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The lfaokey test has been cons ide red from the point of
view of its suitability as a general ne t hod for assessing the
s ponta:neous heating and ignition hazards of DR terials whioh
are subjeot to a tmospherio ox ida t Lon, .An experimental study
has shown that there is an opt imum paokintO density for self­
heating in spe camens of oiled fibre in the Maokey tester.

The bfaokey test oan be used to show whether spontaneous
heating oan oocur in a given material, and it may give an.
indioation of the possibility of spontaneous ignition under
practioal conditions. But, if the test is to be used for
olassification of materials in order of their liability to
spontaneous ignition, it may be necessary to deterinine the
optimum test ,conditions for eaoh material. Further experimen-
tal work is required to show if this, extension of the test is
praotioable.

Introduo t ion

With many materials which are capable of spontaneous heatin,~ and ignition
the process is initiated by the reaotion of, the material with oxygen at
ordinary a tmos pher-i.o temperatures. The neat evolved in this ox:idation
causes an Lncrease . in the temperature of the material with a consequent
aooeleration of tlw reaotion. In this .my the temperature of the material
may rise to"the point of ignition; but, if the loss of heat to the surroundings
is tQo high for this to occur, the temperature will rise to"a m~cimum value
lower than the ignition point and then faU as the oxida tion approaches
oompletion.

A laboratory method is needed which will be gcne rsLt; applic;able for
assessing the hazard associated .71th the storage of materials of this kind.
In tho course of studies on such materials different workers have used
calorimetrio methods, measurements of oxygen absorption', and smaH-soale
reproduction of (the heating aocelerated by an elevated ambient temperature.
The lhokey test 1,2)is of this last type and was devised,speoifically for
assessing the sDQJ1.taneous hec t ing hazardiof oils used in the text:iles industry;
although 1:.o.okey\2)found it of value for the exanina t Lon of other materials.
It has been widely used as a atandard test for nnny years.

In the Maokey'test a weighed quantity of the oil is spread on a weighed
quantity of c ott on sliver, and enolosed in a chareber- whose 'walls are maintained
at a oonstant temperature of,1000C and through which air oiroulates by natural'
oonveotion. The ,oocurrenoe of self-heating is observed by means of a
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thennometer inserted, in the sPecie.en.
two hours or less the oil is regarded....

If the temperature exceeds 200°C in
as unaaf'e 20~ "

The critericn by which oils are classified as safe or unsafe in the
standard Mackey test I~O) is based on practical experience with oils of' known
properties and it is applicable only for the nozrnaL 113e ',)f oils in textile
processing. It cannot be relied on as' a guillo ~;o t.nl'! bel.avi.our- of ox:"disable
oils in, for example, bales of oiled textile W22tC .8t0~~d f0~ ~nng periods, o~

in oiled textile rrate r-ia l, exposed tc unusually higr. al!!l::LGn'~ tnmperavurea,
The risk ofunexp~cted self-heating or j,saitioYl in drG\);!'3t~.nO~R ~w)h as these
is especially great when the pre sence of an an'tioxi.dan1;,J, -i, ,,2..,A} or
dilution wi th a mineral oil (5, 25.~ has ::_'lcreaseii the :i~duction pericd jn the
oxidation of a hazardous oil SUfficiently i'o;r' the oil to pass the stamls,r.i
test, 'because the rete of oxidation and hea t ing follow:L'lg such increased
inih.1Otkn periods is usually almost as great as for the unbrea tcd oil.

By continuing a test to cover the whole oxidatio~ end heating prooess
the 1fuckey test can be used to assess the behaviour of oils under a wider
variety of conditions than in textile prooessing. The test can also be used
for obse:::ving the liabili'~y ';;0 s pon tane ous hea ti.'1g and ignition both of ..
oxidisable o i.Ls supper-ted on materials ot he.r than cotton, and of any oxidi{)able
solid mate rdaL, Buc , beyond the fact t ha t mater:i1l1s which self-heat in thH
Mackey tes t may be expecccd to do so elsewhere, it is not dear at present how
the reaul ts. of tests ace to be interpreted in terms of the relative hazard undez-

'practical uonditions.6opecially as it is u3ually not certain that the tests
'have, been oal.'l.~i~d out under the, optimum test conditions for each material.

It is not expected the.t a single criterion' for relative hazard would be
possible, but, given optimum test conditions, materials could be olassified'
initially in order of the maximum temperatures they attained. The materials
giving maximom tempera turcs in any chosen range of values could ,then be
oompared in order of the times taken to reach the maximum; due attention being
given to the occurrence of induction periods in the l~actions responsible for
he a ting.

