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extremely straight, and the stresses and strains are
almost exactly proportional. Between A and B a
sensible, but slight, curvature appears in the diagram,
and a sensible, though small, Fio 27
deviation from proportion- 2D
ality begins to appear in the TENStON

stresses and  strains. Doeu-

t

B
schinger calls the point A the %

limit of proportionality, but A

it would be better to call it

the elastic lmit. A little

beyond the elastic limit, at

B, there is, for some rolled ©

or hammered materials, a very singular and marked
jump, or inflection B C in the stress-strain diagram. .
This point is very clearly marked in the diagrams
of the Committee of Civil Engineers appointed to
make experiments on steel,' and is shown in Fig. 21,
which is a plotting of two of their experiments on
steel. The Commuttee call this point the ¢yielding
point.” The behaviour of the material at this point
was very nccurately described Dby Bauschinger in
1879,? and he adopted for it the term * Streckgrenze.’
Banschinger indicated the very great suddenness of the
increase of extension, lateral contraction, and tempera-
ture. In 1881 Prof. Kennedy, in a Report on Riveted
Joints to the Institute of Mechanical Engineers, called
attention to this peculiarity in rolled stecl, and gave to

t Erperiments on Stecl, 1870 * Citilangenienr, Bd xxv s. 81.
¥
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the point A the name ¢ breaking-down point.” On the
whole this term scems very suitable, if by breaking
down is understood a breaking down of the primitive
molecular arrangement.

The phenomenon of breaking down is not duc to
any action of the testing maching, for it is shown in
diagrams from a machine in which the load is auto-
matically adjusted to the resistance of the bar, and in
machines in which the loading is effected entirely by
hydraulic pressure. Probably the breaking-down point
is a kind of physieal record of the condition of constraint
in the bar at the moment of rolling or hammering. Not
that the stress at the breaking-down point is identical
with the stress in rolling, for the temperature conditions
are different in rolling and testing.  But still, it is pro-
Dable that at the breaking-down point a mechanically
produced condition of aggregation is passed, and the
artificially-created rigidity suddenly gives way.

Beyond the inflection at the breaking-down point
the partly plastic, partly elactic, extension proceeds
regularly again. Dut the precise extension for any
load between I and € depends more or less on the
time during which the load acts. During any pausc in
this part of the curve the extension iucrenses without
increasc of load, and when the load is increased aguin
the rigidity of the bar is found to be greater than before,
and the curve hecomes steeper (Figs, 33, 39). Next
to the breaking-down point the most important point
to observe is the point D, where the maximum load i«
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reached. For this point it would be convenient to have
a name, and, by analogy with clastic limit, the term
¢plastic limit’ may be proposed. This implies, what
secms to be the case, that at the point C the pressure of
fluidity is reached for the part of the bar at which frac-
ture ultimately oceurs. It is probably at the point C,
or very near it, that the local contraction begins which
is so characteristic of the last stage of testing of ductile
materials.

30. Form of the Stress-strain Curve at the Yield Point.
The form of the stress-strain curve near the yield

Fig 2%

xtensons n inches

point 1s very variable, being greatly affecte] by small
stress differences and by differences in the tine rte of
extension.  Further, in most autograplije ArFangements

¥z
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the record of stress is affected, when the specimen is
yielding rapidly, by the inertia of theload. In Professor
Kennedy's autographic apparatus the effect of the inertia
of the load is climinated, and Fig. 28 gives some auto-
graphic diagrams taken in this apparatus. Tt is difficult
to believe, however, that the irregular curves near the
yield point are not due to time differences, or perhaps
to small stress differences arising ont of the inertia of
the elastic system formed by the test bar and testing
machine. The diagrams are, however, the most satis-
factory autographic diagrams yet obtained.
31, Behaviowr of « Ductile Materinl when broken by
Tension; Local Drawing Out, or Local Contraction.—A
bar or plate of ductile material such as soft steel is
placed in the testing machine and subjectel to a gradu-
ally inereasing stress till it is broken. At first, as the
extensions are small, it is easy to keep the lever of the
testing machine floating with almost any rate of loading.
At the yiclding point, however, the stretching suddenly
becomes rapid, and with most, testing machines it is not
possible to keep the lever floating.  The lever can only
e kept floating if the pumps which work the hydraalic
press are capable of moving the press ram as rapidly as
the rate of increase of stretch. With a single.leyer testing
machine the author finds it possible in most eases, but
not always, to just keep the lever floating during the
' In Professor Kennedy's dingrams the endinatcs ave cursed '—a s a
disgram for o Swedish iron bar; b, Shelton bar iron; ¢, Swedish i iron ;

d. Lamloro nivet steel; ¢ and f, Landore stecl plate; g, cast ateel; I:
nld-stect bar.
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stretching at the yiclding point, but to do this it is often
necessary to run the weight back a little to diminish the
stress.  When the rapid stretel at the yielding point is
ended, and the bar las again become capable of sup-
porting an additional stress, it is quite easy, in general,
to adjust the rate of loading so that the press just takes
up the stretch, and the lever remains floating almost
without movement. And this contimues till the maximum
load is reached.  Beyond that point the drawing out of
the specimen at a restricted portion of its length begins,
and the reduction of area is so rapid that the stress
must be duomnished. It is here again difficult to keep
always the lever floating.  Finally, the bar breaks sud-
denly with a load considerably less than the maximum
load it was sustaining just before the local drawing out
commenced.

