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Havineg in the year 1840 offered to the Royal Society an extensive research upon this
subject, which was honoured with the kindest notice of the Society, I felt grateful for
the reception it had met with ; and though in its preparation it had occupied my leisure
time for some years, and contained the results of as many as 277 experiments, which 1
had made to prove the conclusions arrived at in it, I was still very anxious to improve
and extend it. Indeed the importance of the subject would seem to justify every effort
I could make for the purpose, when it is considered that a large portion of the houses,
warehouses and shops in London, Manchester, Liverpool and throughout the country,
depend for their principal supports upon iron pillars, which frequently appear very thin
for the weight they have to bear, and being hollow do not allow us to judge from their
appearance how small a quantity of metal they have in them, or in other words, whether
the building is abundantly strong, or is ready to fall down and crush the persons within
it, as has frequently happened to warehouses and other buildings dependent on iron
supports. Some of the pillars are made to pass through more than one story, or even
are based on the foundation, and support an intermediate floor and the roof.

The importance of the subject, in a practical point of view at least, rendered it
desirable that a number of pillars of large size should be broken, to obtain data for the
application of the principles established in the preceding research ; but this was imprac-
ticable at that time, notwithstanding the liberality of Mr. FairBaIrN, who bore the
expense of that inquiry. For by Mr. FAIRBAIRN'S lever then used, more than 18 tons
could not be safely applied, and the iron box or frame in which the pillars were broken
did not admit pillars of greater length than 71 feet; but the laborious inquiry in which
I was afterwards engaged by Mr. STEPHENSON, for investigating the properties of the
Menai and Conway tubular bridges (that over the Conway in particular), required larger
and more powerful apparatus than the preceding, and I can now apply more than three
times the pressure formerly used, and break pillars of 10 feet long, and any shorter
lengths, with even more accuracy than before.

A drawing of the former machine is given with the paper (Philosophical Transac-
tions, 1840), and of the latter, with my experiments in the Report of the Commis-
sioners appointed to inquire into the application of Iron to Railway Structures, 1849.
The principle of both machines is the same; the present is a single lever, about 17 feet,
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6 inches long, acting (usually) with a leverage of 8-4 upon the upper end of a strong bolt,
which moves in a cylinder, just fitting it and keeping it always in the straight line of
its pressure. The top of the bolt is rounded, so that the pressure may act through the
axis, and the bottom is flat, and made horizontal, that it may press on the top of a ver-
tical pillar, enclosed in a strong box, as before. See Plate XXXT.

The present experiments, and others in progress, were undertaken at the suggestion
of Mr. RoBert SteEPHENSON, M.P., F.R.S., who knew that T had several experimental
researches unfinished. e has generously contributed £200 towards the expense of
the inquiry, and the Royal Society has added £200*. By the kind permission of the
Council of University College, London, my apparatus has been set up at the College,
and the experiments made there.

I have in the present research broken only larger pillars than before, having had them
cast 10 feet long, and from 2% to 4 inches in diameter, solid and hollow. The first series
includes twenty pillars (twelve of 10 feet long, and eight shorter ones cut out of them);
the whole of these were supplied by the proprietors of the Low Moor Iron-works, for
which no charge has yet been madef. The iron of which these, with five exceptions,
were made, was Low Moor iron, No. 2. The former research of 1840 was from Low
Moor iron, No. 8; and the difference of the two is not very great, though the No. 2, as
now used, is somewhat stronger than the other to bear a strain as a long pillar (p. 864),
though softer than it and more easily crushed. The results of these experiments have
been applied to the formulee in my former research, which have undergone no change,
except in the constants.

The former researches, and the formulz to which they were reduced, had been applied
to pillars of Low Moor iron only, with one exception; but though we could compute by
them the strength for Low Moor iron, we had no evidence as to what were the relative
strengths of pillars of the irons of the kingdom in general; and, at my request, Messrs.
Easton and Amos have had cast for this purpose twenty-two solid pillars, each 10 feet
long and 2% inches in diameter, of eleven kinds of iron, making thirteen kinds with two .
I have had from Low Moor. The comparison of the breaking weights of these pillars
shows that the strengths of the irons vary at least as 2 to 3, and their crushing strengths
as b to 9 nearly].

In carrying out the experiments, in taking the dimensions, and dpplying the results
to the formul@ in my research above mentioned, I have had the assistance of Mr. JorN
Brmer, M.A., of University College, my health and eyesight not being sufficient to
enable me to bear the labour alone.

* Since finishing the experiments in the present research, except those contained in the short Appendix,
another #£100 has been contributed by the Royal Society, and £100 more by Mr. STEPHENSON, with which
I am making experiments on pillars of timber, &ec.

1 A good balk of Memel timber was likewise sent gratuitously for expemment by the late Mr. THOMAS
Cusrrr, of Thames Bank, but his death prevented me having the power to thank him. His executors have
liberally sent other timber for the purpose.

1 The pillars were cast 12 feet long, to increase their soundness, and afterwards cut to 10 feet long.
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1. Before referring to the experiments which form the basis of the present memoir, I
will give some notice of the principal matters contained in the former, but not suffi-
ciently dilated upon; especially as they have an important bearing upon what will
follow, and will themselves receive further illustration, or perhaps be capable of demon-
stration,

The profound and beautiful researches of EULER on the strength of pillars* are
entirely theoretical ; they proceed on the supposition that the strength of a pillar is
bounded by its power of resisting being bent out of a straight line, the resistance to
incipient flexure being supposed to be the measure of its strength, which in long pillars,

dt—d;

O according

whose length is / and external and internal diameters d and dl, is Lfg or

as they are solid or hollow.

2. In commencing experiments, in my former research, on thls subject, and keeping
in view the theory of EvLEr, I sought with great care for the weight which would pro-
duce incipient flexure in columns, and more particularly in those of cast iron. In this
metal flexure commenced with very small weights, much smaller than would be useful
to load pillars with in practice; and I became convinced that no such point existed in
cast iron, or at any rate none that would be useful to the engineer; and my subsequent
experiments upon wrought-iron pillars have been attended with very little more success,
in seeking for the weight producing incipient flexure. Having been unsuccessful in
seeking for the weight which would first produce flexure in columns, and being con-
vinced that if it were found it would be of little or no use in practice, I sought in
future for the weights necessary to dreak the pillars tried, and in most instances for the
deflection and decrement of length produced by the weights laid on.

3. The pillars broken were placed in a vertical position during the experiments, and
their ends were pressed between two horizontal plates of hardened steel, which, from
the nature of the machine, were kept perfectly parallel. It was found that in cylin-
drical pillars of cast iron, whose ends were turned perfectly flat, parallel and perpen-
dicular to the axis, the breaking weight varied as the 3:55th power of the diameter

d3 55
nearly, and inversely as the 1 7th power of the length, or as 77, instead of 7> as in the

d. __d?55.

7 The fractional indices above

theory of Eurkr. In hollow pillars it is as

were found to apply to all solid pillars of cast iron, whose lengths varied from 120 times
the diameter to as low as 30 times the diameter, or thereabouts. For pillars shorter
than these it will be necessary to correct the results obtained, by considerations dependent
on the crushing strength of the material. See pp. 403 to 406 of the former researchf.
4. The first experiments were made upon long uniform pillars, with their ends
rounded in such a manner that the pressure applied to them would act in the direction
of their axis, to meet the requirements of EULER'S theory of the strength of pillars; but
* 3erhn Memoirs, 1757. + Poisson, Mécanique, 2nd edition.
1 Philosophical Transactions, 1840, Part II.
. MDCCCLVIL. 51
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it soon became evident that pillars of the same size with their ends flat, and well sup-
ported or bedded throughout, would require a much greater weight to break them than
those with rounded ends; a large number of both kinds were made and broken by
experiment to determine their relative strength to resist fracture, and it was found that
so long as the pressure required had not been more than about one-fourth of that neces-
sary to crush short specimens of the same material, the strength of a solid pillar with
flat ends was a little more than three times that of one with rounded ends, the mean
being 3:167, as shown in the abstract, page 387 of that research, but in other experi-
ments it is still nearer to 3.

5. If the pressure necessary to break the pillar were much greater than about one-
fourth of that which would crush short specimens of the same material, then the ratio
1 to 3 would become 1 to 2, or even less.

6. In the following abstract, pages 856 and 857, which includes experiments on hollow
pillars with rounded and with flat ends, as above, and upon solid pillars of wrought
iron and timber, the ratio of the strengths of the two kinds of pillars is nearly as 1 to 3,
varying not widely from the former. From this abstract we see that pillars which have
been loaded with more than about one-fourth of the crushing weight are in some degree
injured, and the ratio in them differs from 1: 3, becoming 1:2-6, 1:2-4, &c.

In the last column of the abstract, page 857, denominated g, it may be seen at a glance

what portion of the crushing weight was required to break each pillar; and in those
where it amounted to *282, ‘272, or above ‘25*, they were generally injured by the
pressure. '

7. In the abstract, p. 393 of the former research, the relative strengths of pillars—with
both ends rounded, one end rounded and one end flat, and both ends flat,—are determined
in a great number of experiments, and found to be nearly as 1, 2,}43, from experiments
on cast iron, wrought iron, steel and timber.

8. In the abstract, page 391 of the former research, pillars 60} inches long, with their
ends turned flat, are compared, as to their strengths, with pillars of the same size with
discs on their ends turned flat: the strengths of these two classes of pillars differed but
little, but the pillars with discs on the ends are rather the stronger. In this abstract it
was shown that pillars one-half the length of the preceding, and of the same diameter
but with the ends rounded, were of the same strength as the preceding ones nearly, as
shown by many experiments.

Attempt to account for the principal Results in the preceding description of the abstracts.

1. Of the general conclusion arrived at in the abstract last referred to, I would offer
the following as an explanation. Suppose a long uniform bar of cast iron were bent
by a pressure at its ends so as to take the form AbedefB, where all the curves Abe, cde,
¢f B, separated by the straight line AceB, would be equal, since the bar was supposed to

* The pillars of the “ Second London Mixture,” 6 feet 3 inches long, gave the same result when %:-26,
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be uniform. The curve having taken this form, suppose it to be rendered immoveable
at the points b and f, by some firm fixings at those points. This done, it is evi-
dent we may remove the parts near to A and B, without at all altering the curve
bedef of the part of the pillar between & and f;, and consider only that part. The
part &f, which alone we shall have to consider, will be equally bent at all the
points &, d, f.  The points ¢ and ¢ too are points of contrary flexure, consequently
the pillar is not bent in them. These points are unconstrained except by the
- pressure which forces them together, and the pillar might be reduced to any
degree in them, provided they were not crushed or detruded by the compressing
force. These points may then be conceived as acting like the rounded ends of
the pillars in Table I. in the former research, and the part cde of the pillar, with
its ends ¢ and e rounded, will be bearing the same weight as the whole pillar
bedef of double the length with its ends &, f firmly fixed.

2. That the strain at all the points 4, d, f is nearly equal, is shown by sub- \
sequent experiments, in Tables V. and VL., upon pillars varying in length from
6 feet 3 inches to H feet and 2 feet 6 inches; that fracture in some cases took £
place at all three points at the same time, and in others at two of them, showing
the fracture to have commenced on opposite sides of the middle and of the ends,
as might be inferred from the foregoing figure, or the last in Plate XXXII. B

3. That the strength of a pillar, with moveable or rounded ends, is equal to that of a
pillar of the same diameter, and double the length, the ends being flat or firmly fixed,
may be inferred from the reasoning above; but it is proved experimentally from various
results in the abstract p. 891 of the former research, or as below.

4. The strengths of pillars of the same diameter, but of different lengths, vary
inversely as the 1-7th or 1-6th power of the length, or in this case as 2'7 or 2" nearly,
according to my experiments. Hence the strength of a pillar one-half the length of
another is 3:249 or 3:031 times greater than it; or in other words, the strength of a
pillar with flat ends is somewhat more than three times as great as that of one of the
same length and diameter with rounded ends.

5. This is shown in the abstract, p. 887 of the former research, from numerous expe-
riments on solid pillars, with both ends rounded and both ends flat, the mean ratio of
their strengths being . . ... . 1031677

In the abstract, pages 856 and 857 of the present

“research, the mean ratio from the comparison of the
strengths of four hollow pillars, with rounded ends and
of the like number with flat ends, was . . . . . . 1:3:077
In the same abstract, solid pillars of the two forms, of
~ wrought iron and of timber, gave from several experiments
ameanratioof . . . . . . . . . . . . . .1:3076J

A

il

d

> Mean ratio 1:3:107.
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Abstract from Tables VIII., IX., XTII., XIII., &c. of the former Research on the
results obtained from two hollow

Pillars with rounded ends. Pillars
Numper of .
Length of pillar. Diameter of section. exg:;:lrgg‘rllts Breaking weight. L‘;‘;ﬁz};‘)t
from.
-
External diameter i )
7 ft. 62 in., 178 ‘in. 1 5585 7 ft. 4§ in.,
or 902 in. Internal diameter or 883 in.
1-21 in.
External diameter
. 1-74 in. .
90% in. Internal diameter 1 5711 883 in.
1187 in.
Hollow columns of
Low Moor iron, <
No. 3.
External diameter
201 in. 3
90 in Internal diameter 1 8357 883 in.
1415 in.
External diameter
S in. 223 in. 1 1238 882
90% in. Internal diameter 9 410
1:54 in.
-
~
X 2 L 1 or 43537 lbs. for]| 120 in.
cluding caps on Internal diameter 10 ft. or 120 in
the ends. 2:693 in. C *
Hollow columns of
Low Moor iron, <
No. 2.
122 in., External diameter 44683 Ibs.,
including caps Internal dian.leter 1 or 45956 lbs. for| 120 in.
on the ends. 2659 in 10 ft. or 120 in.
L
5 . . . s
~Wrought 902 in. Diameter 1-017 in. 2 1808 902 in,
fron. 604 in. Diameter 1015 in. 2 3938 60% in.
Solid 3197
pillars. The second pillar
. . Side of square was capped with .
1 1
Timber. 60 in 175 in. 2 iron at the ends, 603 in.
to prevent their|
L L being crushed.




Strength of Pillars of Low Moor Iron, No. 3, and of other Materials, with the
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pillars in the present research.

with flat ends, and sometimes with discs to give them a larger bearing at the ends.

