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INTEUNAL NAVEGATION, 123

used for deagpging the hoop and bug along - tne boztom,
and: for -hauling the same upto the sm‘iac
muanat the.pole finds that the bag is full, he begms 0
pull instead'of pushing by the pole; this i is ‘the employ=
mentat Woolwichof a great number of convmts, i
steadof their being transported - Solid matters o 1
when they happen to need e'icavaung, below the
that the water can be drawn off to, or the ebb of the '_
seem to require all the skill and resousces of the engi-
neer.

* It may not'be uniateresting to the reader; to learn the
ﬁplmon which:was cnteitamcd by the great Brindicy,
{who'is cmpgatxcdliy stiled the father of Buuah camia‘,
on.the subject of-the improvement of river navigations.
He was the greatest enthusiast, (s Siy's P/zzlaz/zs) i fuvor
of ‘artificial navigations that ever existed. +Ha ing
spoken upon-vaprious: cuwmstances of tivers. before
committee of the House of Commons, in which he. seem .
edito treat all sortsof rivers with great contempty 4
member asked him for what purpose. ‘he apprehwded
rivers were created ? Mr. Brindley, considering: within.
himself a moment, replied, % 1o feednavigable cana!s3 ‘
see Inland Navigation by J. Pin!lzjzs, pages 113~14.

s - )

CHAP. XIV.

WATPER-CEMENTS. PUZZOLANA. TARRAS. - BLACK 0X-
IDE OF IRON. ~IRON ORES. WOOD-ASHES, .COMPACY
BASALF.. CENDREE DE TOURNAY.: LORIGT MQRTAR.
NOPE, ON WATER CEMENTS. BLACK OXIDE OF MAN-
‘GANESE., MATERTALS IN THE UNITED STATES.

S the construction of locks ¥ equues th&use of mor-
tar.or cement, which will set, indurate or hamen
vnder water;.a short account ‘of Water Cements, miy
not-be improper. . Although 2 well made mertar, conts
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124 INTERNAL NAVIGATIOW,

posed merely of sand and lime, ifallowed to dry, becomes
impervious to water, yet if the circumstances of the
building are such as to vender it impracticable 10 keep
out the water, whether fresh or sslt, a sufficient length
of tinve, the ise of common mortar must be abandoned ;

for- hme and sand, if mixzed tog‘ethev in any pt‘oportmns,
) ihile soft, into water, willyin-a short time fall

Among the nations of antiguity'the Ronians apneav
t6 -have been the _only people who practised building in
water, and éspeci \m in the sea, L0 any greatextent.—
The bay of Bai, like otr fashionable watering places,
was the summer: resort of all the wealthy of Rome ;
whoy not centent with ereting their villas as. near the
shore as_possible; were accustomed to construct moles,
and form small isiands, in the more -sheltered parts of
the bay, on which, for the sake of the grateful coolness,
they built their summer houses-and. pavillions. ~ They
were enabled to build thus securely in the water by the
tortunate discovery, arthe neighboring town of Puteoli,
of an’ earthy substance, whichy from this circumstance,
was called pudvis’ huteolanus, (powder of Putecli)

Pmeo‘an powder, 6ras it is now denominated puzzo«
s alights porous, friable miveral;of a red coleur,
dlnet v supposed to derive its ovigia from con-
uete_u valeanicashies, thrown out from Vesuvius, near
to whlcb monntain the town of Puateolt is situated. It
ns onsistof a tervuomous dav, aked and calci-
1 fm’m of voleanic fire, and when mixed with
10N mottir; not only enablesit to acquire a remar-
kable-hardness i Lne airybutto bef‘ome as fitm as stone,
even under water. Ihe nni) pxepdrauon which puzzo-
Jania undexgoes, to fit it for use, is that of pounqu and
‘sxftmg,r'l y whichitisreduced toa coarse powder; in this
state being z‘homung beaten up with lime; either with
or without sand, it forms a mass of remarkable temcny,
which spceduy sets under water, and_becomes at lea
as strong us good-free-stone.