Suppose the bar ruled with straight lines at right
angles to the direction of the stress. As the bar
stretehes the distance between these lines increases, but,
so far as can be judged, they remain straight and
parallel during the increase of stress till the maximum
load is reached. During the local drawing out the
lines become curved in the part which is drawing out.
The hne exactly at the centre of the part which is draw-
ing out, however, remains straight. Trofessor Kennedy!
has inferred from this curvature of the lines that the
stress becomes very nnuniform on the section of fracture,
heing greatest at the centre of the bar. Some slight

t Proe, Tust Mech. Ing 1881, p. 218,
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the record of stress is affected, when the specimen is
yielding rapidly, by the inertia of the load. In Professor
Kennedy’s autographic apparatus the effect of the inertia
of the load is climinated, and Fig. 28 gives some auto-
graphic diagrams taken in this apparatus. It is difficult
to believe, however, that the irregular curves near the
yicld point are not due to time differences, or perhaps
to small stress differences arising out of the inertia of
the clastic system formed Dby the test bar and testing
machine. The diagrams are, however, the most satis-
factory autographic diagrams yet obtained.?

31. Bchaviour of a Ductile Material when broken by
Tension; Local Drawing Out, or Local Contraction.—A
bar or plate of ductile material snch as soft steel is
placed in the testing machine and subjected to a gradu-
ally increasing stress till it is broken. At first, as the
extensions are small, it is easy to keep the lever of the
testing machine floating with alinost any rate of loading,
At the yielding point, bowever, the stretching suddenly
Decomes rapid, and with most testing machines it is nog
possible to keep the lever floating. The lever can only
be kept floating if the pumps which work the hydraulic
press are capable of moving the press ram as rapidly as
the rate of inerease of stretch., With a single-lever testing
machine the author finds it possjble in most cases, but
not always, to just keep the lever flonting during the

! In Professor Kennedy’s diagrams the ordmates are curved —e isa

diagram for a Swedish jron bar; b, Shelton bar won; ¢, Swedish 1ron,

d, Landore rivet steel; e and f, Landore steel plate; g, cast steel; &,
rorld-steel bar,
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stretching at the yielding point, but to do this it is often
necessary to run the weight back a little to diminish the
stress.  When the rapid stretch at the yielding point is
ended, and the bar has again become capable of sup-
porting an additional stress, it is quite casy, in general,
to adjust the rate of loading so that the press just takes
up the streteh. and the lever remains floating almost
without movement. And this continues till the maximum
load is reached. Beyond that point the drawing out of
the specimen at a restricted portion of its length begins,
and the reduction of arca is so rapid that the stress
mu~t be dimmnished, It is here agamn difficult to keep
always the lever floating.  Finally, the bar breaks sud-
denly with a load considerably less than the maximun
load 1t was sustaining just before the local drawing out
commenced.

Suppore the bar ruled with straight lines at right
angles to the direction of the stress. As the bar
stretches the distance between these lines increases, but,
so far as can be judged, they remain straight and
parallel during the increase of stress till the maximum
load is reached. During the loeal dr:m'ing out the
lines become curved m the part which is dr-’lwing out,
The line ¢xactly at the centre of the part which is drawy.
ing out, however, remains straight. Professor I\'enncdyl
has inferred from this curvature of the lines tht the
stress becomes very ununiform on the section of fi

" acture,
being greatest at the centre of the bar,

Some slight
' Pior Iust. Mec Eng 1881, p 218
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variation of stress probably is produced, but the author
doubts if the variation is at all large. In fact, the ex-
tension measured along the curved edges of the bar is
not very diffefent from the extension at the centre, and
if the material is plastic great variation of deformation
is possible with small variation of stress.

Fig. 29 is from photographs of a strip of mild-steel
plate taken during the process of testing. A was taken
just when the maximum load was dn the bar. No be-
ginning of the drawing out is Visible, and the lines
drawn on the bar are still straight, as far as can be ob-
scrved.  Tig. B was taken just afted the drawing out
beeame visible, and when the stress on the bar had been
alittle diminished. At the centre of the part drawn
out the line is still accurately straight, but the lines on
each side are eurved. Fig. C was taken at the very
moment before fracture.  The drawing out is here more
considerable. Fig. D is the bar after fracture.

