grind was run for 23 howrs; the ground material then
soreened at Ly mesh; & representative 500g. sample was screensd
at 200 mesh; the woights wore recorded and a blaine test waa done
on the 4l mesh and the <200 mesh fraction, (See table B)

The ball charpge weight was again checked.

Another grind, to be run for 3 hours was cormanced, Thm ground
material was then passed through bl mesh, (+hl mesh fraction
welghed end recorded), As in previous grinds, a representative
500r, sample was screened et 200 moshe The + and - fractions
were welzhed and recorded and a blaine determination done on the
«); mesh fraction of the 200 mesh fraction, (Table B)

6 more 3 hour grinds vere undertaken to gain approximately 35 kilos
of <l mesh matertal for further tests at the concrete laboratory.

& four, a five and a six howr grind wvere dene, The procedure with
the sround moterial from these 3 prinda was as for the 3 howr grind
(see 15 ahove) (Nesults Table C)

4 check was made on the ball charge weight,

A The opind w85 con aeoording o shove procedure ( Resvlts)-+able C .
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Ta Y A
Moren | Mesh | ®iit,— Origined Fltbe—b1 houwr Gifte —» 2 hour
, Sarple = grind erind
+2 o B0 5 3&136 (mcoS) - -
+710 22 | 28,33 (96453) - -
+500 32 Fe16 (68,26) 2,06 (9999 | =~
+250 50 | 13.09 (59,10) | 18,07 (97.93) | 1.82 {100,01)
+180 90 7408 (L6.01) | 13.33 (62,86 | 12,70 (96.19)
+125 120 Lie32 (38,93) 597 (69.53) | 6,71 (85.49)
+63 200 | 19.18 (3L.61) | 3B.4S (63.56) | 29.05 {78.78)
+45 +350 | 12,20 (35.43) | 17.68 (25,1%) | h9.73 (L9.73)
5 =350 3423 (3423} 7eli3 (7:h37 | {combined)
._63/“
-10058°0| 1135 1190 855
Blaines 200
s nash 3865 3460 3420
(en”/gn)

Notes: (1) Crizinal Sample » rofers to sample after having been crushed in

(2)

I,

the 3" jaw crusher.,

Fleine fizures quoted in tables were done by H.M.0.1,
(ficady Hxed Concrete Industrics),

{Zee "Eyperimental Procedure”

part 2)

HeS ke

Samples of «200 mesh from

ohovn were also sent to A,H.D,L. (Austyalisn HMinerel Development
Iaboratori -} for a blaine - below arc the comarstive fimures,

1 howwr grind

2 hour grind

3040

3510

3260

The fcllowing fipures ave the percentages by welght of material
which wag »250 micron,
Ordgim) Sample 1 hour grind 2 howr prind
46501 82486 98,19

Threoughout the series of tests, the ball cherge weight (initielly
51 kilos) did not alter sufficiently for it to be measurable on a

balanse aceurate to 200z,
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v, TABLE B
2 rouwr rrind 2% howr qrind 2 howr zrind
Jash Size Fit, Blaine Fite | Plaing $lte flaine
* t::mg/m:z o B cm2/ e
+hh 0.1 +Ob oOh
I 97686 2605 39496 3060 9996 3300
100 Oe7 |
w100 G9e2 2630
+200 15,90 ‘ 11,20 7236
<200 8Lial0 3255 68,80 3435 92,0l 3580

Notea: (1) esh size x  The whole sample was serconsd at Lh noesh
(1007 = 5 dlos), A representative sample of 500r, was
uged for the 100 mesh and the 200 mesh (feparste) sicve

analyois, (2007 » S00g, )
(2) A 100 reph gieve mmm wag done only on the 2 hour griad.

{3) Althoush the +hli mesh fraction wog, by weight and percent very
omall, it consisted of hard Jwme, uvhich, i taken ag sphorical
were roughly Smm. in diameter as a wwiwmwvy,  The averags was
2 or 3w
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v, TABLE C
b howr grind 5 howr grind 6 hour prind 7 hour grind
Mesh ©it, | Dlalme | Wte | Maine | %Wt. |Blaine | ¥t | Dladne
, ple=x e o sl et fon ori/eom
+hiby 0,05 0,03 0e0l
il 97495 3718 9997 325 99,99 | L9d0 100 5620
+100
-100
+200 2,12 1,36 0.18 .10
DALY 07605 Lige 98 o 8h Lih39 99.62 50060 99,90 5650
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28th February, 1972.