Very little ays bcmas Lc work has been found, in thA Li.tcrature , on the
effect of varying the conditiono of the test, svoh as the size and packing
density of the specimen and the amount of ventilatiol).,; a),though the importance
of these factors is generally appreciated. Kehren (6)noted the effect of
de parturc from the standard dir'lensions( of the appara tt¥.:! on )the results of the
standard test. Clogston and Nuckolls 7)and Thompson~8, 25 used a larger '
apparatus and speoimen and 9btained a degree of self-heating with olive oil' and
lard oil on cotton wool which showed that these oils might, in certain
circums tanoes , be hazardous; although they nrc u sual.Ly classed as safe by the
standard test. The possibility of ignition occurring with olive oil WRS,
ha.lever, demonstrated in 1~ckey's original tests(2)with specimens of the'
standard size but vdth prolonged heating. Thus, samples of oliye oil on
cotton self-reated to maximum temperatures of 2350 to 241 00 in times between
3 hr 25 min"and 5 hr 15 min.

The importance of the size of the s pec i.nen in tests for spontaneous '
ignition, carried out at constant ar~b~ent temperature, has b8e11 ahown in a ' ,
striking manner by Mitchell's tests~9}on wood fibreboard. The 'lo~vest ambient
temperature at which a one-inch cube of the fibreboard heated spontaneously
to ignition Vias 3960p (202 0C); and ignition occurred in 18 min;. but lieating
to ignition occurred vlith an ambient temperature as low as 2280p (1090C) when
the specimen cons~sted' of a solid octagonal prism'of the fibreboard'22 inches
between opposite faces, although the time required was 96 hr 40 nun,

The reproducibility of results in ,the Mackey test' ~s adequate only for
a broad classifica tion of oils. Por example, Mackey ~2) obtained, maximum "
temperatures varying between 1940 and 2840C in eigh,t, tests on cottonseed bil,'
the maxima being att!\ined in t:iJoos vo.ryingfrom 1 hr 15, min tb 1 hr 45 min;
while some samples of olive oil and oleine did not exceed 10400 in 1 hr 30 min.
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Garner and leach (10 )claim the, t more re producible results are obtained if the
oil is incorporated into the cotton with the aid of hand cards, thus giving
a more uniform distribution of the oil than is possible by the nonnal method
of hand mix ing; but the use of cards, nith oleines especially, woul.d appear
to 'entail a risk of contanination by iron soaps suffi~ent to affect the rate
of heating (see below). Chambard and Durande-Ayme t11) recommend that the
thermometer should be contained in a copper tube to over-come the effects of
uneven heating in the specf.nen,

A considerable amount of attention has been given to the effect of factors
such as traces of metallic soaps and salts on the behaviour of t,extile oils
in the test (see, for example, refs. ·1, 6, 12-18); because of the marked
acceleration of the heating produced by iron s~~ps in particular different
wo rker-s ha,:5' ~upportcp the s pccimcn in, for example, a cylinder~f platinum
wire gauze \l5 faper (17), a spiral of lead free glass (19~ or in a bag made of
cotton gauze 0,

, In order te dctermine to uhat extent the principle of the Mtckey test
can be applied generally for assessing spontaneous heating and ignition
hazards 'an investigation' is being made of the effect of physical variables en
the behaviour of nnterials in the ~&\Ckey tester. ThG system chosen for study
is a dryin,~ oil dispersed on a vegetable fibre,. since it is one :In whd.ch
heating is conveniently rapid and in whd ch the concentration of oxidisable
material can be ad.jussed readily. In too work described in this note the
effect of the packing density of the specimen at constant volume has been
studied.

The ilihckey Tester

In lhckcy's original test (1;: the oiled cotton was packed into a cylinder
of iron wire gauzo and placed in an ordinary watcr-jacketcd oven kept at the
boil; "the thermometer in the specirnen projected through the roof' of the oven.
}~ckey\2)later designed a special apparatus for thc test which is shown
diagra;nmaticall~' in Fig. 1. A clrirmey system was fitted to provide for the
circulation of air through the enclosure .conta rndng the specimen, whereas,
in the original test, the air supply de~ended on the ventilators non~ally

fitted to labol~tory ovens. This forro of the apparotus has been in general
use until comparatively recently but, in this country, the stanQar~ test for
textile oils vfuich is prescribed by the Fire Offices' Cor~ittee(20)employs
a more e'Labor'a te form known as Firtlj's 1934 Modification. This modified fonn
is proviBed with a steam-jacketed chimney and interior baffles, and the specimen,
packed in a bag made of cotton gauze and supported by a wire carrier, is
inserted through an opening only 1.5 inches in diame te r-, This form was used-in
the wcrk described belan, except th~t the specimen was contained in a cylinder
of stainless steel gauze.