32, Distribution of Drawing Out along the Bar.—If
a bar is divided into inch lengths before testing, and
these are measured again after the bar is broken, the
plastic extension in each inch length will be determined.
It will be found that the amount of extension is more
or less irregular along the bar. In the inch length in
which local contraction and fracture occur the exten-

sion is very great. On either side it diminishes, at first
rapidly, afterwards more slowly, and is least near the
enlarged ends at which the specimenisheld. But there
are irregularities, showing that there are differences of
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plasticity along the bar, and in rare cases two local
contractions form at different parts of the length. Tt
is possible that some of the irregularities are due to the
fact that the clongation is usually measured on one side
of the bar only. Tt is desirable that the measurements
should be taken on opposite sides of the test bar and
averaged.,

The following table gives some measured values for
different materials :—
Eroxoarions 1y ONe Ixcr LonoTe oF Biar a7 INFPERENT DIsTANCES

FROM THE F'RACTURE.

(The elongaton 1n the division 1n which fracture occurred 13 indieated in
stalic ty pe)

Inches alon the Bar
Matenal
[ { 7]s 1 9 ‘w i
— | ——
Lead . . 16|17 101 | — ! — | —
Drass . . . 24 21! 21 (21— —
Wrought 1ron :
Angle wron . ‘0 05‘ 06 | 061 06| 0606307 | 08 *235 08| — | —
Cliannel ron . P 00,411 108110123114 111110} 10 (D0} —{ —
Ruvet wron . 01719523 |52 261 23 |-25(-23] -23 [18] —| —
Square bar . 024 221231221211 27 | 50| 5t | 26 18| 17 |17
Flat bar . « 011 16 [14{°10"10{ 10 [1010; 10 [ — | —]| —
Steel : I l
Steel plate . 070 -30 |22 |-1919[15 |15 /16]| — | —(—|—
Steel atle 0 16°17 |21 | 2111817 (21} 65| 46 |'17 |13 102
Steel tire . |0 02"06 08|21 67|22 05‘ 021 -03 {06| 08 129

Tt follows that the ultimate extension, reckoned as a
percentage of the length of the bar, varies as the length
is greater. Thus, taking the square wrought-iron bar,

' H. R, Towne,
? Steel Committee. The other measurements are the author'a,
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and taking lengths symumetrically situated with respect
to the fracture, the ultimate extension per cent. is—

Tn two inches, includiy fracture

8 per ant
In four mehes f

LARETI

s BIX Oy, a2

. aght o '
o ten o, L
. twelic,, ay, )

3ut not only docs the ultimate extension depend on
the length measured, it depends also, in bars of u given
length, on the position of the fracture. It is desirable
for comparative purposes to caleulate the extension for
all bars in such a way as to give the nearest approxi.
mation to the extension of a bar which broke at the
centre of the measured length.  Thus the ultimate ey.
tension of the rivet-iron bar in a length of ten inches i
best obtained thus—

Extenston 1 fourth meh (fracture)

051
Extension i disisions 1, 2, 3,5, 0, 7 1535
Double extension 1 division 8 016
G
Extension n dusion 9 02
Extension m ten mchics symmettical with fracture Yo

Elongation per cent , 25 36

This has not been the usual method of cmlcul'ltmw
the ultimate extension, but it obvxuusly gives results
more comparable than the usual method, and it has
been recommended for adoption by the German testing
Iaboratories.  Further results on the variation of ey,
tension with distance between gauge points will be given
in the chapter on the form of test picces.
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plasticity along the bar, and in rare cases two local
contractions form at different parts of the length. It
is possible that some of the irrcgularities are due to the
fact that the clongation is usually measured on one side
of the bar only. It is desirable that the measurements
should be taken on opposite sides of the test bar and
averaged.

The following table gives some measured values for
different materials :-—
Eroxaatroxs 1¥ ONE Ixcn LeNGTR oF BAr AT DiFfERENT DISTANCES

FROV THE FRACTURE.

(The efongation 1n the division in which fracture oceurred is indicated ta
stalic ty pe)

] Tnches aleng ihe Bar
Matenal
|1|21345‘0 7'5‘9f10u 2
Lead . . . ’0'18’ 15 (30|17 [14-22 16!17 ‘1'01 —l——
Brass . . 023 20 [20]3021|22 |24 -21] -21 21| —| —
Wrought iron ¢ ]
Angle iron .0 OS‘ 06 ['061 06|06 065 07( 08 155 08 —| —
Channel iron . 00911 08°10-23 (14 [11{10| 10 [-00} —| —
Rivet won . ‘0'17}'195 231511 26] 23 |25 23} 23 18| —/ —
Square bar .0 24\ a2 [22|22(21(827 |50 50) 26 |18 171171
Flat bar . . 0011116 14101010 |10 20 20 | —| —| —
Steel : I
Steel plate . 070 30 1221191915 [15|16| — |—|—[—
Steol axle . 071617 {21 [21 (1817 |21[65] 46 | 17| 13| 107
Steel tire . ‘0 02| 06 (0821|6722 '05[ 02] 03 |06 |-08 12"

It follows that the ultimate extension, reckoned as a
percentage of the length of the bar, varies as the length
is greater, Thus, taking the square wrought-iron bar,

' H. R. Towne.
* Bteel Committee, The other measurements are the author’s
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and taking lengths symuetrically situated with respect
to the fracture, the ultimate extension per cent. is—

