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Tue multifarious uses to which cast iron is
applied, and the facility with which it can be
moulded into almost every shape, render the in-
vestigation of its properties a subject of interest
in a national as well as an individual point of
view. Manyexperiments toascertain its strength,
elasticity, and other properties have therefore
been made by authors, not only of our own,
but other countries; as by Banks, Rondelet,
Muschet, Bramah, Dunlop, Brown, Rennie,
Tredgold, &c. besides the numerous experiments
made at my works by my friend Mr. Hodgkinson.

None of those writers, however, with the ex-
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ception of Tredgold, have, so far as I know,
inade any inquiries into the fluidity of the dif-
ferent sorts of cast irons ; nor has much atten-
tion been paid to their comparative powers of

application. |

The following pages contain—1st., a laborious
enquiry into the transverse strength of cast irons
from various parts of the kingdom ; and, 2ndly,
an extended investigation into the less cultiva-
ted field of their relative values, asregards their
adaptation to the arts.

In pursuing these experiments it was origin-
ally my intention to have investigated the ques-
tion of mixtures, or the proportions necessary
for the production of different sorts of castings.
This subject is, however, of such importance,
and requires so much time and labour, that I
am induced to forego its consideration for the
present, and confine myself exclusively to the
objects above stated. In adverting to this matter,
however, it may be proper to remark that the
same admixture or compound of pig iron is not
suited for every description of casting ; a water
wheel axle, or steam engine beam, for instance,
requires a different mixture to the finer and sof-
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ter preparations for light machinery. Cylinders,
air pumps, and pistons of steam engines have also
(in practice) their peculiar compounds; and it
is important in all these operations to have con-
firmed data (the results of actual experiment)
for directing the labours of the architect, engi-
neer, and mechanic.

Tredgold in his essay on the strength of cast
iron seems to have been aware of the deficiencies
under which the labours of the iron founder
have been conducted ; he describes the proper-
ties of the iron* but gives no proportions for the
mixtures ; nor have we at the present time any
guide beyond what is indicated by the appear-
ance of the fracture. The amalgamation of the
different metals, however important in practice,
is generally left to chance; or at best to the

* Soft iron yields easily to the file, when the external crust
is removed, and is slightly malleable in a cold state.

White cast iron is less subject to be destroyed by rusting
than the grey kind, and it is less soluble in acids ; therefore it
may be usefully employed when hardness is necessary, and when
its brittleness is not a defect ; but it should not be chosen for pur-
poses where strength is necessary.

White cast iron, in a recent fracture, has a white and ra-
diated appearance, indicating a crystalline structure ;it is very
brittle and hard. Gray cast iron has a granulated fracture of a
gray colour with some metallic lustre ; it is much softer and
tougher than the white cast iron.—Tredgold’s Essay, p 7.
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imperfect knowledge of the person who attends
the furnace: on some future occasion I may,
however, make this a distinet subject of enquiry.

During the prosecution of the following expe-
riments, I have been favoured with the assist-
ance of Mr. Hodgkinson, to whom I am in-
debted for the calculations and many valuable
suggestions ; also to one of my own pupils, Mr.
J. Patchett, who rendered valuable assistance.

Before exhibiting the experiments, I would
here observe that they were made on quadran-
gular bars, one inch, and one inch and a half,
square. These bars were loaded with weights
suspended from the middle, and supported, first,
on props 4 feet 6 in. asunder, and afterwards,
their fractured halves, on supports 2 feet 3 in.
asunder ; the bars thus placed were loaded with
weights, commencing, in the first series (4 feet 6
in.) with 14 lbs., and generally increasing in the
ratio of that weight until the bar was broken.*
This method was adopted in all the experiments,
and conducted with such care as to ensure
correct results.

*In the 2ft. 3in. bars, 28lbs. was not considered too great an
increase.
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The deflection was ascertained every time the
weightswere increased ; and, in order to discover
the defects of elasticity, the set was taken at
equal intervals between the weights during the
progress of the experiments. Considerable
attention was also paid to observed discrepancies

appertaining to the point at which the elasticity
became defective.

The following sketch of the apparatus shows

in what manner the experiments were con-
ducted :—

- 3
N " . i

EFI E!

A B represents a straight edge or parallel
guage, having two dovetailed slides C C, to
regulate the height above the bar D D,
resting upon the supports E E, and F the
scale on which the weights were laid. The
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method adopted in removing the weights,
for the purpose of ascertaining the defects of
elasticity, was by pressing down the end of a
wooden lever, G, applied to the bottom of the
scale, and thus raising it to a height sufficient to
disengage the hook every time the set was taken ;
this was done by a slow steady motion, and
the weights were laid gently upon the scale to
prevent jerks or sudden derangement of the parts
under strain.

In 52 experiments on inch bars 4 ft. 6 in. be-
tween the supports, the deflections varied (with
equal weights of 350 1bs.) from .707 to 1.582,
which for the whole number gives a mean of
1.051 as follows :—



Tuble of deflections as exhibited with equal weights on bars
cast to be lin. square® and 4ft. 6in. between the supports.

No.ofEx- Weightin| Detection
periments. Names. Ibs. in inches. | Mean.
1 Apedale. 350 1.115 ;
2 % 350 | 1.098 § 108 z
3 Varteg. 350 1.050 1.045 =
4 . 350 | 1.040 e £
5 Monkland. 350 1.352 1.358 =
6 i 350 1.365 £y 2
7 Carroll. 350 0.810 asne, =
8 £ 250 | 0.840 0,825 5
9 |Windmill End. | 350 | 0.83 e g
10 = 350 | 0.890 o = =
11 Low Moor. 850 1.180 1105 -
12 i 350 1.210 3 =
13 Butterley. 350 1.130 e -
14 & 350 1.155 ) =
15 Beaufort. 350 0.745 0.726 E‘,
16 £ 350 | 0.707 A £
17 Maesteg. 350 1.115 1.144 £
18 3 350 1.176 ¢ ’ g
19 Level. 350 | 1.023 - =
20 . 250 | 0.987 % 1,005 L
21 Old Park. 350 1.025 W =
22 i 350 1.016 Hi e
23 Calder. 350 1.240 : 5
24 3 550 | 1.197 2
25 Clyde. 350 0.979 I =
26 3 350 9.9935 (i =
27 Eagle Foundry.| 350 1.083 1.047 5
28 " 350 | 1.012 i =
20 Adelphi. 350 1.177 1 195 g
30 i 350 1.073 = 2
31 Pontypool. 350 1.073 % =
32 o 350 | 1.104 pee =
33 Oldberry. 350 0.973 g
34 3 350 | 1.043 1,008 B
35 Pentwyn. 350 0.885 0.878 £
36 5 350 | 0.872 i 8
37 Gartsherrie. 350 1.042 1.062 &
38 = 350 1.083 pURLE =
39 Dundayven. 350 0.926 - s
40 v 350 | 0.995 2 0,961 E
4] Lays Works. 350 1.582 = =
42 3 350 | 1.466 1nes 7
43 Bute. 350 | 0.942 >
44 3 350 0.979 0,260 o
45 Brimbo. 350 1.016 : =
46 ¥ 350 | 1.076 2 1,086 =
47 Ponkey. 350 0.834
48 . 350 | 0.846 i
49 Frool. 350 1.092 =
50 - 350 | 1.162 T
51 Lane End. 350 1.005 S
52 ) 350 1.039 % i

* The bars usnally measured somewhat more than 1 inch square, as will be seen
from the experiments; the deflections therefore would have been a little greater
than those shown above, if the bars had been exactly one inch square,

P
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It appears from authors, who have recently
written on the strength of materials, that all
crystalline or tenacious bodies, subjected to a
transverse strain, have one of their sides elon-
gated, whilst the other is compressed ; they are
also agreed as to a point, called the neutral
point, round which revolve the opposing forces of
tension and compression. Inour experiments it
is evident, as the deflection increases, the atoms
or crystals on the lower side of the bar must be
separated, and those of the upper side brought
nearer together.* Mr. Hodgkinson in his paper
on the strength of iron beams, (Manchester
Memoirs, vol. 5, second series, page 409,) states
the following proposition.— Suppose a beam
horizontal, with one end firmly fixed in a wall,
and a weight hung at the other, it will bend ;
but it is evident that could not take place,
except by the lengthening of the top parts,
by the compression of the bottom, or by both.
Now both of these actually take place ; and
" hence there is some intermediate point or line
between the top and bottom of the beam, where
the particles are neither extended or compres-
sed. This line may properly be called the

* This has only lately been admitted, bodies have hitherto
been considered incompressible.
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neutral line.” He then goes on to illustrate
the theory by a diagram to show that the sum
of the forces exerted by the extended fibres is
equal to the sum of the forces exerted by the
compressed ones, and thus concludes :—“ Now
it is evident that the extensions or compres-
sions of any particles within these surfaces will
be as their distances from the line A B (mean-
ing the neutral line;) and the forces exerted
by those particles must bein the same propor-
tion, so long as the elasticity remains perfect ;
for then the forces are found to be as the ex-
tensions or compressions. Afterwards the forces
of the particles would be assome different fune-
tions of their distances from the neutral line.”