THE READYMIX GROUP (S.4.)

(Pechniceal Division) - 018

SRIIL REPORT ON GROUKD VOLGANIC

Introduction,

Initisl pozzolenicity tests conducted by C.R.L. (Technical Report No. 48)
indicated thaet the volcanic ash was a potentially good pozzolan. » The two
semples used for the tests had specifie surface areas of 6500 cm.“/gz and
7500 em.2/g,

Followeup trials in production conorete design mixes at Brompton
Laboretory were then plaxmed, It was decided that such drisls would
vse the volcanie agh with & lesser specific surface axes (finepess),
with a velue in the region of nomeal Portlend cement (3500 am.2/g)
being selected, :

Grinding,

Al grinding of the volcanice ash was performed at R.U.C. Minerals Leb,
and a separate report on this aspect has been compiled., The ash for the
gonerete trials received 3 hours grinding in the small b1l mill and semples
despatched to C.R.Ls hed the following fineness valuesi=

Passing 44 mesh 3300 Qmue/&‘n
Passing 200 mesh 3580 am«.a/g.

70 1lbge. of this materlal was ground for use in the concrete trials,.

Trial Det

Standexrd mix designs were used for {trial betohes mixzed in a 2 ou.fh.
capacity tilting bowl mixer of the type used for domestlc purposes,
The range of mixes and replacement values were as described in the rvesults
below,

Replacement values were on the basis of the stated percentage belng

the percentage by weight of cement replaced by an equal absolute volume
of volcanic ash, ‘

| /24
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4s Remulis,
A1l mixes Gbame ageregabes i Rivm:view Dolgmite }Z‘:
Fine aggregab A B, Woarlungs Sand.
3&& % | COMFRE SIVE e ——
Al 600 z,m./a.ya. 13.25 | 2400 | 3550 | 4150 Sebbiog 2ins
A2, w% ash . 3.0 | 1950 | 2650 | 3300 | 3850 | 3900 | = 775 |Sebting Time
. replacement : : S| 3950 . 7, | 305 mins,
A3, 296 esh ¢ . 3,75 1600 | 2200 | 2750 | 3400 | 3375 | - 1300 | Setting Time
replacement , ‘ o 3350 , 325 mins,
M. 400 Tbs.fouyd. | 3,00 | o | 2200 2800 | 350 |00 |
. Adelaide NP, - i 3050
A5, 5% ash 3,00 « | 1550 2000 | 2300 | 2300 | - 800
. veplecement . 2360 -
A6, 25% ash 3,00 o | 130 155 | 10 | - 1200
zeplacement . N .1 1900 | 1900
Bl. 600 Ibs.fo.yds | 3.25 | 2350 | 3250 | 3800 | 4350 | 4375 | < | Adx Content
. Brighton N.P, ~ 4400 “ 0.7
B2, 25% ash 3.5 1550 | 2200 © 2750 ! 3200 | 3275 | 1100 §Air Comtent
. replacement | 3350 S o 11,08
B3 400 1bs.feuyde | 2,75 - 2100 2650 | 3050 | 3050 -
. Brighton N.P. 3050
B4. 255 ash 3425 - 1200 1700 ;1950 | 1975 | - 1025
Wﬁlwmﬁ o | 2000 ;
L. 1bs./e.yds | 3.25 | 2600 3400 | 3700 | 4200 | 4200 "
. Geeglong N.P, : ’ | 4200 ‘
02. 255 ash 3.25 | 1850 2450 2750 | 3350 | 3350 |~ 850
m:plammm , 3350
30 400 1omefouyle | 3425 - 2250 {2450 2150 | 2750 | -
. Geelong NP, 2750 ,
C4s 150 ash 3400 - 165 ; 1900 ggg 2050 |- 700
“BGL. GO0 1bs.fowyde | 345 | 2150 | 3150 | 3750 | 4500 | 4500 |~ 175 |
idelaide Blended o 4500 | - .
. (% A1y esh). | . e —t
 BCZ2, 400 1bs./e.yde | 3425 - 1800 2300 | 2900 | 2950 |- 150
4ddel, Blended ‘ 3000



