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Sect. V . - - B R I E F  O B S E R V A T I O N S  ON COMMON M O R T A R S ,  H Y -  

D R A U L I C  M O R T A R S ,  AND C O N C R E T E S ,  

W I T H  SOME EXPERIMENTS MADE T H E R E W I T H  AT F O R T  ADAMS~ N E W P O R T  HARBOUR, 

R. I. FROM 1825 TO 1838. 

Lt. Col. of Eng. and Brevet CoL United States ./lrm#. 

C H A P T E R  XXII I .  

On Lime, Hydraulic Cement, Sand, Mortar making, Strength of Mortars 
and Grottt. 

D.ring lhe progress of operations under my direction in the construction 
of Furt Adams, in Newport Harbour, Rhode Island, many experiments 
were made with mortars exposed in the air; giving, in some cases, results 
quite interesting. The results are too limifed in number and restricted in 
variety, to justify the deduction of general principles; still they aflbrd some 
hints that may be deemed worthy of being fi~llowed up. 

The tbllowing tables contain these results in a very condensed form; 
but before giving the tables, it is proper to make some observations oh tile 
materials employed~the manner of using them, and the modes adopted of 
trying the relative strengths of the essays. 

Lime.--Three kinds of lime were used, namely: 
I st. "Smill!field Lime."~From Salithfield, R. I~ about fifteen miles from 

Providence. This is a very fat lime--slaking with great violence, when 
properly burned, and affording a large bulk of slaked lime. 

2d. "Th,mastown Lime."--Fr.m Thomastown (Maine.) This is also a 
fat lime, at least so far as it has been tried at Fort Adams: but it is proba- 
ble that some of the many varieties~including those o[ the neighbouring 
towns of Lincolnvill% and Camden, may prove to be hydraulic. The richer 
varieties slake promptly, giving a large bulk of slaked lime. 

3d. Fort JJda;ns Lime. This is made from a ledge of whitish transi- 
tion lia, estone found within the domain of the Fort. The stone is very 
fine grained and comnact, exceedingly difficult to break, and crossed in all 
directions by three re'ins of whitish~ The ledge is a bed, or large 
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nodule, in graywacke-slate. After calcination it yields, by sluggish slaking, 
a lime d~'cidedly hydraulic. A little of this lime, after being slaked, was 
made into a cake of still" hydrate; the excess of water being absorbed by 
bibulous paper: the cake was placed in the bottom of a tumbler and covered 
immediately with water. In about 7~ days, a wire ~ o f  an incl~ in diame- 
ter, loaded to weigh 1 lb., made no impression on this hydrate. 

Three modes of slaking the lime were tried in these experiments, namely: 
1.~t. Slakil~g by SlJrit~kling.--In this mode, water, in quantity sufficient 

to slake tile lime Io dry powder, but not enough to afl~rd motst powder, was 
sprii~kled upon the lime. The lime was not made into mortar until it had 
become c~hl. 

21~d. 8laking b~l Drowning.~In this mode, water enough was given, in 
tile first place, to reduce the lime to a cream of suchconslsteney as to 
aftbrd mor tarof  proper"temper" for common use withoutany further addi- 
tion of water, provided the mortar was made up immediately. If  the making 
the mortar was delayed, a further supply of water became necessary. 

5d. Jtir..slaki~g.~In this mode, lime, reduced to pieces about the size 
of a walnut, was left in tile air to slake spontaneously. 

These were the processes by which the lime used in the experiments was 
slaked: but by neither of these, nor by any modification recommended by 
others, or that we, ourselves, could devise, were we able to free the hydrate 
from an infinity hi" small particles of lime, that being imperfectly, or not at 
all, slaked in the first instance, it was ahnost impossible, by any amount of 
labour ai'terward, to break down and mix with the rest. The ,nortar mill, 
hereafter described, reduced these refractory particles better than any of 
the ordinary modes of actiwg upon lime; but not sufficiently~ without an 
unwarrantable amount of lab~ur. All other means having failed,resort was 
had, at last, for the mortar for the masonry of the Fort ,  to grinding the dry 
lime to a very fine powder between millstones. Lime thus ground gtves a 
perlectly homogeneous mortar: and some partial experiments lead to the 
opinion that the gain in the quantity of lime available for mixtures with 
sand, will, nearly if not quite, compensate for the expense of grinding. So 
far as the mortar thus made has been tried, the results were favourable: but 
the experiments on the quantity and quality of lime thus treated, though 
they justify confidence, are not, yet, so conclusive as to warrant any positive 
assertions. 

Hydraulic Cement.~Three kinds of hvdraulic cement were emp loyed~  
naTx e y, a kind that will be here designated as hydraulic cement r which 
was supplied fi'om the State of New York~another  kind, called h~ldrazdic 
cement B, supplied from a different manufactory in the same Sta te- -and 
"Roman (or Parker's) cement," imported fl'om England. 

The experiments will show a material ditt~renee in the respective quali- 
ties of these hydraulic cements. According to them, cement A was the 
best, cement B the next best, and the "Roman cement" the worst; but it 
must be remarked that the last mentioned had, no doubt, greatly deterior.  
ated, from imbibing moisture during a long voyage, and long keeping in 
store; while there is reason to suppose that the twofirst mentioned had been 
calcined within a few weeks. Between these two, there was also a marked 
difl~rence~ but though the superiority of cement A was probably in part 
intrinsic, it was, no doubt, in part, to be ascribed to its greater freshness. 
These cements, therefore, should, in our tables, be compared with them- 
selves under various combinations with other ingredients, rather than with 
each other. 
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This is perhaps the best place to mention a very certain and satisfactory 
mode of testing the hydraulic quality of lime or cement. It is derived from 
Raucourt's work on mortars. 

Of the lime or cement to be tried~ a cake of quite stiff hydrate must be 
made of a size to lie, without touching the sides, in the bottom of a tum- 
bler: any excess of water should be absorbed from the cake by bibulous 
paper, until it will just support a wire ~ of an inch in diameter loaded to 
weigh ~ of a pound--this wire should barely make its impression. Noting 
the hour and minute of the watch, the cake, thus prepared, should be placed 
in the tumbler~ anti covered immediately with water. If  the specimen be 
very hy/Iraulic, it will set almost instantly; if not very hydrauli% it may 
require days, and if but slightly hydraulic, it may require weeks to harden. 
In order to have some invariable measure o[ what we call setting, we have 
always used a wire ~4 of an inch in diameter, loaded to weigh 1 pound. 

With these fwo simple instruments, and these simple appliances, the 
comparative hydraulic qualities of limes and cements may he detected in- 
fallibly. It  may not be strictly accurate to say that those cements which 
indurate most promptly under water will afford the strongest mortars ill the 
air; although that has, for the greater part, appeared to be the case, in our 
experiments; still it is highly probable that such cements will be found 
among the best; it is, at any rate, amongst such that we should look when 
in search of mortars of superior excellence; and it is undoubtedly true, that 
when hydraulic qualities exist in lime, although in feeble proportion, the 
lime is essentially bznefited. A simple means of testing hydraulic quality 
is there[bre of value. 

Our experience has, however~ taught us One important caution in the use 
of this test; which is~ to leave the cement in the water for a day or two, 
ahhoughit may have set in a few minutes. A cement was under trim 
which, at the expiration of 7 minutes had set so as to bear the small wire 
with the weight of 1 poundIand  at the expiration of 15 minutes, with the 
weight of 2 pounds. In about two hours, however, it was entirely soft again, 
having been broken down by the slaking of some free lime that happened 
to be present, and which had not had time to slake before the hydraulic 
ingredients had indurated. After about fifteen hours it was taken out of 
the water, restored to the condition of stiff mortar, and again immersed. I t  
now hardened very slowiy~ and was six days acquiring the test hardness. 
Such cements require peculiar treatment. It  is evident that there is great 
hydraulic energy wasted in the first instance of immersion; because the sub- 
sequent swelling of the lime, breaks down the indurated mass; and~remov- 
ing tile hydraulic . . . . . .  particles beyond the sphere of mutual action, prevents-any 
useful effect from the remaining hydrauhc power. The slaking the hme 
should, therefor% be complete before the cement is immersed. The best 
mode of slaking this lime has not been ascertained. Perhaps it would be 
best to sprinkle a little water on cement of this kind, leaving it for a few 
hours in the state of moist powderiperhaps leaving it exposed to spontane- 
ous slaking for the requisite time--and perhaps throwing on asmall quantity 
of water, m order to slake the lime, and then exposing the cement to heat 
tot a short time, so as to drive olt" the water absorbed by the hydraulic con- 
stituents. This last mode is suggested by the lollowing facts. 

Some hydraulic cement A, which had been in a cask more than one year, 
on first opening the cask, hardened under water in three hours. After two or 
three days, it required five hours to harden; and after ten days, about nine 
hours~the cask being kept covered by the head lying loosely upon it. A 
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litt le of this cement that had been out of the cask for more than a week~ on 
being heated (but not to a red heat) for a few minutes, set under water in 
three hours. Some of the same cement that had been in the oftiee, enclosed 
in paper, lbr about three weeks, required six hours to harden in water~ 
whde a little of it, after being kept on a red hot iron plate for about fifteen 
minutes~ hardened in water in 45 minutes. 

This power of restoring the energy of deteriorated cements may have 
many important applications. 

,san& 

Several kinds of sand were used in the experiments, namely: 
S~md No. l . - - T h i s  is the kind habitually used at Fort  Adams in stone 

masonry. I t  is entirely free from dirt, and the particles, though not very 
sharp, are angular. Separated mechanically, it was found to consist, in 
100 parts, in bulk, of 

particles from ~ to r of an inch in diameter--about  10.00 
do. ~ to ~'x do. do. do. 5.00 
do. ~a to z~ do. do. do. 48.00 
do. ~- to dust do. 45.00 
do. dust mostly sil icious--no dirt  do. 4.50 

100 parts in buik producing do. 11~2.50 

Sand No. 2 . ~ I s  the above sand freed from particles larger than ~ of an 
inch. 

,Sand No. $ . - - I s  the above sand freed from particles larger than ~ of an 
inch. 

,Sand No. 4 . - - I s  sand No. 2, pounded very fine after being freed from 
dust by washing. 

Mortar Making. 

With  a view to a thorouoh incorporation of the constituents, at a small 
expense, and in order, at the same time, to break down the re[?actory par- 
ticles of lime before mentioned, a mortar mill was constructed at the coin- 
mencement of the works at Fort Adams in 1825, which has been in opera- 
tion ever since. 

The mill consists of a very heavy wheel about eight feet in diameter 
(having a tire one foot broad) nmving in a circular trough fifteen inches 
wide at the bottom--the diameterof the circle being about twenty-nne [bet. 
The lime is slaked under the wheel, and ground until, with suitable addi- 
tions of water, it has become a homogeneous paste suflicient!y dilute to 
make mortar of the ordinary consistency. The requisite quantity of sand. 
is then gradually sprinkled in, as the wheel is in motion. The draught is 
easy to the imrse until near the last; when, for a few minutes~ as he is giv- 
ing the last turns, after all the sand has been thrown in, it is rather heavy. 

I t  was ibund convenient to use three barrels of lime to each batch of 
mortar. 

The three mortar mills of For t  Adams were competent to supply in one 
day 3077 cubic feet of mortar, at a total expense of ~0.087 per cubic foot, 
viz. 
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105 casks of lime, at 81.5~ per cask, S 159.60 
2094 bushels of sand, at S0.04 per bushel~ 85.76 

Curling sand to mill~ S0.1~ flw s bushels, 1"2.56 
,S h.rses and 3 d,'ivers, at S I .50  per day, 4.50 
6 laboure,'s, at SI .00 per day, 6.00 
1 cooper at S I .00  per day, 1.00 

Other small expenses say 0 58 

$ ~68.00 Tolal  cost of 5077 cubic feet of mortar 

or S0.087 per cubic foot. I t  appears that the expense of making the mor- 
tar was ~i1~.08, being about �89 n fa  cent fora cubic foot. 

The proportions in the above mortar" are about 1 of lime in paste to 2~- 
of sand~should  the proportion of lime be greater, the mortar will, ot'course~ 
cost more. 

The above statement refers to mortar made wiihout addition of any hy. 
draulie substance. But such mortars are now never used at Fort Adams. 
Hydraulic cement, or burnt clay, or brick dust, or some other similar mat- 
te," is added to every kind of mortar made at the work, in Froportions vary- 
ing with tile purpose to which the morlar is to be applied. The poorest 
nmrtar we make contains 1 barrel of hydraulic cement to 5 barrels of un- 
slaked lime and about 15 barrels of sand; the cement being added before 
tire sand, and while tile lime is being reduced under the wheel. 

All the mortars used in tile experiments in the tables, were made by hand 
with the trowel, with such exceptions, only, as are noticed. 

Trials of the Strength of Mortars. 

q'he strength of mortars as regards tenacity, was determined by measur- 
ing the force required to separate bricks that, having been joined by tile 
mortar, had been left, for the desired length of time, in some place safe 
from fi'ost or accident. 

The bricks were joined in pairs, being crossed at right angles thus, 
so that, supposin~ each brick to be 4 inches wide, the surface of 
contact would be-16 square inches. The real surfacer or surface 
of efI~ctual contact, was, in every case, found by actual measure- 
ment. The mortar joint separating tile bricks was made about -~ 

of an inch thick: and,in order that this mortar shouhl in all cases be equally 
consolidated, each pair of bricks was submitted to the pressure of 600 lbs. 
for 5 minutes, immediately after being joined. 

An idea of the mode of separating tile bricks may be got from fig. 9, PI. I I ,  
where a and b represent two strong half-staples fastened to the floor: under 
these the ends of the lower brick are passed, while the ends of the upper 
brick are embraced by tile piece of iron c, e, suspended from the steel- 
yard d. The force needed to separate the bricks, is applied by pouring 
sand, at a uniform rate, into the bucket e. The weight of the sand and 
bucket, the mark on the beam where the weight was applied, and the 
weight of the poise, enable us to ascertain the force necessary to tear the 
bricks asunder. In the tables, the force required to separate the bricks is 
reduced to the proportional foree required to tear up a surface of one square 
inch: so that if there were 16 square inches of actual contact, and the 
force used in separating the bricks was 1000 pounds, the table would rep- 
resent the tenacity of the mortar by 6~�89 to ~ooo 1 T  " 
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The hardness of the mortars was determined by ascertaining the weight, 
applied on a circular plane surface of 0.16 of an inch in diameter~ (or 
.0r of an inch area,) which the mortar would support. This mode of 
trial is represented in fig. I0, PI. II. The circular surface at the extremity 
a, presses upon mortar still adhering to one of the bricks. The armsof the 
lever b~ are f equal length, so that the upward force at c is equal to the 
pressure at o. The force is applied by means of a steelyard and sand, as 
in the preceding case. 

The experiments were generally made with several pairs of bricks, and 
a mean was taken of the results; unless it had obviously been subjected to 
some accident or disturbance, being made to contribute to the mean. Ve- 
ry few results were rejected. There could be only as many trials of tena- 
c/ty, in each 'particular experiment~ as there were pairs of bricks. But for 
hardness, it was often possible to make a considerable number of distinct 
trials on the same surface of mortar: on the other hand, it would s~m~etimes 
happen that the surface would be left too ragged and uneven for this trial: 
and in several instances this test seemed to be entirely ioapplicablemthe 
mortar beginning to. yield with. light weights, and continuing, toyield more 
and more as the weight was mcreased~ the whole effect being a gradual crum- 
bling. In a great majority of cases, however, the effects were sufficiently 
decided to leave no doubt as to the moment when the power prevailed over 
the res is tance~and sufficiently consistent to afford useful comparisons. 

The method~ just described, of trying the strength of mortars, was 
adopted in the Fort  Adams experiments, on account of the facility of ap- 
plication. There was, in the first instance, no purpose of extending the 
. . . . . . .  experiments beyond what was deemed indispensable.to a proper choice, and 
judicious apphcatlon of materials, m the construction of a work of some 
magnitude, then being begun. One series of experiments, however, in- 
volved another and another, until the series became extended and the exper- 
iments too numerous and valuable, not to make it desirable that subsequent 
ones should be comparable with them,and, consequently, the same mode of 
test was continued. 

It is probable that the method followed by Genl. Treussart, of making 
rectangular prisms of mortar, and subjecting them to fracture by weights 
suspended from the middle, is the best mode. It,  at any rate, has the ad- 
vantage of allowing mortars made in different places, and at distant times 
to be compared. This mode was adopted in some of the later trials at 
For t  Adams. 

The following table exhibits the mean results of all the experiments made 
from 1825 to 183~; comprising seven series. The time of exposure of the 
1st series was 5 months; of the ~nd. series, 10 months; of the 5rd, 10 months; 
of the 4th~ 5 months; of the 5th, 10 months; of the 6th, o~5 months; and 
of the 7th, l lmonths.  In the 1st series, there were ~2 pairs of bricks to 
each experiment; in the ~2ud, 5 pairs; in the 5rd, S pairs; in the 4th, 1 pair; 
in the 5th, 4 pairs; in tile 6th, 2 pairs; and in 7th~ 5 pairs. 

The first column prefixes a number to each kind of mortar, for conveni' 
ent reference; the 2nd column expresses the nature, or composition of the 
mortar; the Srd column, whether the bricks were wel or dry when joined 
together; the 4th~ the number of series of which the results are a mean as 
to tenacity; the 5th, the tenacity, as expressed by the number of pounds 
required to tear open a joint of one inch square; the 6th, the number of 
series of which the results are a mean as to l~ardneas; and the 7th, the num- 
ber of pounds required to force into the mortar a circular plane surface of 
0.16 of an inch in diameter. 
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Table No. LXV. 

lposition of the mortar. 

Iydraulic ce- 
alone 
do. do. 

mt (Parker's 
alone 

do.) alone 
alone 

cement A in 
1.5o} 

~o. 11 ~me 
1 do. 1.50} ~me 
1 

lined~ 1,50 } 
:ement A in 

do. 1 "~ 
~d to pow-  

do. 1 } 
~me 50 

~me do. i t  

ame do. i t  

do. 1 I ame 2 
6 

do. 1 } 
ste, .50 

3t,50 

' t  ste ,50 
: 1.50 

do. , I} 
~o. I.,o1 

W 2 

W 1 

W 2 

18"91 

23.4 

-.7 i 

Remarks. 

SO 
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22 

23 

9.4 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34, 

35 

36 

37 

38 

39 

4O 

41 
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T a b l e  No .  L X V - - C o n t i n u e d .  

o fthe mortar. 

Cement B do. I 
Lime in powder slak- ~_ 

ed 
Sand No. 2 - 2 50 

-Cement  B do. i ~  
I Lime the same 

Sand No. 2 
~'Hydraulic cement  B in 

powder ; ~  
Lime slaked in pow- 

i der 
[Sand No. 2 4 J  
-Cement  B 
' Lime the same ! ~  

Sand No. 2 
-" Roman cement  
I Sand No. 2 .50 
: Roman cemelxt I ~  
I Sand No, 2 

Roman cement  1 9 
I Sand No. 2 1.50 

1 �9 Roman cement  0 .50~  
Lime in paste 

} Sand No. 2 1.50.)  
= Roman cement  
t} Lime in paste 1 .50~  

Sand No, 2 1 .50.)  
-" Lime in powder 1 

Sand No. 3 3.50 3 

Lime in .powder 1 
Sand No. 3 6 J 

: I , ime in paste 1 
I Sand No. 3 i .50 _$ 

x t Lime in paste ' 1.50 
I Sand No. 3 

Lime in paste " 1 
] Sa.nd No. 3 ~3 
i L i m e i n  Paste 1 3 

Sand No. 3 2.50 a 

~ Lime in paste 1 
Sand No. 3 2.50 a 3 

~ Lime in paste 1 
Sand No. 1 2.50 a 3 

~ Lime in paste 1 
Sand No. 1 2.50 a 3 3 

~ Lime in paste 1 5 
Sand No. 1 2 
Lime in paste 

~_SandNo. 1 1 ~  

Remarks. 

Made with a hoe. 

Made in mortar mill 

do. do. 

do. do. 

do. do. 

t Lime different. 
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Observations on the Ezperiments of Table No. LXV. 
1st. General]y, within the limits of the experiments, a mortar made of 

lime and sand, or of hydraulic cement and sand, or of hydraulic cement, lime 
and sand--w~ether it was cement ~,  or cement B, or Roman cement~ was the 
stronger, as the quantity of  sand was the less. In 24 comparisons, S excep- 
tions. 

In 15 comparisons of tenacity~ ~ exceptions. 
In I1 comparisons of hardness, 1 exception. 
2nd. / t  appears that with cement ./t, or cement B, any addition of sand 

weakens the mortar. In all the cement experiments ~ except one, composed 
of Roman cement l ~ s a n d  ~- (No. ~6,) tlae cement alone, was stronger than 
when mixed with sand in any proportion whatever. Cement A (No. 6,) 
would seem to be another exception, but it is not; the strength of cement 
A, alone, as given in No. 2~ is the average of five results with different speei- 
mensof  cement, someof  which were of inferior quality; while the result 
given in No. 6 is of one trial only~ and that of a cement proving to be the 
best used; the particular result of No. ~ which corresponds with No. 6 - -  
that is to say, which was afl)~rded by the same specimen of eement~ gave 
for tenacity 74.7 lbs. and forhardncss 1065 lbs., while No. 6 shows a tenacity 
of 61.9 lbs. and a hardness of 1055 [bs. 

3rd. It appears that when cement mortars are not required to be the stron- 
gest that can be made~a little time may be added, without great loss of tena. 
city, and, of course, with a saving of expense. 

4th. Mortar made in the mortar-mill was superior to mortar made by be- 
ing mixed~ in the common mode, with the hoe. 

5th. When the bricks were dry and the mortar more f luid than ~tsual, the 
mortar was better~ both as to TENACITY and }tARDNESS--in f ive  cases out of 
seven, than when the bricks, being wet, were.put together with mortar of com- 
raon eonsistence. 

In the next table there isa  comparison of the three kinds of t ime--of  the 
three modes of slaking, of various proportions of sand--of  the eft~ct of wet 
and of dry bricks on the mortar, &e. 

In most eases six pairs of bricks were put together at the same time~ and 
of the same materials; of which three pairs were separated after about 6 
months, and the remainder after the lapse of 4 years and 5 months. 

STP 1494 page 147



2 3 6  

Table  No. L X V I .  

Showing the tenacity and hardness of mortars  variously composed after ex- 
posure in the air. 

Brinks wet.__ Bricks dry. ~,I 

[ Tenacity ~ ~  ' Tenacity. I 
per s2u~re, Hardness. per square Hardness. 

inch. 
Nature and composition af the ! I NRemarks. 

t~  

,,~ ~ 

~. I Ibs. Its. Ibsi"" it Ibs. Ibs. Ibs. Ibs. Ibs. . 
( Paste of ~mithfleld lime 

slaked by ~sow~x~s 1 ~ 
(._Sand No. 2 1~ 20.442.8 119 ~20 --~..,5 
~ Lime the same 1~ 297 
~ SandNo. 2 15.218.8 130 

t m ~ io/ SLimethesamo i S  
~ Sand No. 2 13.216.4 85 

(Pas te  of Thomastov~n lime "~'~ 
slaked by vRow~:t~e 1 ~ .,.r 

i( .SandNo. 2 I.S 11.338.3 216 40.31 355 ~ 
, ~ Lime the same 1 ~ I ~. Sand No. 2 2 17.1 38.~ 123 39.1 310 .~ ~ 

('Paste of Thomasto~n [~ ~ 
!~ lime, slaked by ~sow~'- i �9 o 

7)  I~n 1~ 
LSandNo .  2 3~ 24.727.~ 265 38.0 220 ~ 

8 ~ Lime the same 1 } a~ ~ 
(SandNo. 2 4, 15.121.7 214 35.4 ]03 " ~ 
, Paste oJ'Fort ddams llme I "~ ~ 

9 ~ Aslakedby :VROWlqIZ~a 1 ~ 105 
(.Sand No. 2 1 ~ 13.4 21.9 34.C 185 

10 ~Lime the same 1~ 9.918.8 68 22.,5 110 ~ o 
?.SandNo. 2 ~ 

11 (SandNo.  2 ~ L i m e  the same 3 i l }  12.622.7 75 22.~ 187 ~,~'" 

12 ~Lime the same 1 i i ~ 
e- Sand No. 2 4 i 9"6 I1"5 21.4 102 
('_Pazte of Themast~Tan l i 

lime, slaked bysvrtx.K- [ i .~ 
IS LSandZt~"No. 2 II}126"S49"I 2 40.6 787  

~Lime thesame 1} 26.435.6 ! 57.3 ,370? 
I4 ~Sand No. 2 2 IS  

~Lime the same I }  i26.,~ 37.0 26.2 625 
15 ~. Sand No. 2 3 

Lime the same 1~ !25.~ 31.0 38.0 347 
16 ~SandNo 2 

(' Faste of Fort ddams llme I 
J B slaked by s~eItx~,~- ~. 32 9 
Lsand No. 2 1 . i47.8 56.7 6 2 0  
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Table  No. LXVL Continued. 

Nature and Composition of the 
mortar. 

he  same 1 
~ro. 2 2 
he same 1 
No.2 3 
he same 1 
~o. 2 4 
of Smit]~dd time 
SLtXZD 1 
~'o. 2 1 
he same 1 
~,'~o. 2 2 

of Thomastovzn 
3, IR S L A K E D  l 
2o. 2 1 
he same 1 
~o, 2 2 
of Fort ddams 

' B A I R  SLAKED 1 
qo.2 1 
:he same 1 
~'o. 2 2 
of Fort ddams 

~e B slaked by 

dust 0.40 
fro. 2 1.40 
Jm same I 
,f burnt clay .50 
~qo. 2 .50 

of Thomaslown 
slaked by SPRINK- 

1 
dust 2 
of 2'homasto~vn 
slaked by D~ow~- 
measured before 

ing 1 
No. 2 5 
the same* 
~t A .53 
No. 2 5.50 

of Fort ddam~ 
B slaked by 

wNx~o, measured 
~re slaking 1 
qo. 2 5 
the same ~ 1 
at A .3~ 
No. 2 5.5G 
~t A in powder  1 
No. 2 1.50 
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Observations on the experiments of  Table No. LXVI.  

Ist. Within the limits of the experiments, whatever was the mode of sink. 
ing, or the kind of lime, the mortar was the stronger as the quantity of sand 
was less. 

The lime being measured in paste, the proportions were 1 of lime to 1 of 
sand; 1 of lime to :2 of sand; 1 to 3, and 1 to 4 of sand. 

In all the corresponding trials of tile table, 
1 lime in paste, to 1 sand. gave the strongest mortar in 35 cases of tenacity, 

and in 13 cases of hardness. 
1 lime in paste, to :2 sand, gave the strongest mortar in 3 cases of tenacity, 

and in I case o[ hardness. 
1 lime in paste, to 3 sand, gave the strongest mortar in :2 cases of tenacity, 

and in :2 cases of hardness. 
1 lime in paste, to 4 sand, gave the strongest mortar in 0 cases of tenacity, 

and in 1 case of hardness. 
2d. Slaking by DROWNING, o r  using a large quantity of water in the pro- 

tess of slaking, ttffbrds weaker mortar than slaldng by SPaINKLING. 
In :24 corresponding cases of the table--The quantity and quality of the 

materials being alike: and there being no other diit~rence than in the modes 
of slaking the lime.* 
Lime slaked by SPRISKI.ING, gave the best mortar in o~ cases of tenacity, 

and in :24 eases of hardness. 
Lime slaked by DaOWNING, gave the best mortar in ~ cases of tenacity, aml 

in 0 case of hardness. 
The average strength in all the ,~ cases in which the lima was slaked by 

drowning wa% as to tenacity, :25.79 lbs., and as to hardness, 187.00 Ibs. 
While the average strength in all the :24 cases in which the lime was slaked 

by sprinkling was, as to tenacity, 38.6S lbs., and as to hardness 417.3S 
lbs. 
The relative tenacity then is as 1 to 1.6~2; and the relative hardness as 1 

to 2.25. 
3(t. 2"he experiments with air SLAKED LIME, were too few to be decislve-- 

but the results were unfavourable to that mode of slaking. 
Average strength of the mortar made of air-slaked lime as to tenacity :20.80 

lbs., and as to hardness :20:2.18 Ibs. 
Average strength of the. corresponding mortars made of lime slaked by 

drowning, as to tenacity :27.10 lbs., and as to hardness 207.50 lbs. 
Average strength of the cerresponding mortars made of lime slaked by 

sprinkling, as to tenacity 46.70 lbs., and as to hardness 533.83 lbs. 
4th. The mortars were very materially stronger at the end of 4 years and 5 

months, than at the end of the first half year. 
Of the 26 mortars which enter into this comparison, the average strength 

at the end of 6 months was, as to tenacity, :2:2.54 lbs., and as to hardness 
166.33 lbs., and at the end of 4 years and 5 months it was, as to tena- 
city, 35.45 lbs., and as to hardness 367.37 lbs. 

The relative tenaeities being as 1 to 1.57, and hardness as 1 to 1.97 lbs. 
5th. Brick dust, or the dust of burnt clay, improves the quality of mortars 

both as to tenacity and hardness. 
6th. Hydraulic cement added, evenin small quantities, to mortars, improves 

their quality sensibly. 

~* Except in their being two different burnings ot Fort Adams lime 
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7th. The tenacity of  mortars seems to have been increased by using dry 
brieks~ and making the mortar a little more fhdd  than usual. But  the hard- 
ness of  the mortars was rather the greatest when WET ~aXCKS were used. 

In .~1 corresponding instances, wet bricks and mortar of common consis- 
tency.gave the best results, as to tenacity, in 5 instances; and, as to hard- 
ness~ m 12 instances. Dry brick and mortar more fluid~ gave the best  re- 
sults as to tenacity in 16 instances; and as to hardness~ in 9 instances. 

Table :No. LXVII .  

Trials in December, 1836, of mortars made in December, 1835. The re- 
sults show the weights in pounds required to break prisms of" mortar 2 inches 
squar% 6 inches long and 4 inches ill the clear between the supports. 

Observations on Table No. LXVII .  
I t  results from this table~ and from the tables from which it has been 

abridged, 

STP 1494 page 151



2 4 0  

1 st: That in mortars of  cement and sand (no lime) the strength is gene~. 
ally greater as the quantily of sand is less. In $9 comparisons, 12 excep- 
tions. 

2nd. That in mortars of sand: cement and lime--the lime remaining the 
same in quantity, the mortars were stronger as the quantity o f  sand was less 
in proportion to the cement. In 57 comparisons, 10 exceptions. 

3rd. That in mortars of cement, sand and lime--the quantities of  cement 
and sand being the same--the mortars were stronger as the quantities of  lime 
were less. In 59 comparisons, 15 exceptions. 

4th. That mortars made of cement and sand were materially stronger when 
the least possible quantity of water was used, than when the mortars were made 
thin. In 14 cases, 1 exception. 

5th. That mortars made of  cement and sand with the least possible quanti- 
ty o f  water, were stronger when kept in a damp place, than when kept in a dry 
one. In 7 comparisons, 1 exception. The experiments did not provethis 
to be true with refe,'ence to mortars made thin. These results were afford- 
ed by the experiments but are not included in the above table. 

6th. That in mixtures of  lime and sand in various proportions, the mortar 
was generally stronger as the lime was slaked with less water. 

The average strength of several trials with 0.30 of water being repre- 
sented by 80--with .40 of water, it was 98--with .60 of water, it was 72- -  
with .80 of water, it was 60, and with 1.00 of water, it was 57. These 
results were aflbrded by the experiments, though not included in the table. 

7th. That mortars o3elime and sand are materially improved by the addi- 
tion of calcined clay, but not so much as by the addition of  cement ~.  

8th. That sand freed .from dust by washing and then pounded fine, gives 
much betler mortars, than a sand composed of particles of  every size from dust 
(no dirt) up to grains ~ of  an inch diameter. In 21 comparisons, 2 excep- 
tions. 

9th. Many experiments were made to ascertain whether of two cements 
of the same manufactory, the diit~rence being, probably~ only ditti~renee of 
age, that cement which sets the quickest under water will give the strongest 
mortars in the air after a considerable lapse of time. The results leave the 
matter in doubt. The quick cement sometimes giving stronger mortars, 
and sometimes weaker. 

10th. Of lime kept for three months after being slaked, before being made 
into mortar--the lime slaked into powder by sprinkling one-third of its bulk 
of water~ gave the strongest mortar--represented by 250 lbs.; the lime 
slaked into cream gave the next strongest mortar--represented by 210 lbs., 
and the lime slake spontaneously during three months~ the weakest mortar, 
represented by 202 lbs. All these mortars being much inferior to that 
made of the same lime which had been carefully preserved from slaking by 
being sealed hermetically in a jar~this  last mortar beivg represented by 
864 Ibs. I t  must be remarked here that this result is very extraordinary 
for fat lime and sand; and it is probable this particular barrel of lime was 
somewhat hydraulic. 

l l th .  Mortars of cement and sand in which bitter-water alone was mix- 
ed (Bitter-water being the mother water after the separation of tourists of 
soda from sea water,) were weaker than those in which water, or a mixture 
of equal parts of water and bitter-water, was used. But a mixture of 
equal parts of water and bitter-water gave much better mortar than water 
alone--the strongest composition we had, being cement 1~, sand 1, and 
equal parts of water and bitter-water. In 8 comparisons, 2 exceptions. 
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The trials that afforded the two exceptions were with mortars containing a 
smaller proportion of cement than the six others. These facts seem to show 
that the addition of bitter-water, within certain limits, improves the cement, 
but that beyond these limits it is injurlous~ and that where the proportions 
of cement are great, an increased addition of bitter-water may be advanta- 
geous. These particular experiments were made in consequence of finding 
that the addition of a little bitter-water hastened the setting of cement A 
when immersed. 

19th. Mortars of cement and sand are injured by any addition of lime what- 
ever, within the range of the experiments; that is to say from sand 1, lime ~, 
and cement ~; to sand 1~ lime 17 and cement 2. No exceptions in 67 corn~ 
parisons. 

13th. Stone.lime, in the proportions tried, gives better mortar than shell- 
lime~ as 153 to 133: but some previous trials had afforded results slightly the 
best with shell-lime. 

Table No. LXVII I .  
Trials made in June, 1836, of  mortars made in September, 1835. 

The results show the weights, in pounds, required to separate each inch 
square of surface of bricks joined by mortars. The object is to compare 
grout with mortar. 

No, 

19 

11 
12 

ILime s laked 
~ x r  [to powderand Cel~r  

~an~ ~,o. m e a s u r e d  in 
2. paste.  " 

1 a 

9 1 
2 1 
9 1 ] 1 ~ 
2 1 
'2 1 k 

9 1 } 
2 1 �88 
2 1 1 

w 

U 

;2 

~Iortsr .  

30.12 
33.33 
31.35 
39.14 
41.06 
39. 64 
22.94 
23.38 
27.07 
29.93 
33.79 
36.69 

Grout .  

j m  

17.19 
17.84 
15.13 
25.14 
21.42 
34.68 
23.08 
14.22 
12.67 
16.96 
92.71 
19.75 

Observations on Table No. LXVIII .  
In order to compare the strength of grout with that of mortar~ bricks were 

joined (as before described) with the mortar given in the table--there being 
four pairs to each kind of mortar. To obtain similar joints of grout, bricks 
were supported on their ends and edges~ in a box large enough to contain 
all, in such a way as to admit the proper quantity of grout to flow in be. 
tween each pair. The box was not disturbed until the grout had become 
quite stiff, when it was first laid on one side, and then taken to pieces. 
The excess of grout was carefully cleared away from the bricks, which 
were removed without injury to any of the pairs, and put away by the side 
of the bricks joined with mortar. 

I t  will be seen that~ in every ease but one, the grout was much inferior 
31 
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to the mortar. The average strength of all the mortars in the table is 
31.78, and the average strength of all the grouts is 20.06 

Changes of bulk on slaking lime~raaking morlar, grout, ~ce. 
A great many measurements were made ot the changes of bulk in the 

operations of slaking lime, making mortars, &e., and the results, as might 
be expected, varied with the qualities of the lime. The following conden- 
sation of the results may be useful. 

trials. 
1 lime and ~ water mad% as a mean~ 2.25 of powder. 27 
1 do. -~ do. 
1 do. ~ do. 
1 do. I do, 

1 do. 2.54 do. 

1 do. 1.70 do. 

Lime in powder. Water. 
1 
1 

do. 1.74 do. 4 
do. 1.8l do. 4 
do. 2.06 do. 4 
do. 2.68 ofthinpaste. 3 

Slaked by drowning. 
do. 1.98 do. 6 

Slaked by sprinkling. 

varying from 
1.56 to 9..97 
1.55 to 1.83 
1.63 to 1.95 
1.77 to 2.39 
2.50 to 2.82 

1.75 to 2.56 

0.40 made, as a mean, 0.66 thick paste. 2 
0.50 do. do. 0.76 thinner paste. 19 

1 lime air.slaked gave, as a mean, 1.84 powder 3 
1 of air slaked lime in powder and 0.50 water made~ as a mean, 0.75 thin 

paste, 2 trials varying from .70 to .80. 
1 of lime (quick) pounded to powder, made 0.90 of powder, 1 trial. 
1 of lime slaked to powder, kept dry for 3 month% still measured 1.00, 

1 trial. 
Sand. thin paste, cement, mortar, trials. 

1 59. 00 mad% as a mean, L17 IS 
1 58 0.125 do. 1.~5 23 
1 55 0.9.5 do. 1.$7 3 
1 61 0.35 do. 1.43 .5 
1 79. 0.50 do. 1.60 9. 
1 1.00 0.125 do. 1.78 1 
1 1.00 0.25 do. 1.85 1 
1 1.00 0.50 do. 2.18 1 
1 1.10 0.75 do. 2.14 1 
1 1A0 0.25 do. 2.20 1 
1 1.28 1.00 do. 2. 36 1 
1 1. 00 do. 1"71 1 
1 2.00 do. 2.14 1 

1 50 O0 do. 0.5~ water s made 1.27 grout. 
1 50 0.069. do. 0.45 do. do. 1.50 do. 
1 5o o.125 do. 46 do. do. 1.55 do. 
1 50 .25 do. 51 do. do. 1.66 do. 
1 50 .375 do. 52 do. do. 1.78 do. 
1 50 .50 do. 61 do. do. 1.88 do. 

202 of mortar with 87 of water made ~90 of grout. 
213 do. 87 do. do. 305 do. 
430 do. 180 do. do. 60-$ do, 
467 do. 201 do. do. 660 do. 
430 do. 180 do. do. 6~o do. 
495 do. 176 do. do. 664 do. 
553 do. 180 do. do. 711 do. 

0.65 to 0.67 
0.67 to 0.94 
1.57 to 9..41 

varying from. 
1.06 to 1.9.1 
1.70 to 1.50 
1.29 to 1.54 
1.98 to 1.57" 
1.50 to 1.70 
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C H A P T E R  XXIV.  

Observations and experiments on Concrete, ~c. 

It was ascertained, by careful measurement, that the void spaces, in 1 bulk 
of sand No. l,  taken fi'om the middle of theheap, amounted to 0.33: the ce- 
menting paste, whatever it may be, should not be less therefore, than one- 
third tile bulk of this sand. Taking one bulk of cement A, measured in 
powder from the cask, and a little compacted by striking the ~ides of the 
vessel, water was added till the consistence was proper for mortar: 0.35 of 
water was required to do this, and the bulk of the stiff cement paste was 0.625. 
' to  obtai% at this rate, an amount of cement paste equal to the colds (.0.33) 
in the sand, will require, therefore, 0.528 cement in powder, and 0.18/i o[ 
water, or 

Dry sand, 1.o0o ) 
Cement in powder, .528 t making a bulk of 1.000 of mortar. 
Water ,  . I s 5 

I t  is by no means certain that a mortar composed on this principle will 
be the most tenacious that can be made--on the contrary our experiments 
indicate that the mortar would be stronger with a sma.ller proportion of 
sand; but possessing the minimum quantity of cementing constituent, 
which is by far the most expensive ingredient, it affords the cheapest ad- 
missible mortar, made of cement and sand; and as it was probable, that it 
would shrink very little on drying, it was tried as a pointing for exposed 
joints, and also as stucco, and it answered very well for both purposes--  
becoming ve,'y hard, and never showing the slightest crack. An excess of 
cement, and a very slight excess qf water, above the stated proportions, 
should be allowed for imperfect manipulation, because the proportions sup- 
pose every void to be accurately filled. 

Extending the application of this principle to concrete--experiment  
showed that one bulk of stone fragments (nearly uniform in size, and weigh- 
ing about 4 oz. each) contains 0.48~ of void space. To convert this bulk 
of stones into concrete, we, in strictness, need use no more mortar than 
will fill this void space; and to compose tiffs mortar we need use no more 
cement than is necessary to occupy, in the state of paste, the voids in 
0.482 of sand. This concrete would therefore be composed as lbllow~: 

Stone fragments about ~ oz. each, I ooo"1 , �9 

�9 . malcmr, a bulk �9 482 ~ Sand No. 1 . "255 ~" of l.uo0 of 
Cement in powder, "089 J concrete. 
Wate r ,  

Obtaining thus a cubic yard oi" concrete by tile use ot one-fourth of a 
cubic yard of cement in powder, (about one and a half bbls.) 

But the above fragments were of nearly equal size, and of a form ap- 
proaching the spherical: affording more void space than if they had been 
more angular, and had varied in size from about six oz. to less than one oz. 
such as would commonly be used. W e  have found that clean gravel, 
quite uniform in the size of the pebbles, which were about half an inch 
in average diameter, afforded voids'to the amount ofo.sg. And Mr. Mary,  
a French Engineer, used pebbles, probably mixed of coarse and fine, o[ 
which the voids were 0.37. The above allowance of o.482 for void space 
is therefore quite large. 
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In all cases of the composition of concrete, the quantities expressed above, 
should be ascertained by actual measurement of the particular cement, sand 
and fragments, or pebbles~ that are to be used. No better mode of measuring 
the void spaces, will be found, probably, than measuring the quantity of 
water that can be poured into a vessel already filled with stone fragments, 
pebbles, or sand, as the case may be. 

Although the hydraulic property of cement will be the cause, in all cases 
of its use in concrete, it may happen that the cement at hand is more en- 
ergetic than is actually necessary, and that the concrete would fully ac- 
complish the object in view, even if it  should be two or three weeks in be- 
coming hard and impervious to water. Under such circumstances lime may 
take the place of part of the cement, with great economy. The lime may 
be added either in the state of powder that has been slaked some time, or 
in the state of paste: but in either case, the previous slaking must be com- 
plete. 

The mortar is to be made first, and then the pebbles, or broken stones, 
may be mixed therewith by turning them over several times with the 
shovel. 

When it is to be deposited under water, it is still a disputed point wheth- 
er the concrete, prepared as above, should be used immediately, or be 
left in heaps to stiffen to such a degree as to require the use of pickaxes to 
break down the heaps: but~ in works out of water, there can hardly be a case 
in which it will not be best to place it at once in its allotted space, where 
it should be compacted by ramming till none of the stone fragments project 
above the common surface. One or two trials will show how much mortar 
over and above the strict proportion is necessary in each case. 

In circumstances where ramming cannot be applied, as when depositing 
concrete in deep water, the concrete should be more yielding and plastic 
- -containing a larger proportion of mortar, and the mortar should be 
rammed before being deposited, in order thoroughly to imbed the larger 
constituents. 

In  many situations where concrete may be resorted to with great advan- 
tage, the economy need not s topat  the above proportions. This substance 
may be rammed between, and upon, stones of considerable s ize-- the  only 
indispensable precaution being, to make sure that the stones are perlectly 
cleans are well imbeded in the concrete, and are far enough apart to per- 
mit the full action of the rammer between them. 

The following case occurred at Fort  Adams in October~ 1836. 
The  proportions adopted were, fragments of granite, of 

nearly uniform size, and about 5 oz. each, 1.0007 Bulk of 
Sand No. 1 �9 . 0.500 k. concrete, a 
Cement A,  in powder, . - o.280 [ little more 
W a t e r  rather more than . 0. l o0J  than 1.000. 

Experiment gave 16.683 as the number of cubic feet of concrete made 
by 1 barrel of cement--187 barrels were consumed which afforded 115.52 
~ubic yards of concrete. There were also used~ 11.29 struck Winchester 
bushels of sand, and 22.58 struck Winchester  bushels of granite frag- 
ments. 

187' barrels of cement at ~2.45 ~ 458.15 
1129 struck bushels of sand at $.0.37' 41.77 
2258 do. granite fragments at $0.04 90.32 

Carried over, $ 59o.~4 
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Brought over~ $ 59o.~4 
There were 1.51 days labour, applied to making 

mortar--making concrete--depositing the concrete in 
its proper place, ramming it into a compact mass, and 
doing all other work required in the operation. 

151 days at S 0.92. 138.92 
Supervision 10.oo 

Cost of t15.52 cubic yards, S 739.15 
Cost of  one cubic yard $ 6.40 

Springs of water flowed over this work continually; and were allowed 
to cover each day's work. The next morning the concrete was always 
found hard and perfectly set. 

Had we dispensed with one half of the cement used, and used in lieu 
thereof, as much paste of lime, as the cement dispensed with would have 
furnished of paste of cement, the cost would have been materially reduced, 
and the work have been still very hydrauli% and very strong. In that case, 
the bulk would not have been altered, but wouid have been as before~ 
115.52 cubic yards. We should have used 93~ bbls. of cement less than we 
did: and, as cement, in passing to the state of paste, diminishes in bulk 
in the proportion of 1 to .625, we should have used 93.5X.625 equal to 
58.43 barrels of paste of lime. Saving, thereby, the difference between 
the cost of 93.5 barrels of cement and 58.43 barrels of paste of lime. 

93.5 barrels of cement at S 2.45 • 229.07 
58.43 do. of paste of lime at f5 0.60 36.06 

Amount saved 8193.01 
739.16, less 8 193.01, equal S 546.15j the cost of 115.52 cub. yards. 

Cost of one cubic yard S 4.73. 
3nother [nslance. 

Proportions--Clean gravel, 1.000" l 
Sand No. 1, .530 ~ Bulk of concrete about 
Cement A~ in powder, .43o I 1.15 
Wate r  about, .140J 

This was rammed into a mould of the capacity of 13.785 cubic feet. 
Cement A, 4.35 struck bushels at S 0.59 cost $ 2.57 
Sand No. 1, washed S.44 do. " 0.04 .22 
Gravel 10.00 do. " 0.0~ .40 
Cost of all the labour, 1.o3 

Total costof  15.786 cubic feet, S 4.22 
Being ~ 0.306 per cubic foot, or S 8.26 per cubic yard. 
This became very hard,and is a very good substitute for stone~ in certain 

applications. 
3nother Instance. 

Proportions--Clean gravel, 1.00oq 
Sand No. 1, .625 I.~ 
Cement A, in powder, .333 f 
Water ,  about .125J 

This was rammed into a mould of the capacity of 7.812 cubic feet; and 
the whole cost was l~ ~.15, being $ 0.276 per cubic foot, or $ 7.45 per 
cubic yard.  
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This became a hard mass, but the concrete was rather too incoherent to 
make the best factitious stone. 

~qnother case. 

In this instance, a box containing 7.81~ cubic feet was filled, first, with 
pieces of a stone of slaty structure--laving the pieces on their beds; a grout 
was then poured in, until all tile interstices were filled. The composition 
of grout was as follows. 

Washed sand No. I,  1.000"} 
Cement A in powder, 1.000 ~. 
Water ,  ' .910 J 

The whole cost was $2.40--being $0.31 per cubic l~oot---or $8.37 per 
cubic yard. 

This mass became hard, but was not so strong as those made of mortar 
instead of grout. 

Numerous objects have, at different times, been moulded at Fort Adams, 
with analogous compositions, and always with success. Sometimes con- 
crete was used, the entire mass being rammed into the mould: at other 
times the mortar without the fragments was used as mortar; bricks, or frag. 
ments of stones, being laid therein~ in successive strata, until the mould 
was filled. Shafts otcolumns--the Doric echinus, abacus, &c., thus torm- 
ed many years ago, resist the climate well~ although less perfect than we 
should now be able to produce. 

All  our experiments concur in showing that much sand weakens cement 
mortar essentially; at least when exposed to the air. The improvement to 
be applied to the tbregoing proportions should consist therefore, if the ex- 
pense be no ob'ection~J , in increasing the quantity of cement--taking care. 
to keep the quantity of water as low as possible, in order to retain the 
shrinkage of the indurated mass at a minimum. It  is surprising how 
much water may be driven out of an incoherent and apparently half-dry 
heap of cement-mortar, by hard ramming: and it is still more surprising, 
after the exact quantity necessary to saturation has been supplied, how 
small a quantity ofwater will suffice to convert a dry and powdery heap, if 
well worked, into a thin paste. Cements vary in their capacity tot water: 
hence the dose of water is a matter that must be established by experiment 
in each case. The true quantity for concrete, and moulded objects in air~ 
is that which, with hard ramming, affords a still" paste, with a little free wa- 
ter on the suriace: a state to which it can be brought with difficulty under 
the trowel or under the shovel. More water than this is attended with 
the double disadvantage of lessening the density of the mortar when dry, 
and of causing cracks by the shrinkage. If  thequant i ty  of water be thus 
regulated, the quantity of cement may be increased at pleasure, but the ex- 
pense will increase rapidly with every addition of cement. In  the first 
concrete above, the bulk of the dry cement is about one half the bulk of 
the sand, and the expense per cubic yard is $6.4o; make the dry cement 
to equal the sand in bulk, and the expense per cubic yard will be about 
$1o.oo, all other proportions remaining, as they ought, the same. 

In the preceding proportions it has been supposed that the concrete was 
i " " - - -  t o  be used n the aw, and that nothing would prevent the free use of the 

rammer. But if the concrete is to be- deposited under water beyond the 
reach of this instrument, there should be a change of the proportions; and 
the quantity of mortar should be so increased that the fragments will be 
certain to be severally imbedded therein from their own weight, the gentle 
operation of the rake and other leveling instruments, and the pressure of 
the superincumbent concrete. Attention must be paid to the constituents 
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of the mortar, in reference to hydraulic energy, also, especially in running 
water: this mortar must not only be very hard after a t ime-- i t  must become 
hard speedily; and to attain this end, the materials at command may de- 
mand proportions quite different from those required to fill the voids in the 
sand. 

The following instances are derived from the practice af the French. 
M. Mary, Engineer des Pouts et Chausse6s, states that he ascertained 

the voids between the stones to be .37 of the whole bulk-- tha t  filling .90 
parts of a box with stones, . i0 p a r t s + ( . 3 7 x . 9 0 = . 3 3 ) = . 4 3  parts of mor- 
tar would be required, in theory, to fill the box: but he found that the box 
was more than full, showing that  some of the mortar designed to occupy 
the voids did not reach them, from imperfect manipulation. Instead of .90 
parts, he then filled .87 parts of the box with stones, which required that 
the mortar should amount to.  13-t- ( .37X.87~.32)  = .45  parts of mortar; 
and this he found filled the box very exactly. He also found that the trans- 
portation of the concrete, in wheelbarrows, from the mortar bed to the place 
where it was to be deposited, produced agitation enough to settle all the 
stones to their places, and bring the excess of mortar to tile top. M. Mary 
is not aware that so large a proportion of st-ones had been employed any 
where else than at Pont-de.Remy, at Abbeville, and at the upper dam of 
Saint Valery; but at these places, no disadvantage resulted from the 
quantity, and the concrete was impervious to water. The mortar mixed 
with these stones was composed of 0.22 parts of feebly hydraulic lime mea- 
sured in paste--0.225 of sand--and 0.225 of brick, or tile, dust ("cement.") 
The proportions of this concrete were therefore, as follows: 

O r ~  

Stones, .87 "1 
Sand, .2~5 t / 

Brick, or tile dust, .225 ~'I'otat bulk I.OOO 
Feebly hydraulic ~ .22 c" 

lime in paste .~ ! 
Water ,  .J 
Stones, 1.000"~ 
Sand, .259 i 
Brick or tile dust, .259 ~. 1.15 
Feebly hydraulic 

lime in paste, t .~53 ] 
Water,  ] 

At  the lock of Hahingue the cube of concretes was composed as fol- 
lows: 

Pebbles, .69"~ 
Sand, .40 ~Bulk 1.00 
Hydraulic lime in paste, .22 ! 

Water ,  .j 
As to this case M. Mary observes that it is prot~able the pebbles were 

a mixture of coarse and fine gravel; because, with these quantities, in or- 
der to make up the cube of 1.00, the void spaces could amount toonlv about 
.09. This would be about 13 per cent. only of the measure of the pebt)les, in- 
stead nf 37, found by M. Mary, himself, in th~ case stated above. Ex- 
pressing, as in the other cases, the proportions used at this lock, in parts 
of the measure of pebbles--it  would stand thus, 

Pebbles, 1.oo "} 
.58 1.45 Sand, }. Bulk 

Ilydraulic lime in paste., J 
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To found the pier of the suspension bridge communicating between la 
Or~ve and Pile de la Cit~, at Paris, a concrete was used which was much 
more hydraulic than those just mentioned. It  was thus composed: 

Fragments of Buhrston% 1.00~ 
Sand, .50 ! 
Factitious puzzolana of M. St. Leger, .25 ~Resulting bulk 1.5o 

do. hydraulic lime do. .25J 
(unslaked) 

2.o0 
This concrete was placed in a bed eight feet thick, which, owing to a flood 

in the Seine, was about six weeks in being deposited. Masonry was begun 
upon it in eight days after its completion, and in six weeks it had the whole 
pier to support; and before the concrete was four months and a half old 
it sustained the weight of the pier of the bridge, and of the proof load, 
without the least appearance of subsidence. 

At the Saint Martin canal, where great quantities of concrete were used, 
the proportions were: 

Pebbles, 1.00 ") 
Sand, 1.o0 ~7 Bulk 1.63 
Hydraulic lime .33 J 

In another case~ these proportions were used, viz: 
Siliceous pebbles, 1.oo"] 
Tile dust and brick dust, . 2 8 /  
Fat  lime made from chalk used at t h e )  ~ B u l k  1.34 

moment of slaking--measured as~. .56 
quicklime, J I 

Water ,  more or tess, .53] 

.~nother case. 

Rounded gravel about the size of a hazle-nut, 1.o0o~ Bulk 1.15 
Mortar, 0. 500 ) 
The mortar being composed of brick-(lust, !.oo 
Slaked lime, in powder~ 1.o0 
Sea-sand, 1.o0 

After three months immersion in salt water, this concrete sustained a 
pressure on one end of the mass of 260,000 pounds per square foot of sur- 
face without impression. On being broken up. it showed that the gravel 
was well imbedded in mortar. The void space in the gravel was found to 
measure 0.35. 

.another. 

The aqueduct of Gu6tin, which conducts the Loire canal across the AI- 
lier, is composed of 18 arches of 53~ feet span, and of 17 piers of 9.84 
feet in thickness. Immediately at one end of the aqueduct are  three 
connected locks, whereof the mass forms the left buttress of the bridg e. 

The right buttress and its wing-walls, the 17" piers, and the three con- 
nected locks, are built on a general , 'radier" or platform, 1594 feet long, 
57.42 feet wide, and 5.41 feet thick; on the upper and lower sides of thd 
platform are two guard walls 6.56 feet thick, and 14.76 feet deep--these 
walls, like the rest of the platform, rising to within 1.64 feet of the level 
of the water in the river in its lowest state. 

The whole of the guard walls, as well as the lower layer of the platform 
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for a thickness of 3.28 feet~ were formed of concrete deposited in the water. 
The concrete used amounted to near 2~,0o0 cubic yards. 

The operation of depositing the concrete was confined to the 4 or 5 
months between the spring and autumn floods; antl at the end of the second 
season it supported the superstructure above described. 

The following is the composition of the concrete: 
Stone fragments, 1.ooo 
Mortar, 1.ooo $ 

The mortar was composed of sand, 1.50"} 
Hydraulic lime measured in powder~ 1.0o ~. 
Artificial puzzolana of M. St. Leger, o . 5 o J  

And the puzzolana was formed by calcining, at a heat not great, a mix- 
ture of four parts of earthy clay measured in past% and one part of fat 
lime measured in the same way-- the mixed pastes being formed into st~mll 
prisms, dried in the sun, calcined and pulverised. 

In order to obtain some evidence of the actual strength.of concrete, and 
to compare several varieties of compositions, the experiments contained in 
the following table were made at Fort Adams: some prefatory remarks are 
necessary in relation to them. 

The cement was obtained by taking several casks of hydraulic cement A, 
of nearly equal energy--emptying them into one heap on the floor, and 
after mixing the contents intimately, returning the cement into the casks, 
and heading them all tightly, until they were severally wanted. As the 
casks were opened, in succession, for use, the quality of the mixtu[e was 
tried with the test wire, and was found to.be very uniformwabout half an 
hour being required for the setting. This cement had been on hand about 
four months. 

The time used was Fort  Adams' unground lime. I t  was slaked to pow- 
der by the affusion of one-third its bulk of water, and allowed to stand 
several days. As it was about to be used, it was reduced to paste and 
passed through a hand paint-mill, by which it was made very fine. I t  
should be borne in mind that this lime is slightly hydraulic. 

The sand used was sand No. 1 
The larger constituents of the concrete were of four kinds, viz: 1st. gran. 

i~8 fragments, angular, average weight of each 4 oz.; ~d,~brlck fragments, 
angular, average weight 4 oz.; 8d. ~tone.gravel, made up of rounded pebbles 
from ~ to �88 of an inch in diameter; and, 4th. brick gravel, composed of an- 
gular fragments of bricks from ~ to 1 inch in their greatest dimensions. All  
were perfectly free from dirt, and were drenched with water before mixing 
them with the mortar. 

The measure of the void spaces in the granite and brick fragments was 
.48; and of the stone gravel and brick gravel, .39. 

One set of experiments was made by using, in each case, a measure of 
mortar equal to the measure of void space--and ~another set, by using two 
such measures of mortar. 

The mortar was made wits as small a quantity of water as possible. 
On thi s account, the mixture of the constituents was probably somewhat im- 
perfect~ and to this may, in part, be attributed the irregularities observable 
in the results. The concrete, before ramming, was quite incoherent, espe- 
cially when only one measure of mortar was used. I t  was, in every case, 

32  
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consol idated by ramming into boxes that afforded rectangular prisms of coo-  
crete 1~ inches  by 6 inches by 6 inches.  

T h e  prisms were  made in December  18S6,  and being kept  in a damp- 
place,  safe from frost and accident ,  were  broken in June,  Ju ly ,  and Auo 
gust  fol lowing.  In breaking the prisms the two edges of the supports were  
9 inches  apart~ leaving 1�89 inch resting at each end: weights were applied,  
by adding about 60 Ibs. at a time, to a scale-pan suspended from a knife 
e~lge which bore on the middle of  the prism. 
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Observations on the experiments given in the above table. 

I t  is to be regretted that such discrepancies are to be noted in the table. 
They are ascribable, in the first place, as suggested above, to tile difficulty 
of bringing the mixture always to the same condition as regards the dissemi- 
nation of the ingredients, when worked in so dry a state; but, probably, 
chiefly to the difficulty of filling the moulds always with equal accuracy, 
and ramming every part with equal force, when using so incoherent a ,nor- 
tar, united with so large a proportion of very coarse ingredients. 

Notwithstanding these discrepancies, however, several deductions may be 
fairly drawn from the table, which, if confirmed by future trials, will be useful. 

1st. Wheat the mortar was made of cement, sand, and llme, or of  cement and 
sand without lime, the concrete was the stronger as the sand was less in quantity 
In 50 comparisons 19 exceptions. But there may be 0.50 of  sandandO.25 
of lime without sensible deterioration; and as much as l.O0 of sand and 0.25 
of  lime, without great loss of  strength. 

~d. dl mortar of  cement and sand does not seem to be improved by the addi- 
tion of lime, while the bulk of  sand is only equal to, or is less than, the bulk of  
cement; but as the quantity of  sand is further increased, the mortar appears to be 
more and more benefitted by the addition of a small quantity of lime. 

$d. Two measures of  mortar, in concrete, are better than one measure; that 
is to say, a quantity of  mortar equal to the bulk of  the void space does not give 
as strong a concrete as twice that quantity of mortar. In 50 comparisons, 7 
exceptions. Nevertheless, tile strongest example was with one measure of 
mortar, and it is not unlikely that the deficiency of strength in the other 
cases resulted from the difficulty of causing all the voids to be accurately 
filled, when the mortar was a minimum, and the space into which it was 
forced so small. I t  is not improbable that the voids may be perfectly oc- 
cupied~ even with one measure of mortar, when the mass of concrete is 
large enough to permit the full effect of the rammer. 

4th. Theresults  of the experiments recommend the several composi- 
tions of the table, in the following order, namely: 

1. Brick gravel, with 2 measures of mortar, No. 8. 
2. do.  with 1 do. 7. 
3. Brick fragments, with 2 do. 4. 
4. Granite fragments, with 2 do. 2. 
5. do. with 1 do. 1. 
6. Brick fragments, with I do. 8. 
7. Stone gravel, with 2 do. 6. 
8. Brick fragments, grouted 10. 
9. Stone fragments, grouted 9. 

10. Stone gravel, with 1 measure of mortar 5. 
5th. It appears that the best material to mix with mortar to form concrete, is 

quite small, angular, fragments of  bricks: and that the worst is small, rounded, 
star~.gravel. 

6th. Gro~t, poured amongst stone, or brick f:ragments, gave concretes inferior 
to all, but one, of  those obtained fi'om mortars. 

A piece of sound and strong red sand.stone, 12 inches by 4 inches by 4 
inches~ required a weight of 3673 pounds to break i t~there  being 9 inches 

between the supports. According to the formula P = R .  abe, * prisms of  
C 

�9 In this formula P is the weight causing' fraeture, c the distance between the ~up 
ports, a the breadth, and b the depth of the prisms. 
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this stone 0f the size of our prisms of concrete, would require the weight 
of 12,S96 lbs. to break them; whence it appears that the strongestpnsm 
under trial~ was, after eight months exposure, half as strong as this sand 
s tone .  

C H A P T E R  XXV. 

h'ome recent experiments with Mortars made of Lime and Sand. 

There will be presented, in conclusion, some experiments, made very 
recently at Fort Adams, with lime mortars without cement; they were in- 
stituted in reference to the best proporlions of lime and sand, and also to a 
comparison of coarse and fine sand, and salt and fresh water. 

In making these, a cask of fresh Smithfiehl lime, of the best quality, was 
taken, and the lumps broken into pieces of about the. size of a pi,,eon'sv ec,~g. 
These bein~ carefully screened,, in order to get .rid of. all dust and fine 
lime, and carefully internuxed, in order to obtain umformity of quality 
throughout, were slaked by the afl'usion of water to the amoqnt of one third 
the bulk of lime. When cold, the slaked lime was returned to the barrel, 
which was carefully headed and put in a dry place; and on all occasions of 
withdrawing, a portion of this lime for use, the cask was carefully re-headed. 

The sands used were those described in page 4, as sand No. 1, sand 
1NTo. 21 sand No. S, and san~i :No. 4. 

In making the mortars, just enough water was added to the slaked lime 
take~ from the cask, to make a stiff" paste. This paste being passed through 
a hand paint mill~ which ground it very fine, was mixed, by careful mam- 
pulation, with the due proportions of sand. Much care was bestowed upon 
the operation of filling the prism-moulds with mortar; and each prism was 
submitted to a pressure of 600 ibs. for a few minutes, that is to say while 
the succeeding prism was being formed. 

About one week was consumed in preparing the prisms--namely, from 
the 7th to the 15th of May, 1858. And they were broken on the l s to f  July, 
18S8, making the average duration of the experiment, 50 days. 

Three prisms were made of each composition. But, on the principle 
that there are several causes which tend to make a prism weaker than it 
should be, and few or none that tend to make it stronger, only the maximum 
result of eaoh experiment is given in the following table. 

I t  may, however, be well to state that precisely the same inferences are 
dedueeable, if the mean of the results be taken instead of the maximum. 

Table No. LXX. 

Trials made on the 1st of July, 1838 of the strength of the mortars made 
between the 7th and 151h of May, 18S8 (50 days.) The results show the 
weiohts,~, in pounds, required to break prisms of mortar 6. inches, long, by 

inches by ~ inches: the distance between the supports being 4 mches~ and 
the power acting midway between the supports. 
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Composition of the mortars. 

Lime in stiff paste 1--Sand 0 
do. 1 do. ~t 
do. 1 do. 
do. 1 do. 1 
do. 1 do. 2 
do. I do. 3 
do. 1 do. 4 

262�89 
224 
213�89 
248�89 
164fi 
157�89 
126 

220�89 
234�89 
22ofi 
199~ 
189 
227~? 

d 
~  

1~ eo 

24s�89 
234�88 

161 
x85�89 
157~ 

d 
.a 

I 
4." 

833�89 

234~ 
178~ 
157~ 
~36�89 

d 

I 

192�89 
210 
178�89 
140 
119 
xol�89 

d 

I 
r  
~ 2  

~ t ~ Q 0  

234�89 
199�89 
178~ 

:178�89 
119 

J154 

Observations on the e:z~periments of table No. LXX. 

1st. Within the limits of the experiments, the mortar was the stronger 
as the quantity of sand was the less--in 96 comparisons, 12 exceptions. 

2nd. Although the above inference is derived from the whole range of 
the table, still, when the quantity of sand was less than the quantity of 
lime, the weakening effect of the sand on the mortar was not very sensible. 
And' i t  would seem-from table No. LXV .that from one-fourth to one-half of 
sand may be slightly beneficial. 

3rd. It  appears that coarse sand, or, rather, sand composed of coarse and 
fine particles, (sands No. 1 and 2,) is a little inferior to sand that is all fine 
(sandsNo. 8 and 4;) in 86 comparisons, 16 exceptions; and also that sand 
reduced by pounding to a fine powder (No. 4,) afforded some of the best 
results of the table. I t  is to be regretted that no experiments were insti- 
tuted in order to compare sand all coarse, with sand all fine. 

4th. It  appears that the mortars made with salt water-- that  is to say, 
the water of the ocean, was decidedly weaker than those made with fresh 
water; 1 exception in lg  comparison's. The aggregate strength of all the 
prisms made of coarse sand and salt water was 2674 lbs.; while the ag- 
gregate strength of the corresponding prisms of coarse sand and fresh wa- 
ter was 8174 lbs. And the aggregate strength of all the prisms of fine 
sand and salt water was ~8001bs. while the aggregate strength of the cor- 
responding prism of fine sand and fresh water was 8,546 lbs. 
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DESCRIPTION OF THE PLATES.  

P L A T E  I. 

Fig. I. a, a, Prismef mortar under trial. 
b, b, Iron stirrups, supporting the prism. 
e, e, Iron collar, embracing tile prism. 
d, d, Iron link~ to which the ropes of the scale-pan are fastened. 
e, e, check, against which the collar rests when on the middle of the prism. 

f ,  f, Timber, to which the stirrups are attached. 
g,  Scale pan, in which the weights to break the prism are put. 

Fig. 2. h, Interior of the furnace. 
i, Door of the furnace. 
k, k, Chimney 
1, Register. 
m, m, Arches, ~nder the hearth, in which the fuel is placed. 
n, n, Coaduits~ to lead the flame and a current of air into the furnace. 

Fig. 5. o, Plan of lime kiln. 
p, p, Nut of the kiln. 
q, q, Steps descending to the doors of the kiln. 
r, Steps, up which the materials are carried to the top of the kiln. 
s, s, Doors of the kiln. 
t~ t, Portions of spherical arches leading to the doors of the kiln. 

P L A T E  II.  

Figs. 4, 5, 6, 7 and 8, represent Mr. Petot's "curves of energtf' of fat 
lime,~ hydraulic lime--plaster-cements.-.calcareous puzzolanas~ and clay. 

lt'ig. 9. a,b, Half staples, driven into the floor. 
f ,  g, A pair of bricks united by mortar. 
e, r Iron piece, embracing the ends of the upper brick, and suspended 

from the steelyard. 
d, Steelyard. 
e, Bucket, into which sand flowed from the trough. 
h, Trough. 
i, Floor. 

u 10. a, b, r Iron lever, with a steel point at a to impress the mortar 
.f, oil tile brick g. 
d, Steelyard, connected with the lever a, b, e, at c. 
e, Iron rod, from which the steelyard is suspended. 
?h h, Uprights, supporting the rod e. 

Uprights o |  iron~ supporting the fulcrum of the lever a, b, c. 

FINIS.  
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6. 
26. 
33. 
35. 
3 L  
42. 
44. 

45. 

4~ 

57. 
44 

44 

61. 

I |  

65. 

76. 

T8. 
4~ 

80. 
84. 
85. 
90. 
91. 

101. 
105. 
107. 

t r  

109. 
110. 

112. 
122. 
129. 

64 

GI 

133. 
134. 
136. 
137. 

138. 
139. 
142. 
14& 
146. 

147. 
149. 
156. 

I57. 

E R R A T A .  

Line ~ from top--for  JYerard, read .Brard. 
Table 4, last column--for 29 lbs, read m 2 2  Ibs. 
Table 8, No. 3--for 1 day required to harden in water, read 1�89 d~y. 
8th line from bottom--for pharmacieur read hharmaciem 
Table 9, last column, 2 lines from bottomwfor 197 lbs., read 187 ibs. 
Line 6 from top--for one-fifth, read one and a half fframmes. 
Table 10, No. 5--for  1 day, read 15 days. 

" No. 10---for 24 days, read 25 days. 
Line 3 from top--ersse  the ; after the word lime. 
Table No. 11, No. 2--for 3-10 of pipe clay, road 2-10. 
Line 5 from bottom---for 1-10 read 2-10. 
Table No. 14, 8th column--for 96 read 396. 

" " for 3d read d. 
a 11th " for 86 read 385. 

Line 14 from top-- insert  the word the, before the word three. 
Line 4 f~m bot tom~for  table read tabks. 
Bottom line--insert  the word good, before resistance. 
Line 3rd from bottom--erase up. 
Last line in the note--for  194 ibs., read 191 lba. 
Table No. 22,No. 12--for dus# of  day zVo. 9, read dud of clay .hfo. 8. 
Line 20 from bottom--for Haquenau , read Haguenau~ 
Table No. 23, No. 9--for  sameday ~ilh 1-6 do., read same cla 9 ~it]~ 1-4 do. 

" 6, in last column bdt one--for  15, read 25. 
Table No. 24, Nos. 15 and 16--for Eilbsheim clay, read Xol6oheim clety. 
Line 13 from top--for ~i~orously, read rigoroudy. 
Line 15 from bottom--for the bad mortar, read the last mortar. 
Line 15 from top---for are as felines, read coot am follo~s. 
Line 12 from top--for preparation, read proportion. 
Table No. 28, No. 15, last columm---for 405, read 385. 
Line 24 from bottom--for attach, read ~ttacks. 
Line 20 from top--insert  the word dissolved, after the word had. 
Line 6 from bottom--for nearly, read merely. 
Line 17 from top--insert  the word al~ay, after the word not. 
Line 2 from top for thorough, read thorouEM.u 
In the table, last column--for 0.3500, read 0.3300. 
Line 2 f:'om top--for  lamelleo, read lamelles. 
Line 6 from top--for  poured, read formed. 
Line I0 from top--for mortars, read matters. 
Line 11 " ,' ,, 
Line 17 " for di~icull, read dir 
Line 13 from bo t tom~lor  le mortar que, read le merrier qul. 
Line 9 from top--for  tl, at the lower, read the loz~er. 
No. 3 of table 32,---for 1 of lime and 1 of sand, read 1 of llme and 2 of  sand. 
Table No. 33, No. 1--for 50 Ibs., read 55 lbs. 

" When 22 lbs. occurs in the table, it should be preceded by the  
negative sign. 

Line 6 from bottom--for Table 3V'o. VI, read 8er/es .Me. 6. 
Table No. 34, last co lumn~for  10, read --~2.  
Table No. 35, No. 4---for 262 lbs, read 242 lbs. 
Line 21 from top--for  shows, read she~. 
Line 2 from bottom--for ./lrticle XIIL, read Chaplet" XIIL 
Bottom line--for .~rticle, read Chapter. 
Top line--for .~rt/de, read Chapter. 
Line 16 from top--for  XXVII, read XXXVII. 
Line 7 from bottom--insert  the word in after the word cement, and erase the  

c o m n l l l e  

Line 2 from top--for  shouk/, mad would. 
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PJ+OE+ 

160. 
I c  

161. 
164. 

gG 

168. 
t f  

177. 
180. 

Line 18 from bottom--forpleces, read piers. 
Line 17 '+ do do 
Line 9 from bottom--for least, read last. 
Line 12 from top--substitute for or, the words such as. 
Line 16 " substitute for ~ron@, the word ad~anlag~ous. 
Line 7 ,+ for amelloracion, read amelioration. 
Line 7 +' for 7~ork, read works, 
Line 22 from bottom--for trass, read copper. 
Table 48, last line--for calcined, read melted. 
Line 4 from bottom, and in every other case where tl~e word neeure--for p/as 

tic cements, read pla~tef.ccments. 
184. Line 27 from bottom--insert the words stone oJ the, before the word Psuilly. 
189. Table 51, 3d column--for 54, read 51. 4th column, for 51, read 54. 
190. Line 5 from top--for cases, read causes. 

" Table 52, 7 line from top--for one-half of quartzose sand, read one of qua~ze 
sand, and in the last column, for 12.31, read 13.31. 

" Lille 10 from bottom--for JBiard, read .Brard. 
198. Line 16 from bottom--for 76.00, read 74.00. 
211. Line 9 from top--for that of 1-5 of clay, read as much as 1-5 of cla$1. 
~I3. Line 16 from top--for ltine de Grit, read tiivo.dc-Gilr 
219. Table 57, column 3--for clay front Bidoreau, read clay front .Bedouan. 
222. " 60, column 4--for 0.159, read 0.059. 

" " " 5--for 0.019, read 0.059. 
223. Table 61, column las t - for  19, read,79. 
225. Table 63, No. 17--for minerals, read mineral. 
296. Table 64, No. 10--for 09.4, read 59.4. 

" " No. 53--for 293.8, read 239.8. 
227. Bottom line--for three, read thin. 
229. Line 16 from bottom--for instance, read instants. 
232. Line 10 from top--insert the words each renault, before the word un/ess. 
233. No. 19--for Sand,.AYe. 3, read Sand, .N'o. 2. 
239. No. 9, 3d column--for ~, read ~, 
242. Line 25 from bottom--for 1.70, read 1.10, 
264. Line 8 from bottom--for 11.29, read 1129. 

" " 7 " for 22.58,read 2258. 
" " 4 " for $0.37, read ~0.037. 

247. Line 16 from bottom--for Haningue read Huningur 
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