In two mehes, including frictare 50 per cent
In four mches 3,
PR 32,
o aght . ™ .,
witen [ S
4 twehie ,, 2

But not only does the ultimate extension depend on
the length measured, it depends also, in bars of a given
length, on the position of the fracture. It is desirable
for comparative purposes to caleulate the extension for
all bars in such a way as to give the nearest approxi-
mation to the extension of a bar which broke at the
centre of the measured length.  Thus the ultimate ex-
tension of the rivet-iron bar in a length of ten inches 1s
Dest obtained thus—

Extension 1 fourthinch (fracture) 051
Extension m divisions 1, 2, 3,5, b, 7 1335
Double extension in division 8 0406
Extension m division 9 023
Extension m ton mches symmetucal with fracture 2535

Elongation per cent , 25 35

This has not been the usual method of calenlating
the ultimate extension, but it obviously gives results
more comparable than the usual method, and it has
been recommended for adoption by the German testing
laboratories.  [urther results on the variation of ex-
tension with distance between gauge points will be given
in the chapter on the form of test picces,
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hardly be considered to have been absolutely established,
but the following results show that it is at least a good

approximation —

IpextITY oF PERcENTAGE of EroncatioN ¥ Spmnar Bars (Barsa).

A bullet of extra soft steel was hammered to an octagon of 83 x 3} inches, volled to
a bar 14 inch diameter and nnnealed.  Three test preces gave the fullowing resnlts . —

. Tengths be | ¢opegn |  Limitof Brealing
Dinmeter, o] Jrnsth Tlongation
nchea” ot et Diaocter "“lf(‘;c,f('l{ 1 fons | stress tons per por veat
787 787 10 1572 23 85 310
‘394 394 10 15 68 23-35 305
‘197 197 10 1572 2390 814
Mecans 1571 2350 310
ExXpERIVMENTS O Two HaRpER QUALITIES OF STEEL, ROLLED To Bars
75 INCH DIAMETER AND ANNIALED
Lengtls b oth] Lamat of | Breahing | Contrac- | Llonga-
Dt | Eeie e L] Qo of | Sk, | Gt | Elre
hes pounts ’ Dunniongpersq in | persq i | cont. cent
197 2677 693 328
295 26°66 (X 332
304 26 70 67 330
4402 1to 20 45 686 335
591 Te4 2040 622 336
G 89 235 93 607 332
787 25 40 688 330
122 886 25-11 GO b 340
Means . 20 20 602 333
272 197 205G 41-11 365 200
407 205 2321 41°20 380 188
‘513 391 22 65 40 60 374 182
“GO7 492 1to 24-10 4017 38 4 181
8106 641 Ta 2571 40°30 318 180
060 680 2116 308t | 358 | 181
10M0 787 2416 4010 344 1956
1o 886 — = -~ P
Means 2363 4035 361 186
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"
Exrrniaram ox Pragre
Dunesins of Lanath Porer rey
test tiar Wilth  between Jansth gaeety, Ty,
e Thwkaes EWIE wan tesper
| Widdh Thickness, potots L
87 w7, 197 13 10
157! M ERUS ALY b LR N 25 .
egi2! g a0 5 Bl 2y -,
| T

3. Nwppn ession of the I)rmrin;[ Ot~ e

dranin.e
out in

ordinary test bars is measured on o porting of
aniform seetion, and the measurements are not extindiy]
quite up to the enlarged ends by wlneh the
15 held.

. 1 1 ends dini H ey
arged ends i e dpera ?
[he enlarg diminish the draving oy

of the parts nearest them, andaf the part by teen (.
enlarged ends is very short the drawing out, Cntrge.
tion, and strength e ull aftected.  For the Preeing
cases will be considered in which the chang of “‘f'lim:
is gradual not abrupt

A plate pcrfm‘:\tcd with a row of IlU‘L‘N, or Fortned
like B or C (Fig. 81).is vartually a very short oy b
In reporting on riveted jomts for the Institute of
Mechanical Engincers,! the anthor notieed thag iy, votge
ca~es a perforated plate was stronger than o Phain gy
bar of the same material.  Shortly after, this waqg showy,
more distinetly in some experments of the Boarq of
‘Frade on riveted jonts,? and in experiments by meu«nr
Kennedy for the Institute of Mechanical Engincm
In these last experiments, perforated stect plate, 1 inc];

1 Proe Int of Medh Enginecrs, 1881, p 310

+ Drpenmruts on Steed  Memorandum of the Board of Trade, 14,
p 18 '
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of the contraction of area by the neighbourhood to the -
breaking section of less strained material.  Now, as the
breadths at corresponding points of B and C are exactly
equal, it looks, at first sight, as if B and C ought to
behave exactly alike, whereas, apparently, in the ex-
periments B is stronger than C. Tt will be seen, how-
ever, that the material near the point of fracture is not
in identical conditions in the cases B and C. Suppose
two bars of the form D are placed back to back and
broken. The material at the place of fracture is now
identically in the same state as in form C, and contrac-
tion takes place not only ronnd the semicircular holes,
but along the edges m m. Weld together the picces
along this line, and the contraction along m m can no
longer oceur.  The piece is then identical with form B,
it has less contraction than C, and ought to be stronger
The experiments show that it is so.

