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ON THE “ECONOMIC ANGLES” OR PROPORTIONS OF FRAMED CONSTRUCTIONS.

ART 1.—To ascertain the most economical or best arrangement
of the parts in any construction, we must, in the first place, de-
termine what are the qualities chiefly desired in the particular
circumstances. It may be that we have to attend to the conside-
ration of cost alone, or weight of atructure, or its bulk, or some
particular combination of these qualities, and which is to be ren-
dered a minimum. ‘

Let, then, a represent the cost or weiglht, or bulk of such a
quantity of any material as will be capable of conveying a unit
of stress through a unit of distance; thus for example, a, may re-

t in some of these forms the quantity of material contained
I a tie-rod measuring one foot long and capable of safely with-
standing a working stress of one ton. In the subjoined table we
offer some approximate values of a for various materials used for
ties and struts, but these are given more for the sake of affording
a clearer idea of the meaning of the symbol a than for any merit
they may otherwise possess. These values are given under the
heads of cost, weight, and bulk—those under the first head must be
varied to suit the prices in different localities. When regard is
had to more than one of these qualities, the value of @ must be
modified accordingly; thus, for instance, in the case of an elevated
structure to be erected abroad, and where it will be exposed to
es, we must not alone consider the simple cost of the fabric in
etermining upon its proportions, but must also have regard to
bulk on acoount of the ter resistance to the wind, and the
greater expense for freight and painting.
Table of the values of “‘a” for Ties and Struts ome foot long subjected to
a working stress of onme ton.

a when oost | a when weight | a w

Material, &c. is alone is alone ¢ uh%'n'on:“

£ Sterling. Tons. Cubic Feet.
‘Wrought Iron 0-0060 000030 0-0014
Wire Rope 0-0075 0-00018 0-0009
Steel ... 0°0050 0-00012 0-0008
Rope ... ... 0-0090 0-00030 0:0104
Fir Timber ... 0°0013 0-00017 0-0104
Cast Iron . 0-0100 0+00100 0-0046

StrUTS.

Cast Iron, short ... ... ... ..| 0-0014 0-00014 0-0007
Do. 20 diameters in length ...| 00035 0-00035 0-0018
Wrought Iron, short ... ... ..| 0-0075 0-00038 0-0018
Do. 20 diameters in length ...; 0-0100 0:00050 0-0023
Fir Timber ... ... .. .. ..[ 0°0026 0-00035 0-0210
Do. 20 diameters in ... 0°0040 0-000563 0-0315
Brickwork of moderate height ...| 0°0060 0-00700 0°1400
Granite ditto... ... ... .. . 0:0042 0-00105 0-0140

Again, the values of a given in the table are for the simple tie
or strut without any addition for those joints and extra stiffening
framings which vary with the length and stress of the piece. The
correct value a, to be used in the formule must be made to in-
clude an allowance for all such added parts. Those parts which
do not so vary, but are of a fixed amount, do not affect the ques-
tion of economic proportions, and are therefore excluded from
the calculations. )

2—The standard of merit, in an economic sense, of any mate-
rial when it has to resist longitudinal stress, or in other words,
its relative value in framed constructions when it has to act as a

strut or a tie, will be represented by % . Andif in a strut or

tie the total stress be represented by P, and the length by L, then
the total cost or weight or bulk (whichever may be denoted by a),
of the one strut or tie, in so far as that affects the economic angles,
will bo=A=PLa. .

Now, the object sought in the following investigations is to re-

* duce the sum, which we may put =A, of all the values of a for

the several parts of a structure, to a minimum.
A=a,+2,+A5 &e.=P,Lya,+P;Leag +P;Llya; &e.
3.—To show more clearly the use of the table and symbols, let
us take the example, Fig. 1, where w is a weight of 10 tons, sup-
rted by the mutual action of the wrought-iron tie wc 10 feet
ong, and the timber (fir) strut wb. The cost alone to be considered,
amf all parts beyond the points w, ¢, and b, to be constant, and
therefore not taken into account in the calculation of the economic
value of the angle 8.
By the table we find the value of a, for the iron tie=£0006,
also, a, for the strut=£0.004. Now (in Art 9 following) we have
this formula for the value of angle 8

B/\/aa’

substituting the above values of a, and a, we get angle 8=57° 41'.
and a=32° 19’ ..
Stress on strut wb=1w sec a=11.83 tons, length of wb=10, sec 8=18'71
Stress on tie wc—=w tan a= 638 tons. ore,
—§ A=PLjg= 633%10 x0006=0380) _ ..
A= { +,=P,La,=11'83% 1871 X 0:004=0855 § =1 265
Of course the total cost would require an addition to be made to
this to cover the expense of fixing in the wall, the ends, and the
connection at w; but this is not the subject of calculation here.
Should some other value than §7° 41’ be énsisted on for the
angle B, a more or less augmented value of A would result, as
shown in this table :—

1
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Angle 8. Cost, or A.
65° 0 1-324
57° 41’ 1-265
45° 0 1-400
80° o 1:963

4.—Let abed, Fig. 2, be the whole, or the half of a framing, and
let its duty be to support the weight . ab is a horizontal strut,
de a borizontal tie, b a strut inclined at an angle =¢ to the tie
de, and bw is a vertical tie or suspension rod.
Let the values of A for de, ab, bw and b¢ be ively = A A
Let the values of a for the same be respeetl- d = ;,2::: G:
Then we have:
A=wcot ¢X(m4n).ay
AJ T43=w cot X m .Gg
+a=w Xn tan ¢.ag
+a,=w cosec p Xn sec ¢.a,
Dividing by w, differentiating, dividing by d¢, putting the result
=0 for a minimum, and transposing, we get
may+nay+magtna, _na,+nay,
sini¢p  cos’p
m
tan ¢ =/\/; (@, 4a)+a+a, ... ... .. ...Q)
a;+a,

When @ for both ties is the same, we may substitute a, for ay; and
when a for the two struts is the same, we may substitute a, for a,.

whence

Fig. 1.
When such is the case, we have

-_— m *
tm¢—/\/‘;+l ess  ees  see  ses -..(2)

And if m= n, $==54° 44’ as in Fig. 3
» m=3%n, $=50° 46’ as in Fig. 4
»y m= 0,¢=45° 0'asin Fig. 5
When the framing is deprived of the tie bw, the weight v being

[Jan. 1, 1862

m
tan ¢= \/'T“”“‘ e e e e (8)

a0y
And when a;=ay,, this becomes

. [ mgn
m¢=vn+n? VPR ()

3
And if m=2n, and e;—a,, $=40° 54 as in Fig. 8.
y m= o,’ and a:=:: ¢=35° 16’ as in Fig. 9.
When the framing is deprived of both the ties dc and bw, for-
mula (1) becomes

tm¢=/\/§- 24 0

And if m=2n, and a;= 2a,, $=65° 54,
,» m=tn, and a,=0'8a,, p=49° 48,
And when ¢,=a,, the formula becomes

tan ¢p= n B R ()
which is identical with (2).
And when m=3n, $=>50° 46 as in Fig. 10,
m= 0, ¢=45° 0’ asin Fig. 11.

b
5.—If upon the same base line, having alength = 2 (m+n), we
draw a series of frames given by the formula %;) of Art. 4, with
a variety of values of m and n, we get such a combination as is
shown in Fig. 12.

Now it is evident that the curves Pb,bgb,, &c., and Qb;d,, &c.,
forming the locus of the point b, are such that if n be taken to

represent the abscissa Pw, then the ordinate byw will be=n tan¢,

but by formula (2) this=n , /™+"  squaring this and di-
n

viding by the abscissa n, we get m+n, or §PQ. The curves are

therefore bolas having eters — m+-n, and their apices

at Pand Q. From formula (1) we get the parameter for the

more general case

7 A \‘ .. 3)
P v \\i\\\ ik
\, “
\, Q
-\ \
12. 13. 4. 15.
then imposed at the point b, formula (1) becomes _m(al+a,)+n(al+ﬂ_) @)
=¥,

tan ¢ = /\/ ’;(a,-}-a,)-}-al-}-a‘

a4
And if a, be taken=a,, this becomes:

—— e

tan¢=,\/(%'+1).(:—;+l) e e e ()

And if m= n, and a,= a,, $=63° 26'

)]

» m=in, , a;=2a, p=64° 46’
, m=3n, , a,— a; $=60° 0'asin Fig. 6.
» m=3in, ,, a,=}a, p=56° 19’
, M= 0, , &= a6y ¢$=>54° 44™as in Fig. 7.

y M= 0, 5 6,=}a, ¢p=50° 46
When the framing is deprived of the tie de, formula (1)
becomes

And the parameter for any particular case is obtained by squar-
ing the expression for tan ¢ and maultiplying by n. Thus in the

case having formula (4), the parameter =(m+n).( % + l), and
]

when a,=a,, this becomes = PQ, according to which Fig. 13 is
drawn.
m+n

The equation (6) gives parabolas having parameters = + ay
]

and when ay=a,, this becomes =3PQ, according to which Fig.
14 is drawn. The equation (8) has the corresponding parameter
=m+4n=4PQ, as in Fig. 15.

6.—When the structure shown by Fig. 2 is inverted, it becomes
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that shown by Fig. 18; and the ties and struts are respectively
changed into struts and ties.

All the formulwe already given might stand as they are, and be
applicable to this new arrangement, if wo changed the applica-
tion of the symbols a,a,a; and a,; for instance, making a;, not the
value of a for the tie dc in Fig. 2, but its value for the strut de¢ in
Fig. 18. It will, however, be better to retain the symbols a,a;a
&c. for the values of a for ties, and aja.a, &c. for struts. ‘And
all the change required in the formuls will be the substitution of

7

16.
for a,, a, for a;, and vice versd. We now then have the values
:f a for ab, de, be, and bw respectively, equal to a,, a,, a,
and a,, for these parts the values of A will also be respectively as
A,y Aﬁ Ay and A, And the general formula (1) of Art. 4 becomes

for Fig. 18
tan ¢p= ,\/ %(“1+¢:)+“n+“s

. (1)
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(ay+a,p*+a5+ay") dH+2a,Hpdp+-2a,Hgdg = 0.
Let g be constant, and we have (p+4q}dH-+Hdp = 0,

dH H
whence ——=

= " p¥q 3::[ (8,+a,9*+as+a4")d H 424, Hpdp =0,
dH_____ %apH
TN G == at e Fartag’
therefore }% = whence

17.

2,p (p+9) =6, +a9*+atag?, ... ... ... .. (3
similarly  2a, (9+p) = a,+-ap*+a,+ag* e )
ap=ay4, ¢= s;p RO ()}
Substituting this value for ¢ in formula (3), we get
p= %, and similarly g = /\/ﬂ e o (6)
L G

18. 19. 20.
And when a,=a;, and a;=a,, this becomes

tan p=4 /= +1

And if m= n, ¢=>54° 44’ as in Fig. 19.
» m=3n, ¢=50° 46’ as in Fig. 20,
» wm= 0, $=45° 0 as in Fig. 21.
The more general formula for Fig. 21 is

tan ¢p=

. (2

e e e (3)

Making similar changes in the other formulwm, we obtain the
particulars for such framings as Figs. 22 to 28. In Fig. 26, a,
for the upright pieces is assumed three times greater than a for
each of the other parts.

. 22, 28,
We further have a+8=90°.
If a,)= zag, B=35° 16’

u. 25.

» = 46y =39° 14'
» G=l13ag, B=50° 46'
» m= 28, B=54 44 :
8.—When the strut is made horizontal, ¢ becomes = 0; making
this change in (3) of Art. 7, we get

p=\/ﬂﬂ3 for Fig. 30.
a,

If a,=3}a,, angle a=60° 0’
» 6= Gy , a=b4" 44
» 0=20; , a=50° 46
9.—When the tie of Fig. 29 is made horizontal, p becomes=0,

NN .

%

N

26.

7.—Given the bracket arrangement, Fig. 29, consisting of a
tie aw, and a strut wb, to support a weight suspended from the
point w at a given distance cw from the wall ab; required the
values of the angles a and B which will render A a minimum.

The horizontal component of the strain in aw will be equal to
the horizontal component of the strain in wb: let this = The
vertical components of the strains in aw and wb will be respectively
=H tan a, and Htan 8. Let p — tan a, and ¢ = tan S, then

The weight w = H (tan a + tan 8) = H (p+¢)... ... (1)
A,=H sec a.;;seca.al o
A {+A,=HsecB.cwseoB.a,}_ch(alsec’a+a’sec,B)
’ Sec? a=1+4tan? a=1+p?3 and sec? 8 = 1442
Substituting these values, and omitting cw as not affecting the
question, we have
AdH (a,+a,p+ayta,0) ... .. oo . (D)
Differentiating (1), and putting it=0, as not being variable,
(p+9) dH+Hdp+Hdg=0,
Differentiating (2), and putting it = 0 for a minimum,

and equation (4) of Art. 7 beoomes'
9= a————‘:;a’ for Fig. 31.

10.—When p or ¢ has a given fixed value=p, or q,, the value
of the other, obtained from equations (4) or (3) of Art. 7, will be

as follows:
=0/ (142) . 04—,

=/ (1+2) . a+r-n

11.—Given a weight w (Fig. 32) to be suspended bﬁ the two ties
Cw and Dw from tﬁe parallel walls CA and DB. Required the
angles a and B which will render A,+a; for Cw4-Dw a minimum.
he following is an amplification of an unpublished solution of
this problem by Mr. Sang of Edinburgh:— .
Let Ace=m, Bw=n, tan a=p, tan 8=q, H=horizontal com-
ponent of stress in Cw or Dw, 4, and a,—the values of a for Cw
and Dw,




4 THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL

A— { A,=Hseca.mseca.
—  A;=HsecB .nsec 8.a;= Ha,n sec’
w=H(p+9).
Differentiating the values of A and w, we get
dA=dH(GIM+ahmz+m;l-_aM+2Haxmm+2Haqu=0
dw=dH(p+¢)+Hdp+Hdg=0.

a,— Hamseo®’a } = l?‘-(:l;‘i.{-alm

. ' 80.
M’a.king q constant, we get
aH __ 2Ha;mp
dp axm-ghfnp’-l-aanﬂanq’
dH _
From the second -Tp- =" ;¥¢

o 2aymp(pt-g)=a,m+a,mp*+amn+asng’...

. 85.
2asnq(p+9)=a,m+amp*+a’ntamng... @
am
aymp=aynq, and g= asn? ®
Substituting this value for ¢ in equation (1), and reducing, we get

similarly,

=n/ 3" dsimilarly g=A /B e @)
P am and similarly ¢= agn
AC=mp=, /%" BD—ng—, /2™, AC=BDZ-: ®)
1

When a,=a,, then AC=/mn=BD, p=,\/ :'n.— , q=,\/ :?

and as m: AC or BD=AC: n, the angle CwD is a right angle,
80 that i the points C and D be fixed, the locus of the point v
will be a semicircle, as in Fig. 34.

(Jan.1, 1802

‘When m=4n, and a,—3%a,, putting m+n=1, we have AC—=0-612,
and BD=0306 (see i‘Tg 33). When we make one of the parts,
say Cuw, horizontal, p becomes=0, and the formula (2) of Ars. 11
beoomes, after reduction, and making the neceesary changes in

the values of @, ang® = am+tan; .. ¢= :? . :!. + 1, as
4

previously obtained, see (7) of Art. 4. And when any fixed value

%4

.8 33,
in assigned to p or ¢, the economic value of the other will be ob-
tained by substituting the assigned value in formula (2) or (1) of
Art. 11 respectively.

13.—We will finish with this subject for the present by taking
the example of a rigid suspension bridge, Fig. 38. .

Let it be wholly of wrought-iron, and of such moderate span
that the whole strain-producing load may be considered as con-

86. 8T,

centrated at the level of the roadway; let cost be the form in
which the value of 4 is to be considered (the material being
already determined upon).

Now this structure is simply a combination of framings such
as shown by Fig. 21. It could indeed be constructed with fram-
ings of this form made to act indepéndently of one another, ex-
cept where the extremity of one frame transfers half the load to .
the centre of another of larger size. To obtain the general
economic angle therefore, we must take the general formula (3) of
Art. 6 for the Fig. 21, but in assigning the values of a, we must
duly regard the circumstances of the complete structure

- a5+a,
w2 ¢=A/ ata,

a, for all the ties may be taken from the table with only a slight
addition to cover the expense of forgings, joints, &c., say ay=

And if the positions of v be confined to the same horizontal
line, the parts will be arranged as in Fig. 35, the height of the
points C and D being determined by the line wE drawn to the
dotted semicircle.

12.—When the character of the arrangement in Fig. 32 is re-
versed, as shown by Fig. 33, the ties being converted into struts,
the same conclusions are arrived at with the substitution of @, and
a, for a, and a;. There will however here be greater probability of
a difference in the two values of . When a,=a, we have the
structure regulated by the semicircle, as in Fig. 36.

38,

£0°0066: a, for the horizontal top piece we will set down gt
£0°0080; it may be remarked that we exclude from this any con-

sideration of the horizontal bracing, and the additional material
to be added to the top to bear the transverse action of the road-
way, as these are constant, and do not effect the value of ¢. But
a, for the upright struts must be liberally dealt with, and must
be taken to include the transverse bracing to stiffen them; let g,
therefore =£0-0150. We now then have

= o / 0080+0086 . $—30° 96’
tan ¢=A /' 5066 +_0160=08222, & $=39° 26",
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If the above values of a, and a, be retained and
a, be made =00200, the angle ¢=36° 33’

e , =00240, , ¢=34° 38
a, , =003, ., ¢=3I°3¢
o ., =00372 , ¢=30° O

The last value, 00372, given above for a, is 4'65 times that
ssigned to aﬁ for the top piece; there can be little doubt, there-
fore that such a value of a, is in excess, yet with this value the
eonomic angle ¢ is still so great as 30°. Fig. 38, which is drawn
with $=30° would be very generally pronounced as having far
too great a depth in proportion to the span; the eye in this being
misled by the commonnees of the error committed by engineers
when dealing with bridges of openwork construction, of making
the depth too small. On this subject see vol. for 1855 of this
Journal, p. 236.

To exhibit the increase of material in the structure, Fig. 38,
(exclusive of the tranaverse girders, &e. of the roadway platform,
and the horizontal bracing) which aceompanies a wrong value of
¢, let us take a,—0024=3a,; the corresponding economic value
of ¢=34° 38', then by assuming other values for ¢, and calcu-
lating the corresponding value of A by the formula in Art. 4
properly modified,

A—-cot dpa; + cosec . sec dpay + tan ¢ay,
we get the proportionate results given in this table:

Valae of Bpan divided Ptn)orﬂonm
?. rynbept.k Value of A,
34° 38’ 2-895 100°00
30° 0’ 3464 101-61
25° 0 4289 10782
20° 0’ 5495 121-24
15° 0 7-464 14829
10° 0 11-342 208+ 63

The increase shown in the table gives a very inadequate idea
of the extremely rapid increase on the value of A in the case of
abridge of great span, when the weight of the structure itself is
taken into consideration, and becomes the chief part of the load.