®

020

Hotet 1. TFurther cylinders were cast for ﬁem;ing ot 6 nonths, |
24 . Very slight improvement in xmxm‘nilmy nobed with use of agh,

- o5hom z W ".on qop w "
Assvming & reduction of 10 lbs. N.P. cement / cu. yd. decreasss 28 day
compressive gbrength by 100 p.s.i., the following table can be compiled
using the sbove trial vesulbsie
| delaide NP, By ghton 1
bs/cayds lbs/e.yde Ibs c‘y&. ma/u.yﬁ. Rﬁb%my&e lhﬁ/mya.
(2] o0

Expected Strength -
reduction dus to 154

less cement (pei) 600 900 |
Actuel strength ‘

reduction in : : ‘ = C A
trials (psi) 800 175 700
+*« Increase ‘
attritatable to

ash (psi) =200~ 125 | »200°

Expected Strength
reduchtion due to 255

less cement (psi) 1000 1500 1000 1500 | ‘ 1500
Actual strength ' ’ o ..
zreduction (psi) 1200 4300 1025 1100 850
«*+ Increase | |
attributable to | . - . 7 ’
ash (psi) - 200° 200 ;::w@f ‘ _ 650

Hotes Refer to attached graphs for rete of strength gain of sll mixes,

CONCLUBIONS
The inclusion of the ground voléanic ash sppesrs Yo have had little or no
effect on strength increase of the mixess

It must be considered that powzolamlc properties of the volcenic ash are
not effective at the degree of fineness used, L.e. approx. 3500 cms.2/g.

A fmmr set of trials, on the same srrangement of mixag; will be performed

using voleanic ash ground to a fineness valuwe of approx. 5000 cm.
‘ AB%Q&. L
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Introduction

The potential commercial value of fly ash has long been recognised
in America, Europe, Japan, Russia and other areas, In Australia, use
of pozzolans in concrete has found official recognition in the
publication of the Australian Standards on:

Blended Cements A 181 -~ 1971
and Fly Ash for use in Concrete A,S, 1129 and 1130 - 1971,

The source for Pozzolané in Australia has been derived from industrial
by-products; fly ash being the most commonly used,s The reclamation of
the huge quantities of fly ash produced by power generating stations into
useful products has changed the economics of the concrete industry.

One of the difficulties limiting the total utilisation of fly ash
produced has been the fact that the composition and other qualities of fly
ash are not consistent., This problem is non-existent with natural pozzoians.
Therefore the utilisation of natural pozzolans, particularly in those areas
where the industrial forms are not available, is of paramount importance
to the Australian Building Industry.

Tt is recognised that certain volcanic effusives make excellent
natural pozzolans, These are:

a) Volcanic ash

b) Rhyolitic type materials
¢) Andesitic type materials
d) Phonolitic type materials

00-192/
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Mount Gambier Volcaniecs

Geolo&

The area under review comprises mainly Tertiary and Quatenary
rocks, The dominant outcropping rock type is the mid-Tertiary Marine
Limestone and Lower Tertiary clays and sands are restricted to outcrop,
while outcropping pre-~Tertiary rocks are rare. The lati;er comprises
early Palaeozoic plutonic and hypabyssal rocks.

The volcanic rocks are of late Pliocene or younger age, It is
these that will concern us and therefore be the centre of our activities,

Volecanic activity occurred in the Mount Gambier area in late
Tertiary and Pleistocene times, At least 16 cone eruptions occurred in
South Australia. The activity was entirely basaltic, frequently with
plentiful olivine, The various vents occurred along lines of fissuring
and true fissure eruption was very restricted. Minor flows apparently
preceeded cone formatior; in each case, Where remnants of the old basalt
fissures can be seen, as on the west rim of the Blue Lake, and at the
north—wéstern foot of Mount Schank, the basalt is highly Vesicular,

The volcanism occurred in two definite periodss, The earlier
groups of these newer basalts exemplified by Mount Burr and Mount MeIntyre,
are late Pliocene and early Pleistocene, the later g,c-oup. by Mount Gambier

and Mount Schank are late Pleistocene,

esees3/
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Mount Gambier Volcanics in Natural Pozzolans

The Australian Standard Code of Pracfice for the use of Fly Ash in
Concrete requirement for pozzolans is based on their performance in
concrete rather than on chemical and mineralogical composition of these
materials, However, it is critical that a certain degree of fineness
is achieved in grinding the material., Hence this operation of grinding
may well decide the economic use of the particular material as a pozzolan.