In furtherillustration of this subject, suppose
we place a bar of cast iron upon the supports
E E in the figure, and subject it to pressure,
by weights suspended from the middle; it is ob-
vious, in this case, that the resisting forces of
extension and compression immediately come
into operation ; the particles forming the con-
vex side of the bar, become more widely sepa-
rated, whilst those on the concave are more
closely condensed. It is evident, therefore,
that a change of position must take place in
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the granulated state of the bar, in order to re-
sist the forces thus operating to produce rup-
ture, either by compression above, or forcible
extention below.

From this view of the case, a question arose
as to the actual state of the atoms under diffe-
rent degrees of pressure ; it appeared to me that
the tensible and compressed forces would at
every change produce a new adjustment of the
parts, and either afford evidence of their adap-
tation to the load, or demonstrate a progressive
yielding to a force sufficient ultimately to des-
troy the resistance.

On consulting the works of different authors,
I found them nearly agreed in supposing that
materials could be loaded to one-third or more
of the breaking weight, without injuring their
elasticity. In pursuing these experiments I was
however led to a different conclusion, by obser-
ved discrepancies in the bars, accompanied by
much earlier indications of impaired elasticity.
I mentioned this circumstance to Mr. Hodgkin-
son, and found similar results had been obtained
by him, in experiments made for the British
Association previous to those now in progress.
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So striking a coincidence, induced a new and
extended series of experiments, to determine
whether the elasticity is not generally injured
with much less than one-third of the breaking
weight, and the annexed tables show this to be
the case: some slight injury with very small
weights is certainly produced; but it admits of
doubt whether or not it affects the ultimate
strength of the bar,—at first sight it appeared
that a weight sufficient to produce a permanent
set would, if continued, be sufficient to break
the bar, and that time alone was necessary to
effect the rupture.

Mr. Hodgkinson took a different view of the
case, and conceived that bodies by virtue of
their elasticity, combined with slight ductility,
might adjust themselves so as permanently to
bear a load, nearly sufficient to break them at
once. He had formed this view from having
found that in experiments on wrought iron
wires, torn asunder many times in succession,
they bore nearly as much the last time as the
first.—See Manchester Memoirs, Vol. 5.

A phenomenon so curious and interesting led
to the enquiry. How much will cast iron per-
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manently bear without endangering its security:
This was an exceedingly important question,
which in order to solve, we came to the conclu-
sion of putting to the test of experiment.

For this purpose ten bars were procured, each
cast to be one inch square, and having loaded
them with different weights,—some nearly ap-
proaching the breaking point,—and supported
theirends on props 4 ft. 6in. asunder,—they were
left in this position to determine how long they
would support the loads without breaking. Five
weeks have now elapsed since they were charged,
and, from what we can at present observe, there
is every appearance of a long and tedious experi-
ment.* I should here mention that the deflec-
tions are taken weekly, in order to determine
the alterations in the state of the bars.

* Since the above was written, one of the bars has given way
and broken near the centre, after having sustained a load of 448
lbs. for 37 days. The deflection was observed to have increased
from 1.904 to 2.014 between the time of loading and that of
the last measurement, three days before the ruptare took place.
It must be observed that this bar was thinner than any of the
others now tried, and had borne for this period a weight larger
than had broken bars of the same size in previous experiments
upon this iron, when the weights were laid on without loss of
time. All the other bars continue to sustain their loads, though
they have born them for many months ; the deflections however
are slightly on the increase. The particulars of these will be
given in the Seventh Report of the British Association for the
A dvancement of Science.
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The following being a practical enquiry, it is
not necessary to step out of the way in_search
of general principles: the effort will therefore
be confined simply to investigating the peculiar
merits of the different irons of British manufac-
ture; exhibiting their most remarkable features,
and rendering their applicability matter of cer-
tainty as respects strength, fluidity, power of
being worked, &c. The enquiry will, therefore,
in a great measure be devoted to those objects ;
shewing the strength and deflection of each iron
under a transverse strain in the first instance,
and subsequently interspersed with observations
arising from microscopic examination, and the
turning and filing process to which they were
severally subjected.

In the annexed tables I have given an abridged
form of the experiments, and selected such
weights, deflections, and numbers, as will give
a succinct and clear illustration of the methods
adopted in the experiments.—To each class of
experiments, and to each iron, is attached a ta-
bular form of results, with the values reduced
to those of bars exactly one inch square; the
reductions being made by supposing, as is gene-
rally admitted, that the strength of rectangular
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beams is as the breadth multiplied by the square
of the depth ; the length being given: and that
the ultimate deflection is inversely as the depth.
The power of resisting impact in each iron is
reckoned by the product of the breaking weight
multiplied by the ultimate deflection: depending
upon the supposition that the elasticity remains
unimpaired ; and that the blow, in all cases,
where the results are to be compared together,
is given with the same striking body or hammer
upon beams all of which are equal in weight.
These suppositions, however, are not strictly
true, but as the beams are all very nearly of
equal weight, the product above mentioned will
give a comparative measure near enough for
practical purposes; as may be inferred from the
paper on impact upon beams—VFifth Report of
the British Association for the Advancement of
Science.—The modulus of elasticity is given in
pounds for a base of a square inch ; this weight
may be taken as the measure of the stiffness of
the iron. It was usually calculated from the
deflection caused by 112lbs. on the 4ft. 6in.
bars.



OTHER PROPERTIES OF CAST IRON.

No. I.

cNGLISH IRONS.
Apedale, No.II, Pig Iron, Hot Blast, Newcastle, Stafford-

72 inches from the centre.

shire.
KXPERIMENT Znd.

EXPERIMENT 1st.  |Depth of Bar.......1.025 ].\PERI\IE‘IT 3u1.
Depth of Bar. 1.010]Breadth do. .. evev s 1-002 D :pth of Bar.. ....1.013
Breadth do. 1 015{Distance between sup- Breadth do.. .1.015
Distance between POrts. . oo cvee.s 41t. 6in. d:.-;lnuuehctueenaup

SUPPOrtS. ... ... ..4ft. 6in |Weight of Bar 5it. long, POTtS.asann.. 2ft. 3in.
131bs. doz.
= S -]
: €2 |iwe: B LA £5
we;ght-l}ei'it:t{ligii é E W Pinl,t_fht Deflection .‘g E “'i:f:ht Df-_iﬂec- -g E
bs. |imehes | g E | pp, [ ioches:) g ® ¥ rbs. |inches. | o
a3 Ag ==
= e = =
112 | .275(-.008|112| .280 (.0I0} 112 |.034|—
182 .48.} 0191182 | .490 [.028] 224:|.072.003
238 | .674(.040]238| .672|.051]1336|.112|.005
294| .882 |.068]|294| .874 (.084|448|.155].007
350 1.115 |.110] 350 | 1.098 |.110 | 560 |.204|.013
3781 1.242 |.138 | 406 | 1.340 | .159 | 672 |.255 | .020
406 1.372 |.165]462 | 1.613 | .227 | 784(.305 | .029
434 | broke 476 | 1.700 |broke| 896 |.370 | .040
: 952 |broke
T ], Broke_ane inch. from| - 5gp"™®

Broke at the centre.

185

Results reduced to those of Bars 1.00 inch square.

Product
Modulus of | Breaking | Ultimate | b x d or
Specific | elasticity in | Weight, |deflection,| power of
Gravity 1bs. (4-) (d.) resisting
impact.
xp. 2nd, bar 4ft. 6in... .. ..... 7.017 (14852000, 457 | 1.730| 790.6
Exp. 3rd, bar 2ft. 3in... ... .. . 910.4.| .405| 368.7}

This Iron presents a clear and rather open fracture ; when viewed with
a magnifier, the crystals appear porous in the centre, but smaller and more

compact as they approach the outer edge.
Appearance light grey, slightly tinged with blue.—It is a free working

iron, rather stiff in its texture, but yields moderately to the chisel and file.

I should conceive it useful in combination with metals of greater fluidity.

Q
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No. II.
ENGLISH TRON.
Adelphi, No. 2, Pig Iron, Cold Blast, Derbyshire.
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No. III.

ENGLI1ISH IRONS.
, Derbyshire.