Experimental

A search was made for a fine 'fibre on which the drying oil could be
distributed onsily YQthout causing matting and which would give a uniform and
stable paokfng within a wide range of densities.' Of the :Ci.bres tested ' '
(cotton 'iIO01, jute, f'Lax , and SansGvieria sp.) jute was found to have the'
desired properties. The variety used was Do.isee jute (ocrchorua <OJi~rius). '
The fibre was cut by hand into lengths of about 1 cm, mixed, and s torcd in tins.

The drying oil used was a commercial sample of linseed oil which WaS
found, by steam distillation, to contain about 10 per cen t of uhHe spirit.
The characteristics of the oil were dc tcr-mincd and were as follows:

Iodine ve.Iue
Saponification value
Free fa tty acid (as oleic acid)

As used

152
173

1.89

F'or 100]& oil

169
192

2.1
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The self-heating tests were carried out on a mixture of eq~l weights
of oil and fibre' the weights being ap~ropriate to the desired packing density.
The weighed que~tity of oil v~s poured over the fibre in a porcelain dish and
mixed by a.l tc ma te hand kneadirig and teasing out; rubber gloves were worn
for this purpose." In a series of tas ts to be described in a Inter re"?ort it
was found that the loss of oil on the gloves .~d dish \;(\s 0.20 : 0.02 g.

The oiled fibre was supported in the tester in a cylinder of stainless
steel gauze 3.0 CIl1 in diameter and 10.0 em long. During the packing of the
fibre, one end of the cylinder was closed ~~th n rubber bung which had a glass
rod projecting for 2 em from the centre in order to fOi~ u hole in the centre
of the spec~nen for the thermometer. The fibre was fli,ully teased out ~d
packed into the cylinder a little at a time with the aid of a glass rod and
as uniformly as possible. The length of the packing ,ms al\mys 6.5 em.

The specilBen was not prepar-ed until the temperature in the Mackey tester
had reached 98 - 99°0. The time taken for the mixing and insertion of the
specimen was about seven minutes.

From three to five tests were carried out at each packtng density. ,..:]:n all
cases the temperature in the centre of the specimen ~ns recorded until the
maximum was passed and cooling was in progi-cs s,

Resul j;s

The way
shown in Fig.
for which the

in·which the specimen temperature varied throughout a test is
2 for two typical exmuples at "different packing densities, and
difference in "utaXimum temperature was large.

Oharring of the in"l;c:r.ic,~· or tho apecdrnens was pronounced in those in
which temperatures of about 240°0 and above were indicated. It was then
mainly confined to the portion of the specimen below the thermometer, but was
more extensive in specimens in which temperatures approaching 26000 were "
indicated. Darkening of the specimen was first noticeable in specimens which
reached about 15000. In general the distribution of discoloration and
charring in the specimens after the tests showed that the rnaximurJ tempero.ture
ind'ica ted by the thermone ter- at the centre was less then the maximum temperature
reached elsewhere in the speci~en.

The mean observed maximum temperatures for each packing density, and the
mean time taken to re~ch the maximum from, the moment of insertion of the specimen
in the tester, arc given in Table 1, with standard deviations, and are plotted
against the packing densities of the specimens in ~"'ig. 3.

Table 1 - Results of l~ckey tests

Packing n Mnximum Ti.ne to Ti~ to Time from inflexion:
densi~y tempera ture maxdmum 85°0 to maximum

glom °0 mins nuns mins
0.131 3 133 + 13 90 + 9 16.:i +'3 ~! 48 + 5- - Q ..... -
0.174 5 177 + 108 + 8 22.3 : 0.8 +_ 14 54 _ 6,

0.218 5 241 + 13 105 + 7 "26.6 + 47 + 7- - _ 1.4 -. ..
0.262 .'3 264 + 4 + 8 + +- 116 _ 33.4 _ 3.5 56_ 7

0.303 3 262 ~ 18 129 + 7 34.0 + 57 + .'3- _ 1.0 -
0.349 3 248 ~ 24 148 ~ 11 + 7:t. :1335.7 _ 2.5

n = number of tests

.~.:
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It is evid~nt from Fig. 3 that there is an optinmm paoking density of
about 0.28 g/cm~ for the occurrenoe of the highest observed mccximum
temperature. It is reasonable to suppose that the highest actual maxdrnum
teoperatures would also occur at this packing density.

The tL~e tw,en to reach the m(,ximum ternperat~re (~ig.3) increases
regularly as the packing density of the spec~len is increased.

11 charaoteristio of the rise in temperature of the speoimen after
insertion in the tester was an j.:£lexion in the tetlpemture/time curve
between 97 0 and 99°0 (Fig,2), which was olose to the steady tnmpcrature of
about 98°0 reaoh~d in the L~terior of the tester 'ihen a spec~Den ~~s abE~r-t.
This indicated tha t the reaction responsible for self-heating did. not occur
at an effeotive rate until shortly before the inflexion. This delay is a
normal feature of the heating of oiled fibres in the Maokey tester and is
usually enhanced by th~ ocourrence of an induction period in the oxidation
process. The presence ,Rt: moisture may result in a pause in the temperature
rise ncar 100°0; Rosin \41) showed that it could be entirely responsible for
auch a pause in the self-heating of br-own coal semi-coke. A separate test
carried out With linseed oil on oven-~~ied jute confirmed that a delay in the
heating occurred in the tests descr-Ibed i.~ this note, whioh '7[\8 no t due to
the p.ccs ence of moisture. . The inflexion occurred at mean times which increased
from 43 t0

377
ntinutes as the packing density was increased frcrJ 0.131 to

0.349 g/cm . .

In view of .the delay in sc;lf-hea ting it is possible to exrunine the effect
of packing density on the heating tiP,lC in two stages. For this purpose the
mean time tcken for the temperature to reach 85 00 for each va Luc of the packing
density has been taken as char-ac ter-Lst io of the heating of the specimen by the
water jncleet (at 100°0) alone before the reaction begins; and tilll mean time
interval between the inflexion and the mc~XimU8 temperature, for each value of
the packing density, has been tween as chamctcr-ts tic of the self··hert ting
stage in the specimen. These quantities are given with st~~dard deviations
in Table I, and are plotted against packing density in Fig. 4.

The linear Lnor-caae of th§ time taken to reach 8500, as the packing
density increases to 0.26 glcm (Fig.4), DUst be relrtted to the increase in
the~l capacity of the specimen, rtnd suggests thrtt the rate of heat transfer
through the specimen does not vaT":/ greatly in this range of densities. The
sudden decrease in the rate of increase of the tiIne at densities above
0.26 g/cm3, however, can be explained only by an increase in the ro to of heat
transfer.

Below a density of 0.26 g/~?, the t~,e intervrtl between the inflexion
and the maximum temperature is alrncs t independent of the packIng density, but
it increases ra~idlywhen the density exceeds 0.30 g/cm3 (Fig.4).

Both of the sudden changes in the above time/density relationships occur
at densities ncar the optiffim~ for self-heating, i.e. 0.28 e!ar.13 (Fig.3).
It is suggested that the increase in the heat transfer rtt these densities is
due to a tendency for the voids in the specimen to become filled '7ith oil
instead o~ air. The decrease in rmx'imurn teripe rabur-e at densities above'
0.28 g/om , and the increased interval between the inflexion and the max'irnnn
may then be due to increased hen t losses or to reduced oxygen suppIy , or to
both factors.

Discussion

It has been found that an optimum packing density exists for the
spontaneous heating of s pccimens of jute impreflnated with linseed oil in the
},w.c!eey test. It cay be inferred that optimn will exist similarly for other
oiled fibres; but ·they will not necessarily occur at the same densities, and
the optimum for a given oil mi', fibre may depend on the proportion of oil
present.
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The relatively e.brupt change in the rate of hent transfer, which was
indicated above certain densities, may be a factor which contributes to the
existence of an optimum dcnai, ty for self-heating only in mixtures of BolieD
and liquids such as oiled fibres. The postulated restriction of oxygen
supply, however, is a factor which, alone, could result in an optimum'density
for self-heating in all oxidisable mP.terials. But it ,muld have to be
determined by experiment whether the densities necessary for this restriction
to be operative would be attall1ed, by the normal methods of packing the
specimen, with oxidisable mate rdcLs in granular form. With a given granular
material the range cf possible packing densities (often only about .1 10}6 of
the mean) is smaller t~n for fibrous materi~ls and, therefore, the main
factor controlling the degree of heating in ~ Spccll"cn of given volULle rr.ay
be the particle size rather t~".n the packing density.

There is no doubt that the principle of the Mackey test, used either in
the form of the present tester or some modification of it, is capable of
s how.lng whether spontaneous heating can occur in a given matez-i.a.l , Further,
if tl~e fd.ze of the specimen used in the test i.s incI'eased suffici.entJ.y, i..::, :1'.ly
always be poac ib Le to reproduce igniticn in a mterial which i.s ca pab.Io (·f
spontaneous ~.gllit i.on, But it is evidA!1.'G f:t'Gm the resuf bs so far cb!(;ai~1e(1.

tha t.. if the t;es t in to be used for a~ly:;l......i:~Jg bu t the b r-oadec t c La sc :"L:o.:"'j.u.;\ ·;;ion
of ma'~8rials in orc.cr of their t endency -to s porrtaneous ignition, it- ,~p.l.ll be
necescarv to car-ry cut a s"ries of rc pl.aca ted tests to determine the op t izmm
candi ti')T1S for he a. ting in each material. Since the differen', f'ac t cr-s
requiring ad~ustm0nt are probably no t iucc"penil.ent, the number of tests to hn

-car-rf.ed out may be teo numerous to meke a classification by th:Ls me thod ¥lOr'ch­
while. . However , tl1.i3 experimental evidence at prosent available is inade q"e.to
for this ·~o be decided.

It is probable that a ·class·ification of materials liable to aporrtaneoua
heating and igniti.on; under op t imm cond.i t Lons in a test of this kind, would
indicate their relatiye hazard under prao t i.ce.I conditions. This, it is felt,
is sufficient to warr-ant car-rydng the trwcs b;;a ticn f'ur-thcr-, I t must,
however, be emphasized tha t the optimum condi.ti.ons found for the different
matorials under test could not be Gxpected to indioate more th&n qualitatively
the na ture, of the optimum conditions for spontaneous ignition to occu:t: in
practice; the main ..obstacle to such a correlation is the change of scal.c ,

Conclus ions

From the results of an ll1vestigation of the effect.of packing d0~Eit~

on the heating of oiled fibre 111 the hhckoy tester and a considcI~tion of
published wo rk on the Mackey test, the f'ol Lowdng conclusions have been ,l'.':lwn:

1. 1m optimum packing density exists for self-heating in a specimen
of. oiled fibre of given dimensions.

2. The standard Mackey test employll1g temperature and time li~its,

is applicable only for comparison of the apontano oue hca t';,ng and
ignition hazards 'of textile oils subjoet'3i~ to nonnal use.

3. The test can be made more generally useful by followll1g the whole
course of the heating; continuing the test for several hours,
if necessary, ll1 order to allow for induction periods in the
.reactions responsible for heating.

,4•. The test may possibly be used to classify na tcr-IaLs , which aro
. subject .to atmospheric oxidation, ll1 order of their spontaneous
heating and igniti.on hazard; provided they are compared under
the optimum test conditions for each material. Further
experimental work is rcquired to de te rrmrie whether this is, in
fact, pra~ticable.



-7-

Acknowledgements
", ...

The experimental work described in this note was carried out by
Miss M. Ward.

The author is indebted to the Colonial Products Advisory Bureau,
Imperial Institute, for samples of vegetable fibres selected for trial from
their collection; and to the Director, British Jute Trade Research
Assooia tion, for the supply of Daisee jute.

References

.
•

1.
2.
3.
4.
5.

6.
7.

8.
9.

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.

20.

21.
22.
23.
24.
25 •

VHM

Mackey, W. MaD., J. Soc. Chern. Ind., 1895, M, 940.
II II ibid., 1896, 1.§, 90.

Porter, R. E., J. Amer. Leather Chern. Assoc., 1934,~, 270.
Kaufmann, H. P., and Fiedler, H., Fette und Seifen, 1939, j§, 210, 275.
Coleman, E. H., and Tonkin, P.S., Department of Scientific and Industrial
Research and Fire Offices' Committee, Joint Fire Research Organization,
F.C. Note No. 29, 1950.
Kehren, M, Z. Ges. Testil-Ind., 1936,~, 256.
Nuckolls, A. H., Underwriters' Laboratories Inc., (U.S.A.), Bulletin of
Research, No.2, 1938.
Thompson, N.J., Ind. Eng. Chern., 1927, 19, 394.
Mitchell; N. D., National Fire Protection Association (U.S.A.), Quarterly,
1951, 45, (2), 165.
Garner, W., and Leach, n., Analyst, 1936,.§1, 337.
Chambard, P., and Durande-Ayme, R., Bull. Assoc~ Franc. Chirnist. Inds.
CuiI', 1949, 11, 130.
Manccke, W.,-and Lindner, G., IQepzig's Textil Z., 1938,~, 129, 239.
Schlenker, E., 1fulliands Textilber., 1930, 11, 37.
Kehren, M, ibid, 53,133, 220, 29~and 1938~19, 735.
Wolff, H., and Heilingutter, R., Chern. Umschau , 1930,12, 284.

" II II ibid, 1931, ~, 24.
Stiepel II ibid 1930,12, 326.
Mackey, YV. MaD., and Ingle, H., J. Soc. Chern, r-a., 1916, 35, 454.
Schmidt-Nie:isen, and Eikeland, L., Kg!. No§ske Videnskab Selskat Forh.,
1942, 1.§, 127. Chern.• Abs., 1945, ~ 3431 •
"Prescribed method for testing textile oils for liability to spontaneous
heating', Fire Offices' Committee, London, 1938.
Rosin, P., Fuel, 1929,..§, 66.
Kchren, M., Textil-Rundschau, 1948, .§, 409.
Speakman, J. B., and Greenwood, J. R;, J. Text.Inst., 1935, .~, p.271.
Barritt, J., J. Text. Inst., 1938,~, 47.
Thompson, N. J., Oil and Fat Ind., 1928,J?, 317.



Water

Gauze
cylinder

.-- (0)

Chimnf:Y VThf: r mo me te r
<,

v V

/'"

I~sulated lid

~

~
t Air inle t...

~ --~~/ ... ~

t-

V.

-:
V

t- - - V I- - --

t- - - V
- _. V

- - I- -'~
--- ~ - -- - . - --
- -- - - .-
- - - --
- - - ---
- - I - --
t-- - - ---

- - - --
- - ~ - -
- -- r. -- --
- - - --II-- - - - -L -
- - - --

- -- I- I- - -

- -
~I-+ t '-- - --

---
-
- - - - -- - - - --

- - - - -- - - - --
- - - - - - - -- -

linch

.-

FIG. I. MACKEY TESTER



...
I'

t

-

I

-

~
l

I,

I )~j

.lrJ
- ~~._---- -

v--- ~
(1/

-

/)veo

160

roo

120

240

140

280

260

220

LLJ
a:
~

t-
-c 180a:
uJ
a.
~
LLJ
t-

..

20 40 60 eo
TIME-min

100 120 140

CD Po c kin 9 de: n sit yO' 131 9 t c m3

@Pack',ng de nsi t y 0'2fBg/cm3

L

FIG.2. HEATING 0 F LINSEED OIL ON JUT E
IN MACKEY'TESTER



260

c.-

x
120

E

I
140~

:;)

~

160

eo
0·18 0 ·22 0·26 0·30 0 -34 0·38

PACK I NG DE NSITY - g/cm
3

~
:r e-;

V "
~,

r.

/
, / "

.

/
/ If

//0
/

V
/ v V

A
~, ------

.
12°0 010 0 014

140

160

1eo

280

220

200

240
oU

Cf 1
w
a:
::>....
-c
ec
w
a.
~
w
t-

.~
:;)

~-
X
-c
~

0--0 ,Mo)( i mum t emp e rot u r e

tJ 6Timc to r e cch mc x i mu mLe mper ctur e

FIG.3. EFFECT OF PACKING- DENSlTY OF
. SPEC-.I M EN ON M AX I MU M TEM PERATU RE

IN MACKgy TEST ..

,
•

\.'



20

~

S4 0a:
LL

. lLJ

SO ~
-'I
t-

c.
E
I

70 ~
:::)

~-x
66 c(

~

o
t-

62 z
o
X.
lLJ

S8 ~
z·

74.

46
Q. 34 0'380·30

g/cm 3

0·18 0·22 0·26
PACKING DENSITY

I
V

•

I

~
.-D-

. -
~
V

/ /
/ , ~

JA- / V
~ .--""

- /

L/
IJ

16
0·10 0 '14

24

28

36

32

40

44

c..-

,..

I

r ~

0--0 Time to as °c
Ir---A Time from inflexion t e i mcxi mu rn t emper c t ure

FIG.4. EFFECT ,bF PACKtNG DENSITY OF
SPECIMEN· ON COURSE OF -HEATING
IN MACKBY TEST

"-