Ratic of the strengths
of pillars with both

&

Number of ' Weight which ends rounded and with B
Diameter of section. experiments | DBreaking weight would crush both flat, the diameters c
deduced (B). 1 ' the specimen being considered equal.
from. (C).
1bs.
External diameter r B
178 in. 17840 1bs.,
Internal diameter or 17177 lbs.
1-21 in. 1 for length 146975 1:3-075 1237
Area of section 902 in. -
1-339 sq. in. S
(5]
External diameter E
174 in. 16705 lbs., S E
Internal diameter or 16084 1bs. | o ~
1187 in. ! forlength |Eoo | 139584 | 1:2816 & 115
Area of section 902 in. £3 o
1-2712 sq. in. 5 -
o
Tl 3 v.9
External diameter 3 5 =
2:01 in. 28353 1bs,, |5 =
Internal diameter or 27299 1bs. |5, 3 .
1-415 in. 1 for length  [3& | 175742 | 1:3:266 | = 155
Area of section 902 in. ?D—«
1-6005 sq. in. g
=
External diameter £
223 in. 40569 Ibs., |
Internal diameter or 39061 lbs. A
1-54 in. 1 for length 224330 1:3153 174
Area of section 9032 in.
2:0431 sq. in. L J
External diameter - .
3:555 in. 'g
Internal diameter 114479 lbs. |~ 4 o .
2693 in. 1 —=51-11tons. |& 5 | 405774 | 1:2:629 282
Area of section g.:;
4-230 sq. in. 2 0@.}
o &
. 2.
Exte;r.lg; glie;meter ::;D Il < 272
Internal diaxr;eter g = 'I,;hls pl]laf tha(i
. . ® een split a
2659 . 1 il 06‘49 Ibs, ot 407203 | 1: 2408 one end in the|
Area of section =49'39 tons. |.E & first .
4-245 sq. in. g rst - expen
Weight of pillar 5 ;lnoe:;;gnd was
130 lbs. L
" Diaeter 1-02 1 5280 | e 1:2920 ) o
Do
D
Diameter 1°02 1 12990 1:3298 )
-2
]
Side of square * .o :
175 in 4 9625 | ceeeeeeinenn 1:3-011 g

85
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6. The great difference between the strength of a pillar with both ends rounded and
both ends flat, is rendered obvious by their different modes of fracture, the former
breaking in one place only, the middle; and the latter in three, at the middle and at
each end. |

7. In pillars with one end rounded and one end flat, fracture takes place at about
one-third of the distance from the rounded end ; and if the base of the pillar be enlarged
with a disc, the distance of the place of fracture from the top of a pillar 30 inches
long is but 28 inch from one-third of the whole length from the top, deduced from a
mean of two experiments, in which one pillar broke at 1042 inches, and the other at
10-30 inches (mean, 10°36 inches) from the rounded end (see p. 439 of former research).

8. If the pillar had had both ends rounded, then the centre of fracture would have
been at the middle, at & (first pillar, Plate XXXII.), or at half the height: in the cases
before us, fracture took place at two-thirds of the height nearly, or at & (second pillar).
Hence, comparing the distances Ad, Ab of the points of fracture from the rounded ends
of two pillars of equal diameter and height, one with both ends rounded, and the other
with one end rounded and one end flat, we have those distances as § to , or as 3 to 2
nearly.

9. The relative strengths of the two pillars should therefore be inversely as the 1:7th
or 1-6th powers of their lengths, Ab, Ab, or as 3:249:6:473, or 3:031:5:8, differing not
widely from 1 to 2, as is shown by various experiments in Tables I., IT., V., XII., XIII.
of the former research.

10. Moreover, it will appear that in the curve indicating the form of flexure to the
third pillar, Plate XXXII., the distance Abc will apply to the first pillar, Abed to the
second pillar, and bedef to the third pillar; these distances being inversely as 2, 8, 4, the
1-7th powers of which are 3-249, 6-473, 10-656, and the 1-6th powers 3:031, 58, 9-19,
or as 1, 2, 3, nearly.

11. Hence, of three pillars of the same length and diameter, one with both ends
rounded, one with one end rounded and one end flat, and the other with both ends flat,
the strengths are as 1, 2, 3.

The following facts, from the subsequent experiments, illustrate the last of the pre-
ceding figures. See also forms of fracture, Plate XXXIII.

In pillars of *Second London Mixture,” 2 feet 6 inches long and 1} inch diameter,
fracture took place near to the middle and by breaking across near each end.

A pillar of Old Hill iron, 5 feet long and 2% inches diameter, broke in the middle,
and broke across near each end. -

In pillars 6 feet 3 inches long, fracture took place in the middle, and each end became
split. This was the case in all these pillars.

In pillars 7 feet 6 inches long and 2} inches in diameter—that of Derwent iron broke
in the middle and split off at each end; one of Old Park and one of London Mixture
broke in three pieces, and split off at one end: there would appear to have been more
points of contrary flexure in each of these two pillars than in the other cases.
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General Remarks on the following Experiments.

The experiments forming the basis of this research are on the strength of cast-iron
pillars in two series, the first being on Low Moor Iron, No. 2, each 10 feet long, varying
in diameter from 2} to 4 inches, solid and hollow; of these there are fourteen, including
two on Blaenavon iron, No. 3; the second series are on solid pillars of cast iron, 10 feet
long and 2} inches diameter, from various parts of the kingdom, making twenty-four
pillars, with two of a smaller diameter; other pillars cut out of the preceding ones, and
made 7 feet 6 inches, 6 feet 3 inches, 5 feet, &c. long, amount with the former ones to
seventy-two.

The experiments on these are distributed in Tables I. to VI. In two other Tables
(VIL and VIIL.) other experiments are given, to determine the transverse strengths of
some of the irons, in order to compare these with their direct strength as pillars, besides
numerous experiments to obtain the crushing strengths of the pillars, and the compara-
tive hardness of the irons in different parts of their sections. The forms of the fractures
of pillars in the first six Tables are given in Plate XXXIII.

It has been seen that the strength of long pillars of cast iron varies as a constant
power n of the diameter nearly; the pillars being solid and uniform in texture, and
nearly as the difference of the same powers of the external and internal diameters, when
the pillars are hollow; or as d” in solid pillars, and D"—d" in hollow ones, D and &
being the external and internal diameters. This power » was found in my former
researches* to be 3:55, from the mean result of many experiments on the strength of
pillars flat at the ends. In the following experiments, which are on pillars of a larger
kind than before, and the iron therefore somewhat softer than iron cast in smaller
masses, the average value of # is much more near to 3-50 than to 3:55, the mean from
nineteen comparisons being 3:513 (page 865). The strength of pillars, whose diameter
is the same, varied inversely as the 1-7th power of the length nearly, according to the
average result from pillars with rounded ends and with flat ends, in my former experi-
ments. But in the present ones, on flat-ended pillars only, the power of the length
from the results of twenty-five comparisons (page 866) is 1:63 nearly, instead of 1-7, as
before found.

The preceding results apply only to pillars whose length is thirty times the diameter
or upwards; for pillars shorter than this, the formula for their strength would need
correcting by the introduction of the crushing weight of the pillar.

Tables of the powers above for pillars likely to occur in practice are as below.

* Philosophical Transactions, 1840. 1 Ibid. Part II. pp. 404, 405.
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TasLe I.—Powers of Diameters, or d*®.

1:0%5 = 1-0000
1-25%5= 2:1837
1535 = 41335
1-75%5= 70898
2:0%5 =11-314
2135 =13+4205
2235 =15'7935
2:2535=17-086
2335 =18452
2:435 =21-416
2:5%5 =24°705
2:636 =28-340
2735 =32:3425
2+75%5=34-488
2:835 =36-733
2:9%5 =41+533
3:03'5 =46-765
3135 =524525
3285 =58617
3:2535=61+886
3335 =65°283
3435 =72:473
3:535 =80-212
3:635 —=88°5235

3.73'5 — 97.433
37595=102-12
3895 =106965
3985 =117-15
4055 =12800
4195 =139'55
4295 —151'835
4-2595=15826
4335 —=164-87
4435 —178:68
4595 =193-305
4635 =208-76
4735 =225°08
47595=23358
4895 —242:295
4975 =260-43
5055 =279-51
5195 =299-57
5295 =320°635
5-259'5=33156
5395 —=342-74
5495 —=365-91
5595 =39018
5695 —=415°58

5735 = 44214
575%5= 45587

58%5 = 469°89
5935 = 498‘86
6035 = 529-09
6:135 = 56060
6:2%% = 593-43

6:25%5= 61035
6335 = 627:61

6435 = 663-18
6+535 = 70016
6635 = 73859
6735 = 77851
6:75%5=799-03
6-835 = 81994
6:9%5 = 86292

7:035 = 907-49
7:13% = 953-68
7-235 =100153
7-2535=1026+08
7-3%5 =1051-07
7-4%5 =1102-33
7-585 =115535
7:635 =121017

7°7%5 =1266-83
775%5=129585
7:8%5 =1325-35
7:935 =1385"78
8:035 =1448°15
§-2535=1612-83
8535 =1790-47
875%5=198166
9:0%5 =2187-00
9-2535=2407-11
9:5%5 =2642+61
97555 =2894-12
10-035 =3162-28
10-25%5=3447-73
10°5%5 =3751:13
10-75%5=4073-14
11:0%5 =4414-43
11-25%5=477566
11°5%5 =5157+54
11°75%35=556074
12:035 =5985°96

TasLe IT.—Powers of Lengths, or 7%

1163 = 7.
268 — 30951
21163— 44529
3168 = 5:9939
4168 — 95798
5163 =13-7823
6103 —=185518

611'63=19-8282
7163 =23-8512
73163=26-6901
81'63 =29-6508
9103 —35-9265
10163 —42-6580
111638 =49-8276

12183= 57°4203
13163= 654226
14163= 73:8225
15108= 826093
161'68= 917731
171'63=101305

181'63=111:197

191'65=121-442
20163=132:032
211'63=142-961
22103=154-223
23163=165-812
24163=177-723

Further Remarks on the Experiments on the Strength of Pillars (Tables I. and IL.).

If the strength of a pillar be represented by W:mxy—l}i, where D, d are the
external and internal diameters in inches, / the length in feet, m, #, p constant quan-
tities, the following experiments (1st Summary) will furnish us with the value of
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ﬁ;‘%,:%, of which expressions the first is represented by «, and i.s calculated on two
suppositions for the value of #; the other depends on the value of p. - From my former
experiments, n was taken as 3:55, and p as1'7; and from the experiments in the present
research, we have n=35, and p=1'63, as mentioned before. To assist in computing
the strength of pillars, according to this last supposition, the two Tables of powers
of the diameters and lengths of pillars previously given (page 860) have been formed.

S as 20852 or 22237 Ibs. for the

strength of a pillar 10 feet long and 1 inch diameter; but for a pillar of 1 foot long and
1 inch diameter it would be & x 107, where 10°=50-119, or 42-658.

The experiments give the mean value of «, or

First Summary of Results.

Results from the Experiments in Tables I. and II. upon pillars of Low Moor Iron,
No. 2, and Blaenavon Iron, No. 3, the length of each being 10 feet, and the ends
turned flat and perpendicular to the axis.

Value of #, or the breaking v Error from| Error from
weight of a solid pillar 10 feet Value of « from using the | using the
R long and 1 inch diameter, flat the formula mean from | mean from
No. of experiment. at the ends, from the formula W power 355,/ power 3-5,
W e g inhtermls of inhtermls of
H=gr 35" ' the value | the value
D355__ 3355 of @. of 2.
_ Ibs. Ibs. 1 1
122011 ) 23249 ) -5 | —m
2. (23329 24637 —~51 w5
3.|222677 23742 — %
Hollow pillars, from | 4.|2285°8 24713 -—-l-ll-.;‘ —;13
2% to 4 inches ex-< | .
ternal diameter ... | 5.|19756 Low Moor, [2121-7 +%m | taw
> No. 2. > Mean 2223+7 . .
6.(2023+3 Mean 20852 [2173°9 + 37 + 57
1 1
7.11963-8 21276 +55 | ta@m
1 1
| _ 8.[1785:3 19288 tim | tom
: 1 1
(11. 2008‘9} 2105‘2} +353 +5%
Solid pillars, 2% inches < 12.12048:5 ) 21461 ) J +irs a7
in diameter......... . ' . ' 1 1
13. 2034:1 " Blaenavon, No.3. 21318 |t + o
14 |20967 Mean 20654 |y 0.0 Mean 21644 | )
el 9 67 _677

In the first two experiments of the preceding summary, the results are perhaps some-
what too high, though great care was taken to avoid error. In the columns (Experiments
7 and 8) they are too low. These had been weakened by being” turned on the outside
to reduce their strength, as they had been cast stronger than it was supposed the

MDCCCLVIL 5U
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machinery would break without injury to it. The great reduction in strength produced
by taking away the'external crust, shows that to ornament a pillar it would not be
prudent to plane it. It may, however, be mentioned that the eighth pillar had many
flaws in it.

In experiments upon hollow pillars, it is frequently found. that the metal on one side
is much thinner than that on the other, but this does not produce so great a diminution
in the strength as might be expected, for the thinner part of a casting is much harder
than the thicker (Table VIIL.), and this usually becomes the compressed side.

The strength of a solid pillar, 10 feet long and 1 inch diameter, being, from the first
mean above, 20852 Ibs., that of a solid pillar, 1 foot long and 1 inch diameter, will,
since 10'7=50-119, be 20852 x 50-119=104508 Ibs., or 4665 tons ; the strength being
supposed to vary directly as the 3:565 power of the diameter, and inversely as the 1-7
power of the length, as obtained from the experiments in my former paper on this
subject *.

The larger and more varied pillars in the present research, have, by experiments
deduced from most of the irons in the kingdom, given more precise results for the con-
stants on which the strength depends. They show that it varies directly as the 35
power of the diameter, much more nearly than as the 8:55 power, and inversely as the
1:63 power of the length, from a mean of many experiments in each case (see pages 865
and 866).

From the second mean value of # in the preceding summary, that depending on the
35 power of the diameter, the strength of a pillar 10 feet long and 1 inch diameter
is 22237 lbs., and this multiplied by 10"* or 42:658 (see Table II. page 860), gives
9485869 1bs.=42-347 tons, for the strength of a pillar 1 foot long and 1 inch diameter.

Whence w being the breaking weight in tons of a pillar whose length is / in feet, and
external and internal diameters D and d in inches, the ends being flat and well-bedded,
we have, in Low Moor iron, No. 2—

D55 — g
7

D3'5__ d3‘5
Zl

63

w=—46-65 x , from formulee in Philosophical Transactions, 1840 ;

w=42-347 X , from formulee in the present paper.

The preceding chapter contains the results of experiments on the strength of pillars
10 feet long, solid as well as hollow, the hollow ones varying from 2% to 4 inches
external diameter, and the solid ones cast from models 2% inches diameter. They are
all of Low Moor iron, No. 2, except two, Nos. 13 and 14, of Blaenavon iron. In the
previous researchf the iron used was that of Low Moor, No. 3, and there appears to be
very little difference in their strengths, though the No. 2 seems to be rather the stronger.
The experiments in Table IX. of the previous paper are on hollow pillars 175 inch
external diameter and upwards; and on solid pillars of the same diameter nearly, the

* Philosophical Transactions, 1840, Part IT. + Ibid.
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length being 7 feet 62 inches. To compare the results of this latter series of pillars
with those of a larger kind in the present research, we will select three hollow pillars,
among the least objectionable in the series, and two solid ones, and reduce their results
to what they would have been if the pillars had been 1 inch diameter and 10 feet long.

Pillars of Low Moor Iron, No. 3.

Value of 2, or strength of Value of 2, or breaking
. a pillar 1 inch diameter and weight of a pillar 1 inch
Breaking | 10 feet long, from formula | diameter and 10 feet long,

Length. Diameter. weight. o W 7 frorgv formula.ll.63
D3'55_d3‘55 1017 ‘z:WxW'
in. 1bs. 1bs. 1bs.
(903 External diameter 20957 | 2230°7) 2352:8")
1475 in.
. Internal diameter
1-11 in.
Hollow pillars...< 883 | External diameter 32413 | 22226 »>Mean 21665 |2369:7 >Mean 2338:2
: 2:04 in.
Internal diameter
1:46 in.
902 External diameter 30789 | 20463 2292-2
2+01 in.
Internal diameter
1-368 in. v
903 Diameter 1476 in. 23179 [19376 2032+5
Solid pillars ...< >Mean 1966-2 Mean 20614
902 Diameter 1°72 in. 21995 1994'9_) 20903

The length / is taken in feet =7°5625 feet.

