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DISCUSSION. 

PROFE 'OR W ARREN remarked that the author had placed before 
the members of ~he association the results of his own experiments ·on 
Portland cement, and l\ke most experimenters on this material, he had 

,-confined his attention to the tensile strength rather than the compre~-
ive or transverse strength. There could be no doubt that a cement 

whi h po sessed a high tensile resistance would behave well when 
subjected to "compressive or transverse tre ses. I ndeed, in comparing 
the results of te ting cements, both in tension and 'compres ion, it wa 
seen that the ratio of the strengths are approxir;nately the same. H ence 
engin~ers prefened the tensile test to that o( compression, or cross
breaking, in judging of the quality of the material, ~nd in every speci
fication was to be found a clause governing the supply of cement of 
a. given tensile tren th. 

In designing works, however, the information obtained so carefully on 
theten ilestrength, would not help the engineer in providing thenece sary 
ectional areas to resist the various stresse which might be developed 

in the structures in 'which Portland cement was so extensively used. 

Cement, whether mixed with sand to form mortar, or with aggre
gate to form concrete, wa rarely ever in direct tension but , more 
frequently in compre ion, or it was called upon to re ist stre es which 
were analagous to those developed in a beam when subiected to tran -
ver e tres . , 

'example of direct ten ion we had the re istance offered by 
joint in a. brick-in-cement wall for retaining earth or water, when th 
line of pr ure pa ad too near the outer edge but here the adhesive 
tr ngth of the joint wa 0 much Ie than the ten ile strength of th 

mortar, that it would be eparated from the bricks long before it full 
ten ile re i tance wa developed. . 

In larg r tructure of this cIa ~ the material hould be 0 dispo ed 
that the line or pre ur in no c e 1)a e 0 near the edge of the wall 
a to develope the ten He and adhe ive resi tanee. of the mortar, and 
thi rule wa uniformly ob erved. 

In the concrete filling of bridge cylinders the material would 
O'cnerally be ubjected to <Erect compre ion. Under evere winJ. 
pr ure ho, ever, th pier, acting a cantilever, would deflect, and 
the conc!etc would then undergo tran vcr e stre s. 
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I n the foundations for timber pavement the material wa also-
ubjected to transverse tre s, and it thickness should be determined 

rather to resi t the e stresses than tho e of direct compre"sion . If we 
imagined the material, upon which the 6-inch layer of concrete re t , to 
ha,e ubsided part:all , then the concrete would undergo tres es 
analao-Oll to tho e developed in a beam . The unequal deflection 
producecl by heavy concentrat d load would 0.1 0 develope imilar 
stres e . 

H e con idered tl)at tbe tbickne s of concrete foundation for 
building, ewers, retaining walls, and column bould be determined in 
a. similar manner to that of the depth of a beam of a o-iven trenerth 
and tilIne ,and that the ame may be aid of oncrete landings anel 
floor . 

Sin'ce, therefore, concrete wa 0 often subjected to tran vere 
stre s it wa important for the engineer to know the modulu of rup
ture for the mixture he intended to u e. Thi could only be deter
mined experimentally. W could not derive the modulu of rupture 

.(exceptino- approximately) in concrete from tIle ten iJe or compre ive 
re i tance. It had been propo ed by Mr. Deacon, 1\'LI.C.E., of Liver
pool, to pecify that ample of pure cement hould be gauered with 
water and pre ed into a mould 1 "+ I~" + It". Th block of cement 
thu formed hould be plnced in water, and after ev n tlay te ted by 
placing it on upport 9:. inch apart and radually applying a load 
of 15 lb. on it centr. f more than Oil block out of three wer 
broken within on mmut of th applic tion of th load the engine r 
or architect houltl have pow r to r j ct he whole or the cement from 
which the ample w re tak o. Thi te t c uld b made by aoyone at 
a co t of a f hilling. The Dlodulu of rUlltur may be deriv u. n. 
follow :-

