
MI N UTE S O F PROCEEDINGS, 
16TH EPTEM:BER, 1886. 

a lt l' h lIah aI', PI' sid nt, in th Ilair. 

The following clmcl idntes w l' balloted for and du ly p]pcted:-

.., l EMBERS : 

A. T. DUN AT. 

On the motion f Mr. muil, s conded by 1 [ 1'. Poll ck, 1\fE'. SI.. 

J . B. Hen on and J. Elder wE'r app0intE'c] to make thE' annual 
audit of th • 'ociety' a count ... 

Altemtion of • ection ., lau 

til 
)Ir. ruickshank JUOV d, and 
rE' oIu tion arrj d at tIl 

annual sub cription of mem 
nu pt d. iani cl unanimou ly. 

r. of Rules lind 

11'. fountain s 

A communication r for001n" an '" u trala ian ,oci:\tion for 
th Advanc ment of cienc,' wa 1'1.' iv d, and 011 th motion of 
~r r. 'mail, . econel u by r r. Tr or J on , the P,'e. ieI nt and ri 'e­
PresielE'llt WE'I' appointed 1] gat , to a tencl tIl pI' liminal' . 
meeting '. 

~lr. Mountain th n r ad the following pap r, th eli, u . ion on 
which Wit h leI at It sp cial "en ralll1petin rr on th 23I'cl,' pt mbel': 

.NOTE' E1\IE T. 
By A. . MOU "rAIN, M. h.-T. .R 

In undertakintY to read before this l>. ociation < • hoti; pap I' on 
the f;ul)jE' ,t of "Portland ment," tIll' author fea," hI' can 'ont"ihute 
but little in th shape of ah. o]utply lW\ matte" to the llUllle,'ous :mcl 
' ,!, l'y '1 nt itic rl' earches, the ,'psu It of which ha \(' l){' II pl'l'spntl'cl 
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to the engineering world during the last few years; nor does he 
now propose to enter minutely into the question of its chemical con­
stituents and method of manufacture, its early history, ana. subse­
quent de,"elopment. He will confine his remarks rather to the 
experience he has had-as a large user of cement in important 
public works- with both English and Contiuental brands; and will 
place in tabular form the result of some of the tests that he llas 
carried out in connection therewith, in the belief that they will be 
of interest and possible information to engineers in the colony, 
where such detailed examinations of the variou properties of cement 
are but seldom undertaken. 

Until within a vel'y few years back, it was the almost invariable 
practic in ydney to simply stipulate in contmcts that the cement 
should be C of approved brand," or else one especial brand was indi­
cated; and then-provided the cement seemed to be (in appearance, 
and to the hand of the practical man) "in O"ood order and condition" 
-it was accepted and used forthwith . Later on, a certain mini­
mum tensile strain was demanded, being generally 4001b . to the 
s uare inch' and it is to be feared that at the pre ent time but little 
provi ion beyond the tensile streJ1!!th of the material is made by the 
ma:iorityof eno-ine rs and architects in :rew uth Wale, notwith­
standing the extended knowl do-e of the propertie of good cement 
that ha re ulted from the experiment . f the English, :lerman, and 
French enain ers and ch mi t . 

,\llen it d volv d upon tll auth l' to carry out th 
woodpa"inct now introduc d s eA-tensively in thi city, he perceived 
the nece. sity of makina strina nt condition for the quality of the 
cement upplied; and in ord r to d 0, he for saw th n ce ity of 
makill<:! the supply of cem nt a p cia.! contract irr p ctive of the 
COil tructiOIl contracts. Thi b in" d cid cl on, it remained to pro­
vid for tll te ts to which c ment d li" r d und l' thi contract would 
be r quired to conform' and in thi matt 1'- 30 delicate action, from 
it novelty in ydney and from th appal' nt ev rity of it r quire­
ment - he was fortunate nouo-h to ha.ve the h arty co-operation and 
valuable assi tance of nIl". J. B. lackenzi, L n t., O.E., then 
re ident enaine l' of th Cockatoo ew Dock, who wa at the time 
eu"a"ed in fmming sp cification for the c ment to be supplied for 
t hat work, and who e expel'ience in that direction i proba.bly qual 
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to that of any engineer in the colonies. The result is the compilation 
of a set· of tests (vide Appendix A) pl'Oviding for specific gravity, 
fineness, progressive trenO'th, fitne s for immediate use, and purity 
of manufacture, which-if complied with - will insure an article that 
is stronO', durable and not liable to "blow" or crack in the work. 