Butterley, —, Pig Iron,

Experiment 1st. E.rpenmmt Znd. Experiment 5?‘“ | f‘JpPﬂm! nt dth.
thofBar,. ... 1.000|Depth of Bar...... .991||Depth of Bar.,....1.015||Depth of Bar. 1014
readthdo.., .939{(Breadth do .. . .988||Breadth do ....... .993|Breadth do.. LSS
:stance between Distance betywy een Distance between Distance between
PPOTLS L uus 4ft. 6in.|| Supports.,...4ft. 6in.|| supports..... 2ft. in.|| sapports ....2ft. 3in.
Welg t of Bar 5ft. long,|| Weight of Bar 5ft. long,
141b. 130z, 1431bs |
A w0 A = =] = =
Sy = e | 1R e | =1 %H o = v - FR
A _gﬂ ‘E'E—E g .;%E* g.ﬁ?j = _E ‘ ‘%-:7:." =i Eg 'g'd‘?-
2 | 88 [8235|l 5 | 85 (283l & |39 (228l 5 | 89 228
B ad |8 | o o ST & B4 .8 T @ = = i
(7] ] = = L < a = 8 1 ] - i - Sl [ =
= [= = = = a = =]
112(.033|—| 112| .034{——
56( .130].002( 56| .140| .002| 224|.070| + || 224| .073| +

126| .331|.015|| 126] .339| .016|| 336].108(.003 | 336| .115| .004
+ | + | + || 182 .515] .037| 448|.151|.006 || 448| .160| .007
182| .504(.040| 238| .710| .063|| 560].195].009 || 560} .210{ .011
+ | + |+ || + | + + || 672|.246]|.015 | 672| .263| .018
238| .695|.065) 294 .921| .099| 784{.300(.026 || 784/ .320( .026
294 .903|.100) 350{1.155| .147|| 896|.362|.038| 896| .390| .043
350/|1.130] .147|| 406[1.420| .203 100b 442 .064 || 1008|broke|broke] .
406(1.385] .203| 4341.580| .253 1092 broke|broke
462(1.685] .295| 462|broke |broke
490(1.855] .340
497 |broke |broke

. Ultimate deflection . Ultimate deflection |[.-, Ultimate deflection ||.-. Ultimate deflection
== 5895, —l.'fﬁ?. —.493. —470.

] 28| .067].000| 28| .070|.000

Bmke one inch from| Broke § of an inch from|| Broke 2 of an inch|| Broke in the centre
the centre. the centre. 4341bs. were||from the centre
hung from the bar for 14
hou.rs, when the deflec-
tion was found to be
1.630, and the defect of
elasticity .292.
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INQUIRY INTO THE

No.

STRENGTH

IV.

ENGLISH TRON.
Eagle Foundry, No. 2, Pig Iron, Hot Blast, Staffordshire.

AND

Lzperiment 1st. Ezperiment 2nd. Erpenmen: 3rd. " Experiment Ath.
Depthof Bar.,.....1.025(|Depth of Bar...... 1.024 |[Depth of Bar.,....1.015 ||Depth of Bar....1.041
Breadth do.... ....1.025||Breadth do .. .1.045||Breadth do.e.u... 1.024 ||Breadth do......1.025
Distance between Dmtance hetween Distance between Distance between

supports ,..,. 4ft. 6in.|| Sup ««dft. 6in.|| supports.....2ft. 3in. supports . ... 2ft. din.
Weig t of Bar 5t. long, We:g l:lf Bar 5t. long,

151b. 11oz. 161bs
g.sﬂg,g.a.n,g.an.é.szﬁ
8 | B8 8=l 5 | B2 [E-F (| 5 | 8% |S=2| 2 |88 |82
2|3 |8%0| 2|22 EEg | 5 | 2d |2Eo| = | )RR
@ Fo4E Ellcel B e B 7 BN |8 Sl RERIERS
= | & E | A E |8 g |8

56| .141| .003|| 14| .032| + 112 .034| + 112|.030} +

112| .288| .012|| 56/ .132| .003|| 224{.072|.004|| 224|.063] .002
168| .4563| .029|| 112| .270| .015| 336| .113|.006|| 336/ .097| .004
224 .633| .050( 168| .429| .031|| 448| .155|.010|| 448| .135| .007
280| .826( .078|| 224 .600| .053| 560 .201| .014|| 560| .174{ .010
336/1.040] .115|| 280] .730| .079|f 672| .249| .020|| 672| .216/.013
392(1.268] .162|| 336| .972| .111|f 784| .304| .030|| 784/ .264(.020
4201.398 392(1.182| .156| 896/ .369] .041 || 896] .317| .030
448 broke 420(1.296 924(broke 1008| .379| .045

448|broke

-+« Ultimate deflection ||.-, Ultimate deflection ||.*. Ultimate deflection Broke 4 an inch from
=1.520. 1" =1.404. —.384, the centre when the
Broke § of inch from|| Broke one inch from|| Broke § of an inch||weight 1003 was re-
the centre. the centre. from the centre, placed.
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OTHER PROPERTIES OF CAST IRON.
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INQUIRY INTO THE STRENGTH AND
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No. V.
ENGLISH IRONS.
Level, No. 1, Pig Tron, Hot Blast, Staffordshire.
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OTHER PROPERTIES OF CAST IRON.
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No. VI.

ENGLISH IRON.
Level, No. 2, Pig Iron, Hot Blast, Staffordshire.
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OTHER PROPERTIES OF CAST IRON.
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INQUIRY INTO THE

No. VII.
ENGLISH IRONS.
Low Moor, No. 2, Pig Iron, Cold Blast, Yorkshire.

STRENGTH AND

I E—FP!?”??MH-! 15‘! Erperiment 2nd. E.rpnummt‘.lr'd Experiment 4th.
Depth of Bar...,..1.004|[Depth of bar...... .995 Depth of bar .. ....1,004 {|Depth of bar. ... 1.005
Breadth do.. 1.004 Breadth do.... ... 1.015||Breadth do.. . .1.004||Breadth do., ....1.005
Distance between Distance bel:ween Distance hetwe&n Distance between
supports. . ... . 4ft. 6in. ... dft. 6in,|| supports .....2ft. 3in. supports. ., .21t. 3in.
Weight of bar 5it. long, ngrt of bar 5it. long,
_ 141bs: 140z. 141bs. 130? h ‘ 1
2 | 85|85 8 |8g |85 = |S8|85( = [z58|28
5 | 39|88l 2 |82 |82 || 2 | B2 (88| 2 |55 |88
g8 |gcfl & |23 |S< || B |9 S< | ® |S535
= a Rl = (A B e 1P RE Il & | & ~g
56| .143|.005| 56| .147|.007| 112|.032] — || 112/.036] —
112| .293|.007| 112] .305].019| 224( .073| +. || 224|.078| +
182| .518|.043| 182| .531|.050|| 336 .115| .005|| 336 .120| 005
238| .713|.070| 238| .735|.079| 448| .163| .008| 448|.166 .008
294/ .938|.107|| 294| .955| .115| 560 .213|.013|| 560|.220] .011
350/1.180| .156/ 350(1.210] .170|| 672| .265|.020|| 672} .278 .021
4061.461| .230|| 406/1.500( .244| 784 .327|.031| 784 .341| .032
462(1.803 .335| 448|1.764 896/ .400| .048|| 896|.412| .050
469 broke 462 |broke 952|broke 952| 457
1008! .506|broke
.. Ultimate deflection ||-*.Ultimate deflection ||-. Ultimate deflection || Broke with 10051bs.
=1.844. — 1.863. — .434. 2 an inch from the cen-
Broke 4 of an inch|| Broke § an inch from|| = Broke § of an inch|jtre.
from the centre, the centre. from the centre.
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198 INQUIRY INTO THE STRENGTH AND

No. VIII.
ENGLISH IRONS.
Milton, No. 1, Pig Iron, Hot Blast, Yorkshire.

Ezperiment 1st. Erperiment 2nd. Experiment drd. Lepervment 4th.
Depth of Bar..... .1.064||Depth of bar... ... 1.058||Depthof bar .. ....1,090|[Depth of bar....1.067
Breadthdo.. ......1,064||Breadth do.... ... 1.020||Breadth do.. .. ....1.047 || Breadth do., ....1.040
Distance between Distance between Distance between  [|Distance between

su L o o 0 ou At GIN. SupEDrtS . ... dft. 6in,|| supports .....2ft 3in.|[ supports....20t. 3in.
Weight of bar 5ft. long,||Weight of bar 5ft. long,
161bs* Yoz, 161bs. Boz.
2 | g SO | o e - A8 i E N T
= g | 88| 5 2: |88 || = gg | Es || = g4 | 85
= |85 | 5Bl 3 |84 |3Efl = |€9 |38 | 2 |45 |36
i - = L L=/
29 =49 | Bu || B E.E B 50 H2- | B 2P =& | B=g
[T Qs @ =] o [T a4a ¥ 7] o e
E 1o B3 e SE- ke [Tz E 5 408
o s || o — e
42| 1.03| + 42| 103| + 1121 .033] — || 112|.033| —
112] .294 .010|] 112| .298|.006| 224|.066] + 224(.070| +

182] .499| .038|| 182| .518(.033| 336|.103|.004 336|.110|.004
238| .685| .065|| 238| .710|.056| 448|.143|.007| 448|.153|.006
294( .892| .094)| 294 .922|.090(| 560|.186|.009| 560|.200|.009
350(1.126| .139|| 350{1.160|.135| 672 .236|.015|| 672(.250|.016
406{1.382|brokel| 406|1.430|.209|| 7844 .286|.0244 T84 .306].025

420|broke 896| .350/1.038(| 896|.372| .041
952|broke 924 broke
Broke § of an inchjl--.Ultimate deflection ||.-. Ultimate deflection||.-. Ultimate deflection
from the centre- = 1.492. —.379. =.388.
Broke 1§ inch from|| Broke at the centre.]| Broke } inch from
the centre. the centre.
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OTHER PROPERTIES
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INQUIRY INTO THE

No.