et w = br nking load in Ib . 
1= 1)< n in inch ' 
b= brrauth 
d = d ptlt 
f = modulu of ruptur 
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The value of f derived from Mr. Deacon' test-

f = 3 x 150 x 9.5 633 lbs. per quare inch 
2 x 1.5 x 1.5 x 1.5 

Mr. C. oleson, .M.I.C.E., d scribed ome experiments in a paper, 
printed in Proc. In t . C.E ., vol. J,IV . , page 264, on the transverse 
tren th of concrete beams, the ' aggregat~ of which consisted of six 

pal·t of 11arbour shingle, mixed with three of sand and one of Portland 
cement. This quantity of s5.nd was found to be necessary in order to 
fill up the interstitial spaces in the shingle. 

1. beam 21 inches wide x 9 incbe deep,::n supports 8' 3'" 
apart, broke with a weight of 5 cwt. 

f = 3 x 560 x 99 49 nearly 
2 x 21 x 81 

2. similar beam 3' 9/1 span broke with 1.04 tons, from wbich 
f 32 lb . per square inch. 

3. n experiment made by Mr. J . B. Mackenzie on a 'similar 
beam but.. made with purified coke aggregate gave the value of ' modulu 
of rupture = 3 lbs. per square inch. 

For ordinary oncrete the value of J may be taken at 100 lbs, per 
~quare inch. 

The ndhe ion of the cement mortar to tbe various materials which 
were u in the manufacture of concrete wa an important matter, a 
it det rmine the trength of the re ulting concrete. Experiment on 
thi point h d not been a complete a wa de irable. The adhe ion 
of mort, l' to bricks of variou qualitie when ubjected to ten ite and 
llearing force w I 0 a matter upon which experimental data wa 

wantin. It ould hardly be taken a demon trated that mooth 
pebbl form better aggr g te than angular fragment of ,the arne 
material, altbourrh it wa con idered by orne engineer that the 
ad he ion of th ment to the mooth urfaae of the roun ed tone 
more than compen ated for the interlacin of the angular fragment . 
A 1'i' of cro Iring t t would ttle tbi point. 

The follow in table g ve the orushing re i tance of blue tone and 
and tone concl' te. The blo k re prepared by Mr. J . Smail, 

Di trict Engineer, ewemge 'Work , Botan • 
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A similar experiment had been attempted yesterday with blocks 
9" x 9" X 6" in the University t esting machine, but they all, excepting 
one, stood ~ore than 100,00 Ibs., which was considerably higher than 
was expected. These blocks were made by the author (Mr. 
Mo~tain .) 

He quoted M.r. Grant, M.LC.E., who gave 933 and 833 Ib . per 
square inch as the crushing resistance of cement concrete formed with 
Thames balla t in the proportion of one of cement to six of ballast. 

The crushinO' resistance of some other building materials was for 

Good Bricks abOut 200 lbs. per square inch. 
Portland Cement, neat, " 5000 " " " 
Pyrmont tone " ,, 5000 " " " on bed. 

Portland tone 'J " ,2693 " " " " 
Bramley Fall " 5000 " " " " 

MR. JONE expressed his sati faction at Mr. Mountain's contribu
tion to our knowledge of the qualities, properties and performances of 
P ortland ement as imported int ydney. He wa awar,e of what 
large quantities Mr. Mountain u ed on the streets of Sydney whereby 
hi opportunities were valuable, and also of the ex eIlent means 
provided by the City Council for te tin . H e entirely concurred with 
Prof . Warren comment, that a P ortland Cement wa chiefly 
employed to tain pre nre, the te t of its re i tance to that force and 
also to cro br aking a a beam 'would bear mor directly on it 
uitability. The figure furlli hed from the author' an ! h . 

Mackenzie' experiments wool prove voluable aid in the hand of 
ngin or ,an hi persi tence in etting up a hiah standard of quality 

among he requirement of his office woul go far to uppre attempt 
to forward tlli colony tIle reIn e of the Europe n market, it would 
moreov l' incit ill nuf ctur r to keep up the quality in order to retain 
tho cu m. Th fact r lating to the e. po iDg of cement for a. time to 
the action of the air, t counter ct the effect of the cement beiDa packed 
hot , and of th pre n 0 of fr -lime, which in uced expan ion after or 
in the pro of etting, Wa no doubt a. valuable precaution if 
practicable, but owing to the tmo phere in Sydney being frequently 
v ry lal'crely charged with moi nre he feared that the cement would 
ometime" be prejudicially affected thereby. The proc moreover 

entnileu a 10 of time, and r llired a pa e not 1 vays avail ble, and 
generally the ounune obtninedin the oncrete u aU on the i y treet~ 
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'Tithout this treatment seemed to render it unnecessary, excepting for 
works requiring to be thoroughly watertight. In assul11i.pg a co-efficient 
for the strength of cement to resist given tres es, a marain would 
always have to be allowed, bnt every set of experiments would tend to 
narrow the limits of such margin. H e felt personally indebted t Mr. 
Monntain for making public hi experience on the qu stion. 

~1R. J . M. l MAlL aid that having listened with great pleasure to 
the paper read by f ro Mountain on such an important subject a 
P ortland cement, he must congratulate him for placing on rec rd 
information which would be of the greate t utility to tho e who 
professional duties were connected with the construction of works in 
which Portland cement played an important part. Th object in 
testing cement was to ascertain it fitne s for certain w rk, whether 
on land or in water and every engineer had to judge a to the quality 
-of cement which formed the matrix of the material to be u~ed in the 
work, ar.d it wa according the manner in which uch tP.. t were 
.carried out that the work woulrl be table or not. If uch an elld could 
be attained it woul be better to have one uniform y tem of te ting, 
not only with regard to cement but all materials u cd in con trnction. 
In ome ca e engineer peeified the cement to tand a. high ten il 
train after seven day, while other preferred a minimum train at 

three day and howing a proportionate inerea e of trength at even 
lInd. twenty-eiaht dar re pectively. He thought it wa ob,iou that 
the latter wa mo t calculated to give good re ult and an element 
-of trength in the work. e coul~ quit concur with Mr. :llountain 
in hi remark about earlier p cificntion pecifying" approv d brand " 
al 0 one " particular brand, ' but it would have to be r m mb l' d. that 
at that period tllere were no machine in the colony for , ting c m nt, 
and the brand then imported were few, al 0 that CODcr tolar Iy 

ed at pre en ,wa little thought of. The fir t y t m of t tillg 
{lement before it, a u eu in work wa introduced by r. W. nnctt, 
1\1. In . .E., the Chief Eugin er for Road during the eOD truction 
-of the iron brili e over Parramatta River and Iron o.e, ill 'il), 
The machine used wa OD Bailey' pattern, th weight being ppliell by 
, ater pa iog, by mean of a pipe, from a re ervoir OD t P ,tnnuard 
to a cylindrical ve el at enu of lever, a hut-ofi' cock wa, conn ct d 
by a rod to the lever I1n when fracture of briquette t 01' plac th 
de cent of the lever hut the cock and prevented the water pa .... ing to 
the ve el. Attached to the.e sel wa a aauge-gin ; tl1C wat r rbing in 
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. 'amc shewed he weight in pounds at which the briquette wa broken .• 
The briquettes were If' x Ii", made in gun-metal moulds. On the 
commencement of the new system of seweragc works every 'parcel or 
cement u ed on the works had been put through a ystem of tests to 
asc rtain its uitableness for same. The standard ten ile strain had 
been fixed at 445 lbs. per quare inch, after seven days old, and fineness 
~f g rinding to be uch as to only leave 2 per cent. after beinO' pa ed 
throuO'h a sieve of 35 meshe to the lineal inch, and when ompared 
with l'esults given in tables of te ts given by Grant. Faija, and other 
authoritie , the te t could not be con idered other than moderate. 
Even with thi moderate standard many of the earli r brand could 
not m up to it. fr. Motmtain wa of opinion that the weight test 
wa not reliable. There was no doubt that taken by it elf it was not a 
ufficient guarantee of the cement bein (7 fir't-cla ,but when taken with 