R. H. B
—_———

VENTILATION OF DWELLINGS AND HOSPITALS.
(Continued from page 326, vol. xxiv.)

Taus far all the examples we have given are of what is termed
“natural ” veatilation, that is to say, ventilation so arranged as to
depend for its motive power solely on the expansion and conse-
quent increase in lightness of the atmosphere when raised in tem-
perature. The atmosphere around us is always, save under cir-
cumstances of unbearable heat, at a temperature much below
that of the human body; consequently, air which has been taken
into the lungs leaves the mouth, under ordinary circumstances,
at a much higher temperature than that of the atmosphere into
which it is discharged; the time during which it remains in the
air passages and lungs being sufficient to allow of its being raised
to a heat approaching blood-heat.

The expired air, commonly known as “the products of respi-
ration,” is in a very different condition in other respects, as well
a8 in temperature, from that in which it entered the body. It is
satarated with water, has lost a portion of its oxygen, is charged
with carbonic acid, and is unfit if re-inhaled to support health,
while if respired a few times it would become unfit even to sup-
port life. These changes in quality furnish the reasons why it is
desirable the expired air should rapidly be removed from the
neighbourhood of the person who has breathed it. The change
in temperature is the circumatance which nature has so arranged
% to afford, under ordinary conditions of atmosphere, a safe and
certain means of effecting this removal.

In the open air, then, the breath (or the heated products of
respiration) on leaving the mouth, rapidly ascendsto aconsiderable
height, and only parts with its excees of caloric at such a distance
from the earth that it is quite out of the reach of human respi-
miion. In a room perfectly closed the expired air, gases, and
moistare ascend to the ceiling, where, finding no outlet, they
gradually cool—the vitiated air by degrees sinking down into and
mingling with the surrounding atmosphere, the super-abundant

Woisture being condensed in the form of a dense dew upon all the
ool surfaces in the apartment.
rooms farnished with any of the appliances described in our
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former article, the vitinted air ascends to the ceiling, and there
finds an outletchannel,up which its own rarity causes it to ascend
while in many cases (such as that of openingsinto chimney ﬂuus
an y existing upward current stimulates the spontaneous
action of the heated air; a second openin% being inall cases provided
which will afford an adequate supply of air to replace the amount
drawn out.

This then is a brief account of the nature of natural ventilation,
and it will be perceived that two things are essential to it. The
first being an exit at the upper part of the room—the second being
an independent source for the supply of air.

That ordinary rooms in ordinary English dwelling-houses are
not constantly overloaded with vitiated air is, we believe, due to
the circumstance that a “ natural ventilation” of a rough sort
exists in them. The interstices between the floor boards, the
joints of our windows, and the openings round our doors, supply
the inlet channels—the upper part of the space over the fire
opening forms the outlet. It is true that this outlet is not near
the ceiling, and the producta of respiration, after ascending to the
ceiling, have to cool, and to descend towards the floor, mixing as
they go with the unvitiated air in the room, and passing the level
of the mouths of the inmates, before they can possibly reach
the fire-place, but still a fair proportion of these products of
respiration do perform this circuitous journey, and do actually
escape up the chimney; and thus it is that a common open fire
Eromotes s0 much the purity of the air of a room. It seems clear,

owever, that an opening at the level of the ceiling, especially if
the channel into which it leads be in some way excited by the
smproved current in the chimney flue, or be itself that flue, will
dischu}e the vitiated air more completely, and do the office of
a ventilating outlet more perfectly, than any chimney opening.
Upon this then all qood practice in ventilating ordinary rooms
upon natural princi‘p es agrees—namely, the propriety of an outlet
at the upper part of the room.

Onthe question of inletsboth opinions and practice differ. There
can be no doubt that the place where the fresh air might most
naturally beintroduced is nearthe floor,and here accordingly it has
often been att.el:‘pted to bring it in, but there are practical difficul-
ties in the way of any introduction of fresh airat or near the floor,
which seem formidable. We are all aware how much annoyance is
occasioned by the currents entering at the self-constituted inlet-
channels to which we have referred—the crevices at and about
the windows and doors of an ordi room; how in cold
weather the occupants complain of draughts, and how sedulously
they stop up to the best of their ability every inlet for fresh air.
Now it is hardly possible to devise any inlet at or near the ground
level from which a curvent of air will not be perceptible, and from
which, eons:guencly, inconvenience will not be felt. The inlets
recommended by the Barrack and Hospital Commissioners, whose
report we have referred to, are accordingly placed near the upper
part of the rooms, and at a considerable distance from the outll)ets
so that the entering current may have time and opportunity to
mingle with the air in the room, may almost imperceptibly de-
scend into the general atmosphere, and may gently mix with it.

To secure that the influx of air shall be imperceptible is to secare
that it shall remain unchecked—and as evena Sheringham valve,
orsuch aventilator as we figured at page 324,is sometimes found to

roduce a sensible draught, we think the best plan yet proposed for
inlets is that of Mr. Varley, already described, by which the in-
eomin§ current is filtered through a large surface of perforations.
Tt is also worth notice that a larger area given to the inlet will
diminish draught, that is, will diminish the sensible rapidity with
which aiv enters an apartment. Under no circumstances will the
inlet admit more air than the outlet can carry off. If, therefore,
the size of the latter be properly regulated, the former may safely
be made pretty large.

It has been proposed to warm the air admitted into rooms
before its admission, and several very ingenious methods of doing
this exist; perbaps the best, as well as one of the most recently in-
troduced, is a new stove, the invention of Mr. Taylor, in which
air for the supply of the room euters through chambers of fire-
clay which surround the grate.

Plans for introducing warmed air generally fail in avoiding the
inconvenience of dranght, for the air is not introduced, or at least
ought not to be so, at a temperature at all approaching blood-
heat, aud consequently if thrown in a jet or current against any
part of a human body, it, warm though it be, abstracts heat, and
causes a sensation of cold, which is increased if it be at the samg
time abetracting moisture. Consequently it seems clear thag

2
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even an inlet for warmed air ought to be carefully placed, so that
the cwrrent admitted by it sball not be directed against any occu-
pant of the room ; and this being secured, an inlet for moderately
warmed air seems in every way more desirable than one admitting
air at a temperature much below the general warmth of a com-
fortable room. .

Before leaving the subject of outlets and inlets, it may be right
to revert to a simple method of introducing external air, which
has been employed with good results in large rooms, such as
schools, &c.

The air has been allowed to pass in through channels or aper-
tures at the ‘level of the floor, but in place of being allowed at
that level to mingle with the air of the room, it enters vertical
trunks of planed deal, some five or six feet high, and fixed
against the wall. In these trunks it acquires an ascending direo-
tion, and leaving them at a level with, or rather above the heads
of the occupants of the apartment, it mingles with the air of the
room, and descends to the breathing level so far dispersed as not
to be perceptible in the form of draught.

(To be continued.)

———e

THE PATENT LAWS OF AMERICA.

THE publication of the Annual Report of the Commissioner of
Patents of the United States affords an opportunity of com-
E’ill:ag fihe operation of the patent laws in America with those of

nd.

'Ighe form of the report presents a striking difference from the
brief statement annually laid before parliament by the Com-
missioners of Patents in this country. It consiats of two thick
octavo volumes, one of them being entirely filled with engravings,
and the other containing nearly 900 pages of closely-printed
matter. The importance attached to this yearly report of the
pro%reu of invention in the United States is shown by the order
of Congress for printin% 10,000 copies of it for the use of the
patent office, and 40,000 for the use of the members of the house
of representatives. The preparation of a work of this kind
requires no small labour, and it is not usually published until
upwards of twelve months after the date of the year to which it
refers. The report which has recently reached us is for the year
1859, before the breaking out of the internal convulsion that has
now put astop to improvements in manufacturing arts, but up to
that period it exhibits an astonishing increase in the number of
patented inventions compared with the years preceding.

So far as the activity of inventive genius may be considered a
criterion of the activity of trade and manufactures, the commer-
cial industry of the United States had progressed in a prodigious
ratio, for whilst the number of patents issued in 1853 was only
958, in 1868 it had increased to 3710; and in the year to which
the report refers no less than 4538 patents were issued. Nor do
these numbers indicate by any means all the claims for new
inventions, for it is the practice in the United States to submit
all such claims to a preliminary examination, and in some years
the number of applications for patents doubled, and even trebled,
the number of patents granted. The practice in England is to
grant patents to all applicants who pay the fees, the exceptions
to the rule being so few as to be insignificant, and had the same
practice prevailed in the United States the number of patents
issued in 1859 would have been, at the least, 6000, or nearly
double the number granted in this country. The greater num-
ber of patents applied for in the United States is, no doubt,
principally owing to the comparatively small sum for which they
can be obtained, which does not amount to one-twelfth part the
sum that a monoply for fourteen years can be procured in Eng-
laud. Nevertheless, though the work in the American patent
office must greatly exceed that of the patent office in Eng-
land, in cousequence of the preliminary examination of the
inventors’ claims, the receipts considerably exceed the expendi-
:;:re, and in 1859 there was a balance of 35,664 dollars paid into

e treasury.

The Commissioner’s report specifies separately the number of
patents issued to the subjects of the various states which, in
1859, constituted the Union, from which sogne idea may be formed
of their relative manufacturing enterprise. New York is far
above the rest, the number granted to the citizens in that state
being 1237; Pennsylvania ranks next, with 533; then comes
Massachusetts, with 492 ; Ohio, 390; and Connegticut, with 256.
In the Southern States the numbers are com ively few, those

{Jan.1,1862

issued to the citizens of Virginia amounting to 65; to South
Carolina, 15; whilst in Florida and Oregon there was only one
patent issued in each state. An account is also rendered of the
subjects of foreign states to whom patents have been granted,
from which it appears that British subjects obtained 23; those of
France, 16; and the subjects of all other foreign governments
only 8.

the 4538 patented inventions in 1859, one-tenth part was
for improvements in apparatus connected with agriculture;
among which were 93 ‘‘harvesters,” 61 ‘corn planters,” 66
ploughs, 47 “cultivators,” 22 “ corn shellers,” and 36 “seedin
machines.” Articles of domestic economy were abundant ; an
though it might be supposed there was previopsly a sufficient
number of American churns, sewing-machines, stoves, and
washing-machines in the market, a great number of each was
considered by the examiners of inventions to possess suffi-
cient novelty to warrant the grant of separate monopolies,
Thus, in that one year there were added to the stock of patented
inventions 57 new kinds of washing machines, 80 sewing machines,
and 37 churns, Among the warlike inventions, 42 varieties of
fire-arms were J)atenwd, including 12 new kinds of revolvers, and
there were added to the number of destructive weapons two
“centrifugal guns.” Some of the inventions are for objects
peculiarly American or tropical, such as “stump extractors,’
cotton-gins, four kinds of “ automatic fans,” aud tobacco presses;
and, to Judge from the fact that there were nine kinds of * burglars’
alarms” patented in 1859, it must be presumed that burglaryis -
very prevalent in the United States.

'the want of a preliminary examination of the claims of in-
ventors is the crying evil of the patent laws of England, and it
may be assumed, from the great number of patents issued in
America for inventions having the same title, that the examina-
tion is not conducted there very rigidly. Indeed, the Com-
missioner admits that, in consequence of the great pressure of
claims to be examined, and of the deficiency in the number of
examiners, sufficient care was not given to the examination.

Another evil of our patent laws is the precarious nature of the
protection which letters patent afford. If an invention prove
groﬁt.able, the patent is generally infringed either directly or in-

irectly; and among the great number of protected inventions for
effecting the same, or nearly the same objects, it is often very diffi-
cult to determine whether there is suflicient novelty in any one
that may be disputed to give it a claim to be protected. The
difficulty and the cost of establishing a claim in England tempt
the invasion of patent rights, and an invention may be pirated
because the true inventor cannot afford to be at the expense of
defending it. This is a great grievance, of which English paten-
tees have reason to complain; but in America patent pro-
perty is still more insecure, because it is exposed to fraudulent
attacks that may deprive an inventor of his rights by the ad-
mission of prior claims to the ‘“idea” of an invention. The
original inventor, within the meaning of the patent law in
America, is the person who first conceived the idea of the inven-
tion, and the admission of claims so vague opens the door wide to
perjury and frauds. Even in ordinary course of the law, without
assuming the adoption of such practices, great injustice ia fre-
quently practised. One man may conceive an invention,
years may elapse before he renders it practicable, and in the
meantime another, conceiving the same invention, may reduce it
to practice, and obtain letters patent for it before the first
inventor has ever made a drawing or given any description of it.
The first but tardy inventor, observes the Commissioner, by the
aid of the very working machine of his more diligent rival, may
finally succeed in reducing his invention to practice, and then
obtain a patent for the same device, and thus render the well-
earned property of the other perfectly worthless. The injury
thus done to the true inventor by the preference of prior claims
to the idea of an invention is often augmented by the absence of
any provision to secure the testimony of witnesses in contested
cases. Many persons whose evidence is of importance in such
cases, knowing that they cannot be compelled to testify, either
decline to appear as witnesses at all, or govern their conduct by
the money offered by the contesting parties. * The result of this
is, that in such cases the poor are completely in the power of the
rich, the weak in the hands of the strong.” = Defective as are the
present patent laws of England, they will bear favourable com-
parison with such a perversion of justice as may be thus per-
petrated under the patent laws of the United States of America,
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HIS LATE ROYAL HIGHNESS THE PRINCE CONSORT.

SzLpox if ever in the history of this or of any country has any
alamity of a public character seemed to each individual to bear
80 much the nature of a personal sorrow, as thatsad and sudden
event which it it is here our painful duty to record. The surprise
and bewilderment of 8o unexpected a blow as the removal of the
Prince Copsort by sudden death has been felt by us all much as
it would have been had death entered our own {imily circle; and
we have bardly yet had time to take account of the loss to the
country from a public point of view. That this has been the case
is the highest teatimony that could be borne to the personal worth
of the Prince, to the tact with which he comprehended and dis-
charged the requirements of a most difficult social position, and
to the admirable way in which he has headed that domestic circle,
till now unbroken, upon which every Englishman and English-
woman has learned to look with mingled feelings of interest,
affection, and pride.

The Prince possessed in an eminent degree the qualities of a
true English gentleman, and as such, we, the most jealous nation
of Europe, learned to respect him, forgetting—and this we ordi-
narily never forget—his birth beyond our own shores, and
remembering only his unobtrusive courtesy, his unaffected
interest in everything Enﬁlish which it was his duty to under-
take or to support, and his loyal abstinence from all which circum-
stances rendered it undesirable he should engage in. The career
of the Prince was singularly unostentatious; he abstained uni-
fo.rmly from any public share in political matters; and he avoided,
with a ity and a constancy due to a rare prudence and a good
heart, the numberless risks which seem to beset one so
situated. It is only now that we have been led to consider for
ourselves the real nature and difficulties of his position,—facts
of which hitherto no account has been taken, simply because the
whole life of the Prince has been at once so natural and so unvaried
that no one seemed able to suspect that it could have been—might
easily have been different. To this persunal excellence, and this un-
swerving discharge of a difficult duty, the present universal
sorrow is a nation’s tribate.

The loss which the arts and sciences of this country have suf-
fered by the death of the Prince will not be at once comprehended;
the benefit which they have derived from the exertions of his
life will not be soon appreciated; it is, however, peculiarly
appropriate for a journal devoted to those subjects which are
pre-eminently cognate with the arts of peace to draw attention to
the share which His Royal Highness has taken in stimulating the
manufacturing, artistic, and industrial progress of this country.

Personally accomplished and practically familiar with literature,
science, and art, the Prince was well prepared on coming to this
country to take an exact account of our internal position, aud to
seein what directions aid could be given with advantage, and in
what quarters it was needless. W%lll acquainted as he was with
mechanical science, he must have early convineed himself that
many of the staple branches of our industry were too perfectly
understood and too thoroughly carried out to call for interference.
Accordingly, the first, or almost the first subjects to which he
devoted his time and the support of his influence were precisely
those where we were most t{;ﬁcient, and where the influence of
high position and the sanction of royalty might be expected to
be of value—we allude to farming and cottage improvement.
The model farm established by the Prince gave an impulse tothat
movement in favour of improved agriculture which is one of the
most valuable of the present day; and the cow?es built for the
Prince near Windsor, and those subeequently designed for him,
and exhibited in 1851, were equally valuable, as aiding, and that
too at an early day, the important movement, only yet in its in-
fmﬁy, for the improvement of the dwellings of the poor.

ow heartily the Prince concurred in the idea of the Great
Exhibition of 1851, if indeed that idea was not actually origi-
nated by him, is well known. Heacted as President of the Royal
Commission which had the charge of that undertaking, and it
was admitted by those who had the best opportunities of judgi
that, much as the Exhibition was indebted to the position an
inflaence of the Prince, he was even more valuable as a thoroughly
efficient worki:g head, well informed upon every subject thatghad
to be considered, and business-like to an extraordinary degree in
his conduct of atfairs,

Itis probable that one of the objects which the Prince had in
view in promoting the Exhibition was to bring before English
manufacturers objects of a similar nature to those they produced,
but euperior in artistic merit. At any rate, from the year 1851

dates a vastly increased desire in this country for the introduction
of genuine art into articles of ordinary manufacture. To foster
this desire and to promote its fulfilment was the conetant aim of
the Prince during the last ten years of his life, and although his
work in this respect is left unfinished, it has not on that account
been barren of results. Ina recent number of this Journal we bad
occasion to quote from an official document passages showing how
remarkable a progress, in the opinion of French manufacturers,
the arts of design have made iu this country; and how excellent
they considered that machinery for artistic education which has
been here eatablished; and we then took occasion to show how
much of all this is due to the efforts of the late Prince. The forth-
coming International Exhibition will no doubt exhibit the nature
aud extent of this ﬁrogreu most strikingly, and will give a new
impulse to the work. It is a watter of heartfelt regret that he
will be absent from this Exhibition who of all others would have
taken the greatest intepest in this undertaking, and to whom it
would have atforded something of a public triumph, as it no deubt
will bring with it that recognition of the value and the success
of unobtrusive but strenuous and persevering efforts to advance
British arts, as counected with British manufactures, which the
Euglish public has hitherto been more slow to award than have
continental nations.

While, however, we deplore our loss, we do 8o with a regret not
altogether unmixed. The death of a godly man, and such the
Prince undoubtedly was, is never a subject for unmixed sorrow;
the completion of a happy, useful, prosperous career, safely clused
before it had been overshadowed by disease, bereavement, or any
of the hundred forms of tribulation which might have embittered
declining years, or enfeebled prolonged life, is almost a subject of
congratulation; and while deploring that the summer which rob-
bed%?)rupe of her greateststatesman has hardly chilled into winter
ere England has been called to part with her greatest citizen, we
cannot but feel grateful that, like Cavour, Prince Albert, if he left
his work incomplete, was able to labour till the last; that he fell at
his post; that the image we shall ever retain of him will beas he
was in his prime—and that the feeling which his death aroused
waa one of universal, unqualified regret.

THE BUILDING FOR THE INTERNATIONAL
EXHIBITION OF 1862.

THE rapid progress of this buildin{f has been such that it is now
possible on visiting the works to judge pretty clearly of the actual
effect of arraugements which, when we first noticed the work,
were entirely perspective. We gave in April of last year the
plan and an elevation, and in November last two sections and a
perspective view of the west and south front; the illustrations
which accompany this notice exhibit the south front and the in-
terior of the nave or central The greatest merit of the
building is the remarkable clearuess and simplicity of its plan.
It rarely, if ever, occurs that a building of such vast size leaves
so simple and intelligible an impression upon the mind of a visitor
as the great structure now in progress at South Kensington. The
main building: occupies a space of ground forming a parallelo-
gram, of which the sides have almost exactly twice the length of
the ends—the greatest dimension being from east to west. The

icture gallery—a structure of brick—runs along the entire
ength of the south side of this block, and el to it runs a
t central or nave, having two transepts of similar
width and height crossing it at the two ends; these main passages
consequently taking the form of an elongated #=i, as will be seen
bvme?erence to the plan in this Journal for April last.

At the two points of intersection of the transepts and nave stand
the two great domes of which somuch has been said, these being
roofed with glass, while the nave and transepts will have opaque
roofs, but will receive light from a lofty glazed clerestory as shown
in the accompanying interior view. The spaces north and south
of the central passage or nave are ronofed with glass in a very
efficient manner; the roofs being at a level considerably lower than
even the springing of the nave and transept roofs; and the dis-
tance apart of the supports is such that an almost uninterrupted
space will be obtained for exhibition purposes. To complete the
description of the building as it now appears it is only necesuar{
to ads—that to the north lies the great garden of the Horticul-
tural Society, a quadrangle surrounded by arcades, and that, as
this quadrangle is not of the full width of the plot of ground, two
additions to the building, called “annexes,” and forming sheds
of great length in proportion to their width, are thrown out north-
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wards, one from each transept, the gardens lying between them.
In some respects the carrying out is fully equal to the splendid
simplicity of this fine and comprehensive design, but in other
respects it falls very far short. Nothing can be more successful
than the design of the light
wooden roof covering the an-
nexes, orthatof the moresolid
roofing of the nave. The gene-
ral arrangement of the glass
roofs in tie courts north and
south of the naves is also very
good, and the diminished
number of the points of sup-
port is very much in favour
of this part of the pew build-
ing as compared with the ori-
ginal one; these courts resem-
ble a good deal the new and
excellent roof of the Victoria
Railway Terminus.

The most unfavourable con-
trast, however, between the
new building and the original
one, a contrast which the
SydenhamPalacemarks more
strikingly, lies between the
opaque covering of the nave
roof at Kensington and the
glass roofs of the two other
buildings. There can be no
question that, well propor-
tioned and well built as is the
South Kensington nave, it
looksat present depressed and
dark to a degree which is emi-
nently unsatisfactory;and the
idea suggests itself that a
broadskylight along theridge
of the nave (such as exists in
the smaller roofs of the an-
nexes) would atford a wonder-
ful help to the artistic effect
of this part of the building.
The great flood of light whic
will pour down through the
domes, when they are fixed
and the scatfolds struck, may
redeem the central feature of
the building from gloom, and
will, without doubt, produce a magnificent and novel contrast of
light and shade on a bright day; but we think this will not atoue
for the absence of that appaiently boundless height to which we
have become accustomed in the semicircular roof at Sydenham.

The ironwork, though generally well desigued, does not display
the consummate mechunical skill which marked Sir Charles Fox's
work at the Hyde-park building. The mode adopted of sup-
porting the girders g: letting them rest on short brackets, or
stubbs, cast on to the columns, is one which seems at all times

INTERIOR OF NAVE.
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ug, but appears doubly 8o in a building where rapidity of
m is of supgl?a importance, and the extent of which is so
great, for it is hardly possible to secure a thorough inspection of
every casting under such circumstances, and yet a single flaw in
one of the little bracketa we
have referred to would be
sufficient to produce the
most disastrous results,

The exterior, too, does not
show such a mastery over
the best forms into which
common brickwork and or-
dinary roofing can be thrown
aswould have been desirable.
We hear of a proposal for
decorating portions of the
outer walls with mosaics,
and an attempt has been
made to introduce fresco.
We trust neither of these
plans will be carried out.
One-tenth part of the cost
of either of them expended
on the brickwork as it was
being carried up would have
given nobility to whatisnow
poor and meagre. Still, the
exterior hasthe merit of sim-
plicity, and its east and west
fronts seem to promise some-
thing of dignity. Should
either colouring or mosaic
be introduced, the result will
not be to add either beauty
or richness; it will only be to
destroy the simplicity which
we admit to exist, and which
in so great a structure be-
comes in itself, throngh fre-
quent repetition, something
akin to nobleness.

It is to be regretted that
the building is placed so
near the roads which sur-
round it, and that the ap-
proaches are not more nu-
merous and wider. The
position of the building can-
not of course now be altered,
but the thoroughfares leading to it admit of improvement at
comparatively small cost and little trouble. ~ There is some

round to hope, we believe, that the roadway in front of

rompton-row will be widened; and should the suggested
thoroughfare across the park be carried out, a great ?ddllmn
would be gained to the means of access to the Exhibition, and
some portion of the inconvenience which must always attend the
collecting together of large numbers of visitors to one spot would
be obviated.

SouTE FROXT, IN THE CRUMWELL Kuap, XD PAKT oF WLSTERN BIDE.
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TO LAY OUT A RAILWAY ,CURVE
By means of Ordinates or Offsets in Rational Numbers from
the Chord or Chords, without Calculation or Tables.
By OLiver Byryr, Civil Engineer.

Ler AC=100 links, each a foot in length; a 50-foot chain of .
50 links may be employed; then AB=BC=50 feet (see Fig. 1).
AG=EI=IL=GJ=JM=LO=0R=MP=~&c.=10 feet. ow,
if squariog 5 be termed calculation, the heading of this article is

Fie. 1. ’

e
. ,’/
./’
//v
//’
e
-
-
Qe .
\\‘ ~.
. -
N\, ~
T~

not correct; however, before any very extensive calcalation can
be undertaken, the common multiplication table has to be com-
mitted to memory, then it is known that 5 times 5=25;

& 80 X 50 = 2500.
The half of 2500 equals 1250, and the half of thisis 625, These are

Fic. 2.
E . D
/’F | \
A C a [o]
Q

all the calculations to be made before setting down all the ordi-
nates both inside and outside the circular arc ADC.

1250

BD=AE=CF= 5793 of a foot.
Rq=tU=§§g§ Pg= St:;,?—:g
On=wX=—6% Mn=Vu= ;—(7;6%
Ik:zH:é——s—;):—; - Jk =Yz=g%
M=Ka=go .. Gh=Za=—po

The numerators 50, 200, 450, 800, are set down without cal-
eulation, as 50 is balf the square of 10, 200 is half the square of
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20, 450 half the square of 30, and 800 is half the square of 40;
which requires little more mental exertion than to recollect
once 1, twice 2, three times 3, and four times 4. The results
may be ordered thus:—

AG=10 feet, Gh= % part of a foot.

AJ=20 ,, Jk: -6—87%(;- » »

AM=30 ,, Mn= %% ” ”

AP=40 ,  Pg= o w

AB=50 ,, D= é%g— »  o»

AS =60 ,, = (l;?_gg— » )
&e. &e.

6793 feet is the length of the radius QA, QD, or QC,'when _-6672953

part of a foot is added to it; this addition is not more than an
inch and a tenth, while 6793 feet is more than a mile. Hence,
6793 feet may be taken for the radius of the circle.

The radius AQ iFl . 2) of a circle is two miles and a half—
13200 feet—and a it&e over half an inch more; AC is a chain of
100 links, of a foot each; AG=18 feet. Required, without caleu-
Jation, the ordinate BD in the centre of the arc ADC, the ordi-
lﬁ%e FG on the chord, and the ordinate EF from the tangent

. 1250
Ordinate BD = 13200 part of a foot,

625

The exact length of radius = 13200 13200

GB=ED=50—18=32 feet,
Y] 2
G FXIE _ o0 161=512;
2 2
e 12
s ER= 13200 part of a foot.

1250 512 738
F= 13200 — 13200 = 1360 Pt of a foot.

2 .
To prove this rule, assume Q0=r+:l ; BC=2n; and

2
QB:r—; . Now, if this assumption be true,
n2\3 2\3
(422 50
v} 2
which when developed shows that (r+ ;l )’ and (r—';'- )’+(2n)’

are identically equal; consequently QBC is a rational right-
angled plane triangle.

QD—QB=BD; .. BD=
Let r—625, and n=25; that is, AC=100.

2n?

" o (25 _ 5625 _ ..
r+> =QC=62+ L =6 . = 626;
nt 625
—_— = = — = 624;
r -y QB = 625 25 5
on? _ 1250
T T 6w —:=BD
1250

s If QC (Fig. 2) equals 3763 3763 feet, the number 3763 is

taken at random; and if at the same time AC=100 feet, or
BC=050, =2n, then the ordinate BD in the centre may be set

1250
3763 feet. The truth

of the rule for finding the intermediate ordinates may be esta-
blished as follows:—
Referring to Fig. 1, put x=Qz, m=2N =DH;
N QN=Na—mi; ND=¢H=x—~N2"—m?,

down without calculation = in this case
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Now if m® be successively taken 13, 2%, 3%, &c. chains, the
values of tU, wX, zH, aK, &c. will be respectively

r—a/B—1% = z—( — ;—;) = %: nearly.

1—4—3’72" = .r—(.z'-—z—:) = :—: ’

2—AP—F = .z'—( —:—i) = g—: »
&e. = &e.

Let the radius of the curve be 40 chains, each of 50 links, the
link =1 foot. Chain employed = 600 inches long.

1 .
tU = TX 40 X 600 = 7} inches
wX = 7é X 4=30 »
sH= 73 X 9=67}% ,

aK= 7% x 16=120 ,,
&e &

. c.

When the length of the curve exceeds } of the radius, only five

or six of the approximate offsets ought to be taken in this manner.
Becal

e (a2 —8%% 8%\¢
r—(—8H3 . . 8
—a ! (l .r*)

Hence, if an arc to radius 1 be found, or angle, from a table of

2

natural sines whose sine = ¢ , the cosine of the same angle
82\¢
taken from the table, without calculation, equals (1— ;2) ;

3
hence the versine l—( 1—%2 )6 is found by subtraction, which,

when multiplied by x, the radius, gives the de, the eighth ordi-
nate; and so of other ordinates. The centre ordinate BD (Fig. 1)
is always correctly determined by the foregoing rule, whether
the chord AC be long onshort compared with the radius QD.

ExampLE.—For a radius between 6973 and 6975 feet, and a
long chord of 300 feet or 3 chains, what is the ordinate in the
middle at the concave side of the curve ?

5625 300 \2__ 90000
jus = 222 feet. ( —— ) = "= — =
Take the radius = 6973 oo~ foet- ( =32)"= 212 = 22500,
gg—g—-oo = 11250; .. the required ordinate = %—; feet exactly,
Take another example. Let the chord be 400 feet, and radius
68975 :3—87’7—5feeb. (422) =10000. The length of the required
ordinate will be ——— feet.

68975
It is clear that this rule may be applied to all circular curves,
without mental labour. Any number, as 130, may be reduced

to the required form, z + B—j? = 130, by solving the quadratic

equation, 23—1302=—625; . ¥ =125,
and 125 ‘1522: = 130 = QD (Fig. 2).
1250
'm— =10 = BD;

5 BQ=120. Proof: CQ*=BC*+BQ*. 130%*= 50°+120%
In a one degree curve (1°), that is, a curve in which a chord of
100 feet subtends 1° at the centre, radius =5729'65 feet;
2° curve, radius = 2864'93 feet,
5° curve, radius = 114627 ,,
10° curve, radius = 57366 ,,
Without solving a quadratic equation, these or other radii may
be reduced to the form x 4 9%6- , by taking the nearest whole
number to » and dividing it into 625 (supposing the chord of the
arc = 100 feet). Take a 10° curve, radius=57366,

From 573'66
625
57257
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625 1250
57 ———— =573"66. i i = —— t
Then 57257 Frzay =07366 The middle ordinate 7257 fee

ExanpLe—In a 2° curve, radius = 286493 feet, what is the
len%th of the middle ordinate, and the length of an ordinate
14 feet from the middle on both the convex and concave sides of
the curve? as usual, measuring from the tangent to the middle
point and from the chord = 100 feet.

g
From 2864'94
take 22
286471 ‘. Radius = 286471 8
~. Radius = 1 SgeaT1
. . 1250 |
Middle ordinate = m—-m ’
14* = 196, .. ordinate on the convex side, 14 feet from the
o 98 . ok . us2
mlddle,— m feet, 1250 98 = 1152, .. m feet,

which is readily reduced to inches, gives the ordinate on the
concave side of the curve,

—_—————

ON THE CONCRETE USED IN THE LATE EXTEN-
SION OF THE LONDON DOCKS.* .
By Georee Rosertsoxn, C.E,, F.R.S.E.

IN the late extension of the London Docks at Shadwell, the
point which appeared to me to be most worthy of and to afford
the greatest scope for enlargement, was that of hydraulic lime.
Firstly, because there were (in my mind at least) many unex-
plained difficulties and contradictory statements connected with
its theory and practice; secondly, because the manufacture of the
lias lime used on these works being in the bands of the Com-
pany’s engineers, afforded advantages for investigation which
might never occur to me again on such an extensive scale. An
investigation into the theory of hydraulic lime, and its manufac-
ture into mortar formed the subject of a paper read hefore the
Institution of Civil Engineers in April 1858, to which the present
one on Concrete is a sequel, completing the monograph on the
lime used in this one work.

I also read a paper lately before the Royal Society here upon
the “Solidification of Limes and Cements,” which was founded
partly on the London Dock experiments and partly on a continu-
ation of them at Leith Docke.

The new works made by the London Dock Company consist of
a new basin thrown into one with the old Shadwell basin, and two
large locks 350 feet long and 60 broad, parallel with the former
small ones; one to lock vessels up if necessary from the river
Thames to the basin, and the other for vessels proceeding to the
eastern dock, the water level of which is usually kept above
Trinity high-water mark by a pumping engine.

Borings of the ground occupied by the new works showed how
advantageously concrete could be used in their construction.
Below the first eight feet of made ground and brick rubbish is a
bed of brown clay some 6 or 7 feet thick; then a bed of peat
averaging 6 feet, but often much thicker, full of remains of beech,
oak, hazel, and other trees. The lower part of this peat was full
of veins and lumps of uiphosphate of iron, native Prussian
blue. This made an excellent pifment when ground up with
gum water, of a delicate smalt colour, which I used in tinting
working drawings. Below the peat is a thin bed of clay, the
bright blue colour of which was very likely due to this colour-
ing matter in the overlying peat. Under the peat and clay is a
thick bed of flint gravel, Thames ballast, which extended nearly
over the whole area of the new works. In some places it was fine
enough to form sharp clean sand for mortar,in other places
coarse gravel well adapted for concrete. The chief material for
concrete was therefore on the very site of the works ready for use,
and the whole expense was saved likewise of barging it up to
Battersea Park, where we were permitted to shoot out the exca-
vations. Under the gravel, at an average depth of 30 feet below
Trinity high-water, lies the solid Longon clay, into which, of
course, most of the foundation had to be carried. The bed of
sand and gravel was more than 12 feet thick at the two locks, but
thinned out completely at the north wall of the basin. The bal-

* Read before the Royal Scottish Bociety of Arte.
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last was in sufficient abundance to supply all the concrete re-
quired for foundations and counterforts, and to leave enough over
to make it worth while using it for the dock walls themselves.

The subject naturally divides itself into two divisions—the
manufacture and the application of the concrete.

The Manufacture—The great mass of the concrete was made
with naturally hydraulic lime, blue lias from Lyme Regis in
Dorsetshire, which requires no artificial mixture with pozzuolana
or minion to render it capable of setting permanently under water.
The word “concreta” in this paper implies, therefore, that made
with blue lias lime, unless otﬂerwise specified. The Dorsetshire
lias was the only lime burned on the works; all lias from War-
wickshire or Leicestershire was bought ready burned from the
merchants. Lias requires much ter care in burning than
richer limes, because any sudden or extra heat, which would do
little harm to Dorking lime, greatly injures lias, by forming a glass
between the silica and the lime in the stone, instead of only
driving off the water and carbonic acid. The combination be-
tween the silica and lime, to which lias owes its hydraulic pro-
perties, ought only to take place in the humid way—i.e., with
the assistance of water, after the application of the lime as mor-
tar or concrete. Lias comes from Lyme Regis in two different
forms—the one with a clean conchoidal fracture, and the other of
a shaly nature, approaching in apﬁeamnce even to clay slate, hut
quite soft. The shaly lias, which contains so much clay as to
have the properties of a cement, is not so desirable as the hard
clean stone, because it carries less sand, and is therefore more ex-
pensive. The stone cost 4. 34. a ton when shipped at Lyme, but
10¢. 9d. before it was stacked round the kiln at London, which is as
much as the same stone costs delivered at the works of the new
graving dock at Leith. Freight to London is always heavy, for there
1s no steady return freight like coal to be had. Notwithstanding
the high price of the stone delivered at Shadwell, and having to
pay freight on thousands of tons of water and carbouic acid to be
aferwards driven off by the heat of the kiln, the engineer-in-chief
of the Dock Company, the late Mr. Rendel, determined to burn
the limestone in London, as the extra cust would be a compara-
tively small item in such extensive works.
to have the best possible lime where concrete was to play so
important a part.

Two e, -slg:ped draw kilns of bricks were therefore erected,
of a touﬁg height of 43 feet from the floor to the top of the dome,
and an extreme internal diameter of 14 feet, contracting to 5 feet
at the fire bars, and 11 ft. 6 in. at 32 feet above the floor. The
vractical objection to having a less diameter than this at the top
15 the difficulty that would arise in charging the kiln with evenly
distributed layers of coal and stone tippeﬁ in from barrows at
the top through the windows in the dome. It has likewise been
objected that a contracted top to a kiln prevents the escape of
carbonic acid, although it has & counterbalancing advantage in
confining the heat, and throwing it down with a reverberatory
effect on the charge. This theoretical objection appears to be
fanciful. It was found necessary, after these kilns had been
working for a short time, to dome the mouth over with a brick
arch to prevent stones from flying into the neighbouring streets.
The chimney at the top of this was only 3 feet in diameter, and
yet no difference was afterwards perceptible either in the time
required for burning, or in the percentage of imperfectly burned
stone. On the other hand, there is little doubt that the dome
acted economically oun the coal required, for the average of 7000
toss of limestone was little more than one ton of coal to 113 of
stoue, the limits being 1 to 10 and 1 to 13.  Carbonic acid came
avay freely after the kiln had been lighted for three hours, and
it appeared to have ample room for escape. An average of 11}
tons of stone burned by one ton of cval is very high; but the coal
was Welsh, and cost £1 1s. a ton. Neweastle coal, or bituminous
coal in general, was inadmissable; for it was essential to have
little or no smoke from kilns in the heart of London. At Leith,
one ton of the coal of the neighbourhood appears to burn only 6
or 7 tous of lias; but the coal is only one-third of the price of
Welsh coal. The barrows of coal and properly broken stone
were lifted to the top of the kiln by a hoist worked by the mor-
tar-mill engine, and were tipped in through three openings in
exch dome, as evenly as possible. After the kiln was lighted,
these windows were kept closed with boiler-plate shutters. The
cost of charging, including breaking up the stone and coal, was
1¢. 6d. per ton of the two when mixed in the kiln. Unless the
demand for quicklime was very irregular, the kilns were always
kept lighted; but whenever they were allowed to go out, the

It was very desirable
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charge of quicklime was left in the kiln, as the place most free
from moisture. Whenever the fire is let out in draw kilns, the
next charge is nearly sure to burn irregularly, and there is a con-
siderable loss of heat in rewarming the kiln. Draw kilns are
liable to irregularity from apparently slight causes, such as the
direction of the wind, &c.; and in the Shadwell kilns there was
also a permanent tendency to burn quickest down the side warmed
by the adjacent kiln, for they were both in one block of building.
But draw kilns are better suited for burning lias than flare kilus,
as the heat is more uniformly distributed through the charge;
there is therefore less danger of overburning the lower half and
underburning the upper.

Each kiln held 100 tons of stone, and burnt 21 tons per diem.
The two together produced 25 tons of quick-lime every day, a
quantity sufficient for about 97 cubic yards of mortar, or 170
cubic yards of concrete; 9 tons of coal will burn 100 tons of
stone, which produce 59-37 tons of quick-lime, or 1583 bushels of
ground-lime, enough for 400 cubic yards of concrete, when the
ballast is moderately dry. Drawing the lime from the kiln cost
1}d. per ton of quick-lime. The total cost of the burnt lime
amouunted to 24s. per ton. When quite hot from the kiln, 26}
bushels of grouudlflime went to the ton; but after keeping some
time a ton swelled to 30 bushels, which is what bought lias usually
weighs. A bushel of lime, ground when fresh burnt, contains
therefore one-seventh more lime than a bushel of stale lime; and
a cubic yard of corcrete, of specified proportions, is so much the
better when made with fresh lime.

Coke was used in the kiln for a short time, but it was foupd to
be 8 per cent. dearer than Welsh coal; and, moreover, the heat
given out by it was too quick and strong, casing many of the
stones over with a vitrified silicate, which hindered the free
escape of carbonic acid. When coke was burnt, therefore, the
percentage of unburnt stone was raised much above the usual
average of 13 or 2 per cent.

The equally burnt and softest lumps, usually of a buff colour,
were picked out for grinding; and the remainder, more of a liver
colour, slaked for mortar in the manner described in my paper
before alluded to. The lumps were first broken tolerably small
by hand, and then crushed still smaller between iron rollers re-
volving in the hopper of the grindstones. These rollers were at
first made fluted, but it was found that strong projecting cogsdid
the work more effectually. The hopper was fed with lumps of
lime by an endless chain of small wrought-iron buckets worked
by the engine. It was intended that these should be self-acting,
and dredge the lime up from a well; but it was found necessary to
have a man constantly feeding them with a spade, or the supply
was not regular.

1 may mention that a similar endless chain of cast-iron buckets
was used very successfully for dredging a hole through the gravel,
into whi¢h the piles of the cofferdam were dropped, and then
driven into the clay. By means of these dredgers, fir piles were
got down through conglomerated gravel like * Blackwall rock,”
in which it was found a%most impossible to drive elm. The sides of
a hole 20 feet deep stood quite perpendicular when there was a
head of water on the hole, the hole being made large enough to
take in about four piles in a row.

The lime was ground to a fine powder between two pairs of
horizontal French burr millstones; the upper one revolving at a
s%eed of 90 revolutions per minute. Each pair of stones was
able to grind three tons of quick-lime per hour, at a total cost for
grinding of 1d. per bushel when the consumption was 360 bushels
per diem; less, if more lime was used. This is made up as fol-
lows:—Feeding and attending to the hopper and lift, 3d.; engine
power, }d.; measuring the lime into bags for the contractor, and
recutting the stones as the furrows became worn, the remaining
}d. A bushel of lime ground fresh from the kiln weighed 84 1b.;
and at this weight the total cost was 113d. In buying ground-
lime from a merchant, if the purchaser buys by weight, e pays
for the water absorbed from the atmosphere; if he buys by
measure, he pays for the expansion caused by that moisture: the
fairest way for both parties would be to specify the bushel to be
of a certain avera%a weight—say for lias from Lyme Regis 801b.
This would allow for the lime not being quite fresh, but would
prevent it from being too stale.

The grindstones were composed of burrs from the fresh-water
beds of the Paris basin, set in two radiated rings in cement, and
backed up with plaster of Paris and mortar. The “skirts” or
outside burrs were 5 inches thick; the central or “high burrs”
somewhat thicker, to allow for the *swallow,” which is a slight
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depression in the centre of the upper stone, about 2 feet in dia-
meter, and at most 3 inches deep. This acts as a kind of dis-
tributing reservoir for the lime as it falls from the hopper between
the stones.

The face of the stones was divided into ten “quarterings” by
“master furrows,” each of them being tangential to an imagi-
nary circle concentric with the stone, and called its “draft.” The
size of this regulated the quantity of lime passing through the
stopes in a given time. A radius of 5 inches was found to grind
90 bushels per hour of a sufficiently fine quality. The particles
of lime, whirling round near the centre of the stone, by their
eentrifugal velocity pass towards the outside along the master
furrows, being ground finer as they recede from the central de-
pression. Each master furrow had two other distributing furrows
leading out of it, parallel to the former master furrow. The
furrows are shallow grooves, or rather nicks about 1} iuch wide,
with the cutting edge sharp, and the other bevelled.

The gravel found on the works was not always so free from clay
as could be wished. It had often to be screened, to reduce the
quintity of sand to the proportions necessary to form a good
mortar with the lime used. Concrete is really minute rubble
work of pebbles set in mortar, more or less perfect according to
the care taken in mixing the ingredients. In theoretically per-
fect concrete, the mortar should be made, first, to insure a per-
fect matrix for the pebbles to be embedded in; but this is not the
usual practice in this country. The great mass of the concrete
was composed of one measure of lias lime to six measures of
g;avel; both being measured by boxes, and not by guess-work.

metimes, however, a layer of gravel was spread out a foot
thick, and then lime laid over it for a depth of two inches. This
is not 80 good a way of measuring as by boxes, because the lime
falls between the pebbles, and the concrete is richer in lime than
the engineer intends, which is no advantage to the work, and is,
of course, a loss to the contractor. When the ballast was mode-
rately dry, 12 cubic yards of gravel and 2 cubic yards of lime
made 11 cubic yards of concrete, mixed and deposited. The
shrinkage from the dry materials was then 22 per cent.; but if
the ballast happened to be very dry, the shrinkage was more, and
the same quantities made only 10 cubic yards.

A cubic yard of concrete requires about 38 gallons of water to
bring the dry materials to the requisite state of fluidity. Of this
quantity nearly 8 gallons enter into chemical combination with
the oxide of calcium in the lias, and 30 gallons are either ab-
sorbed mechanically by the pores of the lime, retained by capil-
lary attraction between the grains of sand, or lost by evaporation.
After the concrete has been mixed and deposited, a gradual ex-
pansion takes place from the chemical action of the lime slaking;
the less of this swelling, however, the better, as it disturbs the
setting of the mortar round the pebbles, and causes friability in
concrete. Whenever concrete is made with quick-lime (as it
usually is) there must be a certain amount of friability from this
cause ; and, therefore, when it is important to have no swelling, as
in blocks of concrete which have to be lifted, recourse must be
had to slaked lime, or else to cement, which contracts rather than
expands in setting. In the one cuse the concrete is long in hard-
ening, having more moisture in it than the lime can absorb; and
in the use of cement more expense is incurred. Portland cement
is, however, not so expensive as might at first appear from the
cement being double the price of lime, because the proportion
to the ballast may be considerably reduced.

Some experiments on the expansion of concrete proved to me
that it variesa little with the season of the year. In hotsummer
weather the expansion of a cubic foot in twenty-four hours after
mixing wasas much as g5th of its bulk, usually @;d; but in frosty
weather it rarely exceeded Jsth.
pansion was always sufficient to burst the box in which the con-
crete had been deposited; the amount might even be measured by
the distance the nails were drawn out. henever the expaunsion
exceeded ¢;th of the bulk, I considered the concrete too rich in
lime; and that there was more than would, when slaked, fill up
the interstices of the sand and flints, and coat each grain with a
thin pellicle of lime. More than this is not required, for too
thick a coating of lime causes weakness, and not strength.

The gravel and lime were mixed together on a platform of
plauks, and were turned over twice in tie dry state, and twice
with water gradually added. The coucrete was then wheeled in
Larrows, ang shot into the required place from planks a few feet
above. The idea that concrete sboulg be thrown in from a great
height is erroneous, for it then falls with too great force, and dis-
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turbs the setting of the mass below, causing unneoessarg friability.
This was particularly noticeable in the deep pits for the counter-
forts of the north wall of the basin, where the concrete had un-
avoidably to be thrown from a height of 30 feet. The force of
the blow set the whole mass in motion for some feet down, even
after setting had fairly commenced. Lins concrete sets slowly,
and in this case it was impossible to wait long enough for each
layer to become perfectly hard before depositing another, as the
wall had to built with the utmost expedition, as will be seen here-
after. Anything gained in density by a fall of more than 6 feet
is more than counterbalanced by the disturbances to the mass
below. The grand rule in concrete is, not to disturb it after set-
ting has once commenced. Wherever it is necessary to shovel it
into corners, or pack it between stones, it should be done at once,
and the concrete not touched again. The swelling of the lime
during slaking causes enough natural friability, without increasing
it by after-disturbance.

By arrangement in the contract with Messrs. W. Cubitt and
Co., the contractors for the greater portion of the permanent
work, ground lias lime was sold to them for 10d. per bushel; and
:fzt uthis price the cost of making a cubic yard of concrete was as
ollows:—

s d.
37 bushels of lime, at 10d. . . g 14
Loading, waste, and bags for ditto, 3
Getting gravel. . . . . 0 6
Wheeling do. (say 5 runs). . 0 4
Screening and selecting ditto. 0 3
Mixing and depositing. . 11
Platforms. . . 0 1}

Total cost per cubic yard =—5- 8

As the quantity of gravel fit for concrete was uncertain before
the ground was opened up, for the sake of simplicity the whole
excavation had been estimated as barged away; and for each cubic
yard of gravel used as coucrete, a certain deduction was made in
the monthly payments.

The supply of water for mixing the concrete was obtained from
pipes laid down to the various parts of the works, either from
the street mains or from the launder of the pumping engine. In
mixing large quantities the expense of laying pipes is soon saved.

The Application—Concrete was applied on the works of the
London Dock extension in several ways:—1st, In foundations for
masonry or brickwork, as a means of spreading the weight over a
large surface; 2nd, As the cheapest method of reaching a good
foundation in the clay or gravel, whether for walls or piers of
warehouses, &ec.; 3rd, In the dock walls themselves, wherever the
concrete would not be exposed to the alternate action of wind and
water; 4th, As counterforts or buttresses, on which nothing was
to be afterwards built, but where weight was wanted.

In all these cases it is to be noticed that it was applied as a
mass, in the monolithic form, which is the true use and value of
concrete. Whenever it is moulded into separate blocks, to be
afterwards set in proximity to each other, concrete becomes
an inferior substitute for stone, although often an economical and
useful one.

The whole of the side walls of the two locks rested upon a bed
of concrete, of a thickness varying very much with the level of
the clay, from 3 feet to 6 inches. The invert of the lock chambers
was laid on concrete, and the spandrils of the arch filled up with it.
The high chimney of the pumping-engine house stood on a square
of concrete of considerable thickness, the pumping engine iteelf
resting on beech piling. As this chimney was very close both to
the pumping well (18 feet in diameter) and to the excavation for
the lower dock, there was some risk of unequal settlement. A
plumb-boh was therefore left suspendedin the chimney, which at
once would give warning of any inclination either way. Some
time after the chimney was built the plumb-bob showed that the
shaft had inclined several inches towards the excavation. A
quantity of limestone was at once stacked round the base of the
chimney on the opposite side, which brought the shaft back to the
perpendicular.

Coucrete was used as the cheapest means of reaching the clay,
in the foundations for the lattice swing-bridges over the locks;
the bridge pits resting on arches, the piers of which were of con-
crete up to a certain ieight. Columns of concrete were built up
Jikewise in the proper places, upon which carnes and capstans
might be placed when required. The whole of the walls and iron
columns of the new warehouse rested on trenches of concrete
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about 8 feet wide, and averaging perhaps 8 feet in thickness,
from the top of the natural gravel to the level of 17 feet below
high water. As the concrete here was not to be exposed to the
direct action of water, it was made of Dorking or grey stone lime,
in the proportion of 1 of ground lime to 8 of ballast. This lime
carries more sand than lias; is but feebly hydraulic, and, indeed,
pot permanently so at all. It is the lime used in London for
building purposes, and by some eungineers even in dock work
when mixed with pozzuolana,

By far the largest quantity of the gravel found in the excava-
tion was used up in the construction of the walls of the basin, in
which everything below the level of 17 feet from high water was of
concrete, faced with two feet of Kentish rag-stone, to protect the
surface from the disintegrating effects of water. At this low
level there was no fear of vessels rubbing against the rough
faces of the rag-stone. The general type of the basin walls was
much the same as that of the West India Junction Dock walls,
where Mr. Rendel used concrete of 1 part of Portland cement to
9 parts of gravel.

The cancrete portion of the basin walls was 17 ft. 6 in. broad at
the bottom, and 11 ft. 6 in. at the top, the face being curved at
first to a radius of 11 feet, and then carried up with a batter to
the bottom of the brickwork, which was perpendicular. When-
ever concrete is faced with rag-stone, it should be built with a
batter, and the layers slightly inclining away from the face. All
danger of the wall bulging out, or of the face-work peeling off, is
then avoided. The Kentish rag-stons facing was hammer-dressed
on the joints for a specified distance in, and care was taken to
have at intervals long wedged-shaped stones, with the broad end
inwards, tailing well into the concrete, which was carefully packed
between the joints when first deposited. About two feet high of
face work was first set, and then the concrete deposited in two
layers of about one foot thick each. The first layer was allowed
to harden for at least twenty-four hours before the second was
deposited, and they were always arranged so as to break joint.
A layer of concrete does not thoroughly incorporate with a pret
vious one unless the meeting surfaces be kept rough, and free
from sand. But, by sweeping off all sand, and, if necessary,
picking the face in furrows, and by breaking joint with the layers,
all danger is avoided of either a vertical or ﬁorimntal run of water
through a mass of concrete. The brickwork of thewupper half of
the wall, with its counterforts, was not laid on landings, as in
the lock walls, but was for three feet set in superior mortar, with
hoop-iron bond every three or four courses.

The above description applies to the east, west, and south walls
of the basin; but the north wal] varied materially from the
geveral section, and was altogether very instructive, from the
difficulties encountered in building it. The east end of the wall
bad been commenced in the usual way, by taking out the ex-
cavation of the basin in front and of the wall to the natural
slope of the earth, when alarming cracks appeared in the church-

ard of St. Paul’s, Shadwell, and the whole ground on which the

igh-street and this’ church, with its hnngsome steeple, were
built, appeared to be slipping into the works, for a length of 800
feet. Any one who witnessed the fall of the terrace at Ramsay
Gardens some months ago, will understand, on a small scale, the
result of such a catastrophe. The excavations were at once
stopped, and borings made in the churchyard and adjoining
streets, outside of the parliamentary boundaries of the dock com-
pany. The surface of the London clay was found to rise sud-
denly in a slope of 1 in 10 from the basin to the High-street, so
that the whole prism of earth, resting on an incline, was only
kept up by the weight of the earth in front. It was necessary,
therefure, to alter the character of the wall, and to stop the
excavation of the basin till the wall was completely built, and
ready to take the thrust of the ground behind. For the better
ﬁrobection of the church, which was in more danger than the

ouses, & perfect forest of piles was driven into the clay in frout
of the churchyard. These were in four or five rows deep, several
feet apart, and connected by walings at right angles to the basin
wall. ' The ground was next takeu out in pits, in the line of the
wall, 50.feet centre to centre, 20 feet wide, and 40 feet back from
the coping. These were carried well down into the clay, and the
bottoms cut in steps, sloping away from the basin. The pits were
filled in solid with concrete, up to the level of 17 feet below high
water, the face being protected by two feet thick of Kentish rag
asusual. Brick arches were then turned from pier to pier, to
l;pport the upper half of the wall, which was of the ordinary
Character.
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To prevent the ground between the piers from falling through
into the basin, vertical brick arches, 3 feet thick, were turned
from counterfort to counterfort, and backed with puddle or
concrete. These arches were founded in the clay, on the top
of a strong slope of concrete, faced with a foot of puddle, to
protect the surface from water. The wall carried at the back of
1t a culvert four feet in diameter, for keeping up the water level
in the eastern dock or the new basin if required.

After the counterforts were finished, and the arches turned, the
ground in front of the copiug line was excavated, and the toes of
the slopes and piers put in with Portland cement concrute, in the

roportion of 1 of cement to 9 of gravel. This sets faster than
ﬂas concrete, and is heavier, a cubic foot of each weighing 139 1b.
and 129 lb. respectively.

Before the water was let into the basin, the north wall resem-
bled a massive viaduct more than a quay wall for ships to lie
against; but after the water was admitted the arches were not
seen, as their crowns were eight feat below high-water level.

The use of concrete by Mr. Rendel in the London Dock Exten-
sion is an excellent example of what %:gd engineering ought
always to be; viz.,, theapplication, in the best and most economical
form, of the material closest at hand, so long as that is consistent
with strength and durability.

—_—

THE IRON-CASED SHIPS OF THE BRITISH
NAVY.*

By E. J. Reep, Sec. Inst. Naval Architects.

THE construction of iron-cased ships of war is engrossing so
much of the attention of scientific men atthe present moment, and is
manifestly fraught with such important consequences in financial
respects, that this Association could not well be expected to
assemble, even in Manchester, without taking the subject into
consideration.

With the view of best fulfilling the intentions with which the
gentlemen of the Mechanical Section made this the chief topic of
to-day's deliberations, I propose—

1st. To glance briefly at the circumstances under which the
British Admiralty resorted to the construction of iron-cased sea-
going ships of war.

2nd. To state as compactly as possible the principal features of
{.’he da.hipt; which the admiralty are building and propose to

uil

And 3rdly. To bring to the notice of this Association the t
increase of dock accommodation which iron-cased ships have
rendered necessary.

Early in 1859, the secretary to the admiralty, the accountant-
general of the navy, and the secretary and chief clerk to the trea- -
sury, together reported to the government of the day (Lord
Derby’s) that France was building “four iron-sided ships, of which
two were more than half completed,” and that these ships were
to take the place of line-of-battle ships for the future. “So con-
vinced do naval men seem to be in France of the irresistible
qualities of these ships,” said those gentlemen, “that they are of
opinion that no more ships of the line will be laid down.” In
another part of their report they said, “The present seems a
state of transition, as regards naval architecture, inducing the
French government to suspend the laying down of new ships of
the line altogether.” At the instance of Sir John Pakington,
then first lord of the admiralty, this report was immediately
presented to parliament, and thus obtained universal publicity.

From that time forward, then, we have all known perfectly
well what the Elans of the French government in this matter
were, and we have known equally well that the only mode of
keeping pace even with France in the production of iron-cased
ships was to lay down four of them to match the four which she
at that time possessed, and to build as many more avnually as
she saw fit to add to her navy. In pursuance of this very sirple
policy, Sir John Pakington at once had desigus of a formidable
class of iron-cased ships prepared, and ordered the construction of
one of these vessels, the Warrior.

The present board of adwiralty shortly afterwards succeeded
tosower, and ordered a second of these vessels, the Black Priuce,
and after some delay also issued contracts for the Defence and
Resistance. No other vessel of the kind was actually commenced
until the present year; so that in the beginning of 1661 we had
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only just attained the position which France held in the beginning
of 1859, having “four iron-sided ships, of which two were more
than half completed.” Meantime France had been devoting the
bulk of her naval expenditure for two whole years to the produc-
tion of similar vessels, and is consequently now in possession of
an iron-cased fleet far more considerable and more forward than

urs.

At length, however, our sluggishness has been overcome, and
we have set ourselves earnestly to work to repair our past
deficiencies. The Hector and Valiant have been laid down, and
are being urged rapidly forward; the Achilles, after a year’s pre-

ration, has been fairly commenced; the Royal Alfred, the

yal Oak, the Caledonia, the Ocean, and the Triumph are in
progress; and contracts have just been issued for the construction
of three out of six other iron-cased ships, the building of which
has for some time been decided upon. The peculiar features and
proportions of these vessels I shall presently describe; but I will
first state some of the causes which have led to delay in this
matter, and set forth the circumstances under which we have at
last been compelled to advance.

We have heard much in various quarters about the invention
of iron-cased ships, the credit of which is usually accorded to his
Imperial Majesty Na‘i)oleon III, although there are score: of

rsons, both here and in America, who claim it for themselves.

ut the truth is, very little invention has been displayed in the
French iron-cased ships. Their designers have almost exclusively
confined themselves to the very simple process of reducing a
wooden line-of-battle ship to the height ofa frigate, and replacin
the weight thus removed by an iron casing 43 inches thick pla:
u&on the dwarfed vessel. It was not possible to produce a very
-efficient ship by these means; so they have contented themselves,
in most cases, with vessels like La Gloire, which carry their ports
very near to the water when fully equipped for sea, and are
characterised by other imgerfectiona that it would be easy to
point out. The reports of her efficiency which have appeared in
the French newspapers prove nothing in opposition to what I
here state. The writers in those papers Eave systematically
-oxaggerated the qualities of the French ships for years past,
representing that they could steam at impossible speeds, and carry
as much fuel as any two of our ships. %O:: these are atatements
which can be disposed of by scientific calculations of the most
elementary kind, and the untruth of the French accounts has
been so demonstrated over and over again. With the drawings
and other particulars of La Gloire before us we could tell with the
greatest (rrecision what fuel she can stow, how fast she can
steam, and at what height her ports are above the water. We
have not, it is true, ail the details of the ship before us yet; but
we have enough to demonstrate her real qualities with sufficient
accuracy for my present purpose, and I confidently assert that
she is seriously defective as a war-ship in many respects.

Now, from the very first our admiralty has been averse to the
construction of such vessels as La Gloire, and to the rough-and-
ready solution of the iron-cased ship problem which she embodies.
Whether their aversion was wise or not, under the peculiar circum-
stances of the case, I shall not presume to say; but that they
could speedily have produced a fleet of ships in every way equal
to La Gloire, had they pleased, there is not the sli;{test doubt.
Inntead of doing tbis, ﬁowever, they have asked * How do we
know whether a plated wooden ship, or a plated iron ship is the
better? How dv we know whether the plating should extend
from stem to stern, or not? How do we know whether the side
should be upright or inclined? or whether the plating should be
backed with wood or not? or whether it should form part of the
hull or not? or whether it should be made of rolled iron or of
hammered? or what its thickness should be? or how it should be
fastened?” and so forth. And while all these questions have
been asked, we have gyretty nearly stood still.

It is only fair to Sir John Pakington’s board of admiralty to
say however, that, without waiting for answers to them he
ordered, as we have seen, the Warrior, which is now afloat on
the Thames. Those of you who, like myself, proceeded to Green-
hithe in this vessel on tge 8th of August, or have visited her there
since, will doubtless concur in the praise almost universally
accorded to her. In all the yacht squadrons of the couutry there
is not a handsomer vessel tgan the Warrior; yet there are few
iron-cased ships in the French navy that will bear comparison
with her as a vessel of war. She has been 8o often described in
the public journals, and particularly in the ‘Cornhill Magazine’
for February last, that I need not stay to describe her here.
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It is also to the credit of the present board of admiralty, that
on their accession to office they hastened to order the Warrior'’s
sister ship, the Black Prince, which I donbt not 1s in every respect
her equa{ But why they soon afterwards built the Defence and
Resistance, ships of 280 feet in length, 54 feet broad, and 3700
tons burden, of only 600 horse-power, and plated over less than
half their length, I cannot conceive. I am aware that thess
vessels are primarily designed for coast defence, and that their
draught of water is more favourable than La Gloire’s for this pur-
pose—theirs being 25 feet, and hers 27 ft. 6 in. But with engines
of only 600 horse-power their speed must necessarily be low, and
with 80 small a portion of their sides coated with thick plates
they will be unfitted to stand that continned “pounding” to
which a low-speed coast-defence vessel would be more exposed than
a fast sea-going ship. The same ob]iectious hold to a certain extent
against the Hector and Valiant class, which are of the same
length and very nearly the same draught of water as the Defence
and Resistance; but their increased engine-power of 800 horses
(which has led to an increased breadth of 2 ft. 3in., and an
increased tonnage of 360 tons) will secure for them a higher speed,
and their thick plating has been continued entirely round the
main deck, so as to protect the gunners throughout the length of
the ship; and these, therefore, though defective, are certaiuly
better vessels than the others.

Tt is important to observe that, notwithstanding the long delay
of the admiralty, and despite all we have heard respecting
experimental targets, the irresistible determination of par
liament to have a large iron-cased fleet has overtaken the
admiralty before they have obtained answers to any one
even of the questions which we have before mentioned, and upon
which they have been so long deliberating. The cause of this
is undoubtedly to be found in the indisposition of the admiralty
to perform experiments upon a sufficiently large scale. Small
targets, a few feet square, have been constructed and tested in
Sll:undance; but the results thus obtained correspond to nothing

at would take place in practice against a full-size ship afloat.
Not a single target of sufficient size, and of good manufacture, has
yet been tested. The admiralty are at length, however, havin,
suitable structures prepared; and before long some of our principa
doubts upon this subject will be resolved, Perhaps the slackuess
of the board 'in undertaking these colossal experiments will be
understood when I say that a committee of eminent private ship-
builders, including Mr. Scott Russell, Mr. Laird, Mr. Samuda, and
Mr. R. Napier, have estimated that a target large enough to try
half-a-dozen modes of construction would cost no less a sum than
£45,000, and that another £45,000 would have to be expended
upon aun iron hull capable of floating this target, if the use of such
a hull were considered indispensable.

But, however unprepared the admiralty may still be, they have
been compelled by the public sentiment, and by the power of par-
liament, to make large additions to our iron-cased fleet during
the last few months. When the House of Commons devotes
immense sums of money to a national object with acclamations,
and the single opponent of the measure acknowledges himself in
error, the time for questioning and parleying upon points of
detail is And this is what has happened in this iron-
cased ship business. The government has declared a number of
new ships necessary; parliament has voted the requisite funds
with nnanimity and cheers; Mr. Lindsay has confessed himself in
error; and the board of admiralty have been instructed to build
the ships with all possible despatch. Let us now see what kind
of ships they are to be.

The first of them, the Achilles, which has receutly been n in
Chatham Dockyard, so nearly resembles the Warrior and Black
Prince, that a very few words will suffice for her. The
chief difference between her and those vessels lies, T believe, in
the fact that her beam is slightly broader, and her floor somewhat
flatter, than her predecessors, whereby her tonnage is increased
from 6039 to 6089 tons, and her displacement from 8625 to 3030
tons. All her other dimensions, and all her essential featurey of
construction, are exactly like those of the Warrior,—from wh sh
it may be inferred that the methdd of plating the central p:%t
only of the ship, which was introduced by your distinguish&
vice-president, Mr. Scott Russell, is still viewed with favour W
the admiralty designers. Mr. Scott Russell did not patent tts
invention, I believe; perhaps he will kindly tell ns whether
has found his rejection of the Patent Law to pay him well in t,lF
instance.

In the class of ships which come next, however, the admirafy
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bave consented to fo the plan of plating amidships only, and
purpose plating the ship from end to end with thick iron. But
m order to do this it been n to resort to larger
dimensions than the Warrior's; and hence these six new ships,
three of which have just been contracted for, are to be 20 feet
longer than her, 15 inches broader, of 582 tons additional burden,
and 1245 tone additional displacement. As the displacement is
the true measure of the ship’s actual size below the water, or of
ber weight, it is evident that the new ships are to be considerably
more than 1000 tons larger than the Warrior clasa. As their
engipes are to be only of the same power, their speed will pro-
bably be less.* This diminished speed is one of the penalties
which have to be paid for protecting the extremities of the ship
with thick plates. Another will probably be a great tendency to

lunge and chop in a sea-way. The construction of such vessels
18 a series of compromises, and no one can fairly blame the
admiralty for building ves:els on various plans, so that their
relative merits may be practically tested.

The cost of this new class of ships will exceed that of the
Warrior class by many thousands of pounds, owing to the
increased size. But it will certainly be a noble specimen of a
war-ship. A vessel built throughout of iron, 400 };i long and
nearly 60 broad, invulnerahle from end to end to all shell and to
nearly all shot, armed with an abundance of the most powerful
orduance, with ports 9 ft. 6 in. above the water, and steaming at
A speed of, say 13 knots per hour, will indeed be a formidable
engine of war. And, if the present intentions of the admiralty
are carried out, we shall add six such vessels to our navy during
the next year or two. We must be prepared, huwever, to dis-
pense with all beautifying devices in these ships. Their stems
are to be upright, or very nearly so, and without the forward-
reaching * knee of the head” which adds so much to the beaut‘{
of our present vessels. Their sterns will also be upright, and le!
as devoid of adornment as the bows. It should also %e stated, as
a characteristic feature of these six new ships, that their thick
plating will not extend quite to the bow at the upper part, but
will stop at ite junction with a transverse plated bulkhead some
little distance from the stem, and this bulkhead will rise to a
::ﬁcxent height to protect the spar deck from being raked by

ot.

It has not yet been decided whether these new iron ships are
to have their plating backed up with teak timber, as in the
previous ships; or whether plating 6} inches in thickness, without
a wood backing, is to be applied to them. The determination of
this point is to be dependent, I believe, upon the results of the
forthcoming experiments with the large targets to which I have
previously adverted, and partly upon the recommendations of the
iron plate committee, to which our president belongs, and
V(hich is presided over by that distinguished officer, Captain
8ir John Dalrymple Hay, RN. All that has been decided is,
that whether the armour be of iron alone, or of iron and wood
combined, its weight is to be equivalent to that of iron 6} inches
thick. The designs of the ship have been prepared subject to
this arrangement, and provision has been made in the contracts
for the adoption of whichever form of armour may be deemed best
when the time comes for applying it.

All the iron-cased ships which I have thus far described are
built, or to be built, of iron throughout, except in so far as the
timber backing of the plates, the plauking of the decks, and cer-
tain internal fittings may be concerned. I now come to notice
a very different class of vessel, in which the hull is to be formed
mainly of timber, the armour plating being brought upon the
ordinary outside planking. The Royal Alfred, Royal Oak,
Caledonia, Ocean, and Triumph are to be of this class. Their
dimensions are to be—length 273 feet, breadth 58ft. 5 in., depth
in hold 19 ft. 10 in., mean draught of water 25 ft. 9 in., and height
of port 7 feet. They are to be of 4045 tons burden, and to have
a displacement of 6839 tons. They are to be fitted with engines
of 1000 herse-power. They are being framed with timbers
originally designed for wooden line-of-battle ships, but are to be
18 feet longer than those ships wereto be. They will form a class
of vessels intermediate between the Hector and the Warrior
classes, but, unlike both of them, will be plated with armour from
end to end. They will be without knees of the head, and with
upright sterns; and will therefore look very nearly as ugly as La

loire, although in other respects much superior vessels, being

* 8ince this paper was read at Manchester, I have learnt that the controller of
the navy always intended these veseels to have a speed of 14 kuots, and will give them
®ficlsatly powerful engines to secure that, if possible.—E. J. R.
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21 ft. 6 in. longer, 3ft. 5 in. broader, and of less draught of water.
They will also be quite equal to her in speed.

It will occur to some now present, that in adopting this class of
ship we have, after three years’ delay, approximated somewhat to
the Gloire model at last. And undoubtedly we have doune so, in
the present emergency, in order to compete with the movements
which France is now making. At the same time, we have not
gone to work quite so clumaﬁ as our neighbours. Instead of re-
taining the old line-of-battle ship proportions, we have gone some-
what beyond them; and have lifted all the decks, in order to raise
our guns higher above the water. We have conse(tlently secured
a height of port or battery nearly 18 inches greater than La Gloire's
—an advantage which will prove valuable under all ordinary cir-
camstances, and incalculably beneficial in rough weather.

The whole of the new irou-cased ships, including the five plated
timber ships and the six 400-feet iron ships, will, there is every
reason to believe, match La Gloire in speed, supposing the engines
put in them to be of the respective powers already mentioned—a
condition which it is necessary to state, since there is, I reigret to
say, a probability of smaller engines being Xlaeed in some of them.
But not one of all these new ships, the Achilles only excepted,
will have a speed equal to the Warrior's. Perhaps we ought not
to complain if our fleets are as fast as the French; but I, for one,
certainly do regret that there should be any falling off in this prime
quality of our iron-cased vessels. Iron and coa: will give us fast
vessels, and we have these in abundance. The truly admirable
engines which Messrs. Penn have placed in the Warrior show
that we can command any amount of engine-power that we re-
quire, without incurring risk of any kind; and it would indeed be
a blind policy to deprive ourselves of that speed which is pro-
nounced invaluable by every naval officer and man of science who
writes or speaks upon this subject.

I have thus far said nothing concerning the armaments of the
new classes of vessels which I have been describing, because no-
thing has yet been finally decided respecting them. Nor would
it be wise to decide this matter in the present state of our artillery,
until to do so becomes absolutely necessary. We are, it is said,
producing 100-pounder, and even larger, Armstrong guns with

t success now, and may therefore hope for supplies of ordnance
of at least that class for these vessels; but the modifications and
improvements which even Sir William Armstrong himself has
introduced since he became our engineer-in-chief for rifled ord-
nance have been so great that we have lost all confidence in the
continuance of existing systems, and hold ourselves prepared
daily for further changes. Before these new ships are fit to re-
ceive their armaments, or even before they have so far progressed
as to make it necessary to fix the positions and dimensions of their
ports, we may be put in possession of a far more effective naval
gun than we can yet manufacture; and the best gun, wherever it
may come from, must unquestionably be adopted for them. Who-
ever may produce it, we shall have, let us hope, the great benefit
of Sir William Armstroug’s splendid mechanical genius, and large
exp_rience, in manufacturing it in quantity at Woolwich. This
is an advantage which should not be thought lightly of ; for, what-
ever other views some may entertain, either through jealousy, or
rivalry, or conscientious conviction, we must all agree in believing
it a great piece of good fortune to have one of our very ablest
mechanicians placed at the head of this great mechanical depart-
ment.

I am able, however, to afford some information respecting the
number of guns which the various classes of our new ships will
be able to carry, and probably will carry. Of the Defence, Re-
sistance, Hector, and Valiant I shall say nothing, because they
cannot be considered fit for the line-of-battle, or suitable for any
other service than coast defence. Nor need I say more of the
Achilles than that she will in all probability be armed with such
ordnance as may be found to answer best in the Warrior and
Black Prince. e come, then, to the plated timber ships; and
these I may usefully compare with the model French vessel. We
know that La Gloire, which is 252 ft. 6 in. long, has an armament
of 34 guns upon her main deck, and two heavy shell-guns besides
—36guns in all. Now our ships are to be more than 20 feet
longer than her, and will therefore take two additional guns on
either side; 80 that they will carry not less than 40 guns, if the
ports are placed aa close together as in La Gloire. 1 need claim
no greater advantage for them in respect of their armaments; but
they are manifestly entitled to this. As a matter of fact, how-
ever, they will probably have a much more powerful armament.
Itis proposed, 1 believe, to arm them with about as many guns
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as La Gloire on the main deck, all 100-pounder Armstrongs, and
16 or 18 other guns, principally Armstrongs, ou the upper deck,
making about 50 guns in all. If this intention be carried out,
they will manifestfy be much more powerful vessels than the
original French ship. The newest and largest vessels, those of

400 feet in length, will each carry at least 40 Armstrong 100- -

i)onnders on the main deck, which will be cased with armour, as
before stated, from end to end. In addition to these they will
doubtless have powerful ordnance on their upper decks, for use
under favourable circumstances. But all these arrangements are,
I repeat, liable to change.*

Unfortunately, I am unable to compare the power of these ves-
sels with that of the largest of the French iron-cased ships, owing
to the absence of all detailed information concerning them. [ trust,
however, that the admiralty are in possession of the necessary
particulars, so that the delay which has taken place may be turned
to the best possible account by securing superiority for our fleet.
If this be 8o, then we shall, after all, profit by the apparent slug-
gishness of our naval authorities. In fact, if England had France
only to consider, and if the government of England were em-
bodied in a single sagacious ruler as absolutely as is that of France,
a0 that we could insure prompt action in an emergency, the very
best course for us to pursue in this great naval competition would
be to leave the lead in the hands of the French Emperor, taking
care to add a ship to our navy for every one added to his, and to
make ours much more powerful than his. In the event of a war,
our mabufacturing resources would be abundantly sufficient to
secure for us a further and almost instant preponderance. The
game which we should thus play would be both political and eco-
nomical. But with other naval nations to compete with, and
with the inertia which inevitably, and often happily, attends a
constitutional and parliamentary system of governwnent, we can-
not afford to play games of skill with omnipotent emperors, but
are bound to be ever ready to assert our pre-eminence.

I have a little information concerning the Solferino and her
sister French ships, which it may be useful to give you. Her
length is 282 feet, breadth 54 feet, mean draught of water 26 feet,
displacement 6820 tons, thickness of armour plating 4§ inches,
nominal horse-power of engines 1000. Her plating extends from
stem to stern over the lower gun-deck, and rises up amidships
sufficiently high to cover two decks. She is furnished with an
angular projection or prow below the water, for forcing in the
side of an enemy, when employed as a ram. Iregret my inability
to add materially to these details of the largest French ships.

Let me now consider briefly the pecuniary phase of this iron-
cased ship question. We may fairly assume that the average cost
of such vessels will not be less than £50 per ton, and that their
engines will cost at least £60 per horse-power. Supposing these
figures to be correct, then the hulls of the eighteen ships which
we have been considering will cost £4,681,600, and their engines
£1,143,000—together nearly siz millions pounds sterling. hen
masted, rigged, armed, and fully equipped for sea, they will, of
course, represent a much larger sum—probably nearly eight mil-
lions. These estimates will afford some fuint conception of the
nature of that * reconstruction” of the navy upon which we may
now be said to have fairly entered, in so far as the ships them-
selves are considered.

But I must not conceal the fact that the introduction of these
enormous iron-cased ships has entailed upon us the construction
of other colossal and most costly works. We have now to pro-
vide immense docks for their reception; for we at present possess
none suitable to receive them. Nor must these docks be of large
proportions only; for in order to sustain ships burdened with thou-
sands of tons of armour, they must be furnished with more sub-
stantial foundations and walls than any hitherlo constructed, and
be built of the best materials and with the soundest and firmest
workmanship.

Many considerations combine to exalt the importance of this
part of my subject. In the first place, the tendency which iron
ships have to get foul below water will render it necessary to dock
our new ships frequently under ordinary circamstances, and whe-
ther we go to war or not. In the second place, for aught we yet
know, these ships may be found to give signs of local weakness
as soon as they are taken on an ocean cruise, and to require such
repairs and strengthenings as can only be performed in dock.
Again, being steamships, they will be continually liable to acci-
dents in connection with the engines or the propelling apparatus;

* Since this paper was read, the issue of 100-pounder Armstrongs has been sus-
pended.—E. J. B?e P e
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and with many such accidents docking will become indispensable.

"And so I might proceed to multiply examples of this kind. But

there is one consideration which is paramount, and which may
therefore be stated at once: we dare not send these ships against
a French fleet unless we have docks for them to rum to in the
event of a disaster. We know not what may happen to these
altogether novel structures, until they have been exposed to suc-
cessive broadsides from a heavy naval battery; and it would be
madness to send them out to encounter a powerful fleet of vessels
as stron% as themselves unless we are prepared to open docks to
receive them in case of necessity.

I have said that we are at present without dock accommodation
for these ships; and it may be desirable to illustrate the correctness
of this statement in detail. What we require for them in each
case is, first, deep water up to the entrance of the dock; secondly,
a depth of not less than 27 or 28 feet of water over the sill of the
dock; and thirdly, a length on the floor of the dock of 400 feet.
Now, these three conditions are not combiued, I believe, in any
dock in Great Britain—certainly not in any of Her Majesty’s dock-
yards. At Portsmouth we have just completed a pair of docks
which can be thrown into one, 612 feet long. But over the bar
of Portsmouth harbour there is a depth of 17 feet only at low
water, 27 feet at high-water neups, and 30 at high-water springs.
Consequently, these large iron-cased ships, if they went to Ports-
mouth in a dangerous state, orin hot hasteto get to seaagain, would
nevertheless have to wait for the very top of the tide before they
could get either in or out. But even if there were no bar, the
Portsmouth dock would still be unavailable in such an emer-
gency; for the depth of water over the sill of one portion of it is
but 25 feet at high-water springs. It is into this dock that the
Warrior is shortly to be taken for the purpose of having her
launching cleats removed, and her bottom cleaned. As she can
at present afford to wait upon the tide without inconvenience,
there will be no difficulty in this case. But in war time it would
never do to keep such an important member of your squadron
fretting for the tide at Spithead, or to have to lighten her before
she could cross the dock’s sill. At Devonport, again, the longest
dock is only 299 feet long over all; but I am happy to state that
one is in progress of construction 437 feet long, 73 broad, and 32
deep at the sill. At Keyham, the longest dock (the South),
which is 356 feet in length, has but 23 feet depth at thesill, while
the North, which has 27 feet, is but 308 feet long. At Pembroke
there is a dock 401 feet, but it has a sill of 24 feet 6 iiiches only.
The longest dock at Sheerness is 280 feet; at Woolwich, 200; acd
at Chatham, 387, but the last has but 23 feet 6 inches at the sill.
At Deptford there are but two docks, opening into oue, and they
are very shallow. There are a few large private docks in the
country which come very near to our requirements. There is the
Canada Dock at Liverpool, for example, 501 feet long, 100 broad,
and with 25 feet 9 inches over the sill, There are also No 1
Dock at Southampton, and the Millbay Dock near Plymouth, of
which the former is 400 feet long with 25 feet over the sill, and
the latter 367, with 27 feet 6 inches over sill. But none of these
answer all our requirements, nor could we avail ourselves of more
than one or two of them in time of war if they did.

If we turn to the French coast, we shall find that in this
matter also we are far behind our neighbours. At Cherburg
there are two docks 490 feet long and 80 broad; two 330 by 70;
two 350 by 65; and two smaller ones besides. At Brest, again,
there is building a dnuble dock 720 feet by 90; and there are also
two 492 feet by 60, and two smaller. At L’Orient there is one
350 feet long, and another (building) 507 feet. At Toulon there
are two in progress, one 409 feet long, and the other 588, beside
several smaller docks which have existed for some time. Icannot
give the depth of the sills of any of these French docks, for L
have been unable to obtain that element in any single case even,
and I am assured no account of it is anywhere recorded in this
country. But there is no good reason to doubt that a proper
depth has been given in most instances.

ou will now be able to comprehend the advautage which
France has secured in this matter of dock acconodation for her
iron-cased fleets, and will readily discern that danger to which we
should be exposed in the event of an early war with that country.
A single action might so seriously cripple both fleets as to render.
large repairs necessary; but France alone would be capable of
renewing her strength,—it would be our lot to lie crippled in our
harbours, while she captured our commercial vesselsand menaced
our coasts,

I am perfectly well aware that a large increase of dock accom-
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wodation is to be supplied at Chatham forthwith. But our Chan-
nel and Mediterranean fleets must not depend upon docks at
Chatham, which cannot be reached from the south until a long
pasage has been made, the Nore sands threaded, and an intri-
cate and shallow river navigated. We must give to our ships the

advantage which Cherburg secures for the French, and which-

they propose to augment by establishing at Lezardrieux* an
immense steam arsenal, protected by an impregnable series of
defences.

It will now be seen that, in order to place ourselves upon an
equality with the French navy, no less than to meet the certain
emergencies which must arise with our reconstructed fleet, we
ought without delay to fonnd a colossal dock establishment on
some favourable point of our southern shores, furnished with the
means of carrying on extensive repairs in time of war. The most
suitable of all positions is probably that of Southamzbon Water,
the shore of which, at the entrance to the river Hamble, presents
conditions and circumstances which finely qualify it for the pur-

If we are wise enough to build a set of suitable docks
there before the time of war arrives, we shall have the satisfaction
of knowing that the largest iron-cased shipe now in contempla-
tion will be able to run in and be docked with all their stores on
board, and everything standing. And nothing less than this
should satisfy us.

—_—

INSTITUTION OF ENGINEERS IN SCOTLAND.

Tae first meeting of the session 1861-2 of the above society was
held November 13, 1861; the president, Wu. JorNsToNE, Esq.,
delivering the introductory address on the occasion, as follows:—

In appearing before you, I think it right to tender you my best
thanks for theionou le position yourl:gave placed meyin, byy;lecb-
ing me president of this rising and, what I trust it will yet be, great
and useful institution; and while I do so, I cannot but feel that
the important duties attaching to the office would have been
more efficiently discharged by some other of its members,
although by none who has more at heart the interest of the insti-
tution. I crave, therefore, your indulgence for any deficiencies
and shortecomings.

I have not the same cause as my worthy friend who preceded
me to regret, as he did at the opening of his last address, that
few papers had been read and discussed before the institution; as
during last session there was not only a good number of them,
but they were all of a highly interesting character, and at once
calculated to advance scieuce and throw much light on the various
subjects treated.

It must indeed be generally admitted that the volume of our
transactions for last session, just issued to the members, exhibits
a decided advance upon the previous reports of our earlier pro-
ceedings; and this whether we consider the amount of matter,
the importance of the subjects discussed, the value of the informa-
tion elicited, or the increased willingness of our members to take
part in the discussions. As showing the great interest taken in
the subjects brought before us last session, I may remind you
that the discussion of some of them was renewed on several
different evenings.

The important subject of air engines was introduced at the
first meeting by our late president; who exhibited in actual
operation a small engine of this kind made by Ericsson, and
brought over from New York. The chief merit of this little
engine appeared to be its convenience in application where a very
small power was required; but it did not seem to be economical
in the use of fuel. The subject was resumed at the third meetin
by Mr. P. Stirling, who gave us a description of, and the practi
reqults obtained by, the earliest air engine ever in operation for
any length of time, and which was erected by Mr. James Stirling
at Dundee in 1842—the economy in fuel of which has hardly
been su during the interval since that date. It is true
the particulars given in the paper had been furnished to the

Institution of Civil Engineers some years ago; but the council, in
uqy-stini Mr. Stirling ro read it, believed that the time had
arrived when it was desirable to re-open the discussion of the
wubject, which could not be done better than by the paper in
mstion. The extremely interesting discussion which followed
y justified this step. Stirling and Ericsson’s engines were
compared, and the important differences in their modes of action

v
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considered, and the advantages of the former pointed out. It
appeared that Stirling’s could be made to work satisfactorily up
to fifteen or twenty horses power; but that for larger powers
great difficulty was experienced in getting heaters to stand. The
subject was again brought up at the last meeting of the session by
Mr. Lawrie’s elaborate theoretical paper on the operation of air
engines; and in the discussion which followed a prominent part
was taken by Prof. Rankine and Mr. Brownlee, who contributed
valuable materials towards the elucidation of the subject. It is
not, however by any means exhausted, and there is reason to
expect that we shall bave additional papers during the present
session. In some respects, if theoretical promises are realised,
the air eniine should apparently possess advantages superior to
those of the steamn engine; and the prosecution of the subject
should not be relinquished until practical difficulties are over-
come, or the supposed advantages proved to be imaginary.

At our second meeting we hAX useful papers read by Prof.
Rankire on engineering field-work, and by Mr. Froude on the
Jjunction and laying out of railway curves—another branch of the
same sabject. The former supplied rules for ranging and
measuring the inaccessible parts of straight or curved lines;
whilst the latter entered with extreme minuteness into the im-
rortant questions of the cant that should be given to the outside
eg of the curve, and the best modes of uniting two unequal or
contrary curves, or a curve with a straight line. The discussion
of the subject was again taken up at the fourth meeting, when
additional matter was furnished by Mr. Froude, and the particu-
lars of a case of sharp reversal of curvature on the South Devon
Railway were given by Mr. Bell—showing that a careful and
pains-taking correction of the line by those in charge, in accord-
ance with the indications of defects produced by passing trains,
had gradually brought it to closely approximate to Mr. Froude's
curve. A small portion only of our members teok an interest in
the subject of this paper. In an institution, however, like our
own, designed to comprise and bring together all classes of
engineers, something of that kind must occasionally happen; but
it should be remembered that the interest of our transactions is
considerably enhanced by the variety in the topics of the papers
they contain; and each of us should bear in mind when listening
to a paper of little interest to himself, that other papers of more
interest to him may have been of considerably less to other mem-
bers. It is dae, however, to Mr. Froude to award him special
praise for the very interesting manner in which he treated the
subject, and for the very great care and labour bestowed by him
in order to render it as complete as possible. It is a paper which
well deserves to be referred to as an example by future contributors
to our proceedings. In it and the discussion which followed
thereon will be found sufficient data to guide and educate the
young engineer in this important branch of civil engineering;
and there is no other branch that I consider more necessary
for an engineer to make himself thoroughly master of than this.
It will have the effect of economising time in the laying out of
a railway, and capital in its construction; while it will insure
mathematical accuracy in the laying down of the permanent
way and works, as well as their maintenance on correct
principles.

At our fourth meeting we had two
one describing an improved pump, which was illustrated by a
working model. The institution will, I am sure, be glad to receive
from Mr. Simpson an acccount of the practical application of this
pump to mines; its trial on a large scale having been recommended
when the paper was read.

Mr. Simpeon’s second paper was on the ventilation of mines.
It described a very ingenious apparatus for indicating the
dangerous presence of explosive gas; and with respect to it
the institution also hope to receive an account of practical
experiments which were to be undertaken to test the range
and accuracy of the indications. If these experiments are
satisfactory, the instrument will be a most valuable protection
for the miner. .

‘We had during the session another paper relating to mines, by
Mr. James Ferguson. It treated principally of underground
mineral transit. It was highly interesting, and will prove to be
a valuable paper for reference, on accountof its numerous and
carefully narrated statistics, and its elaborate comparisons of
the different modes of underground conveyance hitherto and at
present in use.

The subject which last session elicited the keenest discussion
was that of the surface condenser, introduced at the fifth mesting

5

pers from Mr. Simpson,
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hy Mr. Davison’s paper, and resumed at the sixth and eighth meet-
ings. It has been remarked that in this discussion there was a
little too much irrelevant contention between the advocates of
rival plans; but it must not be forgotten that, without this
element of rivalry, those taking part in the discussion would not
have felt themselves impelled, as they were, to supply us with
the large amount of information, the numerous facts and practical
results, and the various considerations both in favourof and
against each plan, which were actually elicited; and all of which
should be known and considered by every one desirous of select-
ing the best condenser. It is in laboriously endeavouring to
devise a condenser (or other useful machine) that shall surpassall
others, and thus confer a benefit on the community, that an
individual becomes the interested advocate of a particular kind.
It is natural to suppose that such a person has studied the sub-
ject more than one not specially interested in it, and in conse-
quence of such study he should be more able to supply correct
information and advice upon it. It is always the best information
and advice on any subject brought ap which the institution is
desirous of eliciting and placing on record; and if we except
purely theoretical subjects, it is from interested advocates of
particular views and plans that we should expect to get it. The
reading of papers before institutions like this, even though it be
by interested advocates of the plans such papers describe, cannot
in any sense be likened to ordinary advertising. In the latter,
everything that can be said in praise is fully written up, and
much there are no grounds for; whilst all particulars on which
the readers can exercise their own judgment are studiously
omitted. In the former the author challenges the criticism of
his hearers, exposes his plans to comparison with any others that
may be brought forward, and submits his advocacy to searching
examination. His paperis thoroughly discussed, and,as the result
of discussion, his views may be confirmed and advanced, or, it
may be, discouraged and negatived. He risks this from a bond
fide belief in the merits of his plans; but whatever the result, the
institution will have elicited the best information on the subject
that is obtainable from its membens.

At the fifth meeting our attention was also directed to the sub-
%e:,t of gas engineering by Mr. David Laidlaw. It was not Mr.

idlaw’s design to introduce to our notice any special novelties,
nor to enter into any very abstruse questions; but he gave us, in
an interesting and concise manner, a brief retrospect of past
doings, and a general view of modern practice, in that important
department of engineering. Mr. Bartholomew ‘contributed
cousiderably to the interest taken in the subject, by presenting
us with drawings and description of the large gasholder and tank
recently erectegs from his designs by the Glasgow City and
Suburban Gas Company.

At our ninth meeting we had Mr. Milue's most valuable paper
describing the removal of the junction lock at Grangemouth, and
its replacement by anenlarged lock, forming au imporant addition
to his contribution of the previous session, which also related to im-
provements in the canal works at Grangemouth. These papers are
of a class that, I think, the institution ought to be desirous of
encouraging, on account of the value they impart to the transac-
tions, from their importance as articles of reference. The simple
and concise phraseology, and the quantity and minuteness of
details, both in the description and drawings—upon which the
g;nctical value of such papers mninly depends—entitles them to

taken as standard examples for future authors of similar ones;
but they have also the advantage of describing engineering expe-
dients, remarkable not only from the nature of the ditticulties to
be overcome and from their novelty, but also from the ingenuity
displayed in devising them, the skill shown in carrying them out,
and, above all, from their small cost compared with the practical
advantages derived from them.

‘We had, finally, Mr. Simpson’s paper on canal locks, which was
illustrated by a working model. Mr. Simpson remarked on the
sreat waste of water involved in the ordinary lock system, and
proposed as a substitute a very ingenious plan, exceedingly sim-
ple in its action, and which promised to be considerably less
costly in construction, working, and maintenance, than mechunical
lifts, such as that at Blackhill on the Monkland canal; whilst the
expenditure of water would be reduced to a minimum, and in
sowe cases altogether obviated. Itappears to me this plan merits
careful consideration.

Having gone over the various papers brought before the
institution during the last session, Ip“shall only shortly refer to
somie of those subjects which I think ought to continue to engage

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL

(Jan. 1, 1862

the attention of the members of the Institution, and to obtain
from them valuable papers thereon.

The subject of mining is one of great importance, and there is
none more deserving the attention of the engineer, with the view
towards an improvement in the mode of conducting underground
operations—tending not only to improve the condition of the
miner in every respect, but economising to the proprietor the cost
of production. The produce of our mines, whether considered as
the great element of industry, or as the mighty agent used for the
production of mechanical power alone, is well deserving of the
consideration of the members of this institution. Before the days
of Watt and the steam engine, the mining of this country was
meagre and insignificant compared to the important position it
has since acquired. The steam engine, which gave the miner
facility for draining the seams of coal and ironstone, also enabled
him to make deeper shafts, obtain larger outputs, and carry them
to Jmu:ll(ets never dreamt of until the days of the steam engine
and rail.

The field of labour under this head is wide, and always
attractive to the mechanical engineer. It is doubtful if the
genius of Watt, when he first took up the steam engine, could have

ound more congenial employment than in scheming and arrang-

ing its details to win and unwater the vast fields of coal which lay
deep and inaccessible throughout the coun It is well known
that the extensive fields of the north of England gave rise to the
first practical development of the idea of locomotives and rails.

From reliable sources we learn that the annual produce of coal
throughout Great Britain has now reached the enormous output
of 80,000,000 tons. It would be difficult to arrive, even approxi-
mately, at the power of the machinery employed to lift this pon-
derous weight to the surface, scattered as it is throughout all parts
of the country. It is calculated, however, to be not more than a
fourth of the total power required to raise it and the drainage; or,
in other words, for every ton of coal lifted there are three tons of
water. It has been estimated that nearly one-sixth of the total
annual produce of our coal mines is usedv for the production of
mechanical power alone, from which a power equal to 66,000,000
able-bodied men is obtained; and, upon the same calculation, the
total annual production of the United Kingdom is equal to the
strength of 400,000,000 men, or more than double the number of
adult males now upon the globe. The mechanical appliances
employed underground are daily increasing; and the engineer who
could contrive and arrange a locomotive to suit the peculiarities
of underground haulage, would receive and well deserve the
lasting gratitude of the coal owners of this country. Though
various schemes have been tried to introduce machinery to work
coal, I am not aware that any of them have been found effective
or Eeractically useful. However, the many ingenious contrivances
to be found in our workshops and engineering establishments for
reducing manual labour, would induce the general observer to
anticipate that even in coal-hewing the time may not be far dis-
tant when some mechanical arrangement will be introduced to
aid and economise the labour. Though no very alarming question
has yet been put regarding the duration of our coal-fields, it is
well known that more attention has of late been paid to the
economising of them. Modified aud improved systems of mining
are being gradually introduced; and these improvements, while
they reward the enterprising, keep this country ahead of other
countries, from the aid and impetus which a cheap supply of fuel
gives to the manufacturer.

Situated as we are in the centre of a rich and extensive
mineral field, enjoying the advantages of cheap coal and iron, we
cannot forget that the hands who produce so much of this
country’s wealth are subject to many painful casualties; for we
have the means of knowing that throughout the mines of the
United Kingdom upwards of a thousand persons, from various
causes, are sacrificed annually. In this immediate neighbourhood
we have been lately startled by one or more of these disastrous
occurrences; and while those best informed on these matters seem
not to calculate upon more than an amelioration of such calamities,
yet it is clearly the province of this institution to foster and
encourage every aim having for its object the safety and improve-
meunt of this useful and invaluable class of men. R

During these days of %eueral progression, the locomotive engine
has not been stugnant, but has been becoming Egdually nyora
matured, and its powers more fully developed. Irom the gpeat
advautages derived from machinery in its construction, and fjom
the superior description of materials now used, engines are msnu-
factured with a precision approaching perfection, thereby largely
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diminishing the cost of construction, and greatly increasing their
powers of endurance. As an instance, I may mention the pretty
general introduction of cast-steel tires, which from their superior
quality and hardness will last twice as long as the best Yorkshire
iron, and from their great toughness and strength will be much
less liable to accident than those presently inuse. I think before
many years cast-steel will be universally adopted for the tires of
both engine and carriage wheels. The cgief objection to them at
present is their cost—an obstacle which, I have no doubt, will be
got over as the demand for them increases.

Perhaps the greatest improvements that have been made on
locomotive engines of late, however, have been more immediately
connected with the economy of their use. Since the introduction
of coal as a subatitute for coke, it is gratifying to know that the
same work can now be done for one penny per mile which only
very lately cost threepence; and, as an illustration of this, I may
mention that some passenger trains, having a gross weight of
from tifty to sixty tons, are now propelled at aspeed of forty miles
an hour, at a cost of a fraction over a farthing per mile for fuel.
Not long ago, eightpence to tenpence per train mile was con-
sidered no extravagaut sum to pay for locomotive power; the same
work is now done for something less than sixpence. This result
has, no doubt, been brought about by the attention that has been
%nid to the construction and working of the locomotive engine.

o doubt much remains yet to be done by skilful and enterprising
mechanics; but, I must say, it seems at present difficult to point
out by what means much greater economy, in fuel at least, can be
obtained.

Giffard’s feed injector appears to me destined to play an im-
portant part in locomotive economy. From its perfect simplicity
in construction, being entirely without parts in motion, there is
a complete exemption from the wear and tear consequent on the
use of pumps, with their various valves, plungers, and conducting
pipes. Unlike the ordinary pump, it is entirely free from liability
tod e by frost in severe weather; while the engineman can
feed his boiler when the engine is at rest, in a siding or other
situation where he could not pump water by the old arrangement
—and so getting rid of donkey engines and pumps, and their
attendant tear and wear. The ease with which it can be applied
to any position that may be wanted, and the readiness with which
the method of working it can be picked up by any ordinary fire-
man in a few minutes, insures its almost universal adoption at no
distant date. I am aware of instances where locomotive engines
employed in all descriptions of traffic for months past, having no
other means of supplying their boilers with water; and in no
instance has there been the slightest detention to the trains or
want of action on the part of the injectors, and the engine-drivers
have the fullest confidence in them. I believe the only conditions
to be carefully attended to with them is the using of pure water,
and the maintaining of the water to be injected uuder a tempera-
ture of 130° as above that heat the water does not seem to be
capable of condensing quickly enough the steam which is used to
force the water into the boiler. 1t seems to be equally manage-
able at all pressures of steam; and one of its peculiarities is, that
the higher the pressure of the steam, and consequent resistance of
the water in the boiler, the greater is the quantity of water it will
deliver in a given time.

Allan’s pressure gauge is anotherrecentand very successful im-
provement in the locomotive engine, the engine-driver being at
all times able to assure himself that it is in accurate working
order. This gauge indicates the pressure by the compression of a
quantity of air, which can be measured and renewed at any time
by the turning of a couple of cocks. I am glad to say that it is

inning now to be pretty generally adopted.

1 have noticed what occurs to me to have been the most pro-
minent improvements recently made on the locomotive engine;
aud, as regards the carrying stock of railways, it appears to me
that the most important improvement is their increased capacity,
whereby each carriage and waggon is made capable of carrying
double the load of the old ones, and that without greatly increas-
ing the weight of the vehicles, while only the same number of
wheels and axles is employed; so that the tear and wear has not
Increased in the same ratio that it would have done had the same
origiual description of plant been perpetuated. Aud while these
Improvements have been made in the carrying stock, it is evident
that the rame amount of tonnage can be shifted with a much less
exrenditnre of locomotive power than formerly.

. 1 may further call attention to the use of malleable-iron girders
in the construction of railways and other works, and the adoption
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of cast-iron cylinders for the under structure of bridges and
viaducts, where such required to be carried over rivers and
streams of considerable depth. One of these has been con-
structed by Messrs. Blyth, of Edinburgh, for carrying the Port-
patrick railway over Loch Ken in Kircudbrightshire. It consists
of three water arches, with land arches on each side. The two water

iers are founded in very deep water, considerably above twenty
eet. Thecylinders are somewhere about eight feet in diameter.
After the cylinders were loaded and sunk to their proper depth,
and the stuff excavated from the interior, they were securely built
inside with sclid ashlar freestone wrought to the circle of the
cylinder. The top of the cylinders oorresYoud nearly with the
ordinary level of the loch, upon which ashler piers are raised to
the level of the lattice girders for carrying the permanent way.
It is altogether a very neat and substantial structure, and reflects
great cre%lit upon the desiguers. I have procured photographic
views of it, which are now laid on the table for the members’ use.
The greatadvantage such a work has over the old plan of building
viaducts in such a situation, is the facility afforded in obtaining
a foundation for the piers, without resorting to the expensive,
tedious, and uncertain process of coffer-dams. This plan is also
being adopted for carrying the Charing Cross railway from the
Hungerford market across the Thames to the Surrey side, on the
site of the present suspension bridge.

INSTITUTION OF CIVIL ENGINEERS.
G. P. Bioper, Esq., President, in the chair.

Nov. 19, 1861.—The whole of the evening was occupied by the Discus-
sion upon Mr. LONGRIDGE’S paper on *‘ The Hooghly and the Mutla.”

It was remarked that owing to the increased trade of Calcutta, and
the insufficient accommodation for shipping in the river Hooghly, as well
a8 of warehouse room on the bank, an inquiry had been instituted as to
whether anyof the channelsin the Sunderbunds could be rendered available
for the relief of that port. The Mutla had been found to answer the re-
quirements, as it possessed a safe and convenient navigation, with a tract
of land suitable for warehouses and offices on its banks, within a moderate
distance of Calcutta. The chief objection to the new settlement had
hitherto been the unhealthiness of the site; but its salubrity would im-

ve year by year, as embankments were being made to keep out the
gg?)d ofhigh tides, the land was being drained, roads formed, and tanks or
reservoirs excavated to hold and ensure a good supply of pure fresh water.
There were numerous applicanta for the land, which was sold in allot-
ments on building lease, and there was every prospect of the new port
affording a useful and necessary adjunct to Calcutta.

With a view of ascertaining what peculiar causes were in operation to
make the channel of the Mutla so much deeper and more regular than
that of the Hooghly, a chart of the upper part of the Bay of Bengal had
been contoured. 1t was thus found, th there was a deep water channel
in the centre of the gulf, some portions of which had notgeen sounded at
300 fathoms; that the water shoaled from 100 fathoms at 20 miles from
the coast to 5 fathoms at 5 miles; and that the channels passing up the
creeks were nearly at right angles to the line of from 30 to 50 fathoms of
water. Also, that the entrance to the Mutla was the nearest to the deep
water; hence, there was a greater freedom of current, and the flood was
carried more quickly up to the head than in the others, causing its channel
to be superior to that of the Hooghly.

The moat violent winds in the Bay of Bengal were from the south-west,
and if accompanied with a spring tide, the littoral of Hindostan must be
swept from its southern part to the mouth of the Hooghly, which lay open
to receive it, and meeting with extensive shoals the force of the flood was
checked, until it had attained some height, when it was hurried forward
up the estuary of that river, and formed a dangerous *'bore.” Such
could not be the case in the Mutla, from its deep water channel being at
right angles to the course of the flood, and immediately cunnected with
the deep water in the centre of the bay. On the other hand, with north-
east winds, the deep water of the centre of the bay and the whole length
of the gulf was forced seawards, and must be the cause of littoral counter
currents running northwards, carrying with them the detritus to the head
of the bay on both sides. Hence there was a prepunderating power in
the tidal cnrrents, as well as the detritus brought down the rivers to find
a resting-place there.

Tn regard to the amount of solid matter contained in the waters of the
Hooghly, it was stated, that although Major Renuell had in his * Memoir
of Hindostan’ estimated the water of the Ganges to consist of one-fourth '
part mud, yet in other writings he had given it as only the gj,th part.
This agreed more nearly with Mr. Piddington's experiments, which
showed the quantity to be the g{yth part, and with the Rev. Mr. Everest’s,
who made it the gjyth part, both during the rainy season. The Nile
contained y4y of its bulk in mud, aud the Humber vy, of which latter,
sand formed about 75 per cent. But even allowing that 78,000,000
cubic yards of solid earth were deposited yearly in the Hooghly and its
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estuary, this would only give 1} inch in depth over an area of 600
square miles, included within the 3-fathom contour; and if the area was
extended to the 5-fathom contour, and embraced also the inlet of the
Hooghly, then the area would contain 1200 square miles, and the deposit
would only amount to §-inch in depth.

A belief existed that a great deal had been done by the former govern-
ment of India to facilitate a boat passage from Calcutta through the
Sunderbunds, But by a return to parlisment, this amount appeared not
to exceed £37,000; and the chief improvements in the canals in the im-
mediate vicinity of Calcutta had been in throwing bridges 'across the
streams, andin making roads on the banks. Scarcely any outlay had been
incurred in straightening the water courses, or in deepening them, either
by manual labour or by ging. It was thought that one of the three
Nuddea rivers, which were now only navigable during the months of
J'uly, August and September, should gnve been rendered fit for naviga-
tion throughout the year, not only for the native boats, but for the light-
draught steamers trading on the Ganges. According to a parliamentary
return, the average cost per annum, extending over ten years, of main-

these rivers, including salaries and the whole establishment, was
£3248; whilst the average tolls, after deducting the expense of collection,
amounted to £14,486 per annum. There must theu-eg:re be a consier-
able balance in hand, which might well be laid out in straightening the
best of these channels, deepeniug its bed and raising its banks, with other
engmeer'm% works, 80 as to maintain a sufficient depth of water for the
purposes of navigation.

Turning now to the Sunderbund district itself, it would be found that
it comprised an area of 4500 square miles of low lands inundated during
the rainy season by the overflowing of the numerous rivers and water
coutses, producing a rank vegetation, and over most of it a dense jungle,
the hot-bed of fever, fatal to human life, and the miasma from which must,
with certain winds, be carried to the cultivated distriots, and even to
Calcutta iteelf. If a proper system were adopted, of dividing this vast
and at present uselees territory, by a series of cute, surrounding the dis-
tricta by embankmente, and allowing the water when charged with sedi-
ments to remain for a time withi m, and run off at low tide, these
lands would upidl{;bewu-ped up, probably two or three feet in & season,
and make an ample return of most vduagle produce, a8 had been for
many years past 8o successfully adopted in the Trent, the Ouse, and other
rivers in connection with the Humber.

It was believed that the flood and ebb tides both took the same course
in the Mutla, whereas they entered and left by different channelsin the
Hooghly, and that this was sufficient to explain the difference in the
depths of the channels. As to the utility of back water, it was argued
that the Mutla navigation must have been maintained by back water
through the same channel, and not by tidal scour alone; thatit was made
by the waters of the Ganges, and afterwards abandoned; and that so long
as there was an absence of any great quantity of mud, the channels must
remain open.

There were several other examples in India of harbours which were
exceedingly good, where there was little or no fresh water, though
originally made by the great waters from the land. The easterly and
westerly branches of the Indus were at the present moment both tidal
estuaries, and other places might be named.

It was mentioned that Barrow Harbour, on the north side of More-
cambe Bay, afforded another illustration of an unchanging channel kept
open by tidal scour alone; but, on the other hand, it was thought that
the freedom from deposit in this harbour was due to the stream which
ran through it. The harbour at Portsmouth, and, in a less degree, that
at Ramsgute, were instances of harbours silting up for the want of fresh
water scour, which it was contended, should always be sought for to keep
a harbour clear. To this it was replied, that there were numerous
instances in which channels were kept open purely by tidal water—in fact
such channels would always be maintained, if the water flowed through
them with sufficient force to prevent deposit, whether the stream were con-
tinuously in one direction, or whether it oscillated backwards and for-
wards. In nature, every possible condition was of course to be found; in
some cases the fresh water, and in others the tidal water greatly pre-
ponderating, and their relative quantities ever varying. For instance,
the rivers flowing into the Baltic and into the Gulf of Mexico,
an enormous proportion of fresh and very little tidal water, yet the chan-
nels eonﬁnuegr:pen. It was quite as erroneous to say, on the one hand,
that fresh water was of no use, as, on the other hand, that a channel could
not be kept open without fresh water.

When Great Britain was looking to India as the future cotton field of
Europe, and when endeavours were being made to open that country to
commercial enterprise, the importance of a well-organised system of
transit co-operation by railways, by water and by ferry-bridges, could
hardly be over-estimated. As fifty millions sterling had been expended
in trunk railways and canals, it would be necessary to improve and utilise
to the utmost the river navigations, to act as feeders to those main lines,
and to provide an additional number of river boats. Since any alteration
in the channels of the rivers, and especially of the great Delta, would be
costly, and the result very uncertain, it was contended that it would be
preferable to construct vessels of suitable size and form for the navigation
of shallow and tortuous rivers, amd that economy of transit, as well as
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management of the vessels, was, in such cases, mainly dependent on the
efficiency of the steering and towing apparatus,

It was observed, that no great faith could be placed in any echeme for
the improvement of Indian rivers, inasmuch as for eight or nine months in
the year the weather was perfectly dry, and for four months there was a
tremendous rainfall, producing an immense flow of water, when therivers
assumed a character quite unprecedented in this country.

With respect to the change of the seat of trade from Calcutta to the
Mutla, there were as many difficulties in the way as if the attempt were
made to transfer the trade of the Thames at London to the Medway, It
Wwas more a question of economy than anything else, for if millions of money
had been sunk in the erection of warehouses and buildings for the pur-
poses of trade, that was an element quite as important as the question of
the river itself. Looking to these facts, and to the delays and costs of
unloading a cargo twenty or thirty milea from the place to which it was
consi , and conveying it that distance by railway, it was thought that
there was no prospect of the navigation of the Hooghly being changed for
that of the Mutla. To this it was replied that the difference of expense
between Mutla and Calcutta would be considerably in favour of the former
Ert. It was thought that preference should be given to a river where

ere was always 26 feet of water, to one which was beset with shoals;
and to a river, the mouth of which was only 50 miles fron the head of the
navigation, available in one day’s steam, to one which required three
day's steam, in a country where steam-power was costly. It was not a
question of superseding Calcutta as a port of commerce, but it was con-
tended that Mutla would form a valuable auxiliary—like Birkenhead to
Liverpool—and that by the route advocated the physical difficulties of the
approach would be lessened, and the same point arrived at, only with
diminished risk and greater economy.

In closing the discussion, it was remarked that there was not sufficient
information relative to the physical features and the conformation of these
rivers, to enable a proper discussion to be raised on matters specially
appertaining to this Institution. With regard to the commercial part of
the subject it should be said, that there was always great difficulty in
changing the locality of an important commercial business. No doubt
there were large establishments at Calcutta, with all the accessories for
the trans-shipment of goods. Granting that the Mutla had all the advan-
tages ascribed to it, a long and severe struggle would be made on behalf
of existing interests, though it should not be treated as a hopeless affair,
especially as it had been stated, and not denied, that the Mutla presented
an unchanging channel, accessible at all times. As Southampton bad
been cited, it might be said that, although the heavy merchandise trade
had not been drawn there, yet that port was resorted to by the trade
requiring quick transit—mails and pasengers. Inlike manner, probably,
the first trade to frequent the Mutla would be the mail steamers, for
which speed was the main object, and in the course of time it might
receive a share of the heavy trade.

Long Tube Barometer.—After the meeting, Mr. R. Howson exhibited
in the library o Barometer, consisting of a long tube freely suspended
open end downwards, a cistern which was of a tubular shape, and a *“stalk.”
The stalk was a glass tube, sealed at both ends, attached firmly at its
lower end to the bottom of the cistern, and rising axially up the tube until
it nearly reached the surface of the mercurial column. e consequence
of this arrangement was, that the top of the stalk came into a region of
very low pressure, and there was an excess of pressure tending to force
the cistern upwards. This excess was represented by the weight of the
cistern (and stalk), and the contained mercury, so that under a given atmo-
sphetic pressure, the cistern would always hang suspended at a given level.
‘When the presssure of the atmosphere rose, a portion of mercury left the
cistern and d into the tube, and the cistern also roee, until the level
was rep by the immersion of the glass which formed the tube. When
the pressure fell, the converse took place. An elongated scale was thus
produced, the extent of being dependent upon the relative areas of
the tube, and of the glass which composed it. action might also be
simply viewed as that of a long piston, or plunger, with a liquid packing,
ha a vacuum on its upper side, and a self-graduating weight attached
to its lower side.

J. R. McCLEAN, Esq., Vice-President, in the Chair.

Nov. 26, 1861.—The paper read was ‘‘ On Measuring Distances by the
Telescope.” By W. B. gnu, M. Inst. C.E.

The author's attention was attracted to this subject by a paper by Mr.
Bowman, read before the British Association in 1841; but it required
further investigation and modification to bring it into a form of practical
utility. He found that it was convenient to have two distance hairs on
the diaphragm of the level, one about g% of an inch above the level hair,
and the other as much below, 80 as to read 1 foot on the staff at 1 chain,
and 10 feet at 10 chains. Since, however, in focussing the instrument to
any object, it was necessary to bring the cross hairs into such new focus,
which was proportionally further from the object glass as the object was
nearer, the angle which the hairs subtended from the centre of the object *

lass must be variable, diminishing as the distance was diminished.
ence a correction was necessary, and this the theory of refraction by |
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lemses furnished. It showed that the error was constant at all distances,
araounting in every case to the focal length of the object glass for parallel
rays. This constant was to be added in reading the staff, by bringing
the lower cross hair near any even division of feet, but exactly *02 of a
foot above it, corresponding with the two links from the centre of the
instrument to the anterior focus, in the cases of a 5-inch theodolite and
10-inch level. Then, by reading the upper distance hair, and deducting
the even number of feet at the lower hair, the difference was the distance
in chains and links. If the compass was sufficiently delicate, any opera-
tion of contouring, or running trial levels, could be performed with ra-
E'dity and loeur:g When provided with the two distance hairs, the

vel of the ground could be taken above and below the ordinary range
of the instrument. The use of these distance hairs for eighteen years
had proved their practical value. In taking the widths of rivers or deep
ravines, distances of 20 chains had been read in favourable weather; and
when thg hairs were accurately fixed on the diaphragm, they might be
used even for fractions of a link, in taking widths incapable of direct
measurement.

When applied to a theodolite, they could be used for measuring dis-
tances on sloping ground. But in that case, since the line of sight was
no longer perpendicular to the staff, a correction was necessary, for which
& table was given, showing the angles of elevation of the various heights
which were simple fractional parts of the horizontal distance. hen
the horizontal distance to the staff had been ascertained, the theodolite
waa to be elevated to the tabular angle corresponding to the fractional
rise nearest to the slope of the ground; then that fraction of the horizon-
tal distance, less the reading on the staff, would he the correct rise.
‘With the theodolite it was convenient to have another set of hairs for
reading the distance in feet as well as in links. In clear weather, with a
distinct reading staff, a distance of 40 chains had been read between the
foot and link hairs.

In the course of the discuseion it was remarked that the arrangement
deacribed by the author was of a much earlier date than had been men-
tioned.  Poesibly its application might hitherto have been limited, from
the want of a correction for the errors introduced in focussing the instru-
ment, which had now been supplied. Reference was made to the mi-
crometer arrangement of the diaphragm of Mr. Gravatt's original dumpy
level. This system of measuring distances had lately been applied to
rifle practice, and for mili purposes generally it was thought that a
micrometer telescope could relied on for distances up to 12 or 16
miles. It had also been employed for determining the speed of vessels at
sea, when the exact length of the vessel was known, as well as for other

parpoees.

It was observed that the great improver of instruments of this kind
was M. Porro, an officer of engjneers in the service of Piedmont, a de-
tailed account of whose ““ Instruments pour les 1éves de plans” was given
by M. H. de Senarmont in the Annales des Mines, 4th series, vol. xvi.
(1849). None of the modifications in M. Porro’s instruments had been
introduced into this country, and yet with his micrometer scale of wires
the staff could be read off in metres at once—and, it was stated, at a
distance of 800 metres the error did not exceed 2 centimetres.

Dec. 3, 1861.—The paper read was ‘‘ On the Discharge from Under-
drainage, and its cffect on the Arterial Channels and Ouifalls of the
Country. By J. BaiLey DeNtow, M. Inst. C.E.

:I'bis mr contained deductions from a series of experiments made at
Hm to ascertain the relative fall of rain on the surface, and the
discharge of water from the under-drains. The experiments extended
from 1et October 1856, to 31st May 1857. They were made on fields
containing about 100 acres, in equal proportions of the two descriptions
of eoil into which the agricultvral land of Great Britain requiring drain-
ing might be divided, viz.: The surcharged free or porous soils, and
the abeorbent retentive soils, though incorrectly called *impervious
clays.” A description was then usually given of the lands experi-
mepted upon, a8 well as analyses of the soils.  Also tables,
which had been published in the “Journal of the Royal Agricultural
Bociety,” vol. xx. (1860), showing the daily rainfall, the discharge
of water from the drains, the height of the barometer and thermometer,
and the temperature of the soil at 18 and 42 inches respectively below
the surface.

The whole estate was drained by one connected system of works; but
the mode of draining necessarily differed. Thus, the *free soils™ were
drained by occasional and wide drains from 4 to 8 feet deep, at a cost
varying from £1 10s. to £3 10s. per acre; while the ““gault clay” was
dmn:g uniformly by a parallel arrangement of drains 25 to 27 feet
apart, 4 feet deep, at a cost varying from £5 10s. to £6 10s. per acre.
Int.be_hner case, the number of drains was increased to a maximum,
the object being not only to remove excess of wetness, but to promote
the aération and disintegration of the soil.

. It was remarked that the average annual rainfall in the district was 24
inches, which had not been exceeded in the three years preceding the ex-
periments. The st fall in twenty-four hours, Lruring the eight
wonths from October to May, was 0-542 of an inch, and the total fall
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wnle'O:i inches, while the average fall over the same period amounted
to 18 inches.

After some general remarks as to the time when under-drains com-
menced discharging, and upon the condition of the free soils and of the
clays at Hinxworth prior to under-draining, the author Proeeeded to con-
sider the effect of that operation. On the ‘“free soils,” and in fact on
most of the mixed soils, it was observed that no water could run from the
under drains until the water had been raised by descending rains to the
level of the drains—which was not exactly the case with “ clay soils”—
and that as the surface springs rose higher and higher before draining, so
the lowest drains would begin to run first, and as soon as the water bed
of the whole area drained, forming an inclined plane, had risen by de-
grees to the height of every drain, the whole system would be at work,
and not till then. The quantity discharged by the drains did not repre-
sent the whole of the infiltrated water, which included the water dis-
charged by the drains; the water which gravitated to the outcrop springs;
and the moisture which rose from the subeoil beneath the drains by at-
traction into the soil above them, to be dispersed by evaporation at the
surface. The quantity of water di the surc ¢ free
soils” was rather more than two-thirds of the rain which fell on the sur-
face, the actual quantities being 168,650 and 227,220 gallons per acre, or
7 and 10 inches respectively. This proportion had reference to the rain-
fall of eight months only. If the discharge of the whole year were com-
pared with the rainfall, it would be found to be less than one-third,
arising from the fact that while the discharge of the remaining four
months was very trifling, the rainfall was 11 inches, or 250,000 gallons
per acre. If the mean discharge for twelvemonths of the free and
mixed soils were taken fogether, it would be found to amount to one-
fourth of the corresponding rainfall, a proportion which would give 6
inches in depth, or 135,732 gallons per acre as the mean quantity of
water discharged from such soils to the outfalls from under-draining, a
result not inconsistent with the experiments of Dickinson, Dalton, and
Charnock. This quantity was, for the most part, new water rescued from
evaporation, and would, pro tanto, swell the ordinary flow of rivers.

It was stated that, under ordinary meteorological and physical con-
ditions, the under-drains of the free soils would begin to discharge in the
month of October, or the beginning of November, and those of the clay
soils in the end of November, or the beginning of December. Thus, at
Hinxworth, the drains from the clay soils did not commence to discharge
at all till the end of November, by which time 3} inches of rain had
fallen, or just sufficient to fill the inner pores of the soil, though the
water had not risen to the height of the drains. After ceaging for a time,
they commenced a continuous discharge early in January, when the
water in the soil had risen to the height of the drains. The tables showed
that as the character of the subsoil became more open and mixed, sudden
discharge was lessened. It was when, by repeated rains, the clays had
had their peculiar property of retention fully satisfied, aud held within
them a8 much in their drained condition as they were capable of holding,
that they were in that state which fitted them to discharge the largest pro-
portion of any subsequent rainfall in the shortest time. The tétal quan-
tity of water discharged by clays annually was small com with that’
disc by frec soils. The Hinxworth experiments showed it to be
only 59,931 gallons, or about 24 inches, per acre. If this quantity were
regular over the the discharging period, it would not materially affect
the arterial system of the country. But as a large portion of the heavier
rainfalls was immediately discharged when the soil was saturated to the
extent of its capability, and when the free soils would be discharging at
lenst 1000 gallons per acre per diem, and the rivers might be pre-occupied
by their present natural spply, and by the waters that passed off the
snrf;ce without entering it, another feature of importance presented
itaelf.

The general results of under-drainage on the arterial water supply and
outfalls seemed to the author to be—first, to render the surface more
capable of absorbing the rain that fell upon it;—secondly, to lower the
discharge of the upper surface springs in a slight degree;—-and thirdly, to
withdraw from the power of evaporation all the water which the under-
drains discharged.

Upon the first result there could be no difference of opinion. If drained
land were deeply cultivated, there would scarcely be any overflow from
the land surface. But there were circumstances which must interfere
with the complete absorption of which a drained soil was susceptible, and
would prevent any very sensible reduction of the floods. Freshets, from
such circumstances, would still prevail; though, as steam cultivation and
deeper ploughing gained ground, a greater proportion of the rain would
be admitted, and to a certain extent floods would be diminished.

With regard to the second result the deduction ap equally clear.
Tt had been shown by Mr. Charnock, in his Ho) experiments,
which extended from 1842 to 1846 inclusive, that evaporation from an
undrained soil, maintained in a state of saturation, was 8 inches more
than the rainfall, while that from the same soil, when drained, was
5 inches leas. The effect of under-draining upon the main perennial
springs which supplied the rivers, was, therefore, to increase and not to
diminish their flow, as had been stated; a circumstance considered of
great advantage when viewed in relation to the increasing pollution of
the rivers by the discharge of town sewage. Again, the beneficial effect
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upon vegetation of lowering the standing water-bed during the spring
and early summer, when all vegetable life was in its most sensitive stage,
could not be overrated. The Hinxworth experiments showed that in
March, April, and May, the temperature of the drained soil was higher
by 2° Fahrenheit than the undrained soil. As a further illustration of
the evil of a shallow water-bed, it was mentioned that, during the surve
for the drainage of the Test Valley in 1852, a violent storm occumtz
which blew down many trees. It was then found that the relative height
of the several tree bottoms formed one line, or inclined plane, precisely
agreeing with the water level throughout the length of the valley; and
showing that the soil of that valley, and those of which it was a type, was
maintained in a state of wetness very closely approaching complete
saturation.

Asregarded the third result, that under-drainage diminished evapora-
tion and 8o lessened the rainfall, it was observed, that as Great Britain
was surrounded by theocean, a sufficient supply of water would be obtained
from that source. Dr. Dalton had stated that in England the average
quantity evaporated from a water surface was 44'43 inches, while Mr.
Charnock showed it to be 85 inches at Holmfirth;—both in excess of the
rainfall, with the quantity of moisture precipitated as ““ dew ™ added.

In conclusion, the hope was expressed that sufficient had been ad-
vanced to show that the tendency of under-drainage, as at present
progressing, was to augment the ordinary flow of rivers at that period of
the year when the soil was saturated to the extent of its capability, and
that the time was not far distant when the subject of this paper would
force itself upon the attention of the country.

With regard to the act of last session, which enabled the proprietors
of the lower lands to remove mills, dams, weirs, and other impediments,
under oertain conditions, it was explained that these legal facilities,
though they would aid in the removal of certain irremediable obstructions,
did not involve any actual reduction of mill power in the aggregate. On
the contrary, it was believed that, in a majority of cases, the point aimed
at would be not the destruction of the mill, but the means of discharge
into the mill-tail, and that many valleys would be divided into & series
of smaller areas, feeding each other with increased water supply, by the
actual process of draining.

Annual General Meeting.

Before commencing the proceedings the president said, that under
ordinary circumstances he should have suggested to the members the pro-
riety of adjourning the meeting, in order to testify their regret for the
ented decease of their honorary member H.R.H. the Prince Consort,
and their deep sympathy with their beloved Sovereign and the Royal
Family on their bereavement. As, however, the charter imperatively
demanded the election of the council and officers on that evening, the
council did not feel authorised in postponing the meeting, which would

be restricted to the mere routine of the election.

In presenting an account of the proceedings of the institution during
the last twelve months, to which the report was exclusively devoted, it
was stated that they would contrast favourably with those of any
previous year. The more than ordi attendances at the meetings
showed, that the subjects brought forward for discussion had equalled,
even if they had not exceeded, in interest those of former sessions, The
elections of members and associates had been as numerous, and as a con-
sequence the abstract of accounts exhibited a very satisfactory result.
Considerable additions had been made to the library, to which the atten-
tion of a special committee of the council had been closely di .

The principal papers read during the session were then noticed; and it
was remarked that many important works, some involving considerable
novelty, had been executed by members of the institution both at home
and abroad, which had never been described. It was therefore desirable
that every acting and resident engineer, on the completion of any under-
taking upon which he might have been engaged, should prepare a descrip-
tive narrative of the progress of the works, of any peculiarities in their
design, and particularly of any incidents that might have occurred during
their construction.

With a view to encourage the production of really valuable original
communications, in preparing the list of subjects for premiums for the
session 1861-62, it was determined to offer iary awards, not exceed-
ing in amount twenty-five guineas each, in addition to the honorary
premiums, for & limited number of papers of distinguished merit.
Although five subjects had been specially selected, it was stated that
other essays would be considered if of adequate merit. It was hoped that
this would have the effect of inducing the presentation of many useful
papers, not so much from the intrinsic value of the reward, as from the
distinction it would confer on a successful competitor.

With regard to the library, it was stated that the application to the
lords of the treasury for copies of the ordnance and geological maps of the
United Kingdom had not Keen successful; the reason assigned being that
their gratuitous supply had been discontinued in 1850, on the recom-
mendation of the late %ou-d of Ordnance, and that the Institution of Civil
Engineers could not be made an exception to the rule. No steps had
been taken for their purchase, as for the same sum, many books, atlases,
and general mape could be obtained, which were likely to be more generally
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useful. The purchases already made included lib: maps of E
(topographical and geological), of England, Scotland, Ireland, Indis,um

United States, and Canada; and spaces had been left for maps of the
World and of Asia to be added, as soon as the new editions now in hand
were completed. Two com ensive atlases and a few standard French
and English works, ially to complete series hitherto imperfect, had
been purchased. Much useful information had been procured, particu-
larly g-om the continent, which would facilitate future purchases. Thus,
there had been obtained, from the Ecole des Ponts et Chaussees a care-
fully prepared catalogue of works recommended by that school; from the
Royal Institution of Engineers of Holland a marked list of the best books
on water construction; and it was hoped that similar particulars would be
shortly received from Germany and Italy. It was on all accounts
desirable that the library shoul! be unrivalled in its peculiar specialty;
that it should contain copies of all treatises on engineering and the allied
sciences, wherever published; and the co-operation of the members
generally was earnestly solicited, to enable this to be accomplished.

The abstract of the acccounts showed that the amount received from
subscriptions and fees was greater than in any previous year, and that
the current subscriptions were now 50 per cent. in excess of what they
where in 1851. During the year the Stephenson and the Miller Bequesta
had been invested in railway debenture stocks, and an addition of £900
had been made to the institution fund, so that the total investments now
amounted to £12,194. 12s. 11d. The sums on deposit at the Union
Bank, and the current balance at the bankers’ raised this amount to
nearly £15,000.

The amount of arrears of subscription due for 1861 was £241. 10s., and
for 1859 and 1860, £89. bs.; together, £380.15s. Great exertions, had
been made to reduce the sums owing for previous years, and in some
cases the arrears had been paid inqu while in others a composition had
been made. But still the council had been under the painful necessity,
“after suitable remonstrance,” of erasing the names of one member,
nineteen associates, and two graduates, from the register.

The deceases during the year were announced to have been:—Mr.
Eaton Hodgkinson and General Sir Charles William Pasley, h
members; Sir William Cubitt, Messrs. William Allcard, Samuel Clegg,
Nicholas Harvey, Jooe‘})h Maudslay, John McVeagh, John Plews, James
Ralph Walker, and John Ward, members; Colonel Robert Kearsley
Dawson, R.E.,, C.B,, Messrs. George Aitchison, James Braidwood,
Charles Frederick Cheffins, Octavius Cockayne, Charles Cowper, Henry
Alcock Fletcher, Lionel Gigborne, William Newton, John Pigott Smith,
Edmund Treherne, and John Neville Warron, associates.

The number of elections had been 69, of deceases 23, of resignations 9,
and of erasures 22; so that the effective increase of the year was 15,
making the total number of members of all classes 945. 1t was mentioned
that within the last quarter of & century the number of members of all
classes had increased nearly four-fold.

In closing the report, the council urged that the success of the Institu- *
tion depended a great deal more upun the individual exertions of the
members, in support of its scientific character, than upon its i
prosperity; and that it could not continue to hold the high po<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>