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. and as there is 24 .3 cubic feet of stone in the 27 cubic 
feet of concrete, there must be 27-+ 24 .3 equal 2.7 cubic 
f ee t of excess mortar required. to make the 27 feet of 
.concrete. 

Then 12 .45- - 27 equal 9.7 5 cubic fee t of interstices In 
the 24.3 cubic feet of b roken stone . 

. Then 9.7 5 x 100 -;- 24 ·3 equal 40 .1 per cent . of inter­
s tices in the broken stone, which seems .rather too small 
for stone broken to a 2!in. gauge. The in terstices in 
metal broken to 2:\in. gauge total about 50 per cent., 
so that there was only about 0.3 cubic feet excess mor­
tar , and there could have been only about 24.6 cubic 
feet of solid concrete made from the above mixture. 

(No · 4.) River gravel and coarse , clean , sharp river 
sand. The gravel not to be larger than 2tin . gauge, 
l arger pebbles to be discarded or else broken smaller. 
The concrete to consist of one ( I) cask of cement to 
twenty-four (24 ) cubic feet, by measure, of gravel and 
sand as shall be directed . 

This is not a very clear specifica tion . 
(No . 5.) This concrete to comprise-

1 measure cement, 3 measures clean, sharp sand, 
5 measures blue stone broken to Itin. gauge, then 
screened through a sieve of kin. mesh . 

The volume of interstices in this class of stone may 
be taken a t 40 per cent . 

Then 5 x '40 = 2 cubic feet as the volume of interstices 
( 1 -+ 8 ) 3 . 

4 . = 8 CUbIC feet of mortar 

Then 3 - 2 = 1 cnbic foot of excess mortar 
( 1 x 100 ) -;- 5 ~-:: 20% of excess mortar in the concrete 

For ordinary concrete 10 per cent. excess mortar is 
ample, so that 6 measures of stone might have been 
used, and the concrete would have been of equal strength 
t o that with only 5 parts of stone. The difference in 
the volume of concrete made from I cask of cement is 
as follows, assuming the cask to contain 4t cubic feet:-

( 4'25 + 12'73) 8 
Mortar • 4 = 12·75 cubic feet 

Interstices 21 ·25 x 40 = 8 5" " 
Mortar in excess 4'25"" 

Then (4 .25 x roo): 21.2sequal 20 per cent. excesc; 
mortar, and the volume of concrete made from the above 
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proportions is 21 . 25 x 4 · 2 5 equal 26 cubic feet from one 
cask of cement. 

Then ( 425 x 100 ) -;- 21'1!5 = 20% excess mortar, and the 
vol ume of concrete made from the abovo proportions is 21'25+ 
4'25 = 26 cubic feet from one cask of cement. 

By increasing the s tone to 6 measures instead of 5, 
the following figures are the result: -

Mortar (4'25 -;- ~275) 8 12'75 

In terstices 1!5'5 x 40 = 10' 2 
Mortar in excess 2'55 

Then (2'55 x 100) +- 25 '5 = 10% excess mortar, and 25'5 -;-
2 '55 = 28 05 cu bic feet of concrete from 1 cask of cement. 

(No.6.) This concrete to be composed of I full cask 
of cement, 8 measures of sand, and 20 mea sures of s tone 
broken to 2t in. gauge, 

then(4'25 +4 8) 8 9'19 cubic feet of mortar. The volume of 

in terstices of the stones , i f they are to be fi lled and have 10% 
excess mortar, should be 

20 +- 10 = 2 cubic feet of excess mortar, Then 
9'19 - 2 = 7'19 cubic feet vol ume of interstices. 
Therefo re (7 x 100) +- 20 = 38 9%, which seems too low 

a figure u nless sh ivers or gr avel be mixed with the 2~in. gauge 
stone, to reduce the percentage of the inters t ices. 

(No.7.) This concre te to be composed of 2 parts 
blue stone broken to 2~in. gauge, 2 parts of gravel up 
to the size, of an egg , and 2 parts of coarse sand and I 

of cement . T he concrete is stated to be in the propor­
tion of 6 to I. It is evident from the remarks of Mr. 
Hayter, quoted in the no tes, that when the stones broken 
to 2tin . gauge and the gravel and sand a re mixed t o-· 
gether, the volume will not be in the propor~ion of 6 to I. 

This is readily shown as follows:-
The stone itself cannot shrink, and may be assumed 

to contain 50 per cent . in ter stices, and the gravel 34 
per cent. interstices, and the mixture of the two, say, 
36 per cent. interstices. 

cubic feet 
Then 2 measures of stone g ive 

2" g ravel 

solid content s 
2 x 0'50 
2 x 66 

cub ft. measu re 
1'00 
1'32 

cubic feet solids 
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The interstices of the mixture are, say, 36 per cent.: 
then (2'32 -7- 100) -+- 64 = 3'625 cu bic feet of mixture. 

Volume of interst ic!'!8 8' 625 x '86 = l'S05 cubic feet. 
(1 + 2) 8 ' . 

Volume of mortal' 4 = 2' 25 cubic fect. 

Then 2'25 - 1'805 = 0'945 cubic feet excess mortar. Then 
(0 945 x 100) -7- 3'625 = 26% of excees mortar. 

Thi s seems an excessive amoun t of excess mortar. 
The volume of concrete from I cask of cement which 

can be made from this mixt ure is a s follows :-
Cement 4.25 cubic fee t , sand 8.5 cubic feet, stones 

15.4 cubic feet . 
(4'25+ 85)3 . 

4 = 9'562 cubIC feet of mortar. 

15'4 X 0 36 = ;,{'544 cubic feet of interstices : t hen 
9562 - 6514 = 4'108 cubic feet of excess mortar : t hen 
15'4 -7- 4'106 = 19'418 cubic fcet of solid concrete to one 
cask of cement, and (4'108 X 100) -7- 15'4 = 26% excess 
mortar . 

If the volume of excess mortar had been red uced to 
13 per cent., the volume of solid concrete with the same 
s trength of cement mortar could have been increased by 
I I .4. per cent . 

In b ringing this subjec t before the Associa tion, the 
wri ter has been influenced by an ea rnest desire to elicit 
a n expression of opinion from the members , and t o draw 
attention to a method of de termining the ratios of 
cement, sand , a nd aggregates, in the mixing of con­
cre te of any desired composition that will en sure the 
maximum of strength with a minimum quantity of mor­
tar. 

The following specifications, based on the foregoing 
examples, may be of interest to members who frequently 
have to design and carry out works in Porfiand cement 
concrete:-

SPECIFICA nONS of Cement, Sand, Aggregates, 
Mortar, Grout, and Concrete, t o be used in the 
Buildings and Foundations of a Sugar Factory. 

(1.) Cement .-The whole of the cement for the build­
ings and foundations referred to in t his specification is 
t o be of Portland cement of the bes t quality, ground so 
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fine that there will be no residue in a sieve of 5806 
meshes per square inch without rubbing. 

Should there be any residue, a quantity of cement 
p roportional to such residue mu st be added. 

The cement, when landed at the site, is to be put into 
a dry shed provided for that p urpose, having a woo'den 
floo r or runners not less than 3in . deep laid on the ground 
t o keep the casks clear of the surface. 

(2.) Sand.--Sand for mort a r and concrete is to be 
as hard, sharp, and angular as can be obtained in the 
10cality , free from all earthy matter, washed perfec tly 
dean, and screened if that be deemed necessary. When 
u sed for mortar, the sand is to be passed through a sieve 
of 300 to 400 mesh per inch. 

(3 .) Mortar. - No . I morta r is to be composed of sand 
which has been passed th rough a sieve of 300 to 400 
mesh per inch, and cement in the p roport ion of I cubic 
foot of cement to 2 cubic fee t of sand, the proportion 
o f each to be . correc tly a scer tained by measuremen t. 
The two materials are to be mixed together with no rp.ore 
water than is requisite to b ring the mortar to the p roper 
-consistency . 

Mortar NO. 2 is to be composed of the same cement 
and sand as No . I, but in the proportion of I cubic foot 
-of cement to 3 cubic feet of sand; in all other respect s 
the specification of Mortar No . I is to apply to No. 2 . • 

The mortar is to be mixed a s required, and on no a c­
·count is any to be used which has become partly set, 
nor is any water to be added t o the morta r after it is 
-once mixed . Mortar in all cases is to be beaten up on 
a boa rd to the required consistency. 

(4.) Grout. - The grout is to be used -fo r bedding, 
fi lling , and packing the spaces between sole plates, 
column bases, and wall plates ; to be made of No. I 

mortar , to be mixed in quantities as required, with a 
minimum quantity of water. 
- ( 5.) No. I Concre te is to be composed of I measure 

-of cement , 2-1- measures of sand, and 5 measures of 
broken stone or gravel. The broken s tone and shivers , 
or g ravel , to be mixed in such proportions that the inter ­
s t ices of the aggregates will be about 42 per cent. of 
their volume. The stone to be broken to a 2! in. gauge, 
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o r if gravel be used it should not be larger than would 
pass through a 21in . ring. 

The following are the approximate quantities of dry 
material, based on the above ratios, estimated to make 
1 solid cubic yard:-

Cement 5. cubic feet 
Sand 11. 36 " 
Stone 25.00 " 

( 5 + 11'25 ) 3 . 
Mortar 4 = 12'187 cu bIC feet mort.al' 

Interstices in metal and shivers, 42 per cent. 

Th 25 x 42 10 b' f' . en IOU . = '5 cu IC eet lllt.erstJces 

: . 12'187 - 10'5 = 1'687 cubic feet excess modlll' 
which is about 7 'Per cent. excess mortar -and 25 -:- 1.687 
e qual 26.687 cubic feet equal 22.7 cubic feet concrete 
to 1 ca sk cement containing 425 cubic feet . 

(6.) No.2 Concrete is to be composed of 1 measure 
of cement, 2i measures of sand, and 5f measures of 
broken s tone or graveL The broken stone and shivers, 
o r gravel , to be mixed in such proportions tha t the inter­
stices of the aggregates will be about 42 per cent. of 
t heir volume. The stone to be broken to a 2-!in. gauge, 
or if gravel be used it should not be larger than would 
pass through a 21in. ring. 

The following are the quantities of dry materials, 
b a sed on the above ratios, es timated to make I solid 
c ubic yard:-

Cement 4.39 cubic feet 
Sand 12 .07 " 
Stone 25.24 " 

(4'~9 -:- 12'U7 ) 3 
MOrfRI"- 4 = . 12'345 cubic feet. 

Inters tices in metal and shivers , 42 per cent . app .: then 
2,")-24 X 42 

I OU ~ 10 6 cubic feet. 

:. 12'845 - 10'6 = 1'745 'cubic feet excess of mortal', wbich 
is about 7% excess of morta l', and 25 24 + 1'745 = 26 \)8 FOl id 
cubic froet. = 26'1 c ilhic fee t. of CO I1CI'el.e t o one ("fi sk of cement. 

(7 ) ~o. 3 Cdncrete: To be composed of I measure of 
cement, 3* measures 'of sand, and 6 ·3 measu res of 
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broken stone or gravel. The broken stone and shivers, 
or gravel, to be mixed in such proportions that the inter­
satices of the aggregates will be about 42 per cent. of 
their volume. The s tone is to be broken to a 2-! in. 
gauge, or if gravel be used, it should not be larger thp,ll 
would pass through a 2! in . ring. 

The following are the quantities of dry materials to 
make one solid cubic yard: 

Cement - 3.~~ cubic feet 
Sand.. . ... " .. 12.61 

" Stone.. .. .. .. .. 25.23 
" (388+12'6L)3 . 

Mortllr .4, = 12'37 cubic feet 

Interstices 25'22 x 42 = 10 59 cubic feet. 
:. 12'37 - 10'39 = 1'78 cubic feet, which is about 7% 

excess mortar, and 25'22 + 1'78 = 27 cubic feet of concrete 
= 29'.')8 cubic feet fOl' one ca"k of cement. 

(8 .) No. 4 Concrete : For filling in where mass is 
required more than s trength: Is to be composed of 1 
measure of cement, 4t measures of sand, and 8 mea­
sures of broken s tone or gravel. The broken s tone and 
shivers, or gravel, to be mixed in such proportions tha t 
the interstices of the aggregates will be about 4 2 per 
cent. of their volume. The stone is to be broken to . a 
21in. gauge, or if gravel be used it should not be larger 
than would pass through a 2t in .ring . 

The foHowing are the quantities of dry ma terials based 
on the above ratios, estimated to make one solid cubic 
yard:-

Cement 3 -4 cubic feet 
Sand 13. 6 " 
Stone 25 .14 " 

Mortllr~+4 13'6 ) 3 = 124 

Interstices 25'14 x 42 = 1056 
:. 1284 - 10'36 = 2'28 excess mortal', which is about 9% 

in excess, and 2.l14 = 2'28 = 27'42 cubic feet concrete, "'"' 
8·1, 72 cubic feet of concrete to 1 cask of cement. . . .1. .... 

(9. ) Material: The cement and sand are those 
specified in clauses 1 and 2. 

The broken stone and shivers are to be of ha rdstone 
or gravel of approved quality, to be free from dirt , clay, 
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<lr quarry refuse, and washed thoroughly clean if neces­
sary, the s tones to be broken and screened to the speci­
fied gauge. 

(10.) Test boxes: Test boxes t o be' made so that a 
sample of the sand and broken stone, shivers, and 
gravel which. is being used for concrete material, may be 
placed in them to ascertain by exact experiment s the 
proportion of voids or interstices in those materials , and 
a ccording to the results of these tests, the relative pro­
portions of sand to broken stone , shivers and gravel , 
may be slightly varied from those specified in clauses 5 
and 6; but the specified proportion of cement to sand win 
be adhered to. 

( II.) Concrete mixing: The specified proportions of 
the materials are to be carefully measured off in boxes 
constructed for that purpose. The dimensions of the 
boxes (see clauses referring t o boxes) to be arranged so 
that for each gauge of aggregate and sand one cask of 
-cement estimated to contain 4.2 5 cubic feet of cement 
may be used. 

The broken s tone and shivers are fir st to be mixed to­
gether in the stated proportions and after being gauged 
in the measuring box are to be spread on a t imber plat­
form. 

The cement and sand are to be well mixed together . 
The stones, sand, and cement are then t o be turned over 
with shovels three times a day' dry, water to be slowly 
.added with a rose-headed can or hose, while the mater­
ials are again turned over three times as before , or 
.oftener, until a thorough mixture is obtained. 

The timber platform on which the concrete is to be 
mixed is to be not less than 14 feet wide and of suffic ient 
length to permit of the mixing being done in one direc­
tion, that is to say, the concrete will be moved during 
the mixing from the end of the platform, where the 
materials are gauged, to the end next where it is to be 
-deposited. 

The greatest care is t o be taken t o avoid wetting the 
concrete too much. The concre te should not be wet ted 
so that it cannot be punned without spouting . I t should 
be well punned into position, and special care is to be 
taken to thoroughly pun and s tir it close to the outside 
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fa ce of the work, so that the re may b <:! no voids on the 
outside face when the boards are removed. 

Deposit ing concrete: The concrete is not to be thrown 
f rom a height, or slid down a shoot, but must be 
deposited by a barrow or box close to the level of the 
work. 

The concre te is to be used fresh, in layers not more 
than 1 2 in. thick, each layer to be properly spread and 
well rammed, and if allowed to set, to be roughed and 
picked up and run over with cement grout before any 
more concre te is deposited. 

Any concrete wetted so that it eannat be punned with­
out spurting, or that has not sufficient consistency to 
retain its form when squeezed in the hand, .is not to be 
put into the work until it has had sufficient cement, 
sand: and stone (in the same ratio as th e specified mix­
ture) thoroughly mixed with it t o bring ' it t o the proper 
consistency. 

The test for the correct quantity of water to be used 
in mixing the cement, is that the surface of the concrete, 
when thoroughly rammed, will just show water on the 
surface . 

Moistening c.oncrete: The exposed surface of the con­
crete foundati ons and walls, is to be kept well moistened 
until the surface has set. 

During workmens' meal hours and other intervals, the 
surfaces of fresh concrete . exposed to the sun should be 
covered with old galvanised iron, and before depositing 
fre sh concrete the surface should be moistened, and, if 
necessary, washed with thin grouf. 

( 12.) Rubble Concrete: Rubble , or plumstones, to the 
maximum size that can be handled by two men, may be 
built into the body of the concrete as closely as will 
permit of proper ramming and packing round them. 
Where this :is done the excess mortar in the concrete 
should not be less than 12 per cent . 

The stone to be hard and dean, to be bedded in the 
concrete with at least 4 inches of concrete between each 
block, in every direction; no portion of any block to come 
within 12 inches of the top, bottom, or outer faces ; 
blocks to be thoroughly bedded in the fresh concrete 
and all the concre te round blocks to be rammed and con­
solidated . 
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Mr. Jas. Shirra said he would like to hear the subject 
discussed from the marine engineering standpoint. It 
must be apparent to all tha t the making of concrete 
played no small part in the completion of the engineering 
of a steamer, and he was anxious to know what was 
actually required in that direc tion and how far different 
was it to the concrete ordinarily used. 

A\ 
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