Comparing the results of the pillars in the abstract above, which are on Low Moor
iron, No. 8, with those in the first Summary, which are on the same iron, No. 2, and
taking the value of # as a mean from the first six hollow pillars, we have as below : —

On the first supposition, that is, using the power 3:55 of the diameter, and 17 of the
length,—
From the first summary, 2028:7 lbs. for solid, and 21742 for hollow pillars.
From the above abstract, 1966-2 lbs. for solid, and 21665 for hollow pillars.

On the second supposition, that is, using the power 3:5 of the diameter, and 1:63 of
the length—

From the first summary, 2125:6 lbs. for solid, and 23216 for hollow pillars.
From the above abstract, 20614 1bs. for solid, and 23382 for hollow pillars.

These results are nearly in accordance with one anotﬁer, and they show in both series
of experiments, and according to both suppositions, that the hollow cylinders are some-

what stronger than the solid ones; which is attributable, no doubt, to the superior hard-
bv2
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ness of the metal in the outer ring of the hollow castings: on this subject we shall see
more further on (page 867).

According to the first supposition, the values of # for a hollow pillar and for a sohd
pillar are nearly as 22 to 20, and on the second supposition, nearly as 23 to 21. Of the
two irons, the No. 2 seems to be somewhat the stronger, as appears also from the next
article.

Relative Strengths of solid Pillars of Low Moor Iron, No. 3, and those of No. 2 of the

same Iron.

From the experimental researches* we have for solid cylindrical pillars of Low Moor
355
iron, No. 3, as a mean from ten experiments on small pillars, w=98922 X%, where w

is the breaking weight in lbs., d the diameter in inches, / the length in feet, 355 the
power of the diameter, and 1'7 the inverse power of the length on which the strength
depends, nearly, and 98922 lbs. the strength of a pillar 1 foot long and 1 inch diameter.
To make the comparison above, we shall adduce the results of the pillars in Table II.
Exp. 11, 12, and Table IV. Exp. 11 of this research, from which we obtain, by the same
method of computation, for the strength of a pillar 1 foot long and 1 inch diameter of
Low Moor iron, No. 2,—

Ibs.
From Table II. Exp. 11 . . . . 100684
From Table II. Exp.12 . . . . 102668
From Table IV. Exp. 11 . . . . 100518
Mean 101290

Whence the strengths of Low Moor iron, No. 3 and No. 2, are as 98922 to 101290, or
as 1 to 1:02394, by which the strengths of the pillars of Low Moor iron, No. 3, must be
multiplied to obtain those of No. 2

Two other small solid pillars in the preceding abstract, compared with the three in
the present, give 98544 to 101290, or 1 to 1-:02786.

Strength of Pillars dependent on their Lateral Dimensions.

In long pillars with their ends flat we havet, in cylinders 60} inches long, comparing
the strength of that of

‘77 inch diameter with that of -997 inch diameter, n=23606
77 inch diameter with that of 129 inch diameter, n=23641
“T7 inch diameter with that of 1'56 inch diameter, n=23495
‘997 inch diameter with that of 1-29 inch diameter, »=3670
‘997 inch diameter with that of 156 inch diameter, n=3428

Mean . . . n=8568

* Philosophical Transactions, 1840, Part I1. p. 402. + Ibid. p. 397.
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In pillars of the same length with discs at the ends, comparing

61 inch diameter with 1:00 inch diameter, n=3922

61 inch diameter with 128 inch diameter, n=3-820

61 inch diameter with 1-58 inch diameter, n=3-775

776 inch diameter with 163 inch diameter, n=3-568

‘775 inch diameter with 1:28 inch diameter, n=3-578

1:00 inch diameter with 163 inch diameter, n=23-412

Mean . n=3679
In the larger pillars of the present research, each 10 feet long, and cast from models
varying from 13 to 2% inches diameter, the iron being that termed ¢ Second London

Mixture ” (see Table ITI. Exp. 21 to 24), comparing the strengths of pillars of the
following diameters, with their ends turned flat, we have

1530 inch diameter with 2-511 inches diameter, n=23'5016
1-5641 inch diameter with 2:611 inches diameter, n=3-6154
15630 inch diameter with 2:496 inches diameter, n=3-3708
1-541 inch diameter with 2:496 inches diameter, n=234840

. n=234929
In the same pillars rendered quite straight, and cut to be 6 feet 3 inches long, the
ends being turned flat (see Table V. Exp. 5 to 9), we have, by comparing, as before,

15630 inch diameter with 2:511 inches diameter, 2=3:3068
1-5641 inch diameter with 2-511 inches diameter, n=3-2603
1530 inch diameter with 2:496 inches diameter, n=3-1670
15641 inch diameter with 2:496 inches diameter, n=31179

Mean . n=32130

Mean from all the above comparisons, nineteen in number, =3-513.

Mean

Strength of Pillars dependent on their Length.

To find the inverse power of the length on which the strength of solid pillars of cast
iron, cast from the same model, depends, the pillars being of various lengths and having
their ends turned flat and perpendicular to the axis. From my former experiments *
we have as below, & being the inverse power, and the lengths of the pillars varying from
eighty to twenty times the diameter nearly.

: : Lengths of which '
Dlametf;r;u(;(lmsxdered the Etrengths are Value of . Me?;} ;ralue

: compared. :

in. in. ins. ins.

77 and 77 60+5 and 3025 1:843

*77 and 777 60°5 and 20-1666 1682

*77 and ‘775 | 605 and 15°125 1-550 1-650

*997 and 1401 60-5 and 30-25 1-691

*997 and 1°022 | 60+5 and 20°1666 1:483

* Philosophical Transactions, 1840, Part II. p. 899.
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From the present experiments on pillars whose models were 24 inches diameter
in most cases, Tables I. to V1.

Diameters of Lengths of
pillars pfgllars Values of 2. Meagf\:dues Remarks.
compared. compared. : )
in. in. ft. ft.
2% and 2% 10 7% 1-63032 1:6303 3 This result is a mean from ten comparisons
2% and 2% 10 61 1:88647) P on different kinds of iron. Tables IL, IIL., IV.
2L and 2% 10 61 1:5737 16063
2+ and 23 10 61 1-5514 b From four kinds of iron, Level, London
2% and 2% 10 61 1-4137 Mixture, Old Hill and Derwent. Tables III.
2land2k | 10 61 | 1482 )¢ and V. '
2land 2l | 10 61 | 14752 16724
11 and 1% 10 6L .| 1-8338 ¢ From the Second London Mixture. Ta-
1} and 1% 10 61 1-8986 bles III, and V.
2%+ and 2% 10 5 1-4523 4 1-5232
2% and 2% 100 5 15942 4 From Old Hill Iron. Tables IIL. and VI.
Mean value of z from all the comparisons, twenty-five in number, 1-6285.

In the former experimental paper, mentioned above, I assumed 1'7 as the inverse
power which the strength of pillars of the same diameter and of different lengths
followed nearly, this applying both to pillars with rounded ends and to those with flat
ends; but it appears from above, that in flat-ended pillars, representing the great mass
of those used in practice, the strength would be better represented by some number
intermediate between 1-6 and 1-7: the results of the experiments here detailed give
1'63 as a mean nearly, and this number may be used for all pillars whose length is more
than about thirty times the diameter. In pillars shorter than this the formula used for
calculating their strength would require correcting, as previously mentioned in page 859.

Strength of Pillars, the Iron in the section of which is not uniform.

The iron of all the pillars in this research is assumed to be uniform and of equal
resistance throughout the surface of fracture, but this is perhaps seldom or never the
case in cast iron, except possibly in very large castings. My experiments on the crush-
ing of cast iron, made for the British Association, to determine the relative values of
hot and cold blast iron*, of which an abstract is given in my ¢ Experimental Researches
on the Strength and other properties of Cast Iron, 1846, showed that small cylinders of
cast iron, No. 2, from the Carron Iron-works, turned to the exact dimensions from cast-
ings made but little larger than the size intended, required to crush them 130163 Ibs.
per square inch when they were £ inch diameter, and 132319 Ibs. per square inch when
they were £ inch diameter, from means of several experiments. In cylinders and prisms
cut out of larger masses, the crushing weight per square inch was reduced to 119780 Ibs.,
103012 Ibs., 102884 Ibs., 108315 Ibs., 96764 lbs., &c. In the experiments made to
determine the crushing strength of the iron in my former experiments on pillarsg, cylin-
ders *52 inch diameter and nearly of the size of the original casting, required 115910 Ibs.

* Seventh Report, 1837. + WeaLe, London.
1 Philosophical Transactions, 1840, Part IT. p. 419.
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per square inch to crush them, and small rectangles cut out of masses 1 inch square
required 103692 1bs. only.

In some experiments made by Captain (now Colonel) JaAMES, as a » Member of the
Royal Commission for inquiring into the application of Iron to Railway Structures*, it
was found that the central part of bars of iron planed was much weaker to bear a trans-
verse strain than bars cast of the same size. He states that it was found by planing
out 3-inch bars from the centre of 2-inch square and 8-inch square bars, that the central
portion was little more than half the strength of that from an inch bar, the relation being
as 7 to 127 (there may be some doubt whether the iron was sound at the centre). In
page 111 of the same Report, I showed that rectangular bars of cast iron, cast 1, 2, and
3 inches square, laid upon supports 4% feet, 9 feet, and 131 feet asunder, were broken
by weights of 447 lbs., 1394 lbs., and 3043 lbs. respectively. These weights, divided by
the squares of the lengths, should give equal results; the quotients, however, were as
447, 349, and 338 respectively. I attributed this falling off and deviation from theory
partly to the defect of elasticity, which I had always found in cast iron, but principally
to the superior hardness of the smaller castings.

From the experiments on the resistance to a crushing force of the various kinds of
iron used in this research, it was found that short cylinders, £ inch in diameter and
1% inch high, cut out of pieces cast 2% inches diameter, resisted with more force when
cut out of the part near to the surface than when cut out of that near to the centre. To
try this, many small cylinders, from four or five kinds of iron, were cut from the centre,
and from the part intermediate between the centre and the circumference (Table VIII.),
and it was found that the cylinders from the latter part were always stronger than those
from the centre; thus, in cylinders from pillars of Old Park iron, No. 1, cast as above
mentioned 2% inches diameter, the mean crushing force of the iron near to the circum-
ference was 39-32 tons per square inch, and that from the centre 33:33 tons per square

inch, the difference being 599 tons. Whence 359 35— 1523, the ratio of the falling off

of the resistance of the central part to the resistance of the external part.
Cylinders from other irons used gave the results below (see Table VIIL.).

Low Moor Iron, No. 2.—Crushing force per square inch.

Centre, 29:65 tons. Intermediate part, 34:59 tons.

External ring of a hollow pillar, 4 inches diameter, of which the outer crust had been
removed, 3906 tons. '

External ring of a hollow pillar, about 3% inch. diameter, 51-78 tons. From another
pillar, of about the same diameter, 49-20 tons; the iron of both of these being very thin.

Blaenavon Iron, No. 3.
Centre, 34-22 tons. Intermediate part, 37-28 tons.

* See Report, 1849, p. 250.
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Second London Mixture.
Centre, 3502 tons. Intermediate part, 42:56 tons.

Second London Mixture.—Specimens cut from pillars 14 inch diameter.
Centre, 4646 tons. Intermediate part, 49:59 tons.

By comparing the results of the experiments on the resisting powers of the different
irons in the kingdom to a crushing force, with those obtained from the direct strengths
of pillars of the same irons, 10 feet long and 2% inches diameter, it appears that the
crushing force varies rather widely from being as the direct strength of pillars from the
same model. Though the ratio assumed is merely an approximation, it will afford
means of approaching to the falling off in the strength of pillars, when the resistance of
the different parts to a crushing force is known.

Taking the results from the breaking weights of three of the strongest iron pillars,
each 10 feet long and 2} inches diameter, and the crushing weights of the irons from
those pillars, we have from the strongest pillars—

Breaking weights of the pillars. Crushing weights of the iron in their sections.
66086 437350
62794}Mean 63342 lbs. 485750}Mean 464070 Ibs.
61147 469110
and from those of the weakest irons—.
52680 338450
49387}Mean 48995 Ibs. 346130}Me&n 319345 lbs.
44918 273455

Comparing the breaking weights of the pillars with the crushing weights of the irons,

we have, 48995 : 63342 :: 319345 : 412857.

The last number, 412857, ought to have been 464070 if the breaking weights had
been as the crushing weights. But the breaking weight of pillars depends on the tensile
and crushing weights conjointly, though principally upon the latter; the assumption of
that proportion must be taken as an approximation only, as previously mentioned.

Let 7, 7’ be the resistances to crushing per square inch of the parts near to the circum-
ference and to the centre respectively; D, d the external diameter, and that which
includes the softer part of the metal near to the centre. Then r—s'= the falling off
per square inch in the resistance of the softer part below that of the external part.

—7! . .
Whence r—r——z the defect of resistance of the central part, the resistance of the external

part being represented by unity. ~
If then w be the breaking weight of a pillar; m, » constants, and as before assumed
for solid pillars of uniform texture,

w=mD", . .. . . . . . . . . ... (A)
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the length being constant, then

r

w:m(pn_"—"'dn> R -5

for pillars of variable texture, as above. If the pillar be hollow =0, and

w=m(D"—d*), . . . . . . . . . . . (C)
as before found. (

The falling off in the strength of solid pillars from that of hollow ones of the same
external diameter, and of the same kind of iron, may be seen very evidently from the
results of the experiments in Tables I. and IT., and made the subject of further investi-
gation, if the principles assumed be admitted.

Example 1. If in a hollow pillar, #, in equation C, be 3+5, and d be taken of different
values as below, we shall have w=m(D**—d*®); and

if d= 2, w=m(D*—-0078 D**)=m x 9922 D**;
if d= 2, w=m(D**—0884 D**)=mx 9116 D**;
if d=22, w=m(D*— 242 D*)=mx-T58 D'
if d=2D, w=m(D"*—-365 D*)=mx 635 D**;
if d=3D, w=m(D*—-458 D**)=mx 542 D**;
if d=2D, w=m(D**—528 D*)=mx-472 D"
Example 2. In the formula (B.), for metals of variable texture, w:m(D”——z—;—rj cl");

. . . r—r' 39-291 1
and supposing, for example, as in Low Moor iron, ——=-73g 2=Zi nearly, or

w=mn(D"*—7d"),

if d= 3 , w=m(D**—3x 00781 D** ) =m(D**—-0019 D")=m X998 D**=22:054 D ;)
if =1, w=m<D3'5—}>< 0884 D ) =m(DP°—-0221 D**)=m x 9779 D*=22-492 e,
if =7, w=m(DF—5x 242 D)= (D —0605 D*)=mx 9895 D*=21-608 D**;

if d:f’%i—), w=m<D3’5—i-><°365 D”) =m(D*—091 D")=mx-909 D**=20-907 D*’;

m being assumed as 23,
as below

if d=% w::m(D”—;Ll-x 458 D3'5) =m(D**—-1145 D**)=m x -8855 D**=20-366 D*3; |

The mean value of 2 obtained from the first six pillars in the summary (page 861) is
2174 1bs., the power being 3-55; and for solid pillars it is 2029 Ibs. (Exp. 11 and 12).
These values for a power 3-5, as assumed in the problem above, are 2322 and 2126 1bs.