So far in our investigations we have only chosen volcanic ash samples
because of their very fine constituents, It would be relatively easier
to grind to perfection the ash than say other crystalline rocks, Further,
an ash deposit is more homogenous in its composition than other volcanic
products,

At a later stage in our investigations it is hoped that we will be
able to test such rock types as scoria, tuffs and pumicites which are again
relatively 'softer' than Rhyolites and Phonolites,

RoM.Co Investigations

Samples collected from the Mount Schank area were firstly tested in
Sydney at our Central Research Laboratory. Their report is attached
herewith, Tests have shown that the sample submitted will make a most
efficient pozzolan, .

Further samples were collected also from the same area and similar
tests were undertaken in Adelaide in our own Laboratories. The various

Laboratory reports are attached,

OOOQOh/



These reports indicate that the required fineness had not been obtained
and further work is continuing, As soon as the fineness and pozzolanic -
activity of the material is established it is hoped to systematically

carry out a search for more deposits of similar nature in the area,
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Sumary

Laboratory tests on the voleanic ash samples were carried out at our
laboratories, Details of the tests are included in the Technical Report
by D, Mudie, which is appended to this reporte.

The ash was ground to a fineness of 6950 sq. cms./gm. and replaced
for cement in quantities up to 15%, 20% and 25¢. These were used in concrete
tests and the concrete strength determined after periods of 7 days and
28 days.

Results indicate that an ash replacement of 5% gives the required
strength in conerete while higher ash content gives correspondingly lower
strengths, However, our Sydney laboratories have conducted independent
tests and found that the ash is an extremely good pozzolan,

More ash samples were obtained and further tests are now in progress.

Volcanic Ash Samples

An Auger drill was used to test the suitability of the various ash
deposits within the S.M,L. While the pozzolanity is the major criteria
that determines the usefulness of the ash, it is quite significant to establish
the nature of the deposit. Very well compacted or consolidated material is
less preferred to loose material, The amount of overburden in the area is
another important economic factor.

It was established that the two areas where likely ash deposits with
economic potential are located at Mt. Schank and Lake Leake areas. Both
these areas are close to a major city and the ash deposits are not so well

consolidated with little or no overburden.

000012/
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Each sample was required to be at least 50 lbs, before grinding,
These bulk samples were obtained using mechanical shovels after establishing

the presence of ash deposits by auger drilling,

Grindability

If the various concrete tests prove that the ash can be economically
substituted for cement then the next factor would be to establish the
grindability of the material.

In order to market the commodity commercially, the ash has to be ground
very finely and blained to a fineness of about 6500 sq. cms./gm.

This is a very low priced commodity and hence the economic viability
of the project needs to be determined very carefully.

| The accompanying laboratory report on the concrete tests show that a
replacement of 15% or more by ash gives significantly reduced strength.
The difference is greater in the 600 lbs. mix than in the 40O 1lbs. mix,
Further, earlier tests in our Sydney laboratory indicate that the ash is a
most effective pozzolan.

Hence we have decided to carry out further tests in conjunction with

our Sydney laboratories.

Conclusion

At present the fate of the ash deposit depends upon further laboratory
tests. If tests are more favourable then we will re-examine some of the ash
deposits in the area, For the present the two areas ~ Mt. Schank and Lake

Leake appear to provide the greatest potential,

000003/
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GRINDING OF ASH
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1. INTRODUCTION

A sample of natural ash was received for grinding investigations to assist
the client's programme of testing to assess the pozzolanic qualities of the
materials.

‘It was proposed to carry out a Bond grindability test, the screen size
at which the test was to be done to be determined by the surface area of the
ground powder in relation to that of portland cement. Because of the pzzolanic
properties of the material, no wet sizing could be practiced, and dry screen-
ing throughout the grindability test was therefore specified.