Mr. Richards made a very interesting series of ex-
periments at the Barrow Company’s Steel Works on
test bars similar to Mr. Strohmeyer’s bars A and B.
The material was mild steel made by the Siemens pro-
cess. The plate was % inch thick. Two pieces had
parallel sides like ordinary test bars. The other speci-
mens were indented on cach side by a semicirenlar
drilled hole, leaving a section between of varying width.
The results are given in the following table,

Here the plates of form B, cquivalent to perforated
plates, are on the average 12'G per cent. stronger than
the parallel-sided bars of form A, and the étrength is
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- Contrae | Contrac- | Contrac-| Bresking
Width | Trichness | tonof | tonof | tonof | stressin
Form 4 : area | width |thichness| tons per
| tnches per cent | percent | percent. €q in.
A 1 195 525 | 270 | 333 | 38201
1 490 535 | 275 | 339 | 38247
B 645 195 45 19 32 36 64
650 500 46 19 33 36 52
993 502 47 11 37 36 52
995 193 42 12 34 3705
147 502 a1 8§ 26 36 18
146 50 36 10 30 35 88
298 195 42 9 | 36 3572
207 495 43 8 [ 37 3572

very uniform considering the different widths of the
specimens. The contraction of area in form A is 53
per cent., while in form B it is only 41 per cent., so
that there is a diminished contraction to account for
the increase of strength. Iurther, while the con-
traction of thickness is nearly the same in form A and
form B, the contraction of width, which is what would
be affected by the form of the specimen,1s 272 per
cent. in form A, and only 119 per cent. in form B.

The shortest possible bar is formed by turning a
groove with a very slightly rounded bottom. The
following experiment on two bolts of Whitworth com-
pressed steel gives the strength of a bar of extremely
tough material thus shaped The heads and nuts of the
bolts were turned to fit spherical seatings, so that the
stress was quite fairly applied. A groove, a little rounded
at bottom, precisely like a Whitworth screw thread, was
turned in the body of one bolt as at A (Fig. 32), and
the other was turned ir the form shown at B,

G
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Dreahing load, Treaking stress, in
in tens

Duameter ops per aq. in.
Form A . 1560 . . 20177 . . 5325
w B . .o 1487 . . 6235 . . 3587

B clongated GO per cent., and the contraction of
aren was 54'6 per cent. For A the elongation and
Fie 32 contraction were practically

1 nil
84, Abrupt change of Sec-
tion—ANicked Specimens.—At
any abrupt change of section
the stress on cross sections
cannot be uniform. The less
strained metal hinders the

cxtension of other metal near it. If the material were
perfectly elastic the stress at any re-entrant angle would
be infinite, but the plasticity of all ordinary materials
diminishes very greatly the inequality of stress. Never-
theless the inequality exists, and it counteracts the gain
of strength due to suppression of drawing out.

Two pieces of the same cast iron were tested, one
in the form of an ordinary test bar, the other with a
square collar in the middle of its length. The re-
entrant angles at the collar were virtually nicks. The
breaking weights were—

Plainbar . . . 13875 tons persq. in.
Collar bar . 11-980 ,, "
Decrease . 1893

showing o loss of 18'6 per cent. of strength, due to
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the inequality of distribution of stress caused by the
collar,

Ar. Baker made some interesting experiments on
steel plates with artificially produced cracks! A fine
saw-cut was made at one or both edges of the
specimen, and then, raising the specimen nemrly to
welding heat, the saw-cut was closed up so far as to be
rendered invisible. Fig. 33 shows 2 set of specimens
of the same steel. Specimen e was an ordinary test

Fic 33
@ b ¢ o &
3250 3140 a3 70 36 30 28 00

bar ; d was a bar with semicircular notches, so that it
was virtually a short bar; & was a bar with a saw-
cut or erack on both sides; ¢ a bar with a saw-cut
or crack on one side; ¢ a bar perforated with a crack
on each side of the hole.

The breaking weights in tons per sq. in. are
given under the figures. It will be seen that the
short bar d is stronger than the plain test bar ¢ by
3'8 tons, or 12 per cent.; but the nicked bar b is
weaker by 1°1 tom, or 3% per cent. Considered as a
short bar, & should have carried as much as d, the

T Minsefes of Proc of Inst of Ceril Eng , vol. lxxxir. p 165

62



84 TESTING OF MATERIALS OF CONSTRUCTION

inequality of distribution of stress has therefore re-
duced its strength by 1531 per cent. Similarly ¢ is
weaker than d by 8 tons, or 22 per cent. It is clear,
therefore, that, in the case of nicked Dbars, the increase
of strength which would result from the virtual short-
ness of the bar is more than counteracted by the
inequality of stress on the scction of fracture. MMr.
Buker found with specimens of indiarubber a loss
of strength in nicked specimens of GO or 70 per cent.,
and that is probably due to the fact that india-
rubber, although it deforms enormously, is really less
plastic than steel, and consequently the variation of
stress is greater.