MDOCCLVIL. 5 x
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respectively, or as 23 to 21 nearly; if then m be assumed as 23, the falling off for
different values of d will be, as in the example above, becoming successively 22:954,

22492, 21-608, 20907, 20-366 ; and the value of d, which gives 21, is about ZD.

——
Example 3. Again, suppose 7~—T—r~=%, and the rest as before,
if =D, w=m<D3‘5—§ X 242 D** ) =m(D*—-048 D**)=mx 952 D*=21'896 D, |

if d=3D, w=m(D*—5x 365 D** ) =m(D**—078 D**)=mx 027 D*=21-321 D'*;

'

if d-_:f;—D, w:m(D“-—éx 458 D“""’) =m(D**—-0916 D**)=m X -9084 D**=20-893 D*?;
J
and the value of d, which gives 21, is about gD.

The pillars in the following summary of results were all cast solid from models 2%
inches diameter, and made 10 feet long, with their ends flat. Those of iron, denomi-
nated No. 1, were chosen for comparison from some of the leading irons in the king-
dom. They vary in strength from 29:50 tons to 20:05 tons, or nearly as 3 to 2.
Formulee for the strength of pillars of all the irons tried, thirteen in number, are given,
both on the supposition used in the former research, and also on that arrived at in the
present. The weights which would crush short pillars of the same diameter are likewise
given.

if m be assumed
as 23, as in the

last example ;
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Second Summary.
Results of all the Experiments in Tables II. and IIL. on Solid Pillars of Cast Iron,
10 feet long, cast from models 2% inches diameter, and supplied from Low Moor,
and from Messrs. Easton and Amos; with applications to the formule for their
strength on different suppositions; and also the weights which would crush the

871

pill~=-
Value of » from Value of # from
formula formula
€X= —Trsy &X= %,
D? 5 D X ‘Weight which
Description of Iron of which the Breaking weight | Wwhere W is the where W is the would crush the
pillar was formed. of pillar. breaking weight, | breaking weight, | pillar, calculated
D the diameter, D the diameter, | from Table VIIL
and « the breaking | and @ the breaking
weight of a pillar | weight of a pillar
1 inch diameter 1 inch diameter
and 10 feet long. | and 10 feet long.
66 Ibs.  Mean. 1bs. 6lbs. Ibs.
Old Park Tron, No. 1. 792 257145 .1 |2692:2 o 1433350
Stourbridge. Cold blast. 65381 } 66086 2436-8} 25041 p550.3 | 26222 441350} 437350
Derwent Iron, No. 1. 57855 2147-2 o 22492 - |488060
Durham. Hot blast. 67733}‘ 62794 2556-6} 23519 logyy.y [ 2465°3 483440} 485750
Portland Iron, No. 1. 59736 ] 23328 | pnan.x |2441°8 o 462760
Tovine, Scotland. Hot blast. 62559f61147 23283 [ 23305 4389 2440-3 475460} 469110
Calder Iron, No. 1. 60677 23797 - |12490+7 o 412200 x
Lanarkshire. Hot blast. 60677 60677 20838 [ 23317 23918 24412 421850} 417025
London Mixture. 54562 20137 o |2109°4 .o 407790
One-half old plate iron and one-half|59266 56914 2141-9 20778 19044-4 }2176 9 1412630 410210
Calder Iron.
Level Iron, No. 1. 54091 20388 o 121352 .2 1339700
Staffordshire. Hot blast. 56443 } 55267 2179-2} 2109-0 2281'5} 22083 1335130 } 337415
Coltness Iron, No. 1. 56443 21335 . 2234'2} .« 1313460
Edinburgh. Hot blast. 48917 | 2%080 [1902-1 } 20178 19911 [ 21126 |305505 ; 310980
Carron Iron, No. 1. 52210 20016 o 20957 .~ 337910
County of Stirling. Hot blast. 53151 } 52680 20261 J 2013 8 2121-6} 21086 338990} 338450
Blaenavon Iron, No. 1. 48917 1926+7 . 2016-5} . . 344460}
South Wales. Cold blast. 49858 } 49387 |1930.5 [ 19286 [9090.g | 20187 347800 346130
Old Hill Iron. No. 1. 44683 16795 - (17590 .= 273130
Staffordshire. Cold blast. 45154} 44918 1690-0} 16847 | 77000 [ 17645 lo73780 | 273455
Second London Mixture. 63499 24172 . 12531°1 } . 472120}
One-third No. 1 best Scotch pig iron, 58325} 60912 2268-0} 2342-6 23741 24526 466490 469305
and two-thirds old metal. :
Low Moor Iron, No. 2. 55973 20089 - |2105°2 .~ 397590
Yorkshire. Cold blast. 55973} 55973 2048-5} 20287 191461 } 21256 1393040 395415
Blaenavon Iron, No. 3. 56914 2034-1 . 2131-8} ., 4285401
South Wales. Cold blast. 57855 [ 97384 2096-7} 20654 |o197.0 [ 21644 405190 § 426865

5x2
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Formule for computing the Breaking Weights of Solid Pillars of the Irons in the
preceding summary; where W is the breaking weight in lbs. or in tons, D the
diameter in inches, and 7 the length in feet.

Description of Iron in the Pillar.

Strength of a pillar
from formula
355
7
where m is as below,
according as the weight
is in Ibs or tons.

W=m.

Strength of a pillar
from formula
D35
T
where m is as below,
according as the weight
is in lbs. or tons.

W=m

Old Park Iron, No. 1 ..iievvrvinennnens
Derwent Iron, No. 1....iiviiiininnnnnnns
Portland Iron, No. 1..iiiieiinnieninnnns
Calder Iron, No. 1..covvuviiiiiinvunnennns
London Mixture ..........covvvvnnnnen.
Level Tron, No. 1 .oooviiviininiinnnnnne.
Coltness Iron, No. 1 ...veiveiinnnnnnennn.
Carron Iron, No. 1
Blaenavon Iron, No. 1 ....covvvenvennen.
Old Hill Iron, No. 1 civuvivvinriniinnnns
Second London Mixture ...............
Low Moor Iron, No. 2 ..ccevvvvnenennn.
Blaenavon Iron, No. 3 ..........eveneens

1bs. tons.
125502=56:03
117872=5262
116802=52-14
116862=5217
104137 =46-49
105700=47-19
101130=45-15
100929 —=4506

96659=-4315

84435=23769
117408=5241
101676=4539
103515=46-21

1bs. tons.
111858=49'94
105079=46-91
104098 =46-47
104137=46-49
92862—=41+46
94202=42:05
90119=40-23
89949=40-16
86114=23844
75270=33-60
104623=46-21
90674:40"48
92329=41-22

The numbers above represent the strength of a pillar 1 foot long and 1 inch diameter.

To compare the direct strength of long pillars of cast iron with their transverse strength.
—If the pillars be cylindrical, and have their ends turned flat and perpendicular to their
axes, the ultimate strength of a solid pillar will be represented by w=m -IZ?;, where D
is the diameter, / the length, and m, n, p constants. My former experiments* gave
n=355 and p=1-7, but the present experiments on larger pillars give 3:5 and 163 for
their values much more nearly.

The transverse strength of a cylinder, laid with its ends upon supports, and broken by
a weight at its middle, is

De
| —
w=b. 7

Whence the ratio of the direct strength of a pillar to its transverse strength is

EJ__T Dn«.‘}
w b U

If » be taken as 3:55 and p as 17, we shall have

w_m D7

w,— b Z.7 H
and if » be taken as 3'5 and p as 1:63,

w m D®

Wb T

* Philosophical Transactions, 1840.
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Tables I11., IV. and VII. give both the direct and transverse strength of the pillars to
which the preceding remarks are applicable.

The following summary contains the results of the experiments in Tables II. to VL
upon solid pillars varying in length from 10 feet to 7 feet 6 inches, 6 feet 3 inches, and
b feet, or as 8, 6, 5, 4, all from models 2% inches diameter; the results are from thir-
teen kinds of cast iron, as before, or from twenty-six pillars 10 feet long, eleven pillars
7 feet 6 inches long, six 6 feet 3 inches long, and three 5 feet long, forty-six pillars in all.
This does not include pillars round at the ends, and others cast 1 inch diameter.

The mean crushing strength of short pillars of the irons, cast 2% inches diameter, is
175'7 tons. The other mean values are as below :(—

Length. Breaking weight. Ultlmoaftﬁlaeggt:fsment Ultimate deflection. Ra‘&oc‘;ﬁ:ﬁf:;g%;gﬁ.ght
tons. in. in.
10 ft. 2327 ‘176 75 <146
7 ft. 6 in. 40+57 235 66 231
6 ft. 3in. 5177 °248 -294
5 {t. 5769 * 296 * 57% 472%*
{

whence it appears that the ultimate decrement of length is inversely as the length
nearly. Another object of these experiments, and of others on pillars of smaller dia-
meter in Tables IT1. and V., was to determine the powers of the diameter and length
on which the strength of pillars depends (see pp. 865 and 866).

* From two experiments only.

Third Summary.
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Third Summary.—Comparison of the Crushing Weights, Breaking Weights, ultimate
diameter, the lengths being different, and the

‘:ﬁilgl}«;tcﬁlsiﬁh Pillars 10 feet long, from Tables II. and III.
a short pillar of
the iron used,
Description of Iron in the Pillar. and d‘i)f the; same Oltismat
diameter, Breaki ight. B imate Ultimat
Bapehes from | AT o | deamentof | deflotion,
©)
gy 55811 660860 181 31
Old Park Iron, No. 1. Cold blast ........cccvverrennns veeens| 437850 ?;6792 —29-50 t]z)sxis. *151 -1?1 }‘176 .45} *38
Derwent Iron, No. 1. Hot blast .cvveereerniirinenvnnennnes 485750 g;ggg =62287%‘§’»11;t<))sns ‘129 }gé} 172 gg} ‘63
Portland Iron, No. 1. HOt blast .vcccvvsevsivnersenss| 469110 | 39786 GATIDS. 1150 AT | G} e
Calder Tron, No. L Hot blast . ..ov.vveererrrrssannrinns 17055 | Goattk ot | M5 | ppbast | iRl o
London Mixture. One-half old plate iron and one- T 592667 56914 1bs. . ‘1907 . 1:06 ..
half Calder Iron ......... eeteresererereeeneona e } 410210 | 54569 [ —25-41 tons, | 139 ~188} 189 1-10}] 08
54091\ 552671bs. | | 1997 1147,
Level Iron, No. 1. Hot blast r....e........ s 337415 | 20091 SOROTIbS. gy ,179} 189 o1 }1 03
Coltness Iron, No. 1. Hot blast .........eovvrevnnseenenes| 310980 igg‘i? j;gg;-%l&sﬁs *169 }gg }'159 ii 51
Carron Tron, No. L. Hot blast .......vvruveveernrrrennn. 33150 | 3000} Disotms | 16 | Nafaee | B .
Blacnavon Iron, No. 1. Cold blast veverrnr..., weee 346130 | (0171 49887Ibs. g }gg} 164 gg} 74
01d Hill Tron, No. 1. Cold blast eeeverrevrrsrsrovsnnn. | 2rmass | 49081 AOABIbs. g | 1O }'186 601 64
Second London Mixture. One-third No. 1 best Scotch 6349971 60912 Ibs. . (1897, 667
pig-iron, and two-thirds of old metal ................. 469305 | 58395 [ =27-19 tons. | 130 -159} 174 q0f 68
Low Moor Tron, No. 2. Cold blast ...ees..overveesnmnee... 395415 | 20781 SAERIDS g1 s o ron
Blacnavon Iron, No. 3. Cold blast ...................... 426865 | pogidl STESAIS gy o0}
Means from all the results in each vertical column { _ 132'37645?0115. 52832 =23-27 tons. 146 176 75
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Deflections, and ultimate Decrements of Length of the Cast Iron Pillars, 2} inches
ends turned flat and perpendicular to the axis.

Pillars 7 ft. 6 in, long, from Table IV, ' Pillars 6 feet 3 inches long, from Table V. Pillars 5 feet long, from Table VI.
. Ul i ) Ulti- )
Bv‘;:f;‘é‘}‘l't’g B ‘;Ie‘g::_ ma;e Breaking weight. B de?rl:xl:;f:of mate Breaking weight. B deg::;g;'teo ¢ Ultimate
®) C" | ment of | dcfiec- ®) c longth, | deflec- [6:5) c roment of | deflection.
length.
100191 ool -
Ibs. | g . .
=44-73 tons. 229 | -228 56
105365 Ibs. |, . . 112438 Ibs.* . ,
—47°04 tons. 217 | 225 51 =50-20 tons. 231 221
102543 Ibs. |, ot | -
=4578 tons. 219 | 245 69
93135 1bs. | oo | . ,
=41'58 tons. 223 | 231 68
93605 1bs. . . 114320 1bs. . .
—4179 tons. | 228 | 234 | 67 | _ 5704 tons. 379 %7
98309 1bs. : . 131275 1bs. . .
— 4389 tons. 291 | 244 65 — 5860 tons. 389 272
87019 1bs. | ) ,
= 3885 tons. | 280 | 254 | 92
72437 1bs. . )
=3234 tons, | 214 | 285 | 76
71967 1bs. . 117612 lbs.t . LR
oo 1208 | 4222 | 59 |l Rl ted 339 253
135592
93622 1bs. 342 264 122863 496 , 172 +285 } 296 +50 } 57
.................. I TS FEPR YR FRT PR IR =4179 tons. ceereoell Mean 129227 1bs. | 449 308 ‘64
=57-69 tons.
127432 o o4
116672 2721 . . .
s SR RURROTIN RO | Mo s da s, | 24 } 260 | 273 1 -228
=5449 tons.
893711bs. |, .
309 tons, 226 |, 63
85608 ths. |, i
5803t 4201 || °59
90868 Ibs. . . 115960 1bs. ) .
—40-57 tons. | 231 | 235 | ‘66 || _51.77 tons. 204 248

* This bar had probabiy been reduced in strength by straightening after a former experiment upon it.
+ This result is probably less than it ought to be, as too large a weight was laid on at once.

The results hitherto given are principally deduced from the experiments in the eight
following Tables.
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TasLe I.—Experiments to obtain the Strength of Hollow Uniform Pillars of Low
Moor Iron, No. 2, each pillar being 10 feet long, and having its ends turned flat and
perpendicular to the axis.