During the early stages of the grinding investigation, it was clear that
Blaine surface area of ash ground to passing 200 mesh was well below that of
normal portland cement; however, because the degree of grinding required to
achieve a pozzolanic character was unknown at that time, ad in view of the
anticipated difficulties in determination of grindability at finer product
sizes due to the necessity for dry screening, the sponsor agreed that grinda-
bility should proceed at 200 mesh.

2. PROCEDURE AND RESULTS

2.1 Sample Preparation

The sample received for testing was moist, and contained some coarse hard
lumps, up to 3/4 inch in size, of both light and dark-coloured material in a
matrix of generally friable agglomerates of ash.

It was decided to crush the total sample, after drying, to a size at
which the ash agglomerates were essentially broken. The material was stage
reduced by jaw and rolls crushers, to pass an 18-mesh screen. :

Portions of the crushed material were riffled out, for screen sizing and
for grindability testing. Replicate samples of 200 g each were sized by
screening on a nest of 8-inch diameter laboratory sieves, using a Pascall
screen shaker, for times of 10, 15 and 20 minutes, with the results shown
in Table 1. From these screenings, and examination of the size fractioms,
it was concluded that a shaking time of 15 minutes gave satisfactory sizing,
and this procedure was adopted for all subsequent sizings.

2.2 Grindability Testing

Grindability determination was commenced at a screen size of 200 mesh.
The Bond method entails dry grinding a standard volume charge in a mill of
specified size and with a specified graded-size of ball charge. The ground
material is then sized on the grindability screen and oversize material is
made up to the standard volume with new feed, and re-ground in successive
stages, for a number of mill revolutions calculated to produce a circulating
load of oversize return of 250% of new feed.
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The product from each grinding stage was sampled for sirface area measure-
ment by the Blaine method, with the results shown in Table 2.

. The grinding test was continued until stable conditions of circulating
load and ground product were established, and f rom the latter stable cycles
of the test, the work index for grinding was calculated.

Detailed results of the grinding test are shown in Table 3. Sizings of
grindability feed and product are shown in Figure 1.

. Surface area determinations of sized fractions of the grindability pro-
duct from Stage 3 are shown in Table 4.

Surface area measurements were also conducted on three samples of the
material submitted by the Client. This material was said to have been screened
at 240 mesh and two portions of the undersize ground for one and two hours
respectively. The remaining portion was unground. The results are shown in
Table 5. :
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TABLE ;: SIZING OF GRINDABILITY FEED WITH VARIATION

. IN SIEVE SHAKING TIME

- . ) | Size Fraction Weight 7%
’ Mesh B.S.S. Shaking Time, Min.
10 15 20
- 18 + 44 39.0 38.5 38.2
- 44 + 60 10.7 10.5 10.4
- 60 + 85 8.6 8.4 8.3
~240 +350 7.0 6.2 6.0
-350 10.2 12.0 12.9
100.0 100.0 100.0

TABLE 2: SURFACE AREA MEASUREMENT OF STAGE
‘ GRINDABILITY PRODUCTS

Grindability Surface Area of Product
Stage cm®/g (Blaine)
1 2690
2 2265
3 2161
4 2050
5 2010
6 2000

Cement Standard 3715




TABLE 3 ‘

Form 98 , . ‘ 041
Project No._3/115/1/0-2782/72 . AMDETL _ Test by: Z- Sawicki
_ GRINDABILITY RESULTS '
Ball Mill Grindability at 200 mesh P; = 75 microns)
' Sample: Natural Ash (-18i#) Finished material in feed (F) =., 21.9% Date: December, 1971,
A Ay Y X R B c D G L |
Stage Weight of Weight of Mesh Gross Product Number of Screen Gross Net Grindability Circulating
700 Feed New Feed in Feed for 250% Grinding Overside  Product Product Load
g g g Circulating Load rev. '3 g g g/rev, A
1 1185 - 260 - (E) 50 880 - 305 45 0.90 -~
2 1115 235 51 352 . 334 825 290 239 0.71 284
3 1134 309 68 . 330 369 820 ' 314 246 0.67 261
4 1134 314 69 328 387 ~ 775 359 290 0.75 216
5 1135 360 79 310 : 308 812 323 244 0.79 251
6 1136 324 71 325 322 811 325 254 0.79 250
7 1137 326 71 324 320 813 324 . 253 0.79 251
(E) Estimated.
Unit Volume: 700 ml = 1136 g in mill equivalent to 101 1b/cubic foot of broken ore.
Average of Stége : 5-7 inclusive - 250% circulating load,
Gpp =0.79 g/rev. : :
- - - - - AlxF - 100 B
Ay = A Bp C A B Y TR X —550 P
= C - - D - X-X . loos
D = (C Y , G = R R _ C L C
Note: Bp = B from previous grinding stage. -
Calculation of Work Index: Feed size F = = 540 microns
Product size P = 62  microns
' o ’ 44.5 44.5 N
Work Index (Wi) = 073 08 10 10 - 750.22 0 790,3( 10 _ 10) | 24,8
Py xCp (- JF) , x 0. 762 ~ V540
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TABLE 4: SURFACE AREA MEASUREMENT OF SIZE
FRACTIONS OF GRINDABILITY PRODUCT
(¥ROM STAGE 3)

Size Fraction Surface Area of Product
Mesh B.S.S. cn?/g (Blaine)
=240 2430
=350 3055
Total (-200) : 2.61
TABLE 5: SURFACE AREA OF MINUS 240 MESH MATERIAL
Sample Grinding Blaine Surface
Mark Time Area (cn®/g)
Jis57/1 Nil 3860
J157/2 1 hour 3510

J157/3 2 hours : 3260
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1o Jubxoduction.

o]

Results of work summerdzed in the Interim Report dafed 28th Februsry, 1972,
indicated finer grinding of the veleanic ush vas nedescaxy for effeciive pozzolanic
sotivity. .

This revort covers work carried oubt on wolcanic esh with a finencss of
approx. 5000 on /oms  Prooefures were the same as for the firet trisl serles,

2. Replacemont Basis, ' o . = o

Cement roplacement was on the basis of veplacing the stated percentage
(1‘5?3 or $25) of cemsnt by welght wiih sn equsl sbeolute volume of fly ash. In eddition
> sand replocement wan 1ade, '

3¢ Bogults,
All nlzes - Coorse eggregste » Riverview Dolomites
: - Fine agrregute »  AJBele Hoarlwnga Sonfle
Mz, |Slump (ins) Comprensive shrensth (femele) Dexsit r Ofﬁil
: 7 doys|14 deyel 26 duye| 28 days|28 DogK Vamia:&.g(lbafcoft ) Water
' Avgoe  |Cocrcoted|from Plotte (pa11/c.yd
600 1bs AdeL T, 2,75 3950 -[4800 |25 |5250  |s5200 151.6 35.6
15% ash Replesety 2.5 300 4550 | oo (5175|5075 |-125 | 1520 | 3.
. 3550 : '
29% esh repls | 340 2100|3400 | 4000 - 3975 (3975 w1225 | 151.2 36.8
( a ‘ ) . . ’
00 The AdGL P, (3625 1600 2150 ;:,?gﬂ 2625 | 2675 15060 36.4
© 155 agh Replente (2,75 1500 | 2000 %fg 5500 | 2450 «225 | 150.0 33.8
054 ash Replecate 3o28 1200|1650 ggg 2175 | 2025 =450 | 149.6 35,3
600 Ibs. Prdghbon " 2900 |
. - /
Siiais 3:0 300|430\ igeo (4000|4500 152.4 36.8
%ff‘f - gta ’- a esEy Ry 4&% ’
[0 /25 %ﬁsh }.{e&?’l{fﬁ 3&@ vz?’\;i} %WQ 4’§,fg 4‘2‘% 42(‘ m.zm .25£Q{3 34a O
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N
L
o

g Density | Actual
Deys | Deym g% Frem | 1b/cefh.| Total

|

Stump | 7 days %4&:&@@{28 o8 28 |vapist.
(ins M

400 1bs. Ceclong J® | 3.0 | 2400 |2850 §§g§ s | s
255 ash Beple . | 2,75 | 1550 1850 z?ca 2175 | 2125 | «1150 | 150.0 | 3445
. ' ; 2130 o

AN e glan . g'%%

508 [z

¥* Corrected to 3‘5 slump, aq-,ui%lm%g aaming ' gl imi‘e&m- w 200 Petole docrense.

Hotes= The attached greghs ha‘%e all been plotied on astual (notcoprrected) manmh rogulic.

c.%usionsg o | : ‘ .
. _ ‘ , .

The volcanic ash, with a finsness of amrdx. 5000 omg 2/@?}:.,, hop glven oncouraging
zegulls with 15. cement xeplaceuent in Adelaide F¥ mixes.

. Bowever, 254 cement replacement has ylelded similex strength deflclencles, with
respect to the coniwol mixes, as the first triale with coarser egh. Comrelation of
both tricle is Alfficult due to the larpge veddistion in tho control mixes 1.0. 29320%,

. 500 pesels, strength incroose in 600 lbe/eu.yde. Adclatlde IP control oz e 400 pPefiels
desronsn for the 400 1bu?cu. ¥ie Adeluzide XD control nmix for the ceoond trials compered
with the firet trisle,. ,

It does eppesy thet fubwre work should concentyete on the agh Zeving » finevess

index of 5000 em </g or greater,
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14th Julys 1972

T READYMIX GROUP (S.A.)

(rschnical Diviaion)

POZZOLATTIC ZVALUATTON OF GRCUND VOLOANID ASH,

THTRODUCTICH,

IEPGAT KOs 3,

/2911&

This mnm covers pozzolanic evalvation oﬁ' wvoleanie ash ground for 9 hourg
to & fineness of 6950 Bq. omse

G‘ement mplacemant wag on tim baslis of wplcwing the stated percentege

051

(155, 2054 or 25%) of cement by welght with an equal absolute volume of
fly ezah. An sdditionel 5% sand veplacement was also made.
RESULTS,
. Thig tent weg performed by our Cembral Resesroh Laboratory (_Q.K.L;)
in Sydney, and a copy of the test procedure is appended to this report,
Hinimum oconpressive strength at T days required for poszolen 800 pesele
Actusl compressive strength of ash achieved by Cellele 1200 pestsie
(5.8, of voleanic ash = 2,78, Fineness = 6950 sqe oms./gme)
Be

Standexrd aggrepntes - Hlverview Dolonmite,

AvBeile Eﬁﬁrl‘mga Sm.

COUPRESDIVE sm*mm (FoSeXs) Actunl
X rml 3 N o8 wsz *26 Adsr .
ins.) | Ldeys | 28.de1n AV ’29;% Srom Pl .‘1;.::,«
GO0 Ibs. AMel  FLF, | 2,5 | 3650 | 5600 5875 -
| .| 5950
154 ash xeple 29 | 3300 gggg 5400 - o 475 32.5
2&;5. ash vepl. 2.5 3250 5250 53m g - 5?5 325
: » | 5350 .
295 ms reple 2e% 3150 gggg 5000 - - 875 32.0
400 1ba. Adele WePe | 2.5 | 2050 | 3250 | 3275 M0
3300
154 ash rople 2,05 | 1800 | 3150 3900 | 3050 - 225 31,0
2050
20% azh reple 2,75 | 1800 | 2900 2925 | 2975 o 300 1.0
: . . 2550
254 ash wepl. 2,75 | 1450 | 2550 2625 | 2675 o 600 51,8
- | - | 2100

# Correoted sivength for slump equal to »loin nix, sesuming

1" plusp incresse

o G?«QQ‘ Yis&&ig (@“f«;‘c}éﬁﬂ%}’@



3, CORCLUSION | 052

The shove results tond to alim with our previcus findings fLor ash ground 4o
3500 and 5000 sqe e.mﬁ./@n. fineness, with the ash sdequately mseling standerd
A¢5.Tells pozzoleniclity requirvements, bub not performing satisfectorily in
sonareto pixes.

- Inall a&sw, 1';?5 cement vreplscemend hos glven the closest strengths to the
plain mixes. 5 veplacoment to echieve parity with plain mixes sppeare
likely, but further trisls ooncentrating in '&h.i.s reglon of percentage
replacemsnt Are NECRSSETY.