Relation of ultimate Elongation to Coniraction of
Area.—It is now common, in testing iron and stecl by
tension, to record the ultimate elongation in a length of
8 or 10 inches, and the contraction of area at fracture,
as data useful for deciding on the value of a material.
Both the ultimate clongation and the contraction are
supposed to indicate the ductility of the material, and
a good deal of confusion arises from the discrepancy
between these two quantities.

It has already been shown (§ 23) that for a per-
fectly plastic material

contraction of arca _
initial arca

»

that is, the percentage of contraction is equal to the
percentage of elongation, calculated on the stretched
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length of the bar. Ilence, a definite relation hetween
the elongation and contraction will only be found for
the short length of the bar, which hecomes almout per-
feetly plastic, and draws out during the lust rtage of
the test. That a definite relation does exist hetween
the elongation and contraction in the immedinte neigh.
bourhood of the fracture is casily shown, Frowm e
experiments on steel by a Committee of Civil 1.
gineers, Tables A, B, C, D, it is powible tn get, the
elongation in a length of 1inch or 2 inches of the Ly
in the neighbourhood of the fracture, amd to eompurg
it with the contraction of area.

Lengthe o | ST008 [ Liongsuttan
Matersal No ofbar | unches stk e Buect el gy
“ s

Bessemer steel

ED 1=t e it b 1 2D D RO b b bt 1D 1t 1 ED

Here the agreement is as close as could be expected,
the percentage of elongation (estimated on the stretclied
length) being three-fourths of the percentage of con.
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traction of arca. IIad it been possible to measure the
elongation in, say, a 3-inch lengtl, the approach to
agreement would, no doubt, have been closer.

The following numbers are from some measurements
by the anthor :—

Matenal Length 2 2

Iron bar 2 4 .20
” 2 *28 20

5 . 2 rtd o7
Angle 1ron 2 15 16
Iron plate . H EH »
Steel plate 2 .39 29
Delta metal 2 00 07
] » 2 0 33

If there is this near agreement in the contraction
and elongation in the short, plastically-yielding part of
the bar near the fracture, then there can be no agree-
ment in the contraction and elongation in greater
lengths of bar. The contraction does measure in a
definite way the plasticity of the material under the
breaking stress. The ultimate elongation in an 8- or
10-inch length measures partly the plasticity of a short
length under the breaking stress, partly the plasticity
of the rest of the bar before drawing out commenced.
The two measures of the ductility arc only in agreement
when the elongation is taken for a very short length of
bar near the fracture,

33. Influence of Time on the Stress-strain Curve—It
-has been seen that plastic yielding is gradual, either
increasing indefinitely or at a diminishing rate under a



STRLSS-STRAIN DIAGRAMS 87

given stress. Ilence it might be expected that the
plastic part of the stress-strain eurve would be flatter
the slower the rate

Fie 3t
of loading. Professor wr . ==F
. . s, e 4
Ewing gives the 570,
. ] NG
stress-strain  curves 4

shown in Fig. 34 for
two similar picces of
roft -iron  wire, one

5

loaded to rupture in
four minutes, the
other at a rate about
5,000 timnes slower.

Seress, Tens per sy in

In the same way,

in taking autographic
stress-strain diagrams 0 16 ) 30
strain diag Extension Ier Cent

there is a notch in
the diagram at any panse in the increase of loading.
Fig. 85 shows a diagram for 2 manganese steel bar,
tested with o pause of five minutes at each successive
ton,

Tig. 36 shows the stress-strain curves for four pieces
of wrought iron cut from the same bar. For bar 319
the extensions were measured on a length of 4} inches ;
for the other bars on a length of 9 inches. In the case
of bars 319 and 134 the extension increased at a nearly
uniform rate during the plastic stage. In the case of bar
313 there were four-minute pauses at each successive
ton, and the dingram is notched. In the case of bar
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314 the load was taken off and a pause of six minutes
allowed at each successive ton. It may be noticed that
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the Dreaking-down point is more marked with the
longer bars.  The following table gives a summary of
the tests :—

. Tons per 4 1. ‘

— l Llongation pet eent

No.oftar ' SR I
Yield pount Maximum load
\
319 ' 1297 a4
154 1437 258
313 1368 205
Si4 1423 28 2

3G. Influence of Time on the wltimate Elongation.—
Some remarkable experiments of Colonel Maitland at
Woolwich! show that, contrary to a common prejudice,
the ultimate elongation is increased by very rapid load-
ing. Colonel Maitland experimented on a steel which, in
unhardened specimens of 2 inches in length between
shoulders, broke in the testing machme at 26 tons per
5q. in. and with 27 per cent. of elongation. A specimen
was then screwed into blocks arranged so as to fall ver-
tically in a slide.  After a certain height of fall the top
block was arrested by stops and the specimen broken by
the momentum of the lower block. Broken in this sudden
way the ultimate clongation was 47 per cent  Specimens
were then screwed into plugs fitting a strong tube and
broken by exploding gunpewder and guncotton between
the plugs. The plugs were driven out in opposite
directions, Dbreaking the specimen connecting them.
Under these circumstances the unltimate elongation was