I Value of 2 from for-
£ mula w
£ Deserion of P weight | mreging | “=pr-am | Vo
2 ription of Pillar, 5 ToaucIn, i i eak-
] 10 ericxoﬁg, and as above. Deflection. | P the .de-g ‘2’1:% \:;’it(]):r wi}xllgsvzi‘;lllst,tDeaxfd [ ’_fomv‘;lzln Remarks.,
o flection. which the | the external and in- "= {35 _g55
9 pillar sank. | ternal diameters, the
5 length of the pillar
being 10 feet.
inches.| 1nch. 1bs. 1bs. 1hs. 1bs.
1. |Hollow uniform cylinder. 35 20339 +1It bore this nearly, but broke with
External diameter by va-} 2513 40 22635 83197 lbs. laid on again.
rious measurements ... 46 24931
Internal diameter by va-}l_9 41 54 27227
rious measuremer;ts gg 29523
Weight of pillar 605 lbs. . 31819
1-:00 34115 | 36411+, or 2201-1 23249  |For the form of fracture of this and
33197 the next pillar see Plate XXXIII.
Mean 34804
=15-54 tons.
2. |Hollow uniform cylinder. 18 20339
External diameter by six}2,520 25 24931
measurements  ......... 34 27227
Internal diameter by eight 1-903 39 29523
measurfements ......... 48 31819
Weight of pillar 643 1bs. 61 34115
75 36411 *The deflections marked thus in this
1-09 38707 and the following experiments were
1-16% 39166 39166 2332'9 24637 computed from the two preceding
=17-48 tons. results.
3. |Hollow uniform cylinder. 04 20339 TWith this weight it broke, after
External diameter from 3021 06 24931 bearing it several minutes. The
six measurements ...... 08 20523 thickness of the ring of metal on
Internal diameter from ten 2.354 13 38707 the convex side was *55 and on the
MeaSUrements ......... 16 43299 concave ‘17. The fracture took
Weight of pillar 894 1bs. 22 47891 place nearly in the middle.
+30 52483
-38 57075
55 61667
93 66259 66259+ 2226-7 23742
=29-58 tons.
4. [Hollow uniform cylinder. -06 20339 +1It bore this nearly, but broke with
External diameter from} 3035 10 24931 67636 1bs. laid on again.
nine measurements ... 15 38707 The pillar broke nearly in the middle,
Internal diameter from ten 2354 17 43299 and split at both ends; the metal
measurements ......... 23 47891 differed in thickness on the oppo-
Weight of pillar 88 Ibs. 31 61667 site sides as 2 to 1 nearly, the
55 66259 thicker part being on the concave
91 68555 | 72228+, or 22858 2471-3 side and therefore compressed. See
67636 Plate XXXIII.
Mean 69932
=31:22 tons.
5. |Hollow uniform cylinders. 18 48917 With the weight 110649 this pillar
External diameter from } 3532 22 58325 sank down, but was not allowed to
six measurements ...... 32 77141 bend so as to break. It was pre-
Internal diameter from}2,6 16 42 86549 served in order that an experiment
eight measurements ... 55 95957 might be made upon it in another
Internal diameter from} 2673 84 105365 ) way. When unloaded it became
computation ............ 1:00% | 110649 | 110649 19756 2121+7 ‘nearly straight, and was easily ren-
— =49-39 tons. dered so.
Mean internal diameter ... 2:659
‘Weight of pillar 130 lbs,
6. |Hollow uniform cylinder. 11 58325 The remark in Experiment 5 applies
External diameter from } 3555 ‘15 67733 also to the weight 114479 with
eight measurements ... ‘19 77141 which this pillar sank.
Internal diameter from 2:664 23 86549
eight measurements } +31 95957
By computation ............ 27221 45 105365
- 63 110069
Mean internal diameter ... 2693 -80% | 114479 114479 2023-3 21739
‘Weight of pillar 128 1bs. 7 oz. =51'11 tons.
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TasLE 1. (continued).

877

. Value of  from for-
g mula
£ . Dreaking o= w , Value of
g Description of Pillar, . pxy,g;%}ilr:g vgl‘:;%hvfr’it(!’: 'where l\)sz: Ef;feak b fl'Oml
g 10 feet long, and as above. Deflection. the de- which the ing weight, D and d orm&la Remarks.
« flection. | pillar sank. | theexternal andin- \*= T35 g5
. ternal diameters, the
P length of the pillar
being 10 feet.
inch Ibs. 1bs.
7. [Hollow uniform cylinder 9 ft. 9in., 03 20693 This and the following pillar were cast
long. inches.| ‘04 46271 to be 4 inches external diameter,
External diameter from7 g.gg, 07 74495 and were found so strong as to re-
twelve measurements... } 10 93311 quire weights which would injure
Internal diameter from 317 29 102719 the machinery. They were there-
eight measurements .., -48% | 112127 | 112127, or 19638 21276 fore turned outside to reduce their
Weight of pillar 106 1bs. 10 oz. 107403 1bs. strength, and this, by taking away
=47-95 tons, the hard external surface of the me-
if the pillar tal, seems to have produced that
had been effect in a very great degree. They
10 feet long. were cast 9 feet 9 inches long instead
of 10 feet, so that they might be
broken with rounded caps on the
ends, which would only have re-
quired one-third of the weight re-
quired by pillars with flat ends.
Ratio of thicknesses of metal on oppo-
site sides in middle ‘37 to *25.
8. |Hollow uniform cylinder 9 ft.9in.| 03 20693 Ratio of thicknesses of metal on oppo-
long. 05 39509 site sides in middle ‘21 to -39, the
External diameter from } 3819 09 58325 thin side being the concave one.
twelve measurements. .. 18 77141 This pillar had many flaws in it.
Internal diameter at mid- 24 86549
dle by eight measure- 33211 99720 | 99720, or 17853 1928-8
MENtS .oveerrnrirerrnannas 95519 1bs.
'Weight of pillar 99 1bs. 14 oz. =42+64 tons,
if the pillar
had been
10 feet long.
9. [ Hollow pillar, the same asin| 12 20693
Experiment 5. -18 25397
Length, including caps on| /26 30101
the ends, 10 ft. 2 in. 30 32453
-36 34805
42 87157
“ 55 39509
< 68 41861
] 1-16
& to 44213 | 44683, or
o 137§ 45956 1bs.
° =20-51 tons,
2, the breaking
8 weight of the
=R pillar if
’E 10 feet long.
10. |2 | Hollow pillar, the same as in|  -14 | 20693
= Experiment 6. 21 25397
E | Length, including caps on| 31 30101
g the ends, 10 ft. 2 in. 47 34805
= 63 37157
= -85 39509
140 41861 | 42331 lbs.,
or 43537 lbs.
=19-44 tons,
if the pillar
had been
L 10 feet long.

The hollow pillars in Experiments 5 and 6 had been prevented from being broken
by a prop, which was made to act on their middle immediately after they had been bent
beyond their utmost power of resisting. They were then unloaded and reserved for
another experiment, as below ; after being rendered straight and turned afresh at the
ends, rounded caps were affixed to the ends, to enable the straining force to be applied
5Y

MDCCCLVII.
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in the direction of the axis, as in Experiments 9 and 10. The strength in these cases
should have been only one-third of what it was in the former ones, according to the
results in pages 855 to 857; but it is greater than that, in the ratio of 20 to 17 nearly,

arising in a great measure from crushing of the plates and the ends of the pillars,
through the weight. '

Tasre IT. (TaBLE I. continued).—Experiments to obtain the Strength of Solid Uniform
Pillars of Low Moor Iron, No. 2, and of Blaenavon Iron, No. 3, the pillars being

10 feet long and 2} inches diameter nearly, with the ends turned flat and perpen-
dicular to the axis.

‘é Value of 2 from for-
g mula w
g . | Weight Breaking =T Value ‘of 2
S . 10 ’f)ee:tcféﬁgf‘;,ﬁf ;l;llﬁgve. Deflection. proil}l::mg “‘::;%}ét;vﬁa where W 1ls) the break- from f({;’mula Remarks,
—~ deflection.| Which the | ing weight and D the Y=t
5] pillar sank. | diameter, the length
S of the pillar being
Z 10 feet.
inches.|  inch. 1bs. 1bs.
11.{Solid uniform cylinder of ‘10 20693
Low Moor Iron, No. 2. 15 25397
Diameter from eighteen 2553 20 | 84805
measurements ......... 25 37157
Weight of pillar 159 lbs. 9 oz. *29 39509
33 41861
38 44213
43 46565
51 48917
61 51269
78 53621
1-23 55973 55973 20089 21052
=2499 tons.
12.1Solid uniform cylinder of 10 20693
Low Moor Iron, No. 2. ‘13 25397
Diameter from eighteen 2:539 ‘16 30101
measurements ......... 19 34805 £ ) imen
Weight of pillar 158 Ibs. 16 0z. | 22 | 37167 e e
25 39509 cases below marked
28 41861 . with an asterisk.
35 44213 T After bearing the weight
39 46565 55973 1bs. for half a
gg g?gég minute or more, it sank.
67 53621
79% 55978 55973+ 20485 2146°1
=24-99 tons.
13.|Solid uniform cylinder of ‘10 20693
Blaenavon Iron, No. 3. 13 25397
Diameter from eighteen | g.pr6l <16 30101
measurements ......... 20 34805
Weight of pillar 160 1bs, 3 oz. 25 39509
34 44213
42 48917
55 51269
66 53621
90 55973
1-00%* 56914 56914 2034-1 2131-8
=2541 tons.
14.|30lid uniform cylinder of 07 20693
Blaenavon Iron, No. 3. 11 256397
Diameter from eighteen o546l 14 30101
measurements ......... 17 34805
Weight of pillar 159 1bs. 6 oz. 2] 39509
28 44213
37 48917
43 51269
54 53621
74 55973
90* 57855 57855 20967 2197-0
=24-83 tons.
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Tasre IIT.—Experiments to determine the Strength of Solid Uniform Pillars, 10 feet
long and 2% inches diameter nearly, from various parts of the kingdom. The pillars
were all cast erect and in dry sand, from the same iron model, nearly 12 feet long;
they were afterwards cut to 10 feet long, and their ends turned flat and perpendicular

to the axis.

in the order of their strength.

Two pillars were cast from each kind of iron.

The irons are arranged

le'q | Description of Pillar; each being cast| weiohts | D . wBexiSll?n(%; Value of # from formula #= —D—gv% Vﬂé::x: fo
% g |solid, 2} inches diameter nearly, and 13-:;"'(’)11.5 Ofe f:ﬁg‘g{t Degsggl‘:‘ of that with where W is the breaking weight, D| formula | Remarks.
SE turned, 10 feet long, and flat at the ends. ' which the |the diameter, and & the strength of 8| g W,
Z A pillar sank. pillar 1inch diameter and 10 ft. long. D35
inches. 1bs. inch. inch. Ibs. 1bs. 1bs.
1. |0ld Park Iron, No. 1. 20693 065 ‘04
Stourbridge. Cold blast. 25397 076
Mean diameter from nine 2503 30101 087 ‘06
measurements ......... 34805 097
Weight of pillar 1515 lbs. 39509 | -106 08
44213 ‘116
48917 127 10
53621 138
58325 149 18
63029 161 33
66792 A71% | 45% 66792 25715 2692-2
2. |0ld Park Iron, No. 1. 20693 072
- |Stourbridge. Cold blast. 25397 084
Mean diameter from eight  ,, 526 30101 095
measurements ......... 34805 105
Weight of pillar 154 lbs. 39509 ‘116
44213 ‘127
48917 139
53621 150 07
58325 ‘161 ‘14
63029 174 27
65381 -181*% | -31* 65381 24368 25523
3. |Derwent Iron, No. 1. 20693 ‘066 ‘08
Durham. Hot Blast. 25397 | 077
Mean diameter from eight 1 g.20q 30101 089 ‘10
measurements ......... 34805 ‘100
Weight of pillar 152 lbs. 39509 112 ‘16
. 44213 123 +20
48917 137 27
53621 151 43
57855 ‘164% | -58* 57855 2147-2 2249-2
4. [Derwent Iron, No. 1. 20693 ‘060 02
Durham. Hot blast. B 25397 071
Mean diameter from eight 2517 30101 +081
measurements ......... 34805 ‘091
‘Weight of pillar 1513 Ibs. 39509 | -102
44213 ‘113
48917 124
53621 135 ‘06
58325 147 113
60677 ‘153 19
63029 159 23
65381 166 35
66733 180 69 66733 25566 26774
5. |Portland Iron, No. 1. 20693 ‘068 09
Tovine, Scotland. Hot blast. 25397 079
Mean diameter from eight ] o, 493 30101 090 11
measurements c........ 34805 -101
‘Weight of pillar 150 lbs, 39509 ‘112 15
44213 ‘124 19
48917 136 24
58621 150 37
55973 46
58325 169 68 to 73
59736 (175% | -84% 59736 23328 2441-8

* The quantities marked with an asterisk were computed in each case from the two preceding results, as before.

5Y2
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TaBLE ITII. (continued).

. s W Value of
4 g Description of Pillar: each being cast | e 4 3§ez}§m§r Value of # from formula #= 5575 from
% 8 | solid, 24 inches diamoter nearly. and | 1ignés [Decrement | Deflection of | \i8 gF i ing weight, D| formula | R .
S8 lomad, 5 bt gt ot ot ths ends,| 1idon- | oflength. | " middle, | MR enere B Js Gho brenking weight, D My | Remarks
P pillar sank.|pillar 1 inch diameter and 10 ft.long.| “=D33"

inches. Ibs, - inch. inch. Ibs. 1bs. 1bs.

6. (Portland Iron, No. 1. 20693 065 E

Tovine, Scotland. Hot blast. 25397 075
Mean diameter from eight 2527 30101 -086 11
measurements ......... 34805 097
Weight of pillar 1565 Ibs. 39509 107 17
44213 ‘118
48917 130 27
53621 145 41
58325 +159 58
60677 170 77
62559 +179% Q2% 62559 23283 24388
7. |Calder Iron, No. 1. 20693 069 ‘04
Lanarkshire. Hot blast. 25397 081
Mean diameter from eight 2:490 30101 093 05
mMeasurements ...eeeees 34805 105
‘Weight of pillar 149 lbs. 10 oz. 39509 ‘116 *08
44213 *128
48917 140 115
53621 153 25
58325 169 38
60677 177%* 45% 60677 23797 2490-7
8. |Calder Iron, No. 1. 20693 +069 06
Lanarkshire. Hot blast. 25397 081
Mean diameter from eight | o.x19 80101 | 092 08
measurements ......... 34805 104
Weight of pillar 1515 1bs. 39509 | ‘115 ‘14
44213 127
48917 140 28
53621 154 43
58325 179 83
¢ 60677 +192% 1-13 60677 2283-8 23918
9. {London Mixture. 20693 ‘069 04
One-half old plate iron and 25397 082
one-half Calder iron. 30101 <095 ‘06
Mean diameter from eight 2533 34805 ‘107
measurements ......... 39509 1121 14
Weight of pillar 1524 1bs. 44213 ‘134 20
48917 ‘149 35
53621 183 ‘94
54562 | -190* 1:06* 54562 20187 2109-4
10. |London Mixture. * 20693 067 09
One-half old plate iron, and 25397 079
one-half Calder iron. 30101 091 ‘12
Mean diameter from eight 2548 34805 103
measurements ......... 39509 ‘114 20
Weight of pillar 156 1bs. 14 oz. 44213 | ‘126 23
48917 ‘139 - 33
53621 153 48 o
180 to| ‘91 to 100
58325 14 182 in 2 minutes.
59266 -188* 1:10% 59266 214149 2244-4
11. |Level Iron, No. 1. 20693 070 08
Staffordshire. Hot blast. 25397 082
Mean diameter from eight ] g.-7 0 30101 094 ‘13
MEASUrements ......ees 34805 107
Weight of pillar 151 1bs. 2 oz, 39509 | -122 2
44213 137 34
48917 155 53
53621 195 1-08
54091 *199%* 1-14% 54091 20388 21352
12. |Level Iron, No. 1. 20693 069 08
Staffordshire. Hot blast. 25397 082
Mean diameter from eight | .| 30101 094 ‘13
measurements ......... 34805 107
Weight of pillar 1504 1bs. 39509 121 24
44213 132 -31
48917 147 45
53621 ‘167 74
56443 | -179% 91 % 56443 2179-2 22815
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TasLe IIL. (continued).
4 3 i w Value of 2
§ g Dels.cdri%gqn ‘if P%!‘“; f‘mh beilug c“s“ Weights |Decrement| Deflection of "%’;‘;ﬁl’n& ‘;alue of @ from formula =D fo?xgxrlrxl[a
solid, 24 inches diameter nearly, a . : i is t i 1 .
2'5 turned, 10 ft. long, and flat at t};{e czxxlds. laid on. | of length. middle. ;ﬁﬁﬂﬁ t;ve %gn‘gtg-} }:l;x}l) l:iﬁznsgtgﬁlgt}lllt’o? al w. Remarks
z pillar sank. |pillar 1 inch diameter and 10 ft. long. T D35
inches. lbs. inch. . inch. 1bs. lbs. 1bs.
13. |Coltness Iron, No. 1. 20693 ‘065 05
Edinburgh, Hot blast. 25397 | -077
Mean diameter from eight ] .5 @ 30101 089 06
measurements ......... 34805 *100
‘Weight of pillar 1511 lbs. 39509 112 °10
44213 125 15
48917 *139 23
53621 154 44
56443 163 % 57 % 56443 21335 2234-2
14. |Coltness Iron, No. 1. 20693 068 04
Edinburgh. Hot blast. 25397 081
Mean diameter from eight ] 4.496 30101 094 06
measurements ......... 34805 108
Weight of pillar 149 Ibs. 10 oz. 39509 | 123 ‘16
44213 139 30
48917 155 % 44% 48917 1902-1 1991-1
15. |Carron Iron, No. 1. 20693 ‘070 03
County of Stirling. Hot blast. 25397 | 083
Mean diameter from eight | o546 30101 | -097 04
measurements .......s. } 34805 110
Weight of pillar 149% lbs. 39509 124 06
44213 137 112
48917 154 27
52210 166 38 * 52210 2001-6 20957
16. |Carron Iron, No. 1. 20693 ‘076 04
County of Stirling. Hot blast. 25397 091
Mean diameter from eight o, 510 30101 104 06
measurements ......... 34805 ‘116
Weight of pillar 1493 1bs. 39509 130 ‘11
44213 ‘144 18
48917 159 32
53151 | 173% 45% 53151 2026°1 21216
17. |Blaenavon Iron, No. 1. 20693 070
South Wales. Cold blast. 25397 082 08
Mean diameter from eight | g, 487 30101 096 ‘10
measurements ......... 34805 109
Weight of pillar 150 lbs. 14 oz. 39509 122 21
44213 137
48917 169 -83 48917 1926-7 20165
18. |Blaenavon Iron, No. 1. 20693 064 03
South Wales. Cold blast. 25397 076 ‘05
Mean diameter from eight] g, 4q¢ 30101 088 07
measurements ..... N 34805 100
‘Weight of pillar 151§ lbs. 39509 117 °16
44213 +130
48917 154 60
49858 -159% 65* 49858 1930-5 2020-9
19. |01d Hill Iron, No. 1. 20693 088 07
Staffordshire. Cold blast. 25397 ‘106
Mean diameter from eight ] g,z5q 80101 123 09
measurements ......... 34805 140
‘Weight of pillar 151 1bs. 39509 159 ‘13
44213 188 61
44683 *191% “66% 44683 16795 1759-0
20, |01d Hill Iron, No. 1. 20693 079 ‘04
Staffordshire. Cold blast. 25397 094
Mean diameter from eight ] 9.x94 30101 | -111 +08
measurements ......... 34805 *126
‘Weight of pillar 151 1bs. 10 oz. 39509 144 30
44213 175 56
45154 -181%* 61% 45154 1690-0 1770-0




882

MR. HODGKINSON’S EXPERIMENTAL RESEARCHES

TasrE III. (continued).

VR i w Value of
FE fsj Description of Pillar; each being cast| vy, cights [Decrement| Deflection of V]V;el;;ﬁ:nogr Value of # from formula = Do from
‘8 & |solid, 24 inches diameter mearly, and| 13i3°on, | of length. middle. that with | where W is the breaking weight, D formula | Remarks,
&% |turned, 10 feetlong, and flat at the ends. which the [the diameter, and @ the strength of a| p=_""_,
P pillar sank.|pillar 1 inch diameter and 10 ft. long. D35
inches.| lbs. inch. inch. Ibs. 1bs. 1bs..
21. |Second London Mixture. 20693 ‘061
Two-thirds of old metal and 25397 071
one-third of No. 1 best 30101 081
Scotch pig-iron. 34805 092
Mean diameter from eight 2511 39509 103 05
measurements  ...... vee 44213 ‘113 08
Weight of pillar 153 lbs. 48917 128 16
53621 +141 29
58325 156 46
63029 186
63499 -189* 66%* 63499 2417-2 2531°1
22, |Second London Mixture. 20693 060
Two-thirds of old metal and 25397 071
one-third of No. 1 best 30101 081 05
Scotch pig-iron. 34805 091
Mean diameter from eight 1 o, 496 39509 102 10
measurements ......... 44213 ‘114 18
Weight of pillar 1514 1bs. 48917 <127 30
53621 143 53
58325 *159% “70% 58325 22680 2374'1
23. |Second London Mixture. 7284 | ... . 02
Two-thirds of old metal and 9521 | ...... ‘13
one-third of No. 1 best 10980 | ...... 70 11204
Scotch pig-iron.
Mean diameter from eight ] 4.4
measurements .........
Weight of pillar 56 1bs. 2 oz.
24, |Second London Mixture. 7284 | ... ‘12
'Two-thirds of old metal and 9524 22
one-third of No. 1 best 9972 | ... 30
Scotch pig-iron. 10420 42
Mean diameter from eight 1541 10532 | ... 48 10868
measurements .....e...
Weight of pillar 56 Ibs. 2 oz.




ON THE STRENGTH OF PILLARS OF CAST IRON.

TaBLE IV.—Solid Pillars cut out of the 10 feet pillars, 2% inches diameter, previously
experimented upon, and now made 7 feet 6 inches long, quite straight, and with
their ends turned flat and perpendicular to the axis, the iron being obtained from
various parts of the United Kingdom (Tables III. and II.).

Breaking weight,

%3
ok o . R .
5| Dotindnof Tl 7ot Ginches | Wlghts | Dot | D i i il R,
A
1bs. inch. inch. i i .

1. 0ld Park Iron, No. L. 20693 | -058 Broke info four picces
Stourbridge. Cold blast. 30101 | -078
Cut out of the pillar in Table IIL.| 89509 | -098

Exp. 2. 48917 | -118
Diameter 2-526 inches. 58325 | °138

67733 | <157 10

77141 | -176 17

86549 | ‘196 25

91253 | 207 32

95957 | 221 44

100191 *234% 55% 1100191 1bs. =44-73 tons.

2. |01d Park Iron, No. 1. 20693 059 02 The low result of the breaking
From Exp. 1, Table IIL. 30101 | -078 weight in this experiment ren-
Diameter 2:503 inches. 39509 096 05 ders it probab[e that the pi]lar

‘ 48917 | 113 08 had sustained some injury by
58325 | -132 12 straightening after the former
67733 | 151 15 experiment.
77141 | <171 23 This pillar broke in three pieces of
86549 | -195 ‘36 nearly equal length, splitting at
91253 | 209 47 one end. See Plate XXXIII.
95487 | -222% 57% 195487 1bs.=42'63 tons.

3. |Derwent Iron, No. 1. 20693 | 059
Durham. Hot blast. 30101 | -076
From Exp. 4, Table IIL 39509 | 094 02
Diameter 2°517 inches. 48917 | 112

58325 | 129 | -04
67733 | -146 06
77141 | ‘165 ‘10
86549 | ‘182 15
95957 | 205 29
100661 215 40
105365 | -225% 51% 105365 1bs. =47-04 tons.

4. |Portland Iron, No. 1. 20693 | 059
Tovine, Scotland. Hot blast. 30101 | -077
From Exp 6 Table III. 39509 | 095
Diameter 2:527 inches. 48917 | ‘112 ‘06

58325 | -131 08
67733 | -149 10
77141 | -168 ‘14
86549 | -188 ‘19
95957 | 210 33
100661 | 235 |45 to *59
102543 | -245% 69% 102543 1bs.=4578tons,

5. |Calder Iron, No. 1. 20693 | 063
Lanarkshire. Hot blast. 30101 082
From Exp. 7, Table IIL 39509 -102
Diameter 2:490 inches. 48917 | -121 05

58325 | ‘143 08
67733 | 164 ‘13
72437 | 175 17
77141 | -187 22
81845 200 31
86549 | -213 40
91253 60
93135 | -231% 68 |931351bs. =41-58 tons.
6. |London Mixture. 20693 | -057 02 This pillar broke in three pieces of
One-half old plate iron and one-| 30101 | -077 nearly equal length, splitting at
half Calder Iron. 39509 | -097 06 one end. . )
From Exp. 10, Table III. 48917 | ‘116 ‘08 It would appear that in this pillar,
Diameter 2:548 inches. 58325 ‘137 10 and in that of Exp. 2, there were
67733 | -157 ‘16 more points of contrary flexure
77141 | -179 24 than in others. Plate XXXIII.
81845 | 191 +29
86549 | 205 41
91253 58

03605

936035 1bs. = 4178 tous.
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TasLe IV. (continued).

ag inti : s s Breaking weight, or
52 | Pernton of Pl 7ok Oinhes | Wttt | Dot o, it i Remara
! 2<::' g ’ pillar sank.
|
Ibs. inch. inch,
7. |Level Tron, No. 1. 20693 | -061
Staffordshire. Hot blast. 30101 (082
From Experiment 12, Table III. | 39509 102
Diameter 2:501 inches. 48917 124
58325 ‘144
57733 165
77141 185 ‘08
81845 196 ‘17
86549 207 22

91253 218 32
95957 235 54
| 98309 244* 65% | 98309 1hs. =43-89 tons.

8. [Coltness Iron, No. 1. 20693 | -068

Edinburgh. Hot blast. .| 80101 ‘088
From Experiment 13, Table III. | 39509 110 08
Diameter 2:516 inches. 48917 | -132 ‘10
58325 ‘153 ‘14

67733 177 23
72437 189 29

77141 201 *35
79493 209 48
81845 218

86549 251 172t0°81
87019 254 % *92% | 87019 lbs.=38-85 tons.

9. |Carron Iron, No. 1. 20693 | 078 10 Comparing the result from this pillar

County of Stirling. Hot blast. 30101 *101 ‘12 with that from the preceding one
From Experiment 15, Table ITI. | 39509 ‘124 ‘16 on Coltness Iron, the strengths of
Diameter 2:506 inches. 48917 | -149 22 which should have been equal, as
58325 | 175 32 shown by the 10-feet pillars of these
67733 209 56 irons, I conceive this experiment to
70085 222 66 be in some degree defective, the pil-

72437 | -235% *76% | 72437 1bs. = 3234 tons. | lar having probably been injured by
the former experiment upon it.

10. |Blaenavon Iron, No. 1. 20693 083 07
South Wales. Cold blast. 30101 106 ‘11
From Experiment 17 or 18, Table| 39509 *128 13

I11. 48917 152 17
Diameter 25 inches nearly. 58325 176 27
67733 208 *49
71967 | -222% 59% | 71967 1bs. = 3213 tous.

11. |Low Moor Iron, No. 2. 20693 | ...... 04
Cut from the pillar in Experiment| 48917 | ...... 07
12, Table II. 67733 14
Diameter 2:539 inches. 72437 16
77141 e 21
81845 | ...... 28
86549 | ...... -50
89371 | ...... *63* | 89371 Ibs. =39-90 tons.
12. |Blaenavon Iron, No. 3. 48917 ‘08
Cut out of the pillar in Experi-| 53621 *10
ment 13, Table 1. 58325 | ...... 13
Diameter 2-556 inches. 63029 | ...... 17
67733 | ...... 22
72437 | ... 27
77141 | ... -36
81845 | ...... 49
85608 | ...... 59% | 85608 lbs. =38:22 tons.
13. |Low Moor Iron, No. 2. 20693 | ...... 09 The strength was probably reduced
This pillar differs from the pre-| 25397 | ...... 13 by being experimented upon be-
ceding ones in being Zollow ; it| 30101 | ...... 18 fore, and afterwards rendered
was cut out of the pillar in Ex-| 34805 | ...... 21 straight; the breaking weight
periment 2, Tqble I. 39509 | ...... 26 would otherwise have been 63871
Length 7 feet 6 inches. 44213 | ... 29 1bs. nearly, according.to the in-
External diameter 2:520 inches. | 48917 | ...... *36 verse 1'7th power of the length.
Internal diameter 1-903 inch. 51269 | ...... 40 Ratio of the thicknesses of the sides
Ends flat. 53621 | ...... 565 ‘20 to 35, the thin side being
55973 | ... 70%* 155973 1bs.=24'99 tons. [ compressed.——For form of frac.

ture see Plate XXXIII.




ON THE STRENGTH OF PILLARS OF CAST IRON.

885

TaBLe V.—Solid Pillars cut out of the 10-feet pillars, 2 inches diameter, previously
experimented on, and now made 6 feet 3 inches long, quite straight, and with their

ends turned flat and perpendicular to the axis, the irons being obtained from various
parts of the United Kingdom (Table III.).

4
5| Descriptio 3 i i i
52| inchoslong, and as'abose, | lidon, | Decrement. | Deflction.| it \hieh the piier sank Remarks,
2 A
1bs. inch. inch. :

1. |Derwent Iron, No. 1. 20693 024 . The pillar broke where it had been beaten
Durham. Hot blast. 30101 ‘043 with a hammer to straighten it- after
From Exp. 8, Table III. 39509 <062 the former experiment, by which its
Diameter 2529 inches. 48917 082 02 strength was probably reduced. The

- 58325 100 situation of the neutral line in this and
67733 119 the following experiment is strongly
77141 | - ‘187 10 marked. The pillar broke at the mid-
86549 ‘158 dle, and was cracked at each end. See
95957 177 Plate XXXIII.

105365 202 32

112438 221% | L. 112438 1bs, =50'20tons.

2. |London Mixture. 33881 085 The pillar cracked at both ends, and
One-half old plate iron, 43289 *105 broke in the middle.

and one-half Calderiron.| 52697 124 10 For form of fracture see Plate XXXIII.
62105 142
From Exp. 9, Table III. 71513 161
Diameter 2:533 inches. 80921 181 112
90329 *200
99737 218 18

104441 232 27

109145 247 32

113849 274 52

114320 277 | .. 114320 1bs. =51-04 tons.

3. |Level Iron, No. 1. 33881 *085 It broke into a number of pieces. See
Staffordshire. Hot blast. | 43289 103 figure, Plate as above.

From Exp. 11, Table III. | 52697 123
Diameter 2°518 inches. 62105 142
71513 -161
80921 179
90329 *186
99737 213

109145 232

118553 252

129137 269

131275 272% . 131275 1bs.=5860tons.

4. |0ld Hill Iron, No. 1. 20693 ‘065 The pillar broke across in the middle,
Staffordshire. Cold blast.| 33881 103 and cracked at both ends. See form
From Exp. 20, Table III. | 43289 ‘122 ‘03 of fracture, Plate as above, ,
Diameter 2:523 inches, 52697 146

62105 164

71513 ‘188

80921 214 22

85625 +230 28

90329 250 41

93622 264% | ... 93622 1bs. =41-79 tons.

5. |Second London Mixture. | 33881 068 Broke by splitting in the middle and at

About two-thirds of old| 43289 086 the ends, one being broken off. See
metal, and one-third of] 52697 102 Plate as above.
best Scotch pig-iron. 62105 117

From Exp. 21, Table IIL. | 71513 133

Diameter 2-511 inches. 80921 149

90329 164
99737 181

109145 197 04

118553 218 ‘14

123601 233 26

127432 244% | ... 127432 1bs. =56:89tons,

MDCCCLVIL, 9%
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TaBLE V. (continued).

2 Description of Pillar, s i i
wE 6 feet% inches long,’ Ygifg%};fs Decrement. |Deflection, Wﬁfﬁﬁ?gﬂﬁfﬁﬁg ::312. Remarks.
sH and as above. :
A -
1bs. inch. inch.
6. |Second London Mixture. 33881 ‘060 Broke in the middle and at the ends.
About two-thirds of old] 43289 077 See Plate XXXIII.
metal, and one-third of] 52697 <094
best Scotch pig-iron, 62105 110
From Exp. 22, Table III. 71513 126
Diameter 2:496 inches. 80921 143
90329 160
99737 177
109145 197
116672 218% | e 116672 1bs.=52-09 tons.
7. |Second London Mixture. 7358 ‘014 For the form of fracture in this and the
Mean diameter from eight| 9710 024 two following pillars, see Plate as above.
measurements 1:530in. | 12062 032
14414 040
16766 <048
19118 057
21470 <066
23822 075
26174 091
26527 093* | ... . 26527 1bs.

8. [Second London Mixture. 7358 027
From Exp. 23, Table III. 9710 036

Diameter 1530 inch. 12062 044
14414 051 06
16766 059
19118 068 112
21470 077 28
23822 090 +38
24763 095% | ... 24763 1bs.

9. Second London Mixture. 7358 027
From Exp. 24, Table III. 9710 034

Diameter 1:541 inch. 12062 043
14414 051
16766 060
19118 068 07
21470 077
23822 088 ‘19
25939 «098* cerenanes 25939 1bs.

Additions to the preceding experiments in Table V., the pillars being cut from the
£ inch bars used in Experiments 7, 8 and 9, their lengths being as below, and their
ends turned flat.

No. of Exp. Description of Pillar. Breaking weight. Remarks.

Ibs.
10. Length 3 feet.

Diameter 1528 inch.
From Experiment 7. 57384

11.  |Length 3 feet.
Diameter 1-544 inch.
From Experiment 8. 705556

12. Length 3 feet.
Diameter 1-5627 inch.

From Experiment 9. 57856

13.  |Length 2 feet 6 inches. These pillars broke in the middle, and
Diameter 1'531 inch. broke off at each end. .
From Experiment 8. 85138  |For form of fracture see figures in Plate

XXXIIIL.
14, Length 2 feet 6 inches.
Diameter 1'530 inch.

From Experiment 9. 72907

15. Length 2 feet 6 inches.
Diameter 1°515 inch.,
From Experiment 7, 70555
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TaBLE VI.—Solid Pillars cut out of the 10-feet pillars, 2} in. diameter, from various
parts of the kingdom, the pillars being now rendered straight and cut to 5 feet long
nearly, and of which the first three have their ends turned flat and perpendicular to
the axis, and the others have their ends rounded, so that the force is applied along
the axis of the pillar.

%43
E g Description of Pillar, 5 feet | Weights |Decrement| Deflection | Breaking weight, or that
° E long nearly, and as above. laid on. | of length. | of middle. | with which the pillar sank. Remarks.
z &
1bs. inch. inch.

1. |Old Hill Iron, No. 1. 20693 | ‘038 Supposing that the strength of pillars
Staffordshire. Cold blast.| 38644 | -074 of the same diameter varies inversely
From the pillarin Exp. 19, 48052 | -090 as the 1-7th power of the length, the

Table III. 57460 | 109 breaking weight of this, if 5 feet long,
Length 599 inches. 66868 | -128 would be 135592 lbs., and of the
76276 | -146 following pillar 122863 lbs.; mean
85684 | -165 129227 1bs. =5769 tons.
95092 | -184 09 For form of fracture see figure in Plate
104500 | -202 XXXIII.
113908 | -223 16
117612 | -234 20
123212 | -247 27
128812 | 264 37
135977 | -285% 50% 1135977 1bs.=6070tons.
2. |0ld Hill Iron, No. 1. 38644 | -097 05 One of these two pillars broke across in
From the same pillar as the| 480562 | -118 the middle, and near to each end.
preceding experiment,| 57460 | ‘137 07
Table IIL., Exp. 19. 66868 | ‘157
Length 59-9 inches. 76276 | 178 10
85684 | -198 13
95092 | -220 17
104500 | -243 21
113908 | -270 34
117612 | -285 46
123212 | -308% +64%  |1232121bs. =55:01tons.
3. |Blaenavon Iron, No. 1. 20693 | ‘052
From the pillar in Exp. 17| 38644 | -080
or 18, Table III. 48052 | -096
Length 5 feet. 57460 | 111
66868 | -127
76276 | 145
85684 | -161
95092 | -179
104500 | -202
113908 | 239 . :
117612 | -253* oo [1176121bs.=52-51tons.
4. (Low Moor Iron,No.2.| 48917 | ...... 04 ,
From the pillar in| 53621 | ..... 07 H i
Exp.- 11, Table IT. | 58325 | ...... 12 [ A N
Length 59°5 inches. | 63029 | ..... . *26 i S i
& | Diameter 2553 ins. | 65381 | ...... 60 S 5v 0 ,}
= i : L
& 65381 lbs., or 64458 1bs.|The ends of the pillar were crushed by
ﬁ for a length of 5feet. | the pressure, the diameter of the
& crushed part being *73 inch, and the
g crushing had been perceptible, and
= apparently one-third to half an inch
= when two-thirds of the breaking weight
2 waslaid on. There were several cracks
=R at the ends of the pillar through the
g pressure. The strength had probably
= been much increased by the flattening
E of the ends. See Plate XXXIII. for the
hod forms of fracture in this and the two
?E following pillars.

5. | & | Blaenavon Iron,No.3.| 53621 | ... 05 ‘With a pressure of three-fourths of the
= | From the pillar inj 58325 | ...... 07 breaking weight, the diameter of the
A Exp. 14, Table 1. | 63029 | ...... ‘10 compressed circle at the ends was

Length 595 inches. | 65381 | ...... ‘13 about *6 inch, and the diameter after
Diameter 2:546 ins. 67733 | ...... *18  |71967 Ibs., or 709501bs.| fracture was *72 inch nearly.
: 70085 | ...... -26 .iﬁf the length had been|
feet. '

5z2
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Tasre VI. (continued).

M

E g Description of Pillar, 5 feet | Weights |Decrement | Deflection | Breaking weight, or that

° E long nearly, and as above. laid on. | of length. | of middle. | with which the pillar sank. Remarks.

$1 |

1bs. inch.

6. |Blaenavon Iron, No. 3. 58325 | ... ‘14 Diameter of crushed end of pillar ‘63

From the pillar in Exp. 14,| 67733 | ...... 22 with weight 30101 lbs., and after
Table II., same as last. | 72437 | ...... 30 |733781bs., or 723421bs.| fracture -79.

Length 59-5 inches. ) for a length of 5 feet. {Many small cracks in the end.
Diameter 2:546 inches.

The strength of the three last pillars had probably been much increased by the
flattening at the ends. If the ends of the pillar had been small and not crushed, the
strength would have been about one-third of that of a pillar of the same diameter and
length, with its ends turned flat and well-bedded.

The crushing at the ends was not only shown in the pillar, but in the hard steel
plates against which it was pressed. The case is analogous to that of a wheel sinking
into a hard surface upon which it should roll.

TasLe VII.—Transverse strength of the 10-feet Pillars, cast 2% inches diameter, and
now cut to 5 feet long, laid on supports 4 feet 6 inches asunder, and broken by
weights laid on in the middle.

Portland Iron, No. 1. Diameter 2493 inches. Distance between the supports 4 feet 6 inches.

First half of bar. Second half of bar.
Weights laid on.| Deflections. || Weights laid on.| Deflections.

1bs. inch. 1bs. inch.

560 ‘06 560 «063
1120 145 1120 ‘113 1bs.
1680 22 1680 215 Breaking weight of first bar ......... 4324 5 )
2240 31 2240 +31 Breaking weight of second bar ...... 4940}Mean 4632 Ibs.; whence
2800 ,40 2800 .40 Breaking weight for 10-ft. bar = 2084
3360 51 3360 50 Breaki ceight for 7-ft. 6-in. bar — 2779
3920 66 3920 63 reaking weight for 7-ft. 6-in. bar =
4324 *75% 4480 77
broke. ult. defl. 4940 87%

broke. ult. defl.

Calder Iron, No. 1. Diameter 2:519 inches. Distance between the supports 4 feet 6 inches.

560 05 560 06

1120 ‘14 1120 ‘14

1680 22 1680 21 Breaki ot of first b 413;4

2240 30 2240 30 reaking weight of first bar ......... 2 .

2800 38 2800 395 Breaking weight of second bar ...... 3484 } Mean 3904 Ibs.; whence
3360 49 3360 49 Breaking weight for 10-ft. bar = 1757

3640 55 3484 -51% Breaking weight for 7-ft. 6-in. bar = 2342

3920 +59 broke. ult. defl.

4324 64%
broke. ult. defl.

Coltness Iron, No.1. Diameter 2:496 inches. Distance between the supports 4 feet 6 inches.

1120 ‘18 560 09 n

1680 295 1120 ‘19 . . ) =

2240 41 1680 +31 greallgng We}gﬁt Otf e bgli) """"" 42;3 } Mean 3848 1bs.; whence
2800 56 9240 43 reaking weight of second bar ......

3360 75 2800 *59 Breaking weight for 10-ft. bar = 1732

4044 96% 3360 77 Breaking weight for 7-ft. 6-in. bar = 2309

broke. ult. defl. 3652 84k
. broke. ult. defl.
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Carron Iron, No. 1.

Diameter 2:510 inches.

Distance between the supports 4 feet 6 inches.

First half of bar.
Weights laid on.| Deflections.
1bs. inch.
560 07
1120 155
1680 25
2240 35
2800 46
3080 " b4
3428 62%
broke. ult. defl.

Second half of bar.
Weights laid on.| Deflections.
1bs. inch.
560 08
1120 | .-16
1680 26 .
2240 37
2800 48
3080 55
3428 63*
broke. ult. defl.

Breaking weight of first bar
Breaking weight of second bar

Breaking weight for 10-ft. bar

= 1543
Breaking weight for 7-ft. 6-in. bar = 2057

3 428 } Mean 3428 lbs.; whence

TaBLE VIIL—Crushing weights of short cylinders of different kinds of Cast Iron, cut

from the bars,

2%

inches diameter previously used, and now turned to be

3 :
2 inch

diameter nearly, and 1%

experiments on each kind of iron.

inch high. The results are means from three or four

The specimens were usually cut out of the iron

between the centre and the circumference of the bar, denominated the medium

part.

out of the circumference.

. Crushi . . .
Description of Iron. lzgzge:geex;:f wfa‘iléhltnﬁ Crushing wglfgslzt:cgg;?quam Tnch
speclmen.
01d Park Tron, No, 1 717 38333 | 87466
Park Iron, No, 1. 74 ,
Medium. 747 SSags | seora ;B80T0Ibs. =3032 tons.
0ld Park Iron, No. 1. 747 32923 75122
Centre. 747 32453 74050 . !
747 32923 75122 74653 1bs. = 3333 tons,
747 32571 74319
Derwent Iron, No. 1. 747 43096 98334
Medium. 747 42684 97394 .
747 49684 97304 97160 1bs. =43-37 tons.
47 41861 95517
Coltness Iron, No. 1. 747 27749 63316
Medium. 747 27925 63718 .
747 27455 62646 63048 1bs.=28'14 tons.
747 27396 62511 :
Blaenavon Iron, No. 1. 748 31336 71310
Medium. 748 31395 71444 70909 1bs. =31-66 tons.
748 30748 69972
Level Iron, No. 1. 749 30277 68716
Medium. 748 30101 68500
750 30101 68135 68217 1bs.= 3045 tons.
749 29748 67516
Carron Iron, No. 1. 750 31747 71860
Medium. 750 29278 66272
751 30101 67953 68509 Ibs. =30-58 tons.
751 30101 67953
London Mixture. 749 36157 82061
Medium. <750 35452 80247 80923 Ibs.=3608 tons.
) 749 35452 80461
Calder Iron, No. 1. 750 38039 86103'[
Medium. 749 35040 79526
750 38980 88933 84648 1bs.=37-79 tons.
‘749 37333 84730

In several cases they were cut out of the centre of the bar, and sometimes
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TasLe VIIIL (continued).

Diameter of Crushing

Description of Iron. specimen. weight of Crushing weight per square inch
‘ specimen. of section.
inch, 1bs. 1bs.
Portland Iron, No. 1. 74{.7; 41567 94846
Medium. 74 41273 93923 o
750 42743 96750 94802 1bs. = 4232 tons.
750 41391 93690
Old Hill Iron, No. 1. 749 24255 55049 ,
Medium. 747 24221 55266 54761 lbs.=24-45 tons.
750 23843 .| 53969
Low Moor Iron, No. 2. 748 34570 78669
Medium, 748 33511 76260 577489 1bs.=34-59 tons.
747 33982 77539
Low Moor Iron, No. 2. 742 29631 68525
Centre. 741 27749 64346 % 66407 1bs. =29-65 tons.
742 28690 66349
Blaenavon Iron, No. 3. 737 35511 83241
Medium. 737 35746 83792 > 83517 1bs.=37-28 tons.
737 35629 83517
Blaenavon Iron, No. 3. 747 38568 88003
Centre. . 747 34805 79416 ) 76643 1bs.=34'22 tons.
747 27396 62511
Second London Mixture. 747 41626 94980
Medium. From 2}-inch. pillar, as 747 41861 95517 95338 1bs. =42'56 tons.
all above have been. 747 41861 95517
Second London Mixture. 747 34805 79411
Centre. From 2%-inch. pillar, as 747 34099 77806 78451 1bs.=3502 tons.
all above have been. 748 34335 78135
Second London Mixture. <750 49858 112855
Medium. From 1j-inch pillar, 750 48917 1110725 > 111080 1bs.=49-59 tons.
750 48447 109661
Second London Mixture. 750 41861 94754
Centre. TFrom lj-inch pillar. 750 48094 108863 » 104071 Ihs. =4646 tons.
, 750 47976 108595
Low Moor Iron, No. 2. 420 12415 89610 __a0.
From a hollow pillar 4 inches dia-|  +422 11944 | 85395 } 87502 Lbs.=39-06 tons.
meter and  inch thick. 421 11592 83273

The height of the first two of]
these was *72 inch, and of the
last 1'502 inch.

Low Moor Iron, No. 2. 298 8010 114845

From the thin ring of a hollow 300 8255 116785 } 115993 1bs.=51-78 tons.
pillar about 3} inches dia- 298 8115 116350
meter.

Height of specimens 53 inch.

Low Moor Iron, No. 2. 297 7905 114105

From the thin ring of a hollow 296 7555 109790 } 110212 1bs. =49-20 tons.
pillar about 33 inches dia- 296 7345 106740
meter.

Height of specimens ‘53 inch.

Of the different irons tried in the preceding experiments on pillars, whether solid or
hollow, the external part of the casting was always harder than that near to the centre,
and the iron of the external ring of a hollow casting was very hard, the hardness
increasing with the thinness. Thus, in solid pillars 2% inches diameter of Low Moor
iron, No. 2, the crushing force per square inch of the central part was 29:65 tons, and
that of the intermediate part near to the surface was 34:569 tons, whilst the external
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ring, 4 inch thick, of a hollow cylinder 4 inches diameter, of which the outer crust had
been removed, was crushed with 39:06 tons per square inch ; and external rings of the
same iron thinner than half an inch, required from 49-2 to 51-78 tons per square inch
to crush them. These facts show the great superiority of hollow pillars over solid ones
of the same weight and length.

TaBLE VIIL (continued).—Casting of larger dimensions than before used.

To ascertain whether the internal strength of larger pillars varied in the same manner
as that of smaller ones, a cylindrical casting was made 5 inches diameter and 15 inches
long. It was cast vertically, from Blaenavon iron. Through the axis of this cylinder,
a slab, 15 inches long, 6 inches broad, and about 1 inch thick, was taken. Across the
middle of this slab five cylinders, 1} inch long and § inch diameter, were obtained at
equal distances from each other, the middle one being in the centre, and the outer ones
as near as possible to the sides. Three other small cylinders of the same size were also
obtained, the positions of which were as in the figure.

Mark on |Diameter of| Crushing weight|  Crushing weight
Cylinder. | Cylinder. of Cylinder. per square inch.,
inch. Ibs. 1bs. Mean
A4 | 749 | eyrag | 62979 e
B4 *748 30101 68500
A2 750 27749 62811
Bz | 748 27279 62078 [ 62444
A -748 27749 63147
B 748 28690 65289 [ 64218
Al 748 28690 65289
A3 *748 29160 66358

Comparing the results of the experiments above, it appears that the external part of
the casting was somewhat stronger than the internal. But the variation was only from
62 to 66, and therefore much less than was obtained from the smaller masses.
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To obtain some additional information as to the distribution wop
of the metal in a large casting, one was formed 9 inches square A 7 /
and 12 inches long, or upwards. It was cast erect from Der- | M
went iron, No. 1, and was then placed upon a slotting machine, |
and cut directly across in the middle. It was found, however,
that there was a hole in the centre, about £ inch or 1 inch in
diameter; transverse slices were therefore cut, one from above .
and one from below the central defective piece; these two A4

. . . . Planin Section.
slices, each 9 inches square and 1 inch thick nearly, were

divided from one side to the other, passing through the centre / %
///// [elolele)

of each, into nine equal parts, and from each part cylinders were CLTIT]
cut, all of the same diameter, $ inch, and length 14 inch, four /
on each side of the central one. See figure annexed.
Upper Slice of Mass. Lower Slice of Mass.
Mark on |Diameter ofJ Crushing weight Mark on | Diameter |Crushing weight
Cylinder. | Ditto. of Ditto. Cylinder. | of Ditto. of Ditto.
inch. lbs. inch. 1bs.
8 -748 31512 8 748 30571
6 747 32923 6 748 31512
4 -748 31042 4 749 32924
2 747 37157 2 *748 30571
A -748 37627 B ~748 29160
1 748 39980 1 +748 30101
3 748 39039 3 +748 32024
5 748 35275 5 *749 32924
7 -748 31983 7 -749 33394

The iron in this mass seems to have been extremely irregular, particularly in the upper
part of the casting. In the part marked B, which was cast under the greater head of
metal, the iron from three divisions near the centre, or one-third of the distance across,
was crushed with somewhat less weight than that from the external part, the greatest
difference being from 29160 at the centre, to 33394 at the side. The mean resistance
of the three central cylinders in this slice is 29944 Ibs., and of the six external ones
32375 lbs., the difference being much less than in the iron of the smaller castings tried.

The iron in the upper part, marked A in the figure, being cast under a less head of
metal than the former, and floating at the top of the softer metal below, was con-
siderably stronger than the other. The central portion of this was, contrary to all our
previous experience, much harder than the rest, and varied from 31512 and 31983 at
the sides, to 37627, 39039 and 39980 near to the middle, To eXplain this strange
anomaly in the absence of other knowledge, it seems not improbable that some addi-
tional heavier metal had been poured into the top part of the mould, when that in the
lower part had in some degree solidified. .

From the experiments upon the two last castings, which are on a larger scale than
those which precede them, it appears that the difference of hardness between the
external and internal parts of a large casting is much less than in a small one, and may
frequently be neglected.
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APPENDIX.

The following experiments were made after the others had been offered to the Royal
Society, or during the months of October and November 1857, and as the former solid
pillars were from various parts of the kingdom, and usually of the iron termed No. 1,
I was desirous of adding the results from a few solid pillars of the quality No. 2. These
latter pillars were mostly cast circular, and were made 10 feet long and 2} inches
diameter, with their ends turned flat as before. To these were added pillars of nearly
the same weight, of a square and a triangular form of section, to ascertain the compa-
rative strength of pillars whose sections were circular, square, and triangular.

The cylindrical pillars, in the experiments of which an abstract is given below, though
of different irons, were all cast from the same model; and the square and the triangular
pillars were of the same kind of iron as two of the circular ones (the Calder, No. 2),
and were intended to be of the same weights as these. All the pillars were made
uniform throughout their lengths, 10 feet long each, and turned flat at the ends.

As the weights of the different pillars did not differ widely from 150 Ibs. each, the
breaking weight of each is reduced to what it would have been if the weight had
been 150 Ibs.

* The reduced results are as below.

. Second quality of iron, or that | Assumed weight | Breaking weights and
Pillars broken. oned oil’t{h()). 2, § of Pillars.g formsgof se%tion.
Ibs. 1bs.
1st pillar......... Coltness Iron, No. 2 ......... 150 050328
2nd pillar ...... Old Park Iron, No. 2.......... 150 054736
3rd pillar ...... Blaenavon Iron, No. 2 ...... 150 O55611
4th pillar ...... Calder Iron, No. 2 ............ 150 556587 Mean.
0 555299 Ibs.
5th pillar ...... Calder Iron, second specimen 150 54940 )
6th pillar -...... Calder Iron, No. 2 .cuvvnrnnns 150 49185
o 51537 Ibs.
7th pillar ...... Calder Iron, second specimen 150 53890
8th pillar ...... Calder Iron, No. 2 ............ 150 57332
A 61056 Ibs.
9th pillar ...... Calder Iron, second specimen 150 64780 J

From the three last mean results it appears that the strengths of circular, square, and
triangular solid pillars of the same quality, weight and length, vary as 55299, 51537,
and 61056, the last being the strongest. This last conclusion, respecting the strength
of triangular solid pillars, may not be considered void of importance. See Notes to
experiments 8 and 9, Table IX. following.

Whence it appears that solid triangular pillars with flat ends are stronger than those
with either circular or square sections; but this seems not to be the case in pillars with
rounded ends, for from my former experiments*, a pillar, whose section is -, as in the
connecting rod of a steam-engine, the ends being moveable, is very weak to bear a strain

#* Philosophical Transactions, 1840, pages 413 and 455.

MDCCOLVIL 6 A
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as a pillar; and indeed less than half the strength of a hollow cylindrical pillar of the
same weight and length, rounded at the ends.

Comparing the results of the cylindrical pillars tried, it appears that those of the
second quality, or No. 2, are usually weaker than those of No. 1 of the same iron. In
the irons below we have the breaking weights of pillars, 10 feet long and 2} inches
diameter, of the first and second quality, as follow :—

Ibs. Ibs.
Old Park Iron, No.1 . . 66086 No. 2, or second quality . . 55032
Calder Iron, No.1 . . . 60677 No. 2, or second quality . . 65032
Coltness Iron, No. 1 . . 52680 No. 2, or second quality . . 60328

The properties of the irons of the second quality are deduced from the following Table

of experiments ; those of irons termed No. 1 may be obtained from the second summary
of results, page 871.

TasLeE IX.

Cast-iron pillars of the quality No. 2, supplied by Messrs. Easton and Amos, October
and November 1857. The pillars were cast to be 2% inches diameter, and each was cut
10 feet long, the ends being turned flat and parallel.

Experiment 1.

Cylindrical Pillar, Coltness Iron, No. 2.
Mean diameter from eight admeasurements 2:494 inches.
Weight of Pillar 150 1bs.

‘Weights laid on. Deflections. Decrements of length.

Ibs. inch. inch.
20693 ‘17 057
26397 20 078
30101 24 091
34806 31 ‘105
39509 42 120
44213 62 ‘135
48917 98 ‘163

50328 Broke with this in two places near the middle.

As the weights of the following pillars differed generally but little from that above,
and a leading object being to compare the results together, the breaking weight has

been reduced, as before mentioned, in each case, to what it would have been for a pillar
weighing exactly 150 lbs.
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Experiment 2.

Cylindrical Pillar, Old Park Iron, No. 2.
Mean diameter from eight admeasurements 2:503 inches.
Weight of Pillar 150 1bs. 18 0z.=150-812 lbs.’

‘Weights laid on. Deflections. Decrements of length.

1bs. inch. inch.
20693 —_ ‘084
25397 07 ‘098
30101 — ‘111
34806 -09 124
395609 12 138
44213 ‘18 162
48917 30 166
53621 78 194

56032 broke it. It broke exactly in the middle. —_—

Ibs. Ibs. Ibs. Ibs.
Whence 150-812:150:: 55032 : 54736 =reduced breaking weight.

Experiment 3.

Cylindrical Pillar, Blaenavon Iron, No. 2.
Mean diameter from eight admeasurements 2-486 inches.
Weight of Pillar 1481bs. 7 0z.=148:437 lbs.

Weights laid on. Deflections. Decrements of length.

1bs. inch. inch.
20693 o ‘046
26397 — 059
30101 — 073
34805 -02 086
395609 09 098
44213 ‘15 ‘112
48917 -30 128
§3621 72 ‘156

55032 sank. Not broken. -— _—

Ibs. Ibs. Ibs. Ibs.
Whence 148-437:150:: 55032 : 55611 =reduced breaking weight.

642
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Experiment 4.

Cylindrical Pillar, Calder Iron, No. 2.
Mean diameter from eight admeasurements 2-469 inches.
Weight of Pillar 148 Ibs. § 0z.=148:3125 lbs.

Weights laid on. Deflections. Decrements of length.
Ibs. inch. inch.
20693 11 070
25397 ‘13 084
30101 ‘16 097
34806 ‘19 ‘110
39509 24 ‘122
44213 -30 130
48917 45 ‘147
53621 72 ‘165 -

55032 broke it. Broke 41 inches from the middle. —

Ibs. Ibs. Ibs. Ibs.
Whence 148:312:150:: 55032 : 56658 =reduced breaking weight.

Experiment 5.

Cylindrical Pillar, Calder Iron, No. 2.
Mean diameter from six admeasurements 2:497 inches.

Weight of Pillar 15025 lbs.

‘Weights laid on. Deflections. Decrements of length.

Ibs. inch. inch.
20693 17 077
25397 21 089
30101 25 102
34805 29 117
39509 34 131
44213 "38 144
48917 95 ‘1568
53621 ‘94 -182

55032 Sank without fracture. —_—

1bs. 1bs. 1bs. 1bs.
Whence 150-25 : 150 :: 55032 : 54940 =reduced breaking weight.
1bs.

55658 ; 54940=55299 Ibs.,

the mean strength of a cylindrical pillar of Calder Iron, No. 2, 10 feet long and 23 inches
diameter nearly.
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Experiment 6.—Square Pillar, Calder Iron, No. 2.
Side of square from eight admeasurements 2:194 inches.

Weight of Pillar 146 1bs. 5 0z.=146312 Ibs.

Weights laid on. Deflections. Decrements of length.

Ibs. inch. inch.
20693 ‘19 068
26397 23 -081
30101 27 094
34805 ‘35 108
39509 A7 122
44213 69 142

47976 Broke. = — —
Broke about 9 inches from the middle by bending in the diagonal.
Ibs. Ibs. Ibs. Ibs.
Whence 146-312: 150 :: 47976 : 49185 =reduced breaking weight. ‘
The figures standing over each other represent the pillar, at the place of fracture,

near the middle; and the small additional piece, that of the part broken out from one
corner by compression.

Experiment 7.—Square Pillar, Calder Iron, No. 2.
Side of square from eight admeasurements 2-221 inches.
Weight of Pillar 149-25 lbs.

‘Weights laid on. Deflections. Decrements of length.

1bs. inch. inch.
20693 14 077
26397 17 090
30101 21 103
34805 27 115
39509 34 128
44213 45 143
48917 64 160
53621 1-14 195

Broke in about a minute with this weight, bending in the direction of the side.

1bs. 1bs. 1bs. Ibs.
Whence 149:25 : 150 :: 53621 : 53890 =reduced breaking weight.
1bs.

S0 A 51537 b,

the mean strength of a square pillar 150 Ibs. in weight, its length being 10 feet.
The vertical figures represent the pillar at the place of fracture, which in this case

was different in form from the preceding one, and along the side; these and the smaller

figure, representing the transverse section, show the small size of the compressed part.



898 MR. HODGKINSON’S EXPERIMENTAL RESEARCHES

Experiment 8.—Triangular Pillar, Calder Iron, No. 2.
Mean from six admeasurements of sides of triangle near the middle
3:545 inches.
Weight of Pillar 168:75 Ibs.

‘Weights laid on. Deflections. Decrements of length.

1bs. inch. inch.
20693 23 080
25397 27 1092
30101 -33 ‘107
84805 -39 ‘121
39509 46 134
44213 53 ‘147
48917 64 ‘161
93621 ‘79 177
58325 1-06 203

60677 Broke, having bent parallel to one side. —
Ibs. Ibs. 1bs. Ibs.
Whence 16875 : 150 :: 60677 : 57332 = reduced breaking weight.

This triangular pillar differed but little, in the form of its fracture, from the pre-
ceding rectangular one, as shown by the figure of the compressed part along its side;
its strength, however, is greater than that of any other yet tried.

Experiment 9.—Triangular Pillar, Calder Iron, No. 2.

Mean breadth of the sides from nine admeasurements, in three parts, near to the
middle 3:47 inches.
Weight of Pillar 155-75 Ibs.

‘Weights laid on. Deflections. Decrements of length.
Ibs. inch. inch.
20693 08 070
25397 09 082
30101 ‘11 093
34805 ‘14 ‘105
39509 18 117
44213 22 130
48917 27 141
63621 36 164
583526 48 169
63029 69 ‘185

67263 Broke’. See form of fracture. —
» 1bs. 1bs. Tbs. 1bs.
‘Whence 16575 : 150:: 67263 : 64780 = reduced

breaking weight. bs.

ST332 64780 _ 61056 Ibs., e
the mean strength of a triangular pillar, 10 feet /////
long, if its weight were 150 Ibs. J
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This pillar broke, different from the last, by compression of the edge, showing great
additional strength.

Note. The last pillar broke by the compression of one of the edges, and the iron
in these, being harder than that in the thicker parts, would offer greater resistance to
crushing than in them; and hence the strength of the pillar would be increased (see the
experiments in Table VIIL). The part subjected to crushing would in this pillar
be at a greater distance from the centre of the section than in the others; and from my
numerous experiments on the resistances to crushing and to tearing asunder in cast iron,
it appears that the former is, on the average, about six times as great as the latter. See
my experiments in the Report of the Commissioners on the Application of Tron to Rail-
way Structures, page 15. From these and other causes the greater strength of a solid
triangular pillar of cast iron, above one of a circular or square section, may be inferred ;
a conclusion not without importance in some applications of the metal.
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