Many authorities have contended for the weierht per imperia.l 
bushel to be not les than 11 Olbs., 1121bs. being deemed a fair 
average; but now that so much more at tention h30 been deyoted to 
fine grinding of ement, it is evident that the weight is not a reliable 
test, as the more finely the same material i O'round th lighter ,vill 
it be, bulk for bulk, o,vin{Y to the larerer proportion f inter"titial 
space to the whole vplume, h ,nce tl1e introduction of tll''1 . pecific 
aravity te t, which determines with exactitude the volume occupied 
by a given weiO'ht of cement. areful chemical experiments made 
by the Doctors Fre enius (of ' Vie baden) show that a O'enuine Port­
~and cement almost invariably !rives a hicyher p cific ernwity than 
,vill cement which is adulterated either with hydraulic lime, 
pulverized slacy tra s or the other ingt'edients u ually employed as 
adulterant. ; and (a the difference in erravity is very sliCYht between 
the put'e and the "hocus ed" material varyincy rrenerally onl m 
the econd decimal) it is neces5<'try to u e great are in a. certaininO' 
the result of tests for this purpose, and insi t on all cem nt 
tandinO' a minimum erravity te t of 3.1. 

The chemist above referred to aive .1 5 It the low t fi~ur 
for a erenuine Portland c ment· a.nd they further (fiv no I .. than 
five additional means of d tection viz:-

L088 by ig nition. 

jJP't' / "i'l1£l' to /lwtpl"; i.f., fliP (flkrl'illi'/j oj fhp(17W'On~ .W)lllti/lll. 

J3f'/tfl I"i/Jw' to diluted neid. 

Bf':7w /"I'mu 10 'In eou. crt?'bon-u (lcid. 

WJlell it i l' m mb red that thes methods r quir th know­
ledere of the chemi t and the apparatus of an analy t' lahora.tory. it 
will be seen how hopeless it woulel b to exp ct any engine r, in 
practice, to submit each carero of cement that h receives to th 
requisite chemical processes thereby implied, b fore he could a. certain 
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if he had to deal with a genuine ar ticle or not. And yet, for want 
o()f t hat information, failure, which would mean ruin to his pl'Ofessional 
reputation, miO'ht ensue. 

The presence of substance which clo ely resemble t he con-
tituents of he ement itself, is admittedly common, especially 

amongst the erman cements j the result is a feeling of uneasiness 
and distrust in the use of the material, somewhat similar to the 
.doubt that has been but too general among housekeepers regarding 
the genuineness of the family butter, ince the introduction of 
oleomargarine and butterine j with this distinction, that in the 
latter case, in all probability no evil result i likely to accrue from 
the u e of the imitation article j whilst in the ca e of cement, one has 
to deal with an unknown factor, and the real quality of the material 
is only di covered by the mischief it occasions and the po ible 
injury it may do to t he reputation of the u er. 

These facts point to the nece ity for e tablishing an official 
te tiner house for cement, which-by preference-- hould be in con­
nection with th niversity authoritie , where the O'eneral character 
of all cem nt imported lIould be a certained, and a great deal of 
10 and inconvenience av d both to importer and con umells. 

Thi y tem is in voerue in Germany, and answers well ther 
and from it straierhtforwardne hould commend it elf to the 
fa\'ourahle con,id ration of enerineer in u tralia, where we are 
ev n in erreater n d of om llCh afeO'uard than ar the 
continental nerin\.: rs, "ho are able to know exactly from 
what factory th il' cement come wher here we have 
la.rerely to dep nd on th a uranc of h cMk and label' 
a ach hipm nt com out; hence th folly of p cifyinrr for 
£ bl'all(l of c m nt, whi h an be attached to material of 
widely differ nt quality, a the author 11a ha per OUt 1 evidence 
of. Apart fro111 th ch mi a1 t tinrr for th u lity of the m. t rial, the 
author's impre. ion i that th oth r op ration of tiner (a d cribed 
in ppendix ) should b carried out b,1 th enrrin er in all ases 
where anything like a larer quantity of em nt i r quir d· and 
that'Sample from each hip-load hould be taken, and te ted (at all 
event up to the even-day te ·t) before beinrr pa sed. 
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The author has dealt at some length on the question of adultera­
t ion from the.fact that he ha had occasion to meet here in Sydney 
with cement thus vitiat d · and because it is well known that (in 
Germany especially) not only is the practice very prevalent, but that 
what i known a "Bla t-furnace slao-" mixed with lime is sold there 
under the name of "Pozzuolana Oement," although the investiga­
tions recentl;: made by Dr . O. chumann on its tren!!th, as compared 
with that of genuine Portland cement, are so conclusively in favour 
of the latter t hat it will, h think, hardly develop into a profitable 
industry. 

Another mo t important te t i that for expan ion, or fitness 
for immediate use. A cement (included in the test recorded in the 
appendix) that showed admirable trencrth and fineness, frequently 
failed at this test, which showed that-before it could be with afety 
used on work-it would requil'e to be opened out to th air, ancl 
turned over so a to thoroughly cool, and tIlu avoid the hance of 
expansion when u ed in the shape of concrete orclinarily termed 
"blowin " or cmckin..,.. By testin'" in pat (a pre cribed in the 
specification- 'Vide Appendix 11) and ob ervin .... durin'" at least seyen 
da.ys their behaviour both in air and in wat r, th question of the 
fitne of cement for in tant u e out of ca k i a certained. No 
chanrre occurs if the cement i. in proper tate, but crack' or pum at 
the ed .... s are apparent if the cement i "ov r-heated' or ha fr 
lime pr ent. A"r at deal of the crackinrr ob ervaLl in c men 
work in thi city is due to the fact that thi point . not carefully 
attended to. The author has on record the ob rvation mad by a 
brother en ineer on two cement which wer pI' ad out 'de by 
side for air-slackinct, in rder tlHtt their fitn for imm di te u 
mjctbt be determined. \Vhilst thu • po d to th action of th 
atmo 'ph re, one of the c ment. absorb d moi ture to uch a d rrr ' 
that a hard cm t formed on th surfac,.iu t a mictht happ n to [\ 
heap of lime expo ed to the air after shtkinct, tllUS c1 m nstratin .... th 
fact of it unfitne for u e in that conclition. Th oth r CCIll nt, 
under precisely imilar condition., howed no variation of volume, 
or expan ion, showinct that fl' e lime (lid not xi . Th r is "'ood 
rea on to believe that cement is often packed ~'hen in an oVf>r-h at d 
state, and that the process of air- lakin'" in a partial way""o on wliil.·t 
iu the casks j the re ult beiD" the skin of caked cement n xt the in. ide 
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of staves that is sometimes found in casks free from all indications 
of dan,p or sea water. Although cement in this condition is not fi t 
to use at once, and although such cement should be carefully watched, 
it is not, of necessity, a proof of its being-apart from this defect-­
a. bad article, provided an apportunity exists (and is embraced) to 
'pread and turn over, and allow it to cool for a few days. Along 

with the above de cribed examination, the observations to ascertain 
the color and tbe time taken in setting are also carried on. :r early 
all authoritie attach a great value to the color of the cement, the 
best slow-setting cement being of a cold bluish grey tint, t he quick-
etting being u ually of a darker tint; but now that cements are 

made from a many varying descriptions of limes and clays, 
experience shows that this dictum should not be too ,oigidly insisted 
on, a some good cements do not answer its r quirements. But as a 
/feneral rule, the more nearly the c ment approache the O"reyi h tint, 
the better are he chances that it is a O"ood sample ' whil t all earthy 
looking, yellowi h, or dull brown cement should b looked on with 
usplClOn. good cement, when mixed up in moriK'lr or on crete, 

frequently show a decidedly crreenish tint. 

To a certain the time taken in ettina , th cem nt i made into 
circular pats taperinO" to a. vaf r thickn at clere, which al'e sub­
ject d t the pr ure of a. wire on . ixt enth of an inch in diameter, 
and wein-ht d to the e -tent of lIb. avoidupoi (2 lb . per quare 
inch, or 2 . '1 ton p r quare foot.) Tili is applied fl'om time to 
time, until th wire make 11 ind ntation on th c m nt when the 
latter is d m d to t. If this r ult i arri" d at within two 
hour, it is "quick- ttinn-· if a Ion'" r p riod i taken it' call d 
'slow- ttincr.' Th latter i th troncrer in th Ion'" run' th 
(luicker-s ttiner m ut er n rally tartiner off with a hierher initial 
tren"'th, hut arrivin", at it ultimate tren"'th on. r. Til re ar , 

however, many work (u 11 a wat r-work, and w11 re tim 
is a err at con. id ratiol1) for whi h quick- ttiner m nt . w 11 
• dapted. 

In mi..x.iner tr ngtlt 
of the material at variou p rioel <rr at car and uniformity i 
r quir d on th part of the manipulator, a to produc the sam 
-la s of briqu tt on all occ •. ion . v ry li"'ht e 'c of water 

will mak a "'re~tt dilli I' nc in the r ult. For n t" t t th 
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proportion of water needed varies (according to the cement) from 15 
to 25 per cent.' for" t hree to one" tests from 9 to 1 0 per cent. is 
usually sufficient. As little water as possible hould be u ed. The 
sand and cement are mixed together mechanically by a revolvino­
beater working in an enclo ed basin, the same number of revolutions 
being given in all cases. Once mixed, the materials are at once 
transferred to the gun-metal mould , which rest on iron plates j it is 
well pre sed and crammed into moulds until flush on face, when the 
briquettes are sufficiently firm to permit of the moulds being removed. 
They are then kept for 24 hours in a moist atmosphere, and then 
placed in trays containing water, until the arrival of the different 
te ting period . 

Althouah a high tensile strain is expected in the te t , it ii' 
unde irable to see that result obtained too rapidly, as it is by the 
steady progressive increase of strength with time that the best 
cement are known. 

This i illu trated by referenc to table B (in appendix wiler 
the cement numb red G tartina at th days neat te t at 354lb . 
acquires at 12 month the very 1'e pectable strenath of 922lb ., and 
shows du1'in er that period constant proO'res ion; al 0, the same 
material at the 3 to 1 te t commence at '1 day with the mode t 
stren!!th of 93lb . (or only just above the minimum r qui1'ement) and, 
< t 12 months, break at 424lb ., and show no indication of haviner 
attained it ultinlate trength. It vill be notic d that many of the 
other example which tart with a O'reater initial strain, at the nd 
of the period of 12 month' have not acquir an qual pow r of 
re istance to tensile. t,rain . 

. B.-The appendice abov l' ferr d t , and which a att h d 
to this paper, 0,1' :-

.- Extract from sp cmcation for supply of c ill nt to th 
city of yeIney, givin'" clau e relativ to tb t till'" j 
0,1. 0 a copy of th te t-form . 

. -A summary of test of variou brand of En"'li. h cem nt, 
complet up to date, te ted by th author for the 
:Municipality of yeIney. 

C.- imilar to ,but of German and oth I' contin ntal 
cement '. 
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Among t the minor matters to which the au~hOl"S attention was 
directed in connection 'with the fioating or rendering for the concrete 
wood-paving was the quest ion as to the extent to which water could be 
used in mixing the mortar without impairing its strength. Whilst 
it is ohnou ly the interest of the workman to use enough water to 
make the mixture easy to work, i t ' is apparent that the less the per-
entacye of water used, the strong r will he the mortar : at the same 

time enough water must be mployed to let the renderincr r un 
ea ily. To strike 'the happy mean" was his endeavour, and to do 
o he experimented on the mortar as it was then being mixed on the 

work, and compared it with other tests, with the result that he found 
that on an averacre the men wer in the habit of usincr nearly 1 pel' 
ct'nt. of water, hut that 13i per cent. of water Was sufficient to u e 
for fioatin rr in practice, with the advantacre that the mortar wa 
47~ per cent. strono-er at the end of 2 days. The re ult is that he 
p citi. now tha not more than 1.J,. per cent. of wat r hall be u ed 

for thi purpo . 

2 230 l.)() per cent.! :>:> per c nt. 

I :1 !l. !li per c nt. 17! lJer cent. 

Tn thi· tahl it will 

Remark. 

Taken ready mix:ed from I 
work . c ntaining 17' 
per cent. of water. I 

Ia.terial tak n dry from 
work· guaged with 10 I 
per ent. of water: too 
dry for floating. 

' ame material a TO. 2, 
but gu ged with 13'2 
per cent. of water. 
Found to be ufficient 
for floating. 

111 dar, which it lllay be . tat d, i of two n 
• 111 nt, wa. obtained with only t n p r nt. of water. Thi, how­
v I', wa pmcti ally fund t be too ti to he in i t don. 

Th author a1. 0 cau d t t to mad to a 
tr no-th of difli rent mat rial wll II mad into 

l'tain th r lative 
l'iqu tt with 
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cement. These were all carried out under similar conditions with 
the same cement. The materials were thoroughly dry befol'e using 
and were mixed (by hand) on the slate table of the testinO"-room ; 
ten per ent. of water was found to be sufficient in each ca e. 

The proportiollll are all by. weight (3 of aggre<Yate to 1 of 
cement), but as th~ weight of the different materials te ted vary 
considerably when e ual bulks of each are taken, a com pari on wa 

also made in that respect which is a;ttached to the tabl for <Yeneral 
information. 

No. 

r 

2 

3 

4 

5 

6 

145 

127 

141 

114 

211 

217 

ro 
1 3 

166 

2i 

30 

Tncr e. 

2.3.5 per cent. 

33. per cent. 

29.7 per cent. 

45.6 per cent. 

32. per cent. 

41.0 perc nt. 

Remark . 

Lade with cru hed and· tone, ~a1lle 
as for rondaI'd te t . 

imilar to o. 1, a\re that the and 
wa wa hed and dried. 

Nepean River saud a. u. ed for 

I floating. 
Tepean River sand, thoroughly 
washed and dried. 

Bluestone du t, a u ·ed for grout­
ing . IX· ing through t inch 
ie,-e. 

Equal luantiti by bulk of biu -
·tone lust tmd five- ixtcentb 
creening. 

tabl that, th in th 
eru h d sand- ton and th p an iv l' sand, an 
stren!Zth wa oee ion d by V; hing them · tbu incli 
ome e mentitious prop rty i l' mov d by th t op ration. 

aking o. 1 the taud rd for makin<Y and testin" briqu tt 
as a basis, w find that 

No.2· 12·4 

3 " 2.7 

4" 21.3 

5" 45.5 

6 " 49.67 

per cent. weaker at 7 days, and 6.5 per cent. w 

" do. " " .,)4 " 

" 
" 
" 

do. " " . 7 " 
tronger" 

do. 
" 

" 
" 

;)3.2 
" 
" 

w aker 

do. 
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In the last two cases (Nos. 5 and 6) the large excess of strength 
is due to the difference of weight of the materials, thus reducing the 
bulk in the ca e of the heavier ones, as is shown in the follo,ving 
table, which gives the actual weight s of the different materials, and 
.also tlle cone poneling proportions of volume to weight, and 
conver ely. 

I Weitht Percentage Ratio of Ratio of 

'0. Description of terials. 1 in~r' of incre 'e volume to Weight of 
on wpight of 3 to 1 3to1 

cubic ft. NO.1. by wl'ight. by volume. 

1-
2.95 ~ 1 1 3.04 to I I I C"1I87ted . and·. toW', as u ed 83.15 il. I in ordinary te ts for brio 

quettes 
ILl % 

1 3.37 2 O,'U lted gand·stone (but 92.14 2,67 
" " I \Va hed and dried.) 

3 ' .' {'prlm Riro?' .~a7!d (as u ed 104.77 U .6 " 2.3.3 
" I 3. I 

! for floating or rendering) 
<1 Xr}Jea'L H j'V(Jr an(Z (washed 106.22 17.6 " 2.31 

" 13. and dried) 
5 BLue< t01!M (l1l8t h ing 113.15 22.1 " 2.17 

" 
1 4.24 

" through lin. mes 
6 Equal bulk of No . and 7 119.71 34.3 , 2.0.3 

" 
4.38 

" 7 -6·lGtlt8 1("'eel!illfl'~' pa ing 94.45 2.6 1 3.45 
through t inch but no 
through t inch m h 

1 i1 ck cree7~iI~g¥, pa ing 2.74 
" 

3.2 
" 

I 
through 1 inch but not! 
through inch me h 

9 t il 11 cl'ee'lin!l~, pas ing 2. 
" 3.35 " I through t inch but not 

I through i inch 
10 Ri er I,rav I, creened from 114.90 

" 
4.2 

" n ,iin. to 21in. gauge 
1 4.6 11 River gravel o.nd nd, a 

" " us d f r concrete 
12 P rtland m nt, u d 

te t[ 2) 

c ment t . t. i 

(and con 'equ nt1y n ar1 
the blue ton 

author c.'\u 
i pr par d, homn 0' the 

in t n i1 tr n!!t:h be w 11 briqu tte in ... hich th 
material were proportioned by w jO'ht < nd tho in whi 11 th pro­
portions w r d termin d by volUJn. Th num rs corr pond with 