' ¢ The Treatment of Gun Steel > Proc Inst of Ciil Engincers, vol
Isxxix p 120
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w sq. ins. section, a b will measure on a scale « times
that for the loads the stress per sq. in. of initial section
of the bar. Up to the yield point the section of the
bar changes very little, but beyond the yield point the
deformation is so large that the section sensibly changes,
Then e b does not represent the stress per sq. in. of the
actual section of the bar at the moment. To find this
it is approximate enough to consider that the change of
density is small compared with the deformation. Hence,
so long as, the deformation is general over the marked
length of bar—that is, up to the maximum load point7,
the section of the bar can be found from the measured
length.

Let /, o be the length between gauge points and sec-
tion of the bar initially, and 7 (1 +2) and @, the length and
section when the load is . Then, @ =yl (1+2),

w
I+

@, =

If p is P/eo, the stress reckoned on the initial section,
then the real stress on the actual section is—

p,—-—E =p(1+2)

wy

In the diagram take O C'=1 to the same scale as
that on which O @ =Ia. Drawld horizontal. Through
d draw Cde, cutting abin e. Then ae¢ represents py,
the actual stress on the reduced section, to the same
scale as that on which a b represents p, the stress caleu-
lated on the initial section. If several points are thus
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found we get a curve feg, lying above the ordinary
stress-strain curve and extending to the point of maxi-
mum load. This is sometimes called the curve of true
cohesive strength. It is simply a curve giving the
relation of the actual stress and strain.

Beyond the point of maximum stress the construc-
tion fails, for the extension becomes chiefly local and
the 7 in the formulu above is no longer the length
between the gauge points. But another point in the
curve may still be found. If the contracted section is
measured affer the bar is broken, then the breaking
load 4% divided by that section gives the real stress
L at the moment of fracture. It 1s obvious, however,
that the part g of the curve is distorted, for while the
abcissze up to the point £ represent extensions of a fixed
length 7, the abeiss from ¢ to & represent extensions
of an undetermined portion of . The real elongation
per unit of length at the moment of fracture in the part
which is drawing out is given by the equation—

® -

H

M= w,
and if O 1s taken equal to 7a,, and &' »' set off equal
to & m, the genceral form gm’ of the final portion of the
real stress-strain curve is determined. It is quite
possible to measure the contracted section at inter.
mediate loads between 7 and % during testing and to
caleulate intermediate points along g #'.  So fur as can
be judged from one or two instances, the portion gm' of

%
-
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and 64'4 mm, in height. The following table gives the
loads and compressions :—

CrusHING OF A4 Leap Cyrinper (Kick).

Load, 10 tons |Texght, m mches| Compression, | Duameter at | Sires® 1n (088
ondy 1o tons | Ze1ght mnches  fcentre, manches | Doy 118 O
— 2 576 — 200 —

29 2 312 204 216 79
325 1904 672 240 w2
335 1716 860 252 01
345 1636 930 260 65
393 1376 1200 2 84 62
563 1128 1-448 | 316 72

It appears that the pressure of fluidity was reached
at about 0°75 tons per sq. in,, and the stress remained
approximately constant notwithstanding the large de-
formation,

Fig. 38 shows a similar curve for a wrought-iron
cylinder. The experiment was made by Fairbairn, and
the results aie discussed in Cotterill's * Applied
Mechanies,” p. 418,

Plastic Compression of Copper Cylinders.—Small
copper cylinders made of the softest and purest copper
are used in crusher-gauges for determining the powder
pressure in the bore of the gun. The copper cylinders
are made in two sizes, g'r sq. in. and {4 sq. in. in
section, and the initial length is 0-5 inch. Tables
have been published ! giving the compression of these
cylinders when compressed by hydraulic pressure, the
compressions being measured by a W hltworth measur-

ing machine.
1 Industries, March 23, 1887.
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The preceding table gives the compressions a, com-
pressed length [ — a, and observed pressure producing
the compression. Neglecting the barrel-shaped distor-
tion the stress reckoned on the deformed prism is—

_pl—a
=Y
and the values of this have been caleulated and placed
in the tables. When the material is completely plastic,
py is the pressare of fluidity.

It will be seen that for compressions excceding
two-fifths of the original length the pressure on the
actual deformed section is nearly constant. TFurtber,
the numbers for the cylinder of %z sq. in. area are
almost exactly double those for the cylinder J sq. in.
area. According to both tables the pressure of fluidity
for soft copper must be about 22 tons per sq. in.!