1t has'been biéfore obser\ed, ‘that a compositicn of
pure lime and sand alome will not harden under water,
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INFERNAL NAVIGATION, 15

1 :
cﬂne?mn, m the construcuon ot the Ld&ystone b ghL-

hotige, was composed of equal parts by measure f sl
ed Alberthaw lime and puzzolana. .- The ,
chltfes of this undertakmg, exposcd to; ths ,utmost
Kence of the sea, rendered these proportions ad\usab-e :
bot-for works thatave less exposed; such as; locks nd
basons for eanals, &c. the quantity of puzzolam may be
comsiderably diminished. Acomposmon of this kind.
which has been found. very effectual, is'two busbe}s of
slaked Alerthaw lime, one bushel of puzzolana, and
three of clear sand ; the whole being well beaten toge-
thev will yield 4.67 cszlc feet of cement.

‘The Dutch have practised building-in water toa grea-
ter extent than any other nation of modern Europe; and
to-them(is due the msco»ery ot acement admu'ably well
adapted for this purpose, and’ called tarras or trassi—
This is nothmu "nure than wakke, or cellular basalt, dnd
is procured clueﬁv fiom Bock enhum, Frankfert on the
Maine,and Andemdch whence itis Uansported down
the Rhine in Targe quantities to Holland. T his sub-
stance being,” hy grinding aind aftmb, ;educed ‘to the,
consisicnce of coarse sand, is used in the composition of
mortar, with the blue argillaceous lime from the banks
of the Scheldt,in the following method.’ "'k hey take of
the' quick-linte about the quantity. which will be wanted
during a week, and spread it in a kind of basonin a stra-
tum of afoot thick and sprinkle it with water.  Itis v.her;-‘
covered’with a stratum of about the. same thxckne,ss or
tar ras, and the whole suffered to remain for two or’ threa
daysyafter which it is very well mixed and beaten, and
formed inte a mass, which s again left for about two;
daysy it is-tlren taken jn smiall quantities, as itis wanted
for daily cons mnpttm, which are again beaten prevmus
o usmg Thus is composw? thecelebrated tarras mor-
tar with wn‘ul the mounus asd ather CQHS;IQLU_OI}S ‘fgv
the purpsse of protecting the lowlands of Holland a-
gainst £ sea ard cémented,

™M 2
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126 INTERNAL NAVIGATION.

Tarras is {requently used in this country, being im-
ported fromr Holland for that purpose. The propor-
tions of the materials of the tarrus mortar generally
used in the construction of - the best water works is the
same as the Dutch practise..” One measure of quick-
lime, or two measures of slaked lime in dry powder, is.
mixed with one measure of tarras; and both very well
eat together; to the consistence of a paste, ising as lit-
tie water as possible.. Anoiher ka, almost equally
’good, and considerably cheaper,” is made of two mea-
sures of slaked lime, one of tarras, and three of coars
sand'; it réquires to be beaten a longer time than the
foregoing, and produces three” measares and a- half of
‘excellent mortar:  When the-building is constructed
of rough irregular stones, where cavities and- larfre
joints are te be fitled up with-cement, the’ pcbble mor-
tar may be most adv&ntageously appied; this was a
favorite mode. of construction among the Romans, and
has been used ever sinée ‘their time in those works-in
which a Jurge. quantity of mortaris required. Pebble
mortar will be found of sufficiént compactness if com-
‘posed of two. measures of slaked argillaceous; lime, half
a measure of tarras, or nuzzo}ana, ‘one measure - of
coarse sand, one of fine sand, and four of small pebbles,
screened and washied.

It is only under water that tarras mortar: acquires its
m'oper hardness ; for if suffered to dry by exposure to
_the airy it uever sets- into- a substance so firm as if the
same lime bad been mixed with good clean-comzaon.
sand, but is-véry fiiable and cmmbl‘y Ash mortar is
reckoned 1o be superior for works that are sometimes
wet dnd sometintes dry, but tarras has the advantage
when - “consiantly” under water. Tarras mortar when
kept always wet, and consequently.in astate most favor-
able to its cementing prmc1pie throws out a substance
somethmg like the concretions in limestone caverns:
called staluctites, which substance acquires a- considera-
ble- hardness, and in time becomes 20 exube»rant as'to dex
form the face of the walls.
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ENTERNAL NAVIGATION, 127

Although the cellular basalt is the only kind admit-
ted into the preparation of Dutch tarras, yet it appmr
from some good experiments of- Morveau on the sub
ject, that the common compact basalt, if prevmusly cal-
cined, will answer nearly the same purpose:

In. some parts of the Low (,ountmes coal ashes are
Aaubstltuted tor tarras with very goou effect ; of which
the valuable Cendrie de Toyrnay is a smkmg mstance.
The deep blue argilio- ferruglnous Tlimestone of “the
Scheldt is burnt in, mlvs with aslaty. kind of pltawal that
is found in that uelo'hborhood When the calcination
of the lime is completed, the pieces are taken outy and
a-considerable quantity of dust and smail fr agments re-,
i at the bottom of the kiln. Thi consi
of conl ash mixed Wuh about one fourth,of hme duat,
is cad ed the cendiée, and is made mto a-martar with
lime in the following method. -About a’ bushel of the
materials is putin anv suitable vessel, and sprinkled

with wuter Just suﬂi"‘lent to. bl' ke the lime ; 3 ‘anether
‘bushel is then treated in the same way, and s0 On th the
vessel is filled - In this state it remaing some “ eekssv
and may be kep: for a much | longer fime if covered with
‘maoist earth. A strong open trough, containing’
two cubic feet, is ﬁ}leé. about two thirds fall mm the ce-
ment in the above state, and by means of a heavy iron
pf*wv, suep m‘xnd;a ‘fhe enu uf an ehstiu poie, is \Vbﬁ

!am 341 151
drypess of me cﬂll‘ :
again for half an. lmm )
bear.en Lm aszﬁcz mii ue th.

: ¢ this
gsﬂrlod it is ap 0 bscemc rehacton‘y i 4GS ount m the
gvaporation of its water, as' no more of this ﬂdm i e
lowed to enter the. ‘compositicn than what was i hest
employed to, slake the lime. - Thecement thuspr del‘
ec‘i is found to posses the singular advantage of uniting
& few minutes so firmly to/brick or stone, that still
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128 INTERNAL NAVIGATION.

water ‘may be 1mmedlate}y let' in upon the werk with-
out any inconvenience, and by keeping it dry for 24
Bours, it has notlnng Turther to' fear from the most rapid
current.

A composmon very similar to the precedmg in mate-
rials, which are coal cinders and lime, though seldom
prepared | “with any attention, is the blue_ mortar, com-
monly used in London for setting the coping of build-
mgs, and othex‘ works much exposed to the weather.

-Ash mortar is used in some parts of England. Tt is
prepared by slaking two bushels of fresh burnt meagre
lime, and mixing it accurately with three bushels  of
wood ashes : : the mass is to lietill it is cold, and is then
to be well bedten : in this state it will keep a considera-
ble time without injury, and even with advantage, pro-
vided it is thoroughly beaten twice or thrice before it is
used,

The scales, or black oxyd of iron, which are detacli-
ed by hammering red hot iron, and are therefore to be
ptoeured at the forges and blacksmith’s shops, have
‘been long known as an excellent material in water ces
ments ;. ‘but we believe that Mr. Smeaton was the first
person who made any accurate experiments on their
efficacy, comparcd with-other substances. The scales
being pulverised and sifted,and incorporated with lime;
-are found to produce ‘a cement equally powerful with
puzzolana“ mortar; if employed in the same quantity.
Tnduced by the success of - these ‘experiments, Mr.
Smeaton 'substituted roasted iron-ore for the scales, and
found that this also _gave to mortar the property of set-
ting " under water ; it requires, however, to be used in
greater- pmportxons than either ‘tarras or puzmlana 5
two bushels of argillaceous lime, two ‘of iron ore; ard
one of sand being carefully mixed, preduce 3. 22 cubic
feet of cement fully equal to tarras mortar. 1fthe com-
‘mon white Iime is made use of; it will 'be advisable to
employ équal 'quantities of ‘all the three mgredlents
L With' respect to:the water used in'the preparation of
water ccmemﬂ, that of rivers or ponds ‘where it can be
‘had easily, is to ke preferred to-spring water ; but for
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INTERNAL NAVIGATION. 129

works exposed to the action of the sg
light-houses; &c. it is- usually mort
equally: advantabeous in Gther respects. tA 4
ter.

Pum;ce stone, buck, and tlle dust,

are:z also ‘recom-,

a 9;1 eater hamnese in tbe sume ti C
pesed of sund and lime alone, for théy have no powe
xardemng under water.

“The Loriot maortar is a composition which has. ac-
qmred considerable ceh,Lmy in [xance,» '
employed in same large work : inver

mpxe nf thls mvenuon consxs{s m addmg to any quaml-
ty: of mortar ‘made in the usual ~ lime.
‘hut prepawd rather thinner than usuaL a certam pr“-’
portion of qmck lime, in_powder. The lime powder
being weil incor porated with- thé mortar, the mass heats,
and in a few minutés acquires « consistence, equal to
the best Paris. piasrer, and is as dt'v 4t the end of two
da_,rs, as an om nary ceiment aﬁer seveml months It
also, when the mgtedwuts are well proporuoned sets
without any “cracks. The quantity of lime powder 1o -
be added varies from 1-4 to t-8 of the other materials,
according to the qualities of the lime ;- too much burns
and dries. up the mass, and wn;h too little 1t loses its pe-:
cullar advantfxges ; thus the pnopm uons, a pomt of the.
utmost importance, canorly be determined by experis
ment. Itis its speedy desiccation which rendered the
Lori mt mortar useful as. a water. cement, for under water
it has only the -common’ properties of a composition of
lime and sand of equal solidity ; indeed for this purpose
varions substances, commonly used in cements, are rep
commended ta be added, such as brick and tile powder,
and forge scales. The following is an approved re-
ceipt. One meuisure of bricks exactly pounded, WO
measures of fine river sand, old slaked lime in sufficient

STP 1494 page 136



1306 EINTERNAL NAVIGATION.

quantity.to make a mortarin theusual manner and suf-
ﬁcmmly hquxd 10 ouench the hme pawder-which isadd-
ed in about the same ‘quantity as thie pulverised brick.

NOTE.
. 'txp'l to the wafer cements abeve memmncd ihe

) eto expel thg cars
Nhen tins mizture has been well caleined
, be worked into the gohsistenge of:a-
;,‘s'c‘)'ft' baste  With susty parts: ‘of svashed sand.: Ifa. 1ump
-af thi ;cemem be ‘th ow[‘zm,o &be watev 1t wxil hax‘den

ss_px‘)ense, by mmmg wuh common
€ idanuw »of what are calied the

of ‘water-cén

&5 'm Pt ,J‘szzoia azj and {wrha;)s ex-
ceptce}!uhz ‘

yasulyy exist in s>reat nbund?nce, inthe
, 11 (,rv‘:’cam:os u A doubt v al]d thh ré-

tel rateﬂ mrx'asma 'tﬁr, xt is vely pmba '1'e, conmdermg
b c:f Om’ cou‘x;"", and the \'dmetles of our soil,

: ; from thc pure.w Iwne h e
e b d m oumamn‘ \’Vashmgt@’n County, to theblue
arg haceous and éy -ferruginous . Lmd, ‘commonly
' y by the namve of bastard limestonk,
,'ﬂe 10. 1emcdk, that we have for ge
oxide of iron. in almost any guantis
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INTERNAL WAVIGA'TION, 131

ties ; and .iron- ores. exist in such abundance, that it
Would be superfluous to designate the places where they
may be found. Several of the States produce pit:coal
in considerable varieties; and wood ashes are in- great
plenty, and of trifling value, inall parts of . the country.
The writer of this has, in his possession, agood speci-
‘men’ of the black oxide of - manganese, breugnt from
Benmngton inthe State’ of WVermont; where it is sald to
exist, in great quantities, and there is but little doubt,
that it may also be found in various other parts of the
United: States.: But perhaps the: Lompact basalt would
be the cheapest material for a water- cement that could
be procured in the State of New-Yoik.: and ‘we have
enough of this material, in -one places.to supply the
United States. ~The well kno»m rocks; or cliffs, caHed
the Pal[zssadoes, which form a part of the west bank of
the Hudson river, below the highlands, are entirely
composed {of compact basalt. . This; when burnt hke
lime, and pulverised, communicates to the mortar with
which it is mixed, the pmperty of hardening under wa-
ter. It may be pulverlauﬁ by the Iermg of a heavy cir-
cular stone with a horse, in the same mabner astanners
grind bark § or by the sirapie hydraulic machine, with
which gypsum or p;as:er of Paris 1s broken into smail
fragments before it is ground.

Basaltes or basalt is of 2 gray, blue; 'or purplish black
color, destitute of lustre or. ﬁ';mqpqrency, commonly-
presentmg atexture compcsed of granular concretions,
and is found in large masses of a regular form, general--
ly columnar. LCO]‘(L"}g to Klafirothyitis composed of
44.5 silex, 17 alumine, 20 oxide of iron, 9.5 of lime,
2.6 of soda, and 6 wanganese -and. water, See Chem-
trad Catechism page 438,
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