STRENGTH

I1X.

ENGLISH IRON.
Milton, No. 3, Pig Iron, Hot Blast, Yorkshire.

AND

riment 1st, Ezxpertment 2nd, Experiment 3rd. Experiment ik,

Depth of Bar......1.010||Depth of Bar...... 1.036(| Depth of Bar......1.037||Depth of Bar,..,. 1.05
Breadth do.......1.014||Breadth do.... ....1,005||Breadth do .. ... . .1.01&|| Breadth do . ..... 1.01
Distance between Distance between Distance between Distance between

sup . o=+ +.4ft. 6in || supports,....4ft. 6in.|| Supports.....2ft. 3in || supports .... 2ft. 3in.
Weight of Bar 5ft. long,|| Weight of Bar 5it. long, ]

1551bs. 161bs.

2 | g EANCERN L SN R T

= Eg SRl & | ER|EF|| 2|35 |sE|| 5 | 82| &2

‘B 3 2 B i i 2 o ‘D e A

E BT eRleE e LRRLE & EEE R

42 093] + || 42| .092] + || 112]| .028| — | 112[.027| —

56| 126/ + 56 128 + || 224( .060 — || 2244 .057| —

126/ .300| .008)( 126{ .288|.014{ 336| .093| + | 336|.090| +

182| 453|.027|| 182| .431|.029| 448| .129| + || 448|125 +
238| .617|.045(| 238 .582|.045|| 560| .165|.004|| 560].160|.005
294( .796|.070(| 294( .749|.066|| 672| .209|.007|| 672|.200|.007
350( .983| .100j| 350 .927{.095|| 784| .252|.013| 784/ .240|.013
406(1.193| .143|| 406{1.120| .131|| 896| .300|.020{| 896| .285|.021
434(1.304{ 1744 448[1.285 52| .326 952| .310

448 |broke 455|broke 1008|broke 98()|broke
.. Ultimate deflection (|.-. Ultimate deflection ||.-. Ultimate detlection ||.-. Ultimate deflectio
==1.358. =1.518, —.351. B 'T

Broke i of an inch|| Broke 1} inch from|| Broke § of an inch||” Broke % of an inch
from the centre. the centre. from the centre. from the centre.
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202 INQUIRY INTO THE STRENGTH AND

No. X.
ENGLISH TRONS.
Elsicar, No. 2, Pig Tron, Cold Blast.

= Experiment 1st, Experiment 2nd. Experiment 3rd. Experiment 4th.
Depth of Bar..,...1.015([Depth of bar... ... 1.036||Depth of bar... ....1,030||Depth of bar....1.024
Breadth do........ 1.015||Breadth do. ... ... 1,000||Breadth do.. ......1.006(| Breadth do. ....1.008
Distance between Distance between Distance between Distance between
Eﬂ.}pgorta.. +e., 4ft. 6in.|| supports . ... 4ft. 6in,|| supports..... 2ft. 3in.|| supports....2ft. 3in.
Weight of Bar 5ft. long,||Weight of bar 5ft. long,
151bs. Soz. 1541bs.
P ERAIa Y RN A e ] 33 E [ESE
Sl S8 G823 | S5 fs5)l2 |25 54 2 |£2|%¢8
= a QE g’ a l:lg = a’ QE B - QE
| 56| 151 .008|| 56 .153|.007){ 112|.030 — || 112/.040| —
126| .365| .025|| 126 .375|.027| 224(.073| + || 224{.088| +
182| .577] .058|| 182| .563|.062|| 336| .115|.005| 336|.140|.006
238| .81 | .094(| 238| .784(.090|| 448| .165|.009| 448|.200|.011
294/1.075] .149|| 294{1.054 .153|| 560 .222| .014|| 560| .264(.020
350[1.387| .224{| 350(1.338| .21 || 672|.290|.025| 672].341].034
406(1.74 | .327|| 406{1.68 | .31 || 84| .351| .036|| 784 .428|.060
434{1.94 | .395|| 462(2.09 |.44 || 896| .434| .065| 812/broke
469broke 476]broke 924|broke
-.Ultimate deflection [|.". Ultimate deflection||.-.Ultimate deflection ||.-. Ultimate deflection
— 2.147. =2.19. =.452. =—.449.
Broke one inch from|| Broke }of an inch|| Broke 3an inchfromij Broke at’ the centre,
the centre. from the centre- the centre.
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OTHER PROPERTIES OF CAST TRON.

oy} ‘1opio jsig oy jo axe senzadoxd Suryiom sip

"20ULING JO JUSMIBOULAPY ©1j) 10 UONBINORSY YSHLIF O3 JO SUONORSURL], 1} Jo dWN[0A T3/ a3
ur uaAl8 se jioday] Awr mi punoy aq [ ‘moly jse[g J0H UOIITA AU} PUB J8R[E P[0 IBIIS[F Ayl jo sonyes osaneredurod ayy, ,

« pumos aAtsaype 3jos ¢ Lq parueduwosse Juraq Sury jo worjow
"anjq QA paxtuuejur ‘amojoo Loid e sey 17 aeq ey

JO UDS J9)NO B} IXOU 9SOY} S MUY AY) ur awes oY) Afaeou Fudq ‘speyshio oY) jo azis oy ur Ayuwiojrun

180l ST 2191 {AuNjovI) OY) JO UOII0LS AT oY) J9A0 oourvieadde snoumn[S pue paynIA © sey wWOI ST,

e8Le | €9% | 6918

€'69€ | 09% | @'89L

$'e0F | 99% | L'g98

L'166 | Fez'% | 0°9%F |0099895T8%6'9

£'900T | 692'2 | ¢'€FF. [0002GLZT|916'9

2'LL6 | 6LT'Z | G'8TF ooo_mmﬁmmm_ww
= 766'9

Sl e B al

..H..Hw..ﬂﬁ uoi u._"_..,. ap|* : ] ur .,_.,n: “Gravin

.__g: P X a_q E_w.wn_m.n__.u ._m,.___._ﬁ_um_.__..ﬁ,mm.?.__wm .m_u, hﬂ:mwﬂ.ﬁu ..:...:,om.nm

Jonpos g

1-!..l'_'ll.lltllI!IIlliIlil'Ii.ilqﬂHﬁmE

seereeceees guoddns woamiaq rurg Yz req “qp Juewadx
sreeeseeece guoddns weamiaq rmig g 1vq “pig Juewmedx

Il..ll.llluuli.lIitl.i....i!i!tﬂmmE

sissesenes .muhomm.—.dm UdaMIaq ‘UIg ‘1§ Jeq n:m:HN uﬂmEmhmmH
“te s e e Bam s m#.—ﬂﬁﬂ&“ﬂ.m n&mhwﬂmﬂ. -Ew .u@.ﬂ_ -—..Mﬁ— n.um.ﬁ .H._H_m__—.ﬂm.ﬁm_amx

‘aaenbs your ()1 saeq jo AS01[) 0] Paonpar s nsay[




204

No.

INQUIRY INTO THE STRENGTH

XI.

ENGLISH IRON.
Oldberry, No. 2, Pig Iron, Cold Blast.