89. Raising the Elastic Limit by Stress.—It has
long been known that for iron, steel, and other metals
a load exceeding the clastic limit raises that limit.
Thus, Bauschinger gives the following results of ex-
periments on five gun-metal bars, of a section about
2:8 x 05 inches. The elongations were measured in
8 inches by the mirror apparatus :—

<o ¢ |Origmnl elastic | Stress applied, Laned elastro | Tevacity, in
Xo.of 1) nat, in tons | 20 tons per | VETRATEDt ) ) oo T
R R B Gl s S R R B
1 402 G 56 00061 615 142
2 382 610 00061 574 149
3 384 656 00067 677 133
.4 300 b 85 5 580 129
1 377 602 00057 566 132

* Sco also Treatise on the Manufacture of Gruns (oficial), p. 92.
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In these experiments the second loading was effected
only a few minutes after the first loading.

Bauschinger noticed that if a bar after loading
beyond the elastic limit was left for twenty-four hours

Zead
| Tens

';ﬂa

e 39

iy | ,
Q bIN 2N
Eatensions

or more at rest it recovered partially the set previously
taken, and if then the clastic limit was again determined

2
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it was in some cases raised not only up to but beyond
the load previously applied.

Fig. 39 shows a stress-strain diagram of 2 piece
of steel plate, taken autographically by apparatus
which will be described. The yielding point, or break-
ing-down point, is strongly marked at a load of about
18 tons. At 19 tons, 21 tons, and 23 tons the load
was almost completely removed, the pencil tracing
downwards and retracing upwards almost exactly
straight lines parallel to the primitive elastic line.
Thus, at 19 tons the pencil described while theload was
removed and replaced the straightline 5. The distance
0b represents the permanent sct produced by the load
of 19 tons, and the stress-strain diagram for the material
altered by loading is the line bac. . . . Similarly for
the other points at which the load was removed. The
peculinrity specially to be noted, and which indeed is
only shown in such autographic diagrams as this, is the
steepness and almost straightness of the curve dt a f.
The material is not only nearly perfect in its elasticity
in the reimposition of the load up to the point a, corre-
sponding to a load of 19 tons, but is nearly perfect in
clasticity to the point f; corresponding to a higher load.
More accurately, f is a new yielding point in the material
altered by loading.

Viscosity of Solids. Elastic After-Working—If a
wire carrying a heavy vibrator is sct in vibration tor-
sionally within its limits of clastic stress, the vibrations
subside more rapidly than can be accounted for Ly
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external causes or by heating effects, There must,
therefore, be an internal molecular friction or viscosity.
In a wirc kept vibrating constantly more molecular
friction is found than in one allowed to rest between
each experiment '— that is, the arc of vibration dimin-
ishes more rapidly.? This is due to an ‘elastic after-
working,” by which the strained metal recovers its
original condition gradually during a period of rest. If
the limit of elasticity has been exceeded, there is a still
more marked change of the material after straining and
during subsequent rest, due to elastic or plastic after-
working,

40. Bauschinger's Experiments on the Influence of Rest
after Drawing Out on the Elastic Limit.—Bauschinger first
indicated ® that, by drawing out a metal by stress beyond
its clastic limit, the elastic limit is rased, not merely
during the continued action of the load, but during a
period of some days after the load is removed. The
elastic limit may in certain cases rise above the stress
corresponding to the load imposed.

In a later paper * he gives a series of experiments on
different metals loaded successively up to a point at
which yielding just began. In one series, the successive

! Sir W, Thomson, Proc. Roy Soc, vol xiv 1863, p 289  Article,
¢ Elastirty,’ m Encyclopadia Brtanmca, § 34

7 Mr Tomlinson states that this fatigue of elastieity does not occur 1f
the stresses are hept well wathin the elastic it —Trans, Roy. Soc., vol.
clxzvn part 2, 1836

* Dingler's Journal, Bd 224, 8 &

¢ “Ueber die Veranderung der Elasticstatsgrenzo,’ Corlingenieur, 1881,
s 200
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loadings followed cach other immediately ; in the other,
a pause of one or more days was allowed after each
londing before again loading. Generally the results
were of the character indicated in the plotting of two
series of the results in Fig, 40. Four stress-strain
curves for cach series are shown, plotted to a very large
scale for the extensions, and each line extends up to
the point (marked by a dot) at whichk yielding just
sensibly commenced. The clastic limit (or exact limit
of proportionality) is shown by a circle marked e.

In the series A the bar was reloaded without any
sensible interval of time. The yield point rises at each
loading but the clastic limit falls, in the sccond loading
almost to zero. In series B an interval of about
fifty hours was allowed between each loading. In this
case the yield point rises as before, but the clastic limit
rises also at each successive loading. Comparing the
two series, it appears that the elastic or plastic recovery
during the fifty-lour pause (unloaded) raised the elastic
limit from the positions shown in A to those shown in
B. Bauschinger’s results scem to be expressed in the
following conclusions :—

If a material is strained to or beyond the yield
point, unloaded, and again immediately loaded :—

(@) The breaking extension is diminished, and the
Dreaking load somewhat increased.

(b) The elastic limit is lowered sometimes to zero,
and the modulus of clasticity is a little
diminiched.
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(¢) The yield point is raised to the stress corre-
sponding to the previous load.

If after the first loading a period of quiescence is
allowed before the sccond loading :—
(a) The elastic limit rises sometimes above its
initial value,
(6) The yield point rises gradually above the
stress corