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Sect. V.—BRIEF OBSERVATIONS ON COMMON MORTARS, HY-
DRAULIC MORTARS, AND CONCRETES,

WITH SOME EXPERIMENTS MADE THEREWITH AT FORT ADAMS, NEWPORT HARBOUR,
R. I. FROM 1825 TO 1838.

BY J. G. TOTTEN,
ILt. Col. of Eng. and Brevet Col. United States Army,

CHAPTER XXIIL

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

Daring the progress of operations under my direction in the construction
of Fort Adams, in Newport Harbour, Rhode Island, many experiments
were made with mortars exposed in the airs giving, in some cases, results
quite interesting.  The results are too limited in number and restricted in
variety, to justify the deduction of general principles; stiil they afford some
hints that may be deemed worthy of being followed up.

The following tables contain these results in a very condensed form;
but before giving the tables, it is proper to make some observations oh the
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: )

Ast. ¢Smithfield Lime.””—From Smithfield, 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. “Thomastown Lime”—From Thomastown (Maine.) This isalsoa
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 of the neighbouring
towns of Lincolunville, and Camden, may prove to be hydraulic. The richer
varieties slake promptly, giving a large bulk of slaked lime.

8d. Fort Adams Lime. This is made from a ledge of whitish transi-
tion liziestone found within the domain of the Fort. The stone is very
fine grained and compact, exceedingly difficult to break, and crossed in ail
directions by three veins of whitish quartz. The ledge is a bed, or large
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nodule, in graywacke-slate. Aftercalcination it yields, by sluggish slaking,
a lime decidedly hydraulic. A little of this lime, after being siaked, was
made into a cake of stiff 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 73 days, a wire : of an inch in diame-
ter, loaded to weigh 1 1b., made no impression on this hydrate.

Three modes of slaking the lime were tried in these experiments, namely:

1st. Slaking by Sprinkling.—In this mode, water, in quantity suflicient
to slake the lime to dry powder, but not enough to afford moist powder, was
sprinkied upon the lime. The lime was not made into mortar until it had
become cold.

2nd. Slaking by Drowning.—In this mode, water enough was given, in
the first place, to reduce the lime to a cream of such cousistency as to
afford mortar-of preper*‘emper” for common use withoutany further addi-
tion of water, provided the mortar was made upimmediately. ~ If the making
the mortar was delayed,a further supply of water becane necessary.

3d. Air.slaking.—1In this mode, lune, reduced to pieces about the size
of a waluut, was left in the 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 of small particles of lime, that being imperfectly, or not at
all, slaked in the first instance, it was alinost impossible, by any amount of
labour afterward, to break down and mix with the rest. The mortar mill,
hereafter described, reduced these refractory particles better than any of
the ordinary modes of acting upon limes but not sufficiently, without an
unwarrantable amount of labour.  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 gives a
perfectly 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 hydraulic cement were employed—
namely, a kind that will be here designated as hydraulic cement A, which
was supplied from the State of New York—another kind, called hydraulic
cement B, supplied from a different manufactory in the same State—and
“Roman (or Parker’s) cement,” imported from England.

The experiments will show a material difference 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 two first mentioned had been
calcined within a few weeks. Between these two, there was also a marked
differences 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. Itis 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 abserbed from the cake by bibulous
paper, until it will just support a wire % of an inch in diameter Joaded 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, and covered iminediately with water. Ii the specimen be
very hyaraulic, it wiil set almost instantly; if not very hydraulic, it may
require days, and if but slightly hydraulic, it may require weeks to harden,
In order to have some invariable measure of what we call sefting, we have
always used a wire g4 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 be 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 in 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 ook 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 benefited. A simple means of testing hydraulic quality
is therefore 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,
although it may have set in a few minutes. A cement was under trial
which, at the expiration of 7 minutes had set so as to bear the small wire
with the weight of 1 pound—and at the expiration of 15 inutes, 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. It
now hardened very slowly, 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 imimersion; because the sub-
sequent swelling of the lime, breaks down the indurated mass; and, remov-
ing the hydraulic particles beyond the sphere of mutual action, prevents-any
useful effect from the remaintng hydraulic power. The slaking the lime
should, therefore, 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 powder—perhaps leaving it exposed to spontane-
ous slaking for the requisite time—and perhaps throwing on a.small quantity
of water, 1n order to slake the lime, and then exposing the cement to heat
for a short time, so as to drive off the water absorbed by the hydraulic con-
stituents. This last mode is suggested by the following 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 upenit. A

STP 1494 page 141



230

little 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 office, enclosed
in paper, for about three weeks, required six hours to harden in water,
while 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.

Sand.

Several kinds of sand were used in the experiments, namely:

Sand No.1.—This is the kind habitually used at Fort Adams in stone
masonry. It is entirely free from dirt, and the particles, though unot very
sharp, are angular. Separated mechanically, it was found to consist, in
100 parts, in bulk, of

particles from } to -1 of an inch in diameter——about 10.00
b

do. 5 to .;12 do. do. do. 5.00
do. 5 to L do. do. do. 48.00
do. £ to dust do. 45.00
do. dust mostly silicious—no dirt do. 4.50
100 parts in buik producing do, 112.50

Sand No. 2.—Is the above sand freed from particles larger than J5 of an
inch.

Sand No. 3.—Is the above sand freed from particles larger than % of an
inch.

Sand No. 4.—Is sand No. 2, pounded very fine after being freed from
dust by washing.

Mortar Making.

With a view to a thorough incorporation of the constituents, at a small
expense, and in order, at the same time, to break down the refractory par-
ticles of lime before mentioned, a mortar mill was coustructed at the comn-
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) moving in a circular trough fifteen inches
wide at the bottom—the diameterof the circle being about twenty-one feet
The lime is slaked under the wheel, and ground until, with suitable addi-
tions of water, it has become a homogeneous paste sufficiently dilute to
make mortar of the ordinary consistency. The requisite quantity of sand
is then gradually sprinkled in, as the wheel isin motion, The draught is
easy to the horse until near the last; when, for a few minutes, as he is giv-
ing the last tarns, after ail the saud has been thrown in, it is rather heavy.

It was found convenient to use three batrels of lime to each batch of
mortar.

The three mortar mills of Fort Adams were competent to supply in one
d?y 8077 cubic feet of mortar, at a total expense of $0.087 per cubic foot,
VizZ,
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105 casks of lime, at 81.52 per cask, & 159.60
2094 bushels of sand, at $0.04 per bushel, 83.76
Carting sand to will, 80.12 for 20 bushels, 12.56

8 horses and 3 drivers, at $1.50 per day, 4.50

6 labourers, at $1.00 per day, 6.00

1 cooper at $1.00 per day, 1.00
Other small expenses say 058

——

Total cost of 3077 cubic feet of mortar § 268.00

or $0.087 per cubic foot, It appears that the expense of making the mor-
tar was $12.08, being about I of a cent for a 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, of course,
cost wore.

The above statement refers to mortar made without addition of any hy-
draulic substance. But such mortars are now pever used at Fort Adams.
Hydraulic cement, or burnt clay, or brick dust, or some other similar mat-
ter is added to every kind of mortar made at the work, in proportions vary-
ing with the purpose to which the mortar is to be applied. The poorest
mortar 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
the sand, and while the lime is being reduced under the wheel.

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

T'rials of the Strength of Mortars.

The strength of mortars as regards tenacity, was determined by measur-
ing the force required to separate bricks that, having been joined by the
mortar, had been left, for the desired length of time, in some place safe
from frost or accident, ‘

‘The bricks were joined in pairs, being crossed at right angles thus,
so that, supposing each brick to be 4 inches wide, the surface of
=] contact would be 16 square inches. The real surface, or surface

of effectual contact, was, in every case, found by actual measure-
ment. The mortar joint separating the bricks was made about
of an inch thick: and,in order that this mortar should 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 the bricks may be got from fig.9, PL. II,
where @ 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 ave embraced by the piece of iron ¢, ¢, suspended from the steel-
yard d. The force needed to separate the bricks, is applied by pouring
sand, at a uniform rate, into the bocket 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 force 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 621lbs.—equal to 19§°.
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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
02008 of an inch area,) which the mortar would support. This mode of
trial is represented in fig. 10, Pl. II.  The circular surface at the extremity
a, presses upon mortar still adhering to one of the bricks. The arms of the
lever b, are of equal length, so that the upward force at ¢ is equal to the
pressure at @. 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-
city, 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 inortar: on the other hand, it would sometimes
happen that the surface would be left too ragged and uneven for this trial:
and in several instances this test seemed to be entirely inapplicable—the
mortar beginning to yield with light weights, and continuing to yield more
and more as the weight was increased, 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 resistance—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 application of naterials, in the construction of a work of some
magnitude, then being begun. One series of experiments, however, in-
volved another and another, until the series becaime estended and the exper-
iments too numernus 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
Fort Adams.

The following table exhibits the mean resuits of all the experiments made
from 1825 to 1852; comprising seven series. The time of exposure of the
1st series was 5 months; of the 2nd. series, 10 months; of the 3rd, 10 months;
of the 4th, 5 months; of the 5th, 10 months; of the 6th, 25 months; and
of the 7th, 11months. In the lst series, there were 2 pairs of bricks to
each experiment; in the 2nd, 3 pairs; in the Srd, 3 pairs; in the 4th, 1 pair;
in the 5th, 4 pairs; in the 6th, 2 pairs; and in 7th, 3 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 3rd column, whether the bricks were wet or dry when joined
together; the 4th, the number of series of which the results are a mean as
to tenacity; the 5th, the fenacity, 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 Aardness; and the 7th, the pum-
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,

Tenacity. ||Hardness.
_l;} w & . » &
No. |Nature and Composition of the mortar.| » | * 2 fg 2s| £ Remarks.
2 ° D = =
5152 5|5y <
AEEIE R
z%8 75| =
1 |New York Hydraulic ce-
ment B, alone . w i 1326
2 do. do. do.
A,alone . . W | 5156.2 4 [1053
3 |Roman cement \Parker’s
English) alone . w | 1(18.5] 1260
4 do.  (do.) alone D 1122.6]] 1412
5 |Lime alone w | 1105 1| 98
Hydraulic cement A in
6 powder . 1 1 . 1
{sm No 3 50§ | W 1j6r9) 111055
Cement A do. 1 6 3l 510
7 Sand the same 1% w 40.3 &
Cement A do. 1 5 |33, 41918
8 Sand the same 1.50} w 331
Cement A do. 1 2
9 Sand the same 1.50} b 30.4/ 11765
Hydraulic cement A in
10 powder . 1 3 3
Sand No. 3 ) 2% w 17.5 670
Cement A do 1 2
11 13 Sand the same 3§ | W 3pos 367
Cement A do. 1 7 i
12 [ng‘le slaked to pow- ‘} w!l 2.6 3] 573
\ er .50
{_Sand the same 1,50
Cement A do. 1
13 |< Lime the same .50 w | 4120.1} 31 509
Sand No. 2 2
Cement A do. 1
14 {{ Lime the same 1 w | 4128.8) 3778
Sand No. 2. 2
Cement A do. 1
15 Lime the same 2 w 4 117.1] 3 | 545
Sand No. 2 4
Cement A do. 1
16 |< Lime the same 2 W| 4 16.2] 8| 267
Sand No. 2 6
Cement A do. 1
17 {4 Lime in paste, .50 W 1444 1| 765
Sand No,2 1.50
Cement A 1
18 |4 Lime in paste .50 D | 1154.7] 1] 915
Sand No. 2 1.50
Cement B do. 1
19 gSand No. 3 1} W 2 18.9
Cement B do. 1
0 13 Sand No.2 1.50% W 1(8.4
Cement B do. 1
21/ sand No. 2. 2f (w2 14.7
30
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Table No. LXV—Continued,

Ne.

22

23

24

25

26
27
28

29

Nature and Composition ofthe mortar.

Bricks wet or dry.

Nunberof series
affording the mean,

Tensxcity.

Mean tenacity.

Number of series
affording the mean

{Hardness.

Mean hardness.

Remarks,

{Cement B do. 1
<' Lime in powder slak-
Y ed .

{_Sand No. 2
Cement B
Lime the same
Sand No. 2
Hydraulic cement B in

powder

£ Lime slaked in pow-

der

{ Sand No. 2

Cement B

Lime the same

Sand No.2

Roman cement

Sand No. 2

Roman cement

Sand No. 2

Roman cement

Sand No. 2

Roman cement

Lime in paste

Sand No. 2

Roman cement

Lime in paste

Sand No, 2

Lime in powder

Sand No. 3

Lime in powder

Sand No. 3

Jime in paste

Sand No. 3

Lime in paste

Sand No. 3

Lime in paste

Sand No. 3

Lime in paste

Sand No. 3

Lime in paste

Sand No. 3

Lime in paste

Sand No. 1

Lime in paste

Sand No. 1

Lime in paste

{Sand No. 1
Lime in paste

-

.,
(53
(=)

do.

O b

-

P

(03
e O [= X SN - &)

OO O R
B ey rtr O
SO oS T

e
[

-

2.50 a
2.50 a
250 a
2.50 a

LA LA v b v iy b M) M i v Ay A v o s A e o A ey

WHMMNMHWURWOHORWEHROORED © OHO

2 Sand No. 1

w

w

w

w

w

(%)

EYEES

18.1

-
o

(=
S W0
o

—
(%]
(%]

X

15.
12.8

14.9
13.7
16.2
35.8
26.6

[ R N

(%]

>
~1
s

Made with a hoe.

Made in mortar mill.
do. do.
do. do.

do. do.

%Lime different.
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Observations on the Experiments of Tuble No. LXV.

1st.  Generally, 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—uwhether it was cement A, or cement B, or Roman cement, was the
stronger, as the quantity of sand was the less. In 24 comparigons, 3 excep-
tions.

In 13 comparisons of fenacity, 2 exceptions.

In 11 comparisons of hardness, 1 exception.

20d. It appears that with cement A, or cement B, any addition of sand
weakens the mortar. In all the cement experiments, except one, composed
of Roman cement 1—sand £ (No. 26,) the 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 speci-
mens of cement, some of which were of inferior quality; while the result
givenin No. 6 is of one trial only, and that of a cement proving to be the
best used; the particular result of No. 2 which corresponds with No, 6-—
that is to say, which was afforded by the same specimen of cement, gave
for tenacity 74.7 Ibs. and for hardness 1063 lbs., while No. 6 shows a tenacity
of 61.9 Ibs, and a hardness of 1055 lbs.

3rd, 1t appears that when cement mortars are not required to be the stron-
gest that can be made—a little lime 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 fluid than usual, the
mortar was betler, both as to TExaciTY and HARDNEss—in five cases out of
seven, than when the bricks, being wet, were pul logether with mortar of com-
mon consistence.

In the next table there isa comparison of the three kinds of lime—of the
- three modes of slaking, of various proportions of sand—of the effect of wet
and of dry bricks on the mortar, &c.

In most cases 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.
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Table No. LXVI,

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

Bricks wet. Bricks dry.
Tenacity Tenacity.
per square | Hardness. || per square| Hardness.
. inch. inch.
& | Nature and composition of the |——— - ——'Remarks.
z mortar. % 2a % 2 g 2 lpg g 22
E1S2| 2 |SE ) E182| B|8:
g 1w g g -« g g | g E « 8
S lBel% (5ol % l&) 583
S |<E|g |SE) S |<E| 9 |=°
Ibs.|Ibs. | Ibs.| Its. || Ibs. | Ibs.|Ibs.| Ibs. ]
Paste of Smithfield lime 3
1 slaked by prowwinGg 1
%s“d No. 2 1 $120.4142.8) 119) 220 2
Lime the same 1 &
Sand No. 9 2¢[15.218.8) 130 207 5
Lime the same 1 8
Sand No. 8 3$[12.6]16.6] 182 232 5
Lime the same 1 o . ; s
Sand No. 2 4} 13.2/16.4{ 85} 203 3. .
Paste of Thomastown lime <3
5 slaked by prowwnixe 1 o &8
Sand No. 2 1 11.3/38.3} 216] 300 40.3 355 é.%
Lime the same 1 o o .
Sand No, 2 2% 17.1:38.3) 123 273 39.1 310 £2
(Paste of Thomastown =
7i lime, slaked by DROWN- ] g
ING 1 » <9
Sand No. 2 3} 24.7127.6 265 240' 38.00 220 || & -
Lime the same 1 @ Sz
Sand No_ 9 a$15.1217) 214 210)  lss.al  faos A
9 Paste of Fort Adams Eme 9
A sigked by prowNING 1 B8
Sand No, 2 1 13.4,21.9| 105! 273 34.0 186 E §
10| § Lime the same 1 } w
0 Sand No. 2 2 9.9/18.8] 68} 175 22.5 110 ';g.g
11| § Lime the same 1 } ’ I
Sand No. 2 % 12.6/22.7] 75| 93 22.8 187 EE
12| § Lime the same . o R
Sand No. 2 4% 9.6/11.5 92| 93 21.4) 1102 | '@
‘Paste of Thomastewn =
1 lime, slaked by SPRINK- X 5
1Y 1iNe }
LSand No. 2 % 26.8/49.1] 259) 798 40.6 787 g
Lime thesame . avoil  ©
143 gt N 5 2% 26.4/35.6| 225| 666 s7.3 3702l @
Lime the same 173 is6.315 o
153 Sam No. 8 ig 6.357.0] 285| 392l  |26.2] 625 §
Lime the same :
16/ 3 Sand No 2 4} 25.2(31.0 289 313 38.0 347
( Haste of Fort Adams lime
17 <' B slaked by senink- g
LING 1 32.9/47.8] 446] 900 56.7] 620

Sand No.2 1
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Table No. LXVI. Continued.

Bricks wet. Bricks dry.

Tenacity Tenacity
per square | Hardness. || per square | Hardness.
inch. inch.

Nature and Composition of the |
ortar. i

] Remarks.

After 6
months.
After 4 years
and 5 months,
After 6
months.
After 4 years
and5 months.
Atfter 6
months,
After 4 years
and 5 months.
After 5 years
and 5 months

Ibs.

-
o
w
=
1)
—_—
o
I
-
o
£

,
(9]
"
Gy
kN
Qe
[
[N
(o5}
(2]
(=]
Q 9
[3 -
T
«
>
o T
(=2
S ¢

1g/ § Lime the same
Sand No. 2
Lime the same
19 {Sand No.2
20 Lime the same
Sand No. 2
%Pasla of Smithficld lime

™
[e57
0O
Ny
[
—
Eo]
(M)
=
(%51
[Vl
3
e
-
)
[
D
(o))

Y
w
3
(=)

'y
[l
O
'
[V
Ui
™

52.6

[
[
[~

21 AIR SLAKED
Sand No. 2
Lime the same
Sand No. 2

gPaste of Thomastown

22.4 126
2

[ )

2§
3§
1§
1§
§ 9.9 85
By Jacamguse g
%Lime the same ;E
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Observations on the experiments of Table No. LXVIL

1st, Within the limits of the experiments, whatever was the mode of slak-
ing, or the kind of lime, the mortar was the stronger as the quantity of sand
wes 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 the table, ]
1limein 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 5 cases of tenacity,
and in 1 case of hardness,

1 lime in paste, to 5 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 prowNING, or using a large quantity of water in the pro-

cess of slaking, affords weaker mortar than slaking by spriNkLING.

In 24 corresponding cases of the table-—The quantity and quality of the
materials being alike: and there being no other difference thanin the modes
of slaking the lime.*

Lime slaked by sprINKLING, gave the best mortar in 22 cases of tenacity,
and in 24 cases of hardness.

Lime slaked by prowninc, gave the best mortar in 2 cases of tenacity, and
in O case of hardness,

The average strength in all the 24 cases in which the lime was slaked by
drowning was, as to tenacity, 25.79 Ibs., and as to hardness, 187.00 lbs.

While the average strength in all the 24 cases in which the lime was slaked
;;y sprinkling was, as to tenacity, 38.65 lbs., and as to hardness 417.33
bs.

The relative tenacity then is as 1 to 1.62; and the relative hardness as 1
to 2.28.

3d. The experiments with air sLARED LiME, were [00 few to be decisive—
but the results were unfavourable to that mode of sluking.

Average strength of the mortar made of air-slaked lime as to tenacity 20.80
Ibs., and as to hardness 202.18 Ibs.

Average strength of the corresponding mortars made of lime slaked by
drowning, as to tenacity 27.10 Ibs., and as to hardness 207.50 Ibs.

Average strength of the corresponding mortars made of lime slaked by
sprinkling, as to tenacity 46.70 lbs., and as to hardness 553.83 lbs.
4th, The mortars were very materially stronger at the end of 4 years gnd 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, 22.54 lbs., and as to hardness
166.53 Ibs., and at the end of 4 years and 5 months it was, as to tena-
€ity, 35.45 lbs., and as to hardness 367.37 lbs.

The relative tenacities 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 of Fort Adams lime
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Tth, The tenacity of mortars seems to have been increased by using dry
But the hard-

39

bricks, and making the mortar alittle more fluid than usual.
ness of the mortars was rather the greatest when wEr BRICES were used.

In 21 corresponding instances, wet bricks and mortar of common consis-
tency gave the best results, as to tenacity, in 5 instances; and, as to bard-
ness, in 12 instances. Dry brick and mortar more fluid, gave the best re-

sults as to tenacity in 16 instances; and as to bardness, 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

square, 6 inches long and 4 inches 1n the clear between the supports.

-.:;, s Lime from the same barrel. & g Lime from the same barrel.
= - D B T o =3 = Pr=) = ) A b
2 1z 2 5 g 1T (5§ | sE |28 | & |28
242 | |5 |gks BREE |53 % w2 |3
312 8 w« 1 Slxe |3 1§ [<f |3 |EZ g |22
M-y c R =2 23 L~ g a2
PEER a 3195~ Im |~ [ SFE |2 - 2 g =3P
== @ ja 15 Sl | | |8l [2Sx 78 g =%
Egig e & | BISc5 18 15 | %e2 =8 (&3 E |22
%518 o | 2ig LgEC IS |2 | SEx | B3 w8 2 z2
gl 1R8|-1E |28 |8 |8s% [~ s 2 Cw - 5
g ¥~ S| & £ 1g9% s il F -] g & e 35
&z ol R ) [ @ =S o2 z.o0 S o= 3 = - 4
T |REl2 Byl 815,12 8B |3%l8 | 355 | =% | 84 8 g2
S o L EE S 1258 lux Sxl® | HUE o, RS @ 28
a SEle [T B I1BS | B lessS ey | 205 |84 ) 58 e ot
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SlIZEIZ|EZ |35 5 EED E4|Fn BB 3.3 EEZ)| 82 |Tis
Slsl=si= 52 € 2| E €82 (S2i281 5 ZEE (223 | 54 [ x5X
= Eand - BRI, w'm m |m =5 —_— B | =3 _-= S2ws
- & EREEIR- B R S R = Qe [ - -] ® o R
ISIEl2lEI5E 25T £ E52 B85 BifEE zed 2si| g |gsl
RN LR N N I i -
111 $1497.370| 323
2] 1 £1562(502
31 1 1635:525] 703|206
41 1141782!516
501 14|707|721(11251483
6| 1 1%\783712
711 2 1844/694{ 9841452
81t !4 117 103 {115]197
911 43 351 220
10,1017 3 155 164 (178211}
11171 | 3 337 173 [155(412
120y 31 469 295
15) 1y 131 426 178 {206|328
14 13 1 {14 328 305 11871469
150 1] 1 13 295 295| 267 2061426
16/ 1) 1 113 33 305 [206351
171 1112 548 511
18/ 17113 417 454| 455
19/ 17 1 |4 389 455 520 806
01115 492 548] 530 633
214 1{ 146 576 553] 649 862
2011 1 206{141] 401 286 253 286
W a1 155{129; 412 225 244
24| 31 1 12201731 356 160 159 244
4 1 131} 89 286 169 150 220

Observations on Table No. LXVII.

It results from ihis table, and from the tables from which it has been

abridged,
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Ist. That in mortars of cement and sand (no lime) the strength is gener-
ally greater as the quantily of sund is less. In $3 comparisons, 12 excep-
tions.

2nd. Zhat in mortars of sand, cement and lime—the lime remaining the
same in quantity, the mortars were stronger as the quantity of sand was less
in proportion to the cement. In 57 comparisons, 10 exceptions.

8rd. 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 52 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 of 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 prove this
to be true with reference to mortars made thin. These results were afford-
ed by the experiments but are not included in the above table.

6th. That in miztures of lime and sand in variots proportions, the mortar
was generally stronger as the lime was slaked with less waler.

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 afforded by the experiments, though not included in the table.

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

8th. That sand freed from dust by washing and then pounded fine, gives
much better mortars, than a sand composed of particles of every size from dust
(no dirt} up to grains {; of an inch diameter. 1In 21 comparisoas, 2 excep-
tions.

9th. Many experiments were made to ascertain whether of two cements
of the same tmanufactory, the difference being, probably, only difference 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 somnetimes 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 Ibs,,
and the lime slake spontaneously during three months, the weakest mortar,
represented by 202 Ibs. 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 being represented by
3864 1bs. It 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.

11th. Mortars of cement and sand in which bitter-water alone was mix-
ed (Bitter-water being the mother water after the separation of muriate 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 11, 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 injurious; 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.

12th. Mortars of cement and sand are injured by any addition of lime what-
ever, within the range of the experiments; that is lo say from sand 1, lime &,
and cement 1; to sand 1, lime 1, and cement 2. No exceptions in 67 com-
parisons.

13th. Stone-lime, in the proportions iried, 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. LXVIII.

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,

Lime slaked
No. sang No. fﬁep:sz?gga'i’g Cexiem Mortar. Grout.
. paste. .
1 2 1 N 2 30.12 17.19
2 2 1 4 § cé: 33.33 17.84
3 2 1 L £ 31.35 15.13
4 2 1 I |r,E2 | 3214 | 2514
5 2 1 z g 41.06 21.42
6 | 2 1 1 )5 39.64 | 34.68
7 | 2 1 I 22.94 | 2308
8 2 1 4 ] g 23.38 14.22
9 2 1 %. S 3 27.07 12.67
10 2 1 i KK 29.93 16.96
11| 2 1 3017 1 3379 | 221
12 2 1 1 J= 36.69 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.

It will be seen that, in every case but one, the grout was much inferior

31

STP 1494 page 153



242

to the mortar. The average strength of all the mortars in the table is
51.78, and the average strength of all the grouts is 20.06

Changes of bulk on slaking lime—making mortar, grout, §e.

A great many measurements were made of the changes of bulk in the
operations of slaking lime, making wortars, &c., and the results, as might
be expected, varied with the qualities of the lime. The following condean-
sation of the results may be useful.

trials. varying from
1 lime and 1 water made, as a mean, 2.25 of powder. 27  1.56 to 2.97
1 do. £ do. do. 1.74  do. 4  1.55to0 1.83
1 do. 3 do. do. 1,81 do. 4 1.63 to 1.95
1 do. 1 do. do. 2.06 do. 4 1.77t0 2.39
1 do. 254 do. do. 2.68 of thin'paste. 3 2.50 to2.82
Slaked by drowning.
1 do. 1.70 do. do. 1.98 do. 6 1.73t02.36
Slaked by sprinkling.
Lime in powder. Water.
1 0.40 made, as a mean, 0.66 thick paste. 2 0.65 to 0.67
1 0.50 do. do. 0.76 thinner paste. 19 0.67 t00.94
1 lime air-slaked gave, as a mean, 1.84 powder 3 1.57 to 2.41

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 months, still measured 1.00,

1 trial.

Sand.  thin paste. cement. mortar. trials, varying from,
1 2 00 made, asamean,1.17 13 1.06 to 1.21
1 58 0.125 do. 1.25 23 1.70 to 1.50
1 55 0.25 do. 1.87 3 1.29 to 1.54
1 61 0.35 do. 1.43 3 1.38 to 1.57
1 72 0.50 do. 1.60 2 1.50 to 1.70
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 1.40 0.25 do. 2.20 1
1 1.28 1.00 do. 2.36 1
1 1.00 do. 171 1
1 2.00 do. 2.14 1
1 50 00 do, 0.32 water, made 1.27 grout.

1 50 0.062 do. 0.45 do. do. 1.50 do.
1 50 0.125 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. 6t do. do. 1.88 do.

202 of mortar with 87 of water made 290 of grout.

213 do. 87 do. do. 305 do.

430 do. 180 do. do. 604 do,

467 do. 201 do. do. 660 do.

430 do. 180 do. do. 620 do.

495 do. 176 do. do. 664 do.

553 do. 180 do. do. 711 do,
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CHAPTER XXI1V,
Observations and experiments on Concrete, &c.

It was ascertained, by careful measurement, that the void spaces, in 1 bulk
of sand No. 1, taken from the middle of the heap, amounted to 0.35: the ce-
menting paste, whatever it may be, should not be less therefore, than one-
third the 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 obtain, at this rate, an amount of cement paste equal to the voids (0.33)
in the sand, will require, therefore, 0.528 cement in powder, and 0.185 of
water, or

Dry sand, 1.000
Cement in powder, .528 » making a bulk of 1.000 of mortar,
Water, .185

It 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 experimeats
indicate that the mortar would be stronger with a smaller proportion of
sand; but possessing the minimum quantity of cementing constituent,
which is by far thie 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 very hdrd, and never showing the slightest crack. An excess of
cement, and a very slight excess of 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—esxperiment
showed that one bulk of stone fragments (nearly uniform in size, and weigh-
ing about 4 oz. each) contains 0.482 of void space. To convert this bulk
of stones into concrete, we, in strictness, need use no more mortar than
will fill this veid space; and to compose this 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 follows:

Stone fragments about 4 oz. each, 1,000 okine a bulk
Sand No. 1 . . 482 '> of 1.000 of
Cement in powder, . 255 7 Concrete
Water, .089 J )

Obtaining thus a cubic yard of concrete by the 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. We have found that clean gravel,
quite uniform in tle size of the pebbles, which were about half an inch
in average diameter, afforded voids'to theamount of 0.59. And Mr. Mary,
a French Engineer, used pebbles. probably mised of coarse and fine, of
which the voids were 0.37. The above allowance of 0.482 for void space
is therpfore 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 measurin
the void spaces, will be found, probably, than measuring the quantity o
water thatcan be poured into a vessel already filled with stone fragments,

ebbles, 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-
conting 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-

lete.
P 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.

Whenit 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 stop at the above proportions.  This substance
may be rammed between, and upon, stones of considerable size—the only
indispensable precaution being, to make sure that the stones are perfectly
clean, 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, 1.000 Bulk of
Sand No. 1 . . 0.500 {_concrete, a
Cement A, in powder, . - 0.280 ,> little more
‘Water rather more than . 0.100} than 1.000.

Esperiment 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
cubic 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, B 590.24

STP 1494 page 156



245

Brought over, B 590.24
There were 151 days labour, applied to making
mortar—making concrete—iepositing the concrete in
its proper place, ramming it into a compact mass, and
doing all other work required in the operation.

151 days at § 0.92. . 138.92
Supervision . 10.00
Cost of 115.52 cubic yards, B 739.16

Cost of one cubic yard § 6.40

8prings 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 hydraulic, and very strong. In that case,
the bulk would not have been altered, but would have been as before,
115.52 cubic yards. We should have used 954 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 cust of 93.5 barrels of cement and 58.43 barrels of paste of lime.

93.5 barrels of cement at  2.45 & 229.07
58.43 do, of paste of lime at 8 0.60 36.06
Amount saved $193.01

4 739.16,less  193.01, equal $ 546.15; the cost of 115.52 cub. yards.
Cost of one cubic yard ® 4.75.
Another Inslance.

Proportions—Clean gravel, 1.0007)
Sand No. 1, .530 ! Bulk of concrete about
Cement A, in powder, 430 ,} 1.15
Water about, .140J
This was rammed into a mould of the capacity of 13.786 cubic feet.
Cement A, 4.35 struck bushels at  0.59 cost B 2.57
Sand No. 1, washed 5.44 do. “0.04 .22
Gravel 10.00 do. % 0.04 .40
Cost of all the labour, . . 1.03
Total cost of 13.786 cubic feet, B 4.22

Being $ 0.306 per cubic foot, or $ 8.26 per cubic yard.
This became very hard,and is a very good substitute for stone, in certain
applications.

Another Instance.

Proportions—Clean gravel, 1.0007
Sand No. 1, .625
Cement A, in powder, .333
Water, about 125

This was rammed into a mould of the capacity of 7.812 cubic feet; and
the whole cost was 8 2.15, 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.

Another case.

In this instance, a box containing 7.812 cubic feet was filled, first, with
pieces of a stone of slaty structure—Ilaying the pieces on their beds; a grout
was then poured in, until all the interstices were filled. The composition
of grout was as follows.

‘Washed sand No. 1, 1.000
Cement A in powder, 1.000
‘Water, . 910

The whole cost was $2.40—being $0.31 per cubic foot—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 eon-
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 of columns—the Doric echinus, abacus, &c., thus form-
ed many years ago, resist the climate well, although less perfect than we
should now be able to produce,

All our exzperiments concur in showing that much sand weakens cemnent
mortar essentially; at least when exposed to the air. The improvement to
be applied to' the foregoing proportions should consist therefore, if the ex-
pense be no objection, 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 of water will suffice to converta dry and powdery heap, if
well worked, intoa thin paste. Cements vary in their capacity for 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 stiff paste, with a Ztile free wa-
ter on the surface: a state to which it can be brought with difliculty 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 the quantity 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 $6.40; make the dry cement
to equal the sand in bulk, and the expense per cubic yard will be about
$10.00, all other proportions remaining, as they ought, the same. .

In the preceding proportions it has been supposed that the concrete was
to be used in the air, and that nothing would prevent the free use of the
rammer. But if the concrete is to be deposited under water beyend 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 instrumnents, 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 time—it must become
hard speedily; and to attain this end, the materiais at command may de-
mand proportions quite different from those required to Ell the voids in the
sand.

The following instances are derived from the practice of the French.

M. Mary, Engineer des Ponts et Chausseés, states that he ascertained
the voids between the stones to be .37 of the whole bulk—that filling .90
parts of a box with stones, .10 parts-+(,37 X.90=,33)=.43 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 oot 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 .15+ (.37 X.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 the top. M. Mary
1s not aware that so large a proportion of sfones 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:

Stones, .87 7
Sand, .225 |

Brick, or tile dust, .225 Total bulk 1.000

Feebly hydraulic
lime in paste % -
Water, J
Orr— Stones, 1.0007)
Sand, .259
Brick or tile dust, 259 115
Feebly hydraulic% 953 ¢ '
lime in paste Mt
paste,
Water, J

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

Pebbles, 697

Sand .40 |

Hyd;aulic lime in paste, .22 ':>Bulk 1.00
Water,

As to this case M. Mary observes that it is probable 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 to only about
.09. This would be about 13 per cent. only of the measure of the pebbles, in-
stead of 37, found by M. Mary, himself, in thé 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, 1.00
Sand, .58 +Bulk 1.45
Hydraulic lime in paste, .32
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To found the pier of the suspension bridge communicating between la
Gréve and V'ile de la Cité, at Paris, a concrete was used which was much
more hydraulic than those just mentioned. It was thus composed:

Fragments of Buhrstone, 1.007)

Sand, .50 |

Factitious puzzolana of M. St. Leger, .25 >Resulting bulk 1.50
do. hydraulic lime do. 25
(unslaked) : J

. 2.00

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 whotle
pier to support; and before the concrete was four months and a half oid
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, 1.00 3 Bulk 1.63
Hydraulic lime .33)
Io another case, these proportions were used, viz:
Siliceous pebbles, 1.00
Tile dust and brick dust, .28
Fat lime made from chalk used at the Bulk 1.34
moment of slaking——wmeasured as s6 (o0 T
quickline, |
Water, more or less, .53
Another case.
Rounded gravel about the size of a hazle-nut, 1.000
Mortar, . . 0-500§ Bulk 1.15
The mortar being composed of brick-dust, 1.00
Slaked lime, in powder, 1.00
Sea-sand, 1.00

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 Guétin, which conducts the Loire canal across the Al-
lier, is composed of 18 arches of 531 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 bridge.

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 the
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 22,000 cubic yards.

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

The following is the composition of the concrete:

Stone fragments, 1.000

Mortar, 1.000
The mortar was composed of sand, 1.50
Hydraulic lime measured in powder, 1.00
Artificial puzzolana of M. St. Leger, 0.50

And the puzzolana was formed by calcining, at a heat not great, a mix-
ture of four parts of earthy clay measured in paste, and one part of fat
lime measuretfin the same way——the mixed pastes being formed into small
prisms, dried in the sub, 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 mixture was
tried with the test wire, and was found to.be very uniform~about half an
hour being required for the setting. This cement had been on hand about
four months.

The lime used was Fort Adams’ unground lime. It 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

assed through a hand paint-mill, by which it was made very fine. It
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-
ite fragments, angular, average weight of each 4 oz.; 2d,.brick fragments,
angular, average weight 4 0z.; 3d. stone-gravel, made up of rounded pebbles
from 2 to 2 of an inch in diameter; and, 4th. brick gravel, composed of an-
gular fragments of bricks from 4 to 1 inchin 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 wag
.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 witn as small a quantily of water as possible.
On this account, the mixture of the constituents was probably somewhat im-

erfect; 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. It was,in every case,

32
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consolidated by ramming into boxes that afforded rectangular prisms of con-
crete 12 inches by 6 inches by 6 inches.

The prisms were made in December 1856, aud being kept in 2 damp-
place, safe from frost and accident, were broken in June, July, and Au-~
gust following. In breaking the prisms the two edges of the supports were
9 inches apart, leaving 1} inch resting at each end: weights were applied,
by adding about 60 Ibs. at a time, to a scale-pan suspended from a knife

edge which bore on the middle of the prism.
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Observations on the experiments given in the above table.

It 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 the 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 mor-
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.

Ist. When the mortar was made of cement, sand, and lime, 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 sand and 0.25
of lime without sensible deterioraiion; and as much as 1.00 of sand and 0.25
of lime, without great loss of strength.

2d. 4 mortar of cement and sand does not seem to be improved by the add;-
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 tkhe addition of a small quantity of lime.

8d. Two measures of mortar, in concrete, are better than one measure; that
15 t0 say, @ 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 30 comparisons, 7
exceptions. Nevertheless, the 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. Tt is not improbable that the voids may be perfectiy 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. The results of the eszperiments recommend the several compasi-
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 1 do. 3.
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.

Sth. It appears that the best material to mix with mortar to form concrele, is
quite small, angular, fragments of bricks: and that the worst is small, rounded,
stone-gravel.

6th. Grout, poured amongst sione, or brick fragments, gave concretes inferior
to all, but one, of those obtained from 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 it—there being 9 inches

2

between the supports. According to the formula P—.:.—R.—‘%'—,‘* ptisms  of

* In this formula P is the weight causing fracture, ¢ the distance between the sup
ports, a the breadth, and & the depth of the prisms.
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this stone of the size of our prisms of concrete, would require the weight
of 12,396 lbs. to break them; whence it appears that the strongest prism
under trial, was, after eight months exposure, half as strong as this sand
stone,

CHAPTER XXV.
Some 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 proportions 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 Smithfield lime, of the best quality, was
taken, and the lumps broken into pieces of about the size of a pigeon’s egg.
These being carefully screened, in order to get rid of all dust and fine
lime, and carefully intermixed, in order to obtain uniformity of quality
throughout, were slaked by the affusion of water to the amount 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
No. 2, sand No. 3, and sand No. 4.

In making the mortars, just enough water was added to the slaked lime
taken 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 mani-
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 lbs. 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, 1838. And they were broken on the 1st of July,
1838, 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 makeit stronger, only the maximum
result of each experiment is given in the following table.

It may, however, be well to state that precisely the same inferences are
deduceable, 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 15th of May, 1838 (50 days.) 'The results show the
weights, in pounds, required to break prisms of mortar 6 inches long, by
2 inches by 2 inches: the distance between the supports being 4 inches, and
the power acting midway between the supports.
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Composition of the mortars. bl bl Lot 1. 'f |
—~8 | NE |58 |48 ]
;8 ;e 3 8 3@ . 8 s @
SE1S8 |58 88 5% |58
B | mE G eS| =B
SR | 5B 5252 5% |23
nNE Pk (s e ] wnw
Lime in stiff paste 1-—Sand 0 262%
do. 1 do. 3 224 | 2204 | 2483 | 3533 | 1923 | 2343
do. 1 do. 3 2134 | 2344 | 2344 | 2414 | 210 1993
do. 1 do 1 2483 | 2204 | 2274 | 2344 | 1783 | 1783
de. 1 do. 2 1644 | 19934 | 161 1784 | 140 1783
do. 1 do. 3 1574 | 189 1854 | 1574 | 119 119
do. 1 do. 4 126 | 22747 1573 | 1363 | 1013 | 154

Observations on the experiments 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 it would seem from table No. LXV .that from one-fourth to one-half of
sand may be slightly beneficial.

8rd. 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
(sands No. 3 and 4;) in 36 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. Itis 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 12 comparisons. The aggregate strength of all the
prisms made of coarse sand and salt water was 2674 Ibs.; while the ag-
gregate strength of the corresponding prisms of coarse sand and fresh wa-
ter was 3174 Ibs, And the aggregate strength of all the prisms of fine
sand and salt water was 2800lbs. while the aggregate strength of the cor-
responding prism of fine sand and fresh water was 3546 lbs,
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DESCRIPTION OI' THE PLATES.
PLATE I

Fig. 1. a, a, Prism of mortar under trial.
b, b, Iron stirrups, supporting the prism.
¢ ¢, Iron collar, embracing the 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.
Js f» Timber, to which- the stirrups are attached,
&, Scale pan, in which the weights to break the prism are put.
Fig. 2. h, Interior of the furnace.
1, Door of the furnace.
k, k, Chimney
I, Register.
m, m, Arches, under the hearth, in which the fuel is placed,
n, n, Conduits, to lead the flame and a current of air into the furnace.
Fig. 3. o, Plan of lime kiln.
Py Py Nut of the kiln.
¢ ¢, Steps descending to the doors of the kiln,
r, Steps, up which the materials are carried to the top of the kiln.
3, 8, Doors of the kiln,
t, t, Portions of spherical arches leading to the doors of the kiln.

PLATE II.

Figs. 4, 5, 6,7 and 8, represent Mr., Petot’s ‘“‘curves q{' energy” of fat

lime, hydraulic lime—plaster-cements—calcareous puzzolanas, and clay.
Fig. 9. a,b, Half staples, driven into the floor.

J; & A pairof bricks vnited by mortar.

¢ ¢, Iron piece, embracing the ends of the upper brick, and suspended
from the steelyard.

d, Steelyard. )

¢, Bucket, into which sand flowed from the trough.

A, Trough.

i, Floor.
Fig. 10. a, b, ¢, Iron lever, with a steel point at a to impress the mortar

J on the brick g.

d, Steelyard, connected with the lever a, b, ¢, at c.

¢, Iron rod, from which the steelyard is suspended.

A, h, Uprights, supporting the rod e.

i, Uprights of iron, supporting the fulcrum of the lever a, b, c.

FINIS.
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90.
91.
101.
10s.
lo7.
[
109.
110.

112,
122,
129.

"
133.
134.
1386.
137.
[ 1]

138.
139.
142.

146.
147.
149,
156.

157.

ERRATA.

—

Line 29 from top—for Berard, read Brard.
Table 4, last column—for 22 lbs, read —22 Ibs.
Table 8, No. 3—for 1 day required to harden in water, read 14 day.
8th line from bottom—for pharmaucicur read pharmaciex.
Table 9, last column, 2 lines from bottom—for 197 lbs., read 187 lbs.
Line 6 from top—for one-fifth, read one and a half grammes.
Table 10, No. 5—for 1 day, read 15 days.
“ No. 10—for 24 days, read 25 days.
Line 3 from top—erase the ; after the word lime,
Table No. 11, No. 2—for 3-10 of pipe clay, read 2-10.
Line 5 from bottom—for 1-10 read 2-10.
Table No. 14, 8th column—for 96 read 396.
o “ for 3d read d.
~ 11th %  for 86 read 385.
Line 14 from top—insert tbe word ¢Ae, before the word tAres.
Line 4 from bottom—for table read tables.
Bottom line—insert the word good, belore resistance.
Line 3rd from bottom—erase up.
Last line in the note—for 194 Ibs., read 191 lba.
Table No. 22, No. 12—for dust of clay No. 9, read dust of clay No. 8.
Line 20 from bottom—for Haguenau,read Haguenau.
Table No. 23, No. 9~-for same clay with 1-6 do., read same clay with 1-4 do,
o ¢ 6, in last column bit one—for 15, read 25.
Table No. 24, Nos. 15 and 16—for Kilbsheim clay, read Koldsheim clay.
Line 13 from top~for vigerously, read rigorously. :
Line 15 from bottom—for the bad mortar, read the last moriar.
Line 15 from top—for are as follaws, read cost as follows.
Line 12 from top—for preparation, read proportion.
Table No. 28, No. 15,last column—for 405, read 385.
Line 24 from bottom—for aftach, read atlacks.
Line 20 from top—insert the word dissolved, after the word Aad.
Line 6 from bottom—for nearly, read merely.
Line 17 from top—insert the word always after the word not.
Line 2 from top for thorough, read thoroughly.
In the table, last column—for 0.3500, read 0.5300.
Line 2 from top—for lamelles, read lamelles.
Line 6 from top—for poured, read formed.
Line 10 from top—for mor/ars, read matters.
Line 11 [ [ €«
Line 17 ‘¢ for dificull, read different.
Line 13 from bottom——tor le mortar que, read le mortier qui.
Line 9 from top—for that the lower, read the lower.
No. 3 of table 32——for 1 of lime and 1 of sand, read 1 of lime and 2 of sand.
Table No. 33, No. 1—for 50 lbs., read 55 lbs.
“ When 22 Ibs. occurs in the table, it should be preceded by the
negative sign.
Line 6 from bottom—for Table No. VI, read Series V. 6.
Table No. 34, last column--for 10, read —22.
Table No. 35, Nu. 4—for 262 Ibs, read 242 Ibs.
Line 21 from top—for shotwe, read shew,
Line 2 from bottom—for Jrticle XIIL, read Chapler XIH.
Bottom line—for Article, read Chapter.
Top line—~for JArticle, read Chapter.
Line 16 from top—for XX VII, read XXXVII,
Line 7 from bottom—insert the word sn after the word cement. and erase the
comma.
Line 2 from top—for should, read would.
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Line 18 from bottom--for pieces, read piers.

Line 17 ¢ do do

Line 9 from bottom——for leas?, read last.

Line 12 from top—substitute for or, the words such as.

Line 16 e substitute for wrong, the word advantageous.
Line 7 ¢ for amelioracion, read amelioration.
Line 7 L ~ for work, read works,

Line 22 from bottom—for ¢rass,read copper.
Table 48, last line—for calcined, read meited.
Line 4 from bottom, and in every other case where the word occurs——for plas
tic cements, read plaster-cements.
Line 27 from bottom—insert the words sfone of the, before the word Pousily.
Table 51, 3d column—for 54, read 51. 4th column, for 51, read 54.
Line 5 from top—for cases, read causes.
Table 52, 7 line from top—for one-half of guartzose sand,read one of quarsze
sand, and in the last column, for 12.31, read 13.31.
Line 10 from bottom—for Biard, read Brard,
Line 16 from bottom—for 76.00, read 74.00.
Line 9 from top—for ¢hat of 1-5 of clay, read as much as 1-5 of clay.
Line 16 from top—for Rine de Geir, read Rive-de-Gile.
Table 57, column 3—for clay from Bidoreau, read clay from Bedouan.
“ 60, column 4—for 0.159, read 0.059.
“ o 5—for 0.019, read 0.059.
Table 61, column last—for 19, read 79.
Table 63, No. 17—for minerals, read mineral.
Table 64, No. 10—for 09.4, read 59.4.
“  No. 53—for 293.8, read 239.8.
Bottom line—for three, read thin.
Line 16 from bottom-—for inslance, read instants.
Line 10 from top—insert the words each result, before the word unless.
No. 19—for Sand, No. 3, read Sand, No. 2.
No. 9, 3d column—for }, read %,
Line 25 from bottom—for 1.70, read 1.10«
Line 8 from bottom-—for 11.29, read 1129.
& “ for 22.58, read 2258.
“« 4 “ for $0.37, read $0.037.
Line 16 from bottom-—for Haningue read Huningue.
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