AND

Experiment 1st. Ezxperiment 2nd Experiment 3rd. Experiment 4th,
Depth of Bar....1.063||Depth of bar....1.035|[Depth of Bar., .. 1.071||Depth of Bar....1-049
Breadth do......1.006||Breadth do.. ....1.009||Breadth do....... 1-027||Beadth do.. .. .... 1.017
Distance between Distance between Distance between Distance between

supports . ... 4ft. 6in. || supports .... 4ft. 6in |[supports....... 2ft. 3in.|| supports ....2ft 3in.
Weight of bar 5ft. long, || W eight of bar 5ft. lon g
161bs. Hoz. 1531bs
BE T FSE Tl 2| T2 |= £
| ag|Ba (= |2s (850 % |ea|fi|= &g |d
e b a |BEE e g2 & LR PR S R R
30| .063| + || 30| .065| — || 112[.029| — || 112|.029| —
56| .125(.005| 56| .124| + || 224] .067| — || 224{.060| +
112| .257|.014) 112| .271].010|| 336] .090] + 336|.095| +
168| .409|.032| 168| .434|.030| 448| .123|.005|| 448|.133| .005
224 .570|.055|| 224| .607|.0563| 560| .161|.007| 560|.174| .009
280( .742|.083|| 280| .795|.084{ 672| .205|.014f 672(.219| .014
336| 9344 .119|| 336/1.002| .125] T84| .250|.020( 784 .267| .022
392(1.140} .167| 392(1.230| .184{| 896| .300{:032| 896/ .326| .036
448|1.373| .240|| 448/1.195| .267|1008| .564(.050 008|.395| .056
504{1.661| .344| 476/1.644 1064{ .400
504{broke 1092ibroke
~Broke } of an inch|| Ultinate deflection ([,- Ultimate deflection The weight (1008
from the centre, when||.=1,785. =.416. .. ||when replaced broke
the same weight was|| Broke 1} iuch from|| Broke § of an inchijit £ of an inch from the
placed on again, after||the centre. from the centre, centre,
the deflection and elas-
_@y had been taken
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OF CAST IRON.

OTHER PROPERTIES
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INQUIRY INTO THE STRENGTH AND
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No. X1I.

H TRONS.

Old Park, , No. 2, Pig Iron, Cold Blast.
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PROPERTIES OF CAST IRON.

OTHER
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. No. X111,
ENGLISH 1RON.

Horace St. Pauls, Windmill End,No. 2, Pig Iron, Cold Blast,
; Staffordshire.

INQUIRY INTO THE STRENGTH AND

] Feperiment Lst
Depth of Bar....1.043
Breadth do.. ....1.024
Distance between

supports .... 41t. Gin
Weight of bar 5it. long,
16{1ba
a | 84 |€3
2 | g€ |&2
25 eq | B
= 2" | Ad
= I = =
56| .110] —
112} 227 +
168| .352|.013
224 490].029
280| .630!.045

336
392
448
504

094
A25)
A87|

3| .OUUi
|

560 260

bxperiment Znd
Depth of bar....1.03%
Breadth do.. «... 1010
Distance between
supports . ... 4't. 6in
Weigit o bar dit. lon.g

153bs
= -
ﬁ E T
=l - -
g Edi]l.g0
- E :, E "='
el T =
-fn &' = =
el == D
= i =
= Ew S

115
240

-+

009

126] .274/.011
182| .412/.023
238| .560|.042
2944 .719|.064
350| .107|.091
406]1.279| .123
46211.39 K .170

broke

F.eperiment 3rd.
Depth of Bar.. .. 1.05¢
Breadth do 1021
1nstauce between
JUPPOrts , .-« ».« 2it. Jin.

-------

Experiment dth.
Depth of bar....1.045
Breadth do., ....1.020
Distance between

suppuoits. .. .2ft. 3in.

204 l

!-Ei .E.i gg ﬁ; 'E:r' EE
E |8 23| |ESpE
112|.025| — | 112|.028] —
224|060 — || 224] 060] +
336| .090| + | 336|.094] +
448| 125 .005|| 448| .130 .005
560] .160| .007| 560| .167| .008
672| .196].010f 672 .206].011
784| .240| :017| 784{ .255) .020
896| .285| .024| 896 .295| .021
1008| .336/ .036|1008| .352| .042
11120| .398 .059||1036(broke
11176| .431
| 1204 broke |

EBroke at the centre.

Ultircate delection
=143
Broke § of an iuch

from the centre.

- Ultimate deflection
—.447.

] Broke } of an inch
from the centre.

|

-, Ulumate deflection
—.364.

Broke §of an inch
rom the centre.

—_—
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OTHER PROPERTIES OF CAST IRON.
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INQUIRY INTO THE STRENGTH AND

No. X1V.

ENGLISH IRONS.
Ley's Works, No. 1, Pig Iron, Hot Blast.

Experiment lst o

Erperiment 2nd.

f_-..rpﬂrmw:-n' .:"u .

Depth of Bar.. 98|[Depth of bar... ... 1.009||Depth of bar .. ....1.016
Breadthdo........ . 1.006 Brea.dth do.. . 1.025||Breadth do. . ......1.004
Dlatance between Distance hetween Distance between
supports. . .... 4ft. Bin.|| supports ....4ft. 6in,|| supports . LAft. 6in.
Weight of Bar 5ft. long., Weight of bar 5ft. long.||Weig t of bar 5it. long,
151bs. 15.bs. Goz. 151hs. doz
g A :'F-E é; s:?rg £ é 2 :“Tf
2| 85| 8a(l & |28 |84 2 |22 3¢
283|283 |22 |55 5 |25 | =
2 | & poBlie 1"l |8 |98
28] .089] — 28| .084| — 28| .084| —
56 .1%77| .009|| 56| .170|.006|] 56| .169|.007
112| .885| .035| 112| .363(.030| 112| .360|.029
168| .614] .074|| 168| .588|.06%| 168|.590|.060
2924| 884] .117|| 224| .820].101| 224| .846|.103
280[1.187| .170|| 280/1.098] .145|| 280/1.124{ .152
336(1.519| .251|| 336/1.408| .215|| 336(1.415|.216
3641.710 392|1.760] .312|| 392[1.780| .321
392/broke 406|broke 413/broke
T Ultimate deflection ||.. Ultimate deflection||..Ultimate deflection
=—1.882. —1.843. —.1.903
Broked an inch from|| Broke }an inch from|| Broke § of an inch
the centre. the centre. from the centre.
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OTHER PROPERTIES OF CAST IRON.
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212 INQUIRY INTO THE STRENGTH AND

No. XV.
ENGLISH IRON.
Lane End, No. 2, Pig Iron.

| Expenmm 1st. | E.tpenmenf Znd. Erp@nuwut Srd.
Depth of Bar....1.005 ||Depth of bar.... .995/|Depth of Bar.. .. 1.016
Breadth do......1.007 |[Breadth do.. ....1.020 (Breadth do....... 1-02
Dmtancebetween D:stauca between Dmta.nce between
. 4ft. 6in. || supports .... 4{t, 6in. Wp ....... 4ft. 6in.
Welg tof bar 5ft. long, | Weight of bar 5ft. lon,g|| Weight of bar 5ft. long,
5lbs. Toz. 131bs. 6oz, 151bs. 902
] @ - s | g -
% E : ,g-g f - £ ~ 8 e : | 88
S| SR |88 (2 |35 (56( = (38 |58
S| 88 (5f (5 |3 (58) 5|58 |4
‘S 'E"" S_g - =R E'E,‘ 5 = 2=
2 [ A g I e S B |~ 2
28| .070| — 28 .070] — 28| .070] —
96| 140, — 56| 142 — 56| 137 —

112 .281|.011) 112/ .289].012) 112| .243{.007
168 .447|.027|| 168| .458|.027| 168| .430 .021
224( .610(.043| 224( .628 .040(| 224 .592|.038
280| .780(.061| 280| .800|.060]| 280| .760|.051
336( .965|.082| 336| .998.082| 336| .945| .075
392(1.160 .110| 392|1.198| .110( 392(1.138| .100

448(1.370| .143|| 420(1.308 448|1.310| :131
476|broke 448|broke
Ultimate deflection . Ultimate deflection Broke at the centre.
—1,471 —1.411
Broke at the centre. I Broke 2 an inch from
the centre.
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OTHER PROPERTIES OF CAST IRON.
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INQUIRY INTO THE

No. XVI.
ENGLISH IRONS.
Carroll, No. 2, Pig Iron, Cold Blast.

STRENGTH AND

Ezxperiment 1st. Expen’mmd Znd. Expertmentdrd. Experiment Ath.
Depth of Bar ..... 1.050||Depth of Bar.... .. 1.025| |Depth of Bar. .... .1.069||Depth of Bar.....1.050
Breadth do....... 1.010{|Bireadthdo....... 1.015||Breadth do.. .... ..1.020||Breadth do . . .... 1044
Bl 0 e e M | e e T e L
Weight of Bar 5t if['a::,%_' Weight ofhuésﬁ.ligl?]%: ' '

2 =1 3 = =HIE3 = R = g|§
Z. g5 ) 21 A&Y e, L | Bt U [ i
ENLERT SE N SR d s El ey WEV! oF L iE TS LE s
£ = | &° || ¥ s A7 F EL&% ) F 5| &7
112| .225|.008|| 56| .112| + 1121 026— 13| D28li="
126| .256|.010|| 112| .233|.008|| 224| .054| — || 224] .060| ——
182| .384(.019|| 126/ .2644.010|| 336 .083| + | 336|.090| +
238| .518| .035| 182| .398] .016|| 448 .112| + | 448|.124{.005
294 .659|.052| 238| .534¢.033|| 560| .149|.006| 560/ .159|.007
350| .810].073| 2944 .683|.052|| 672| .183|.007| 672|.196].010
406| .870].099| 350 .840|.073|| T84 .224|.016| 784 .234 .014
462/1.144( .133|| 406/1.008|.110|| 896 .262|.020| 896/ .278| .021
476 broke 434(1.097| .118|| 952| .284 952|broke
448/1.144 1009|broke
462 broke
.. Ultimate deflection |[.-. Ultimate deflection ||.-. Ultimate deflection ||.-.Ultimate detlection.
—1.183. 21,101, — .305. — 299,
Broke at the centre. Broke % of an inch|| Broke } of an inch Broke % of an inch
from the centre. from the centre. from the centre.
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TRON.

OTHER PROPERTIES OF CAST
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INQUIRY INTO THE STRENGTH AND
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No. XVII.

ENGLISH TRONS.
Bierly, No. 2, Pig Iron, Bradford, Y orkshire.
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OTHER PROPERTIES OF CAST IRON.
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INQUIRY INTO THE STRENGTH AND

18

No. XVIII.
ENGLISH TRONS.

Staffordshire.

W. S. S., No. 2, Pig Iron.
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OTHER PROPERTIES OF CAST IRON.
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INQUIRY INTO THE STRENGTH AND
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(IX.

No.
ENGLISH IRONS.

Coltham, B. F., No. 1, Pig Iron, Hot Blast.
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OTHER PROPERTIES OF CAST IRON.
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STRENGTH AND
Near Dudley, Staffordshire.

No. XX,
ENGLISH IRONS.

INQUIRY INTO THE
Corbyn’s Hall, No. 2, Pig Iron.
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Na.' XXD
ENGLISH TRONS.

1

Wall-Brook, No. 3, Pig Iron, Dudley Worcestershire.}
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Oldberry, No. 3, Pig Iron, Hot Blast, (Patent Iron,)
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The results obtained from the preceeding ex-
periments on the English irons, seem to furnish
the best evidence that can be procured on the
strength andother qualities investigated in this
enquiry.

On examination it will be found that conside-
rable differences exist between one iron and
another, but not more than the nature of the
ores and their products would indicate. During
the smelting process, the same qualities of iron
are not always produced, as the Nos. 1, 2, and 3,
and sometimes No. 4, are obtained from the
same ores. M. Dufrenoy in his report to the
Directors General of the mines of France, on the
use of hot air in the Iron works of this country,
states, ¢ that the iron obtained from a furnace
is generally a mixture of No. 1 and No. 2; that
which first issues from the hearthis No. 1. The
two sorts of pigs are known by the manner in
which they flow, and above all by the disposi-
tion of the streaks which mark the surface of
the metal asit cools. ”

In addition to No. 1 and No. 2 mentioned by
M. Dufrenoy, No. 3 is frequently produced ; it
generally contains less carbon than No. 1 or
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No. 2, and presents greater rigidiy than either
of the former qualities.—From the circumstan-
ces thus stated, it will be noticed that, in com-
paring two irons together, it will be necessary
to observe the quality, and as often as possible to
compare the No. 1 of oneiron with No. 1 of ano-
ther iron; and in order to ensure the correct
value or point of difference, this method should
also be adopted in the Nos. 2 and Nos. 3.

In pursuance of these views I have endeavour-
ed to procure the irons as much alike as possible,
and to render the comparison still more perfect,
I have selected the medium, or No. 2 quality, as
the most suitable for the purpose. In every
instance, the No. 2 iron could not be obtained,
but in most cases I have kept as close to it as
circumstances would admit. We may therefore,
safely compare similar qualities and numbers
together, either in reference to their trans-
verse strength, or power to resist impact.

The following short summary of results may
be useful in exhibiting the relative values of the
No. 2, English Irons, in reference to their
powers of resisting a transverse strain: their
powers to resist impact and other properties
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will be reserved until the close of the experi-
ments; when an exposition of the whole will
take place,’and such deductions be made, as may
appear indicative of the observations and trials
to which they were severally subjected.

ABSTRACT OF RESULTS FROM THE
No. 2 ENGLISH IRONS.

Breaking Weight.
50705 o 1 o SO R S I S S T e o,
Harage Bk Pagles. o o NG 4. oo iyt .481.9
Lo Mot s oies wre oo - NG A e 461.6
Lo LG e S BND. B asalo s nie o s i DN
IOy eaerea o i ae a's AIND Biaints o ois o' =4« AEDAID
ReRar s % 0 O N R D I BT 446.0
EaneSEnld. c&009 48,5 o R S et IR 444.5
idalpbi, ol s ot b s Dy BGalsie s 20 waid e - Ak
BIES R S T, S T R LY 440.7
Corbyn's Hall.........% No. 2% . .. S 430.7
LTI 0 ats v e o v nek e T i A i o 430.3
e el i o W ek e i TR et ol A e o 418.8
e S o O 0. 2D ERR TS R PIRRE Y RS 413.0
Eagle Foundry,...... .No. 2 . ann e 24083
T S SRRl e PG 2. e sieaat oo 4041

In the above, the breaking weights are taken

from the bars, in each case reduced to exact-
ly 1 inch square.
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CAST TIRON.

OTHER PROPERTIES OF

WELSH IRONS.

re.

Iron, Clold Blast, Monmouthsh
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OTHER PROPERTIES OF CAST IRON.

No. IT.
WELSH TIRONS.
Plaskynaston, No. 2, Pig Iron, Hot Blast.
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OTHER PROPERTIES OF CAST IRON

No. I11.

WELSH TRONS.
Pant, No. 2, Pig Iron.

UAIM) A B0TRISI]

CZ0'T "t Op ey
(£0°1 * " * xeq jo mdagy
e guamitadr gy

__.—_..._..._.._.:u.._. uuﬂ._.."_mm_u..
bl 1) A L ) il |
0z0° L " e aug jo ypdagg

Yt quatariadry

UBAMA0 ADURIST(T
fE0- 1" " * " "op ipealy
Yro'TCC t arg go gudag

URIMYA ADUR)ET(]
0Z0°T """ T op |Ipealg
870 1 '**-aeq jo mdaq

eIy URD S} ULO4 843U A} IO "9ajueD oYy ._E..;m__@._ uaa “aLyuan a1} o)
qowr we jo & oyoxg |fyauy uw jo E ofoig |jwoxy your we §eyoiy |peq SFy spdlem ey fippur ue jo b ayorg
988 — (14 UG L= |[teype fanudo ey  woy) ST 1=
uorpapep MEw| .|| wonsagep mmmy|f) .|| Uonsagap mwwni) C.jigout ue jo £ avyoig uonoapgep Ne VNN
NNOIY P66 930Iq(086 93{01q(9 L
0&8" |a%6 8Ee" |2¢6 |6TT [PLTT8¥F (LaT |91&°1STP 2¥oIql0e¥
1207 1962 (968 |[PZ0° [€T1€° |968 ||S60° |200°[|Z6€ |[860° 080 168 (90T |FLOT|Z6E
CT0' (PG [PSL ||910°|99%" |FBL |ELO"|6E8° |9€E [€LO" [8E8" |9€E [|&B0° 968" |9EE
IT0° (212" |2L9 ||eT0° (822 [€L9 ||BS0" |8L9" |08 [LGO" (969" (082 |&90° 6L [08a
300" [FLT [09¢ [[800" |I8T" [09¢ [|6€0° |62¢° |[Faa 660 |0FG [Pea ||STO" |L9S [Fea
900" [FET" (8FF ||900" [0FT" [8FF ||ZG0° |@8E" (89T || 207|068 [BIT ||0€0" [STT" |89T
GO0’ [960° |9€€ 100" [00T" [9€€ [|[TO"|2¥a" |&IT ||210° [e¢z (<11 ([BI0° |99%" |&11
+ |190° |[FGZ | + (690" (P22 || + [BTT |9¢ (900" (&1 |96 |{L0O0° [FET" (9SG
+ 080" @TT || 080" JATL | (290" |8& | (290 |8& 990" (8%
o - = o = A o ~ o 2 LR | ;
ghia 12 haBla 12 gk g oo (ot R A EE e
sl S8 |2 35| 24| = |[BE |59 | = 28|58 | = || 88| 3% | 2
c 8 o & | e R 7 (] g of & g [R = 2| e =
g 7 suoados  ||urg ezt rspoddns |farg gt e ce c sjdoddog) uig gyt gproddns || 'uig “agp *** * sya0dduns

zh.m.,..__unﬁ .Un-_.._.ﬂ.ndﬁ._
Qz0'1°"" " ' op yipealg
pg0°T e taeg jo wdag

pg ‘_zu:hm.___u;u..#

‘pug puaratiadedg

)] puanitiadrsy




STRENGTH AND

INQUIRY INTO THE

236

wopaaty tayeard Y sppatd uq ‘Lwensy pu Swiddop sysisor i1

Ll

[y 8y} 03
WAL Juy) s pagnuapt Ajpso[o stsjoadsaa

1o ur gnq ‘sedpa oy punoa soueavadde Jeymp © JayseL siuasaad 91 odoososorur ary yyim pamora weym spe)

-s£10 s31 jo ssawjordwoo pue Louviuq oty ur yjoq ‘orepady o) 03 dourvavadde ur sejuurs Awea st uoar jue g

mcﬂﬂ mﬂm*”. G..:.Hm _._.......-..._-_._n-.n..l_._luuo---oltsu.ﬂ..ﬁwg
9'¢Le | 1676 | €868 e eeeee e osuoddns weamgaq rure 95z deq “yig JuemLedxy
raze | oce | 1126 oo mee e guoddns uwsamyaq uie ")z 1eq Emﬁfw@ﬂm;
D..ﬂ.ﬁm .—-mM_.H“.'—..I. H._.._m.o_ﬂw %%wmm.—. ... . tnnl..t_-d_..-_cs-itnillntlnnlllnntﬂﬂwmz
&'RGG | PIE€T | 8 F&¥ [000CLEST / reseceee s suoddns weOMIaq ULy ipf Jeq “pig juewradxgy
091G | 6% T | @ CTF |00ZZTSET| CL6'O reseee s egpoddus weamyaq urg Ay avq “pug juswrnadxry
0°6ST | 2611 | T'S8E [008ESLT |- sesecsenee guoddns usaajaq *urg “iyp Jeq s juamuadxsy
<ondwt y )
i e O 0 L L | i
._H_”_ﬁ ionod | wooalop | O |1 AOBRED | gyi50d
anpod]
‘arenbs your ('] sivq Jo 0soy) 0) paonpad sjnsey|
- — =0 e T T e N FT




PROPERTIES OF CAST IRON. 237

OTHEE

No. IV.
WELSH IRONS.

.uu_.c.:._wmwm
43 9019|8101 082" |CT¥ 1|09g ONOIqHO G
= 090" |SF€" [F90T|IF6T° (F6e 1[¥0¢ |ISLT |0F['1]%0¢C 0F2 T|9LF
A Lxo 618 [S00T/9FT OBT'TI8¥F |0ET (02T T|STP | 62T (0T 18%%
it €0° [eL2" 1968 (80T 066" |z6€ 001" [0t 6" 26¢ 00T |096° |zge
; [620° [g8a" 8L 1/GLO" (118" |9eg |[FL0" [08L" [oge |[Tr0" [heL: 9¢e
& 1920 |10z |2L9 |l0g0 |9g9° |08z lloco: 629" [082 [|9%0° |0%9° |08
= [Pe0 991" 096 |I0€0" [FOS" vz ||2€0° [F8% (22 |lgz0" [26% i 2
.“mb 120" [IET [8FF ||910° [zLe |891 |l020° [9¢e [89T |l910° TCE |89T
~ [B10°100T" 198€ 800" |0¥2" 211 |[0T0" |0€2" [211 ||100° lcez AN
* 1010 (090" [F22 81T |9¢ FIT |9¢ 91T |9¢
7 900" [£€0° 21T 960" 8% 6e0" 8% 9¢0" 182
£ 2| 4 2 m,m_,.. .m. £ o .mw. 2 n.m .m. b
sf=c] ef | B [fa-bed )5 23 | 28 2|88 | 82| =
ml°El 2 le (SF| [2 U535 | £ |58 |3 3

EOQT EqICLt Tttt Suol ||'zog sqIO[** ** *+Auoy

‘)

80 ToJj

oar ue jo § oxyoig

et

uonoagap ;v *.

*ag)
13D 91} oy yoaut ue j .._
1 901q 31 ‘paoerd ax s
FOg 195 0M aupy uat gy

aLjuan arp

o) §oul Ge § ayoigr
==

UONIDOEAP 29%.0my ) =

RNuaD ai) mog
ot ue jo {1 ayoig
188

nonaegap Mjewry .

‘utg "3z ** * suoddos
UIIMIBG SDUNIEIC]
020 T** """ op ipeaig
T awg jo pdag
YIF AL

ﬂmmmﬂhamha“ummk

‘mg Yyt sjaoddos
uaaMIaq doURISI(Y

BZOT™" T **op yipesig

W03 ¢ dug o Jyda

uig gt rsaoddus
UIDMI a0UBIRI(]

980°1 """ " ropyypeaig

LEO'T" " *1eg yo yyda(y
‘pag puaiady

680°1 ** ***"ang] Jo mdagy
*pug uaraiiadieg

.:bC—u_. .wﬂ_f.ﬁpo ._-om.—hﬁ_.—
199 ¢ avg jo wu&.i
uig “)p e sepsoddns

U3amiaq aouwysiq]
980°T **** ** *0p ypealg
FEO' T *** * augy jo Yadegy

JST tuaw e adrs

2¢C




STRENGTH AND

INQUIRY INTO THE

238

-suoddns usaajaq urg g 18q Y ﬁaz_..mhm_wmm.

6678 | aLe | 90F6
mwm.“h. Nmml..r T.mhﬁ DOOH:M”@H |ml_.u_|.mh..-_.u“.-.._.._-_v_._.-_l|.__Oo-.o-_ot..-_.-..-_.-.._n.clo-.—ﬁﬂmu—_ﬂ

2629 | 9%FT | 6'09F |0008209T| ZaT L | " Tt --siroddns weamyaq “urg 1y 1eq “pig JusmLLdX
¢'106 | e1LT | Leze [000LeFat| 080 L | T T -« =+ =-si0ddns weamiaq ‘urg Y 1eq “pug Juatad X
0°9%9 | 91€'T | 0°GS¥ |000T8ELIT| 2V L | " T +» +» --suoddns waamaq urg Py Jeq “I87 quanniadxgy
|.uu=1ﬁ?ﬂ:.| G .num_,m

[ (RETERN {('p) (q) arenbsiad | £iaein
jo samod | nonpagap| “qdo Ay il aymadg

10 py g ewyy | Suspeasg | ur fHoyse

Jonpos] JO snpupoy .

-axenbs UL () T SIeE JO ISU) 0 PAdNPAL SIMSIY




239

OF CAST IRON

OTHER PROPERTIES

No. V.
WELSH IRONS.
Beaufort, No. 3, Pig Iron, Hot Blast.
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OTHER PROPERTIES OF CAST IRON

No. VI.

WELSH IRONS.
, Pig Iron, (Marked White,) Glamorganshire,

Maesteg, No.
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OTHER PROPERTIES OF CAST IRON.

No. VII.

WELSH IRONS.
ig Iron, (Marked Red) Glamorganshire.

Maesteg, No. ,
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CAST IRON,

OTHER PROPERTIES OF

No. VIII.

WELSH TRONS.
Pontypool, No. 2, Pig Iron.
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OF CAST IRON.

OTHER PROPERTIES

No. IX.
WELSH IRONS.

Varteg Hill, South Wales, No. 2, Pig Iron, Hot Blast.
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OTHER PROPERTIES OF CAST IRON.

-

No.
WELSH IRONS.

Pentwyn, No. 2, Pig Iron.
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OTHER PROPERTIES OF CAST IRON.

1.
WELSH TRONS.

Bute, No. 1, Pig Iron, Cold Blast.

No.
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OTHER PROPERTIES OF CAST IRON.

No. XTII.

WELSH IRONS.
Brimbo, No. 2, Pig Iron, Cold Blast.
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OTHER PROPERTIES OF CAST IRON.

No. XTII.

WELSH IRONS.
Ponkey, No. 3 Iron, Cold Blast.
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INQUIRY INTO THE STRENGTH AND

No. XIV.
WELSH IRONS.

Frood, No. 2, Pig Iron, Cold Blast.
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Pursuing the same method with the Welsh as
already adopted with the English Irons, we have
their comparative valucs in the No. 2 qualities:
as under :—

ABSTRACT OF RESULTS FROM THE
No. 2 WELSH IRONS.

L T A R e [ P P S D el 478.8
Brimbo: cnesesn s ot Pt LR R RO SR 466.4
Braadl . B oL, Do T, S M) B, 460.6
Maestep* 5. .o, L. e e e i 452.7
Pontypool . ..... S TN R o e e e b 439.3
Pentwyn..voececeees LT SRR S S S 437.6
Wartem. 0t o. oo .. .. No. 2. . 421.6
T B - gl SRS I T P B e
Plaslepnastonts J8 o o Na 2 e e o 378.3

The breaking weights are taken, in this and
every other instance, on the bars reduced by
calculation to one inch square.

* “ Maesteg White Mark,” is supposed to be No, 2 Iron.
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No. L
SCOTCH IRONS.
Gartsherrie, Hot Blast, No. 3, Pig Iron.
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No. II.
SCOTCH IRONS.
Duudaven, No. 3, Pig Iron, Cold Blast.
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No. III.

OTHER PROPERTIES OF CAST IRON.

SCOTCH IRONS.

Monkland, No. 2, Pig Iron, Hot Blast.
Depth of bar -1 020 | Deptic of mer.. 2"‘f 000|[Depth 2t Far - 1025
readth do.. . 99 ||Breadth do.,. ....1.003||Breadth do....... 1-007
Distance between Distance 'bet“ een Distance hetw:;‘:ﬁnq_
Weiht o of Bm“ff oot || Wip 'i";? S o e 2 o
long . 13lbs.doz. long,. .. ..151hs. 40z.
= g | & = g = | 8
gl )& 5| F|8"H El g|&
112| .345/.025/ 112| .345|.020| 112| .039
126| .390| .030}f 126/ .390| .025|| 224| .081| +
182| .598| .053|| 182( .599|.050|| 336| .127|.005
238| .824{ .086|| 238| .831}.080|| 448| .176|.007
294(1.070] .122|| 294{1.080( .115| 560f .230| .011
350(1.352| .179|| 350({1.365{ .170|| 672| .290|.020
406(1.676| .273|| 406{1.710| .274{| 784| .357|.031
420|broke 840|broke
Broke 1 inch from ||.-.Ultimate detlection |[|.-. Ultimate deflection
the centre. ==1,800. — 389, i
Taiiac Natie s
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Before entering on the comparative estimates
of the irons of British manufacture, I would
offer a few remarks on the subject gene-
rally, as also on those points which refer to the
strength and other properties of the irons ex-
perimented upon. In order to ascertain their
values, we must have some measure of compari-
son as respects their strength, fluidity, flexure,
&c. I have already stated that we may safely
compare one iron with another, and that com-
parison will hald good when made between those
of the same number and quality. We must,
however, be careful in contrasting the No. 1, or
first description of one iron, with the No. 3 of
another. As regards strength the No. 1 almost
invariably exhibits greater weakness, accom-
panied with a greater degree of flexure than the
No. 2 or No. 3. A For example, the No. 1
Milton, gives 352.5 for the breaking weight,
and 1.525 for flexure ; whereas the No. 3 exhi-
bits 427 .4 for the breaking weight, and 1.368 for
flexure. Again,the Beaufort Nos.2and 3 present
nearly the same difference, being in the ratio
of 478.8 to 505.0 as 1regards strength, and as
1.512 to 1.599 in the measure of ultimate de-
flection. On the whole, therefore, it will be
found that the richer and more valuable des-
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criptions of iron are, generally speaking, weaker,
vet more ductile when exposed to heavy strains.
They are also better adapted to those objects
where the finer outlines and free working pro-
perties of the metals are required.

In forming a judgment of the quality of a par-
ticular iron, there cannot, however, be any great
risk, as we have only to look into the following
table of collected results, and there will be found
thestrengthaswellastheother properties of each.
If, for instance, a strong compact iron was want-
ed, we have then to look for the number at the
head of the list, and from 1 downwards to 15
will be found to partake of that character.—
Again, suppose a moderately strong yet fluid
iron was required, the numbers 16 down to 26
or 28, will more or less correspond with those
qualifications. The same may be said of the
lower numbers, all of which are a fluid and easy
working class : they are admirably adapted for
the finer descriptions of castings, when strength
is not regnired, and must ever be in demand
where that object is not considered of impor-
tance. In all these cases, it must however be
admitted, that, much depends upon using an
appropriate mixture, and by judicious combina-
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tion to ensure the full value, and other proper-
ties necessary to be obtained in the art of
casting. With these observations a general
summary of results, as obtained from the whole
of the irons experimented upon, will now be

exhibited.
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From the above table or compendium, it
appears that we have 581lbs. for the greatest
strength, as obtained from the Ponkey iron ; and
3571bs. for the weakest, as in the Plaskynaston:
equal to 469 as amean of the two extremes. Or,
taking a general mean of the whole irons
experimented upon, we have 445.6 as the ave-
rage value of strength. This number is pro-
bably the nearest approach to the transverse
strength of cast iron yet given to the public;
it is deduced from experiments on nearly the
whole of the British irons, and must, from the
variety, accuracy, and number of experiments
given in the preceding pages, be considered as
a fair average value.  Taking it therefore
as the representative of the transverse strength
of a rectangular bar of cast iron, 1 inch square,
4ft. 6in. between supports; and comparing it with
the experiments of previous writers on the same
subject, we have, instead of approximate results,
considerable differences and anomalous contra-
dictions to contend with. These differences
are not exclusively applicable to the experi-
ments now under consideration, but variable
as respects the conclusions of the experimentors
themselves.
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Banks in his treatise “On the Power of -
Machines,” made some few experiments on bars
one inch square, but as they appear never to
have been reduced to thatstandard, either by cal-
culation or otherwise, we may reasonably infer,
from the increase which takes place in casting
from models, that they would be rather larger in
size than intended,and consequently,give greater
results. Thisseems to be the case in almost every
instance where the necessary precautions are
not observed, and the bars uniformly reduced to
the dimensions indicated in the experiments.

Tredgold in his Essay on the Strength of Cast
Iron, gives the experiments of Banks, Rondelet,
Ebbels, Reynolds, &c. To these he adds some
of his own ; but they are not applicable for com-
parison with ours, as the writer had different
objects in view, and never broke the bars.
Those of Banks, Rondelet, Reynolds, and some
well conducted experiments by Mr. Rennie,
recorded by FProfessor Barlow, are however en-
titled to consideration.

Banks in four successive experiments on 1
inch square bars, 3 feet between the supports,
and the weights suspended from the middle,
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gives the mean breaking weight at 971.6lbs.
Rondelet, according to Tredgold, presents the
most anomalous results. In two experiments
on bars 1.066 inches square, and 3.83 between
the supports, the breaking weight is given at
482lbs. And, in four other experiments (on
bars the same size and the same distance be-
tween the supports) the results are 700, 1140,
375, and 605, giving 7051bs. as the mean of the
breaking weights. Again, on four other experi-
ments, on the fractured parts of the same baxrs,
at half the distance, or 1.915 feet between the
supports, the differences are still greater, being
580, 1063, 1770 and 1360, mean 1193: or,
596.51bs. as the breaking weight, when the bars
are reduced to 3.83 feet between the supports.
The great discrepancies which thus exist in
Rondelet’s experiments, render them unfit for
the purpose of comparison with our results.

The other experiments referred to were made
on bars 1 inch square, broke on supports 3 feet
asunder. Their results are as follows :

Banks from 3 experiments . ............ 971.01bs.
Reynolds « 2 i W s St A0 .. ."155.51bs.
Rennie « 2 ¢ 869.01bs.

-------------
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Now if we reduce the distance, 3 feet between
the supports, to 4 feet 6 inches, we shall then
have—

2T e e L
Reynolds. ..... 503.7 %lbs. as the breaking weight.
RO, et s 579.3

These experiments indicate a greater degree
of strength than we have been able to obtain;
our strongest iron is considerably weaker than
those experimented upon by Banks, and some-
what stronger than the results of Rennie indi-
cate. Reynolds’s iron approaches nearest to
the mean—though it is somewhat in excess—it
is rather stronger than the lower numbers, and
may be considered equal to our Butterley speci-
mens. Under all the circumstances, the diffe -
rences are not great, if we except the variable
results obtained by Rondelet from experiments
upon the French irons. It may be presumed,
too, that authors, when intending to make ex-
periments upon a single iron, would generally
choose a strong one.

In closing this research, to which I have
devoted much time and attention, it is not my
intention to offer any observations tending to
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GENERAL SUMMARY OF RESULTS OBTAINED FROM THE PRECEDING EXPERIMENTS ON
RECTANGULAR BARS OF CAST IRON: '
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affect the commerce of one iron more than
another. The object I had in view was entirely
different : it was of a scientific nature, unac-
companied with any other consideration than
that of giving, by direct experiment, a correct
epitome of the chief properties of each iron, in
order to determine its relative value in reference
to enlarged and useful application. This has
been done to the best of my ability, and, I trust,
the classification thus attempted, will fully
demonstrate the strength and other properties
of this invaluable material. 1 entertain hopes
that what has already been done will stimulate
others to further and more successful efforts.
There yet remains a wide field for experimental
enquiry, and whoever enters upon it with an ar-
dent mind and a strong desire for truth, with a
determination to be at the necessary expence and
trouble, having first made himself well acquainted
with what has been done by others, will reap a
rich and abundant harvest.

2M
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