, | | V&lptien
Agh Finenese g0 1bg ’f«i 155 Ash .%21&% fmm ¥lain
5000 " 5200 ¢ 5075 « 125 3975 w 1225
i 6950 0w 5975 5500 »« 475 5100 - B75
i ﬁ Ag) Yexiation | 4 Yariation
2 0 JauFlsla 13 . FouFiein | 224 free £ &“
| 3500 £q.cma./mme 31@0 pm.i@ 2300 e 600 1 1500 « 1m0
5000 . ® | 2675 i 2450 - 225 2225 - 450

G0 v cwBom - 1 2950 «225 | 2875 = 300°

§

Vany encudlies coouy hotween mix strengths in the above $able, peling conclusions

diffiovlt. However, the pozzolenic sctivity of the volcanic nsh has inmwarl
with inoresging finenosw.

All testing so for lndlcates thet cemond replocoment in the reglon 91’ 54 :Ls tha
likely uresheaven point with plain mizes with zespect to strengih,

7 ") 4 i
'\f\jﬁ/ﬁ[’ Li & ‘(/(_,(:
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POZZOLANIC ACTIVITY TEST TO .A.S.T.M, €595 . ABSoLUTE

. 800 p.s.i. :

This method consists of mixing 1 part hydrated lime to 9 parts (O3

- of graded silica sand (from Ottawa, Illinois) by weight, plus an

amount of oven dry pozzolan squal to twice the weight of lime multiplied
by a factor obtained by dividing the specific gravity of pozzolan by

-the specific gravity of the lime. The amount of mixing water is such

that the flow of mortar is 110 * 5% when measured in accordance with

A.S.T'M. 0109.

Three cylindrical specimens 2 * % in. in diameter and 4 X % in.
high are made from each batch. These are stored at 73 % 39F for '
24 * 2 hours and then 131 * 39F for 6 days until 4 * % hours before
the time Of tésting. . They are cooled then td 73.4 % 39F and tested
in compression at the loading rate of 100 to 500 p.s.i. per mix.

. . L NPPRNE: VU -

Minimum pozzolanic strength according to A.S.T.M. C595 should be

i
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Copiest /8. CuHels, EsfWi., Bala Parem, and flle, -

Wi K’.’ vy

14th July, 1972,
I READYISE: GHOUE

(Teermical Division,)

. 054

ORCIND VOLCATIC i = SCONOMIC SVALUNTTCH,

lptro, Imterials Fricee (Aversge)

Adelaide F.P, Cenent %20.50 per ton.
Sand. $2,00 per ton.

Congider ash roplecement on mixes with average cement content of
250 1be,fo.yl., ord 55 send replacement in all oases,

100 b loplacement
raderials cosbo o
ﬁflﬁiIi wix
AS) camett 34012 450 cenent $4.12
12C0 pand 1,07 1200 zand 1,07
Dl 25,19
Aph 1Hx Agh Mix
475 cement 13,89 405 cemant $3.71
£0 esh ? - 105G ash K4
1140 send 1,02 1140 pand 1,02
“hell + $4.73 +

Tor exarmle only, consider 10 centn per cu. <. saving expectnd by
Concrete Division, As capitel expenditure on storage would be required,
and another varigble is edded to comorete quality conmtrel, this figure of
10 cents is probably far too low, but will Le used in this enalyeis,

o°. .£h mix max, copt 85,09 Ash mix cost £5.00
's 80 lbs, ash e’s 10C 1bs, ash
meax, cost 40,18 wax, cost $C.36
o' e iioxe combt ash $5205 [ ton, lgx. cost ash ££,08 Z ton,
into Votro, bing inmte 'wtro, bing.

Hotes the Danblar ooprox. 290 miles frem /delaido,

Adelaide~Brighton indicate a price of $12,50 (approx.) per ton for
fly agh delivered to Adelaide plents, This material ie not processed
by Adelalde=-Brightomn, end is just e matter of collection frou the
Power Station stack ot Pt. Angusta (200 miles),

3 ;V?g;g A(’/’ﬂl’.u{ z{((
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