other condition ther wa a certain amount of reliability with it a to 
make it of suffi ient importallc 0 be include among't the te t. In 
flo paper read before the In t. of C.E., by Mr. Grant, vol. LXII" 

he said :_ CC To judge of the quality of ement by its weiO'ht alone, 
without regard to raw material of which it i made, i impo sible, but 
JlIWinO' re ard to the e, it i within certain limit one characteri tic 0 

and it i d irable that it should be a certained a nearly 
With r gard t pecific gravi y Mr. Grant aid in a 
f<.rmer paper, Mr. ramwell uO'O'e te that it would 
rain h p cific gravity than the weight of cement. 

Th auth I' till a c rtain tll weight of c Ulont in a manner which 
ha been d crib and h ha f r a 10nO' ime for experimental purpo c', 
but without prnctical b !lelit, taken their p cilic gravity. n the 

p p r r. F ija y 'that h wa urpri ed tl1at 
Hud t pecific r vity he id n t take it lU C mbina
h I' bu bel. The two ther aff I'd a fairl T 

he, vy p oi Ii "'ranty. nd 
ould indic fin ly round cement, 

r vit a1l h avy wei ht p l' bu,hel wa:'! 
11 ." If ther for 

weight on 
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important element in te ti~g of cement, and that wa the uniformity 
and time Qf applyinO' the weight. I n a t able given by MI". Faija, in a 
paper read before t he I nst. of O.E ., vol. L ~ v., some very intere ting 
re ult were given of experiments made' on this point . 

No. of peed. 
Briqu~tte . 

lb. sec. 
100 in 1 560.75 
100 ~ "06.4-, 

- I 100 in 15 .452.20 
100 

" 3 430.96 

100 in 30 417.27 
90 100 

" 403.0.3 
----- - --_._-

40 100 in 60 416.75 
40 100 II 120 400. 7 

From the foregoinO' re ult it would be een that the increa e per cent. 
due to iucrea ed ~peed of applyinO' train wa a follow' . Taking the 
lowe t ~peed of 10 Ibs. in 12 cond a a tartinO' point by applyin'" 
the train at the rate of 

loo Ib . in 60 econd , the increase wa 
::0 

" " " " " 
" 

Ij 
" " " 

" 
1 

" " " " 
The ize and moulding of briquette wa al 0 worthy of con ideration. 
The one inch ection appel\red to be the on nd pted by exp rt in 
England and the Continent. 0 fililarg mould r qui red an amount 
of mortar, which if gau ed at one tim, would be u ele for t tinO' 
purpo e ,a by the time one or two mould re fill d the mortar 
would have commenced to et and if u d for formin lll'iquette it ,va 
qu tionable if u eful rc uIt would be obtainpd' on the oth r hand, if 
~n or two O'au ing were r quired to fill the mould , it wa quit 
prllbllble that the re ult obtained from briquette would vary vcry 
mn ·11 for the rell on that it wa almo timpos ibl to mix tw gnu ill"'o; 
exa ·tly alike. To obviate t1li~, tbe mailer briqu tte 11 d b n intro-
dut 1 in England, 11aving been the reco n1. iz r orne till) 
previou on the ontinent of Europe, and a further improvem nt hat! 
been introduced by Mr. Faiin in hi cement au er. he mac11ine wa,; 
10 inc'le' in diameter and G inche' high, gau d about JIb. of cement 
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at a time, which was sufficient for 10 briquettes -of the 1 inch section. 
Some experiments had been made with cement as to its settling 
capabilities and strength when mixed with salt water. F or some time 
it had been thought that the u. e of salt water for concrete was injuri
ous, but when viewed by the light of actual experiments it would be 
een that under certain conditions the mixing of concrete with salt 

water was advantp.geous as regard~ strength . M r. Faija had, in a 
paper read before the I n t. .E., vol. LXVII . of Procet:dings, given. 
ome very inter sting results of test with salt as compared 

with ffe h water for mixing. The cement used had been considered 
only a a fair ampl of ordinary e mmercial manufacture. 

\Yeight per tandard bushel 1121b . 
pecific gravity 

Finene s on o. 
2.9-

2.3 sieye nil. 
50 " 1 per cent. 
70 " 23 

Time taken to set when ganQ'ed wi.th fresh water 23 minute 
Gauged with eo. water ... ... 120 minute 

mount of wat rued in gauO'ing for ,allLI fre h water wa 17.21 
per cent. 

"0. 1 w gauged with eo. water and p1aced in sea W3.ter. 

2 "" "freh" 
3 
4 
5 
G 

" 
" 
" 
" 

" 
fre h " " es. " 

" " fre h " 
eo. 

" 
and left in air. 

fre h " " " 
He had I cted from numer u r ult 
month. 

at "dtloy and 12 

7 AY TE.Ts. 

"'0. 1 470 per sqtu\l'e inch. 
2 2~ 

3 6~ 

512 
5 41 
6 526 

1 TE.·r". 

(j 1 
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From these experiments it would be een that the highe t re'ult was 
obtained at twelve months with briquettes gauged with sea water and 
left in air, next in order came cement gaug d with fresh and placed in 

ell. water. From a few te ts made by himself with cement mixed with 
salt and fre h water, the average results were: 

7 days te t. 
fixed with fresh water 460.741h . 

" salt 493.061b . 
Mr. Faija thought that the deductions to be made from his experiment 
were" that the alts in ell. water have a damaging effect on cement 
(7auged with ell. water and afterwards immer ed in either ee or fresh 
water j but a beneficial one when the cement i only exposed t th 
action of the air, and further, that the ame salt have a hio-hly 
beneficial effect when actin in cement gauged with fre h water, and 
that for all marine purpo'e tho e portions of the work which are above 
high water, hould be gauo-ed with ell. water, while tho e portion which 
are below the water level hould be gauged with fresh water ." ' The 
introduction of appliance and a y tern of te~ting by all the 
Government department", ancl the ity ouncil l1acl greatly improved 
the quality of cement imported to tIli colony, and had 11l·O\·CU a 
protcction to the manufactur r~ who would not manufacture anythino
but a fir kla article; while at the arne time detcrrino- 'ome 
exporters from turning the colonie into an Imperial du t bin to 1100t 

. rubbi h into. 
Mn. FI OllEn. aid that , llile he a rced in the main with the 

cont nt of Mr. ~fountain' paper, which, 1\ wi hout doubt a yaluabl 
contribution to the ociety'. fir t annual ,olum he fclt it incumbent 
on him in common ju~tice toward the erman c mcnt manufa tur r , 
-who, Mr. )fountain informed us, had of Iat at mpteu to :;;upply th 
marKet with adult rat d C III nt ,-to brio under the n tie E the 
member the oIlo\'ing re~olution pa .. <l t the i.-th . I'll ral 
meting of the ociety f erman Cement fanufactur r,; 11 hI at 
Berlin in Aarch 1 3, anJ at which no Ie- than r:.7 manu. tnr'r of 
cement baJ n pr ·cnt. incluuing tho e W}lO nj y d til 11 -t r 'plltn
tion. He tllouo-l!t it woulJ be too teLliou. although lIe h. (1 no doubt 
that it might prove inter ,ting to ome of the memb r ,t 1'Ilum rat 
all toe te t that had been mad by the hi ll(d authoritie, ueh. Dr. 
Herzog, r. Delbruck, Prof. Bernouilly, &c., ror he purpose of arriying
at orne definite conclu 'ion on tlli que. tion of adulteration. on-
equently he hould only give a tran lation of the re olutions pa:-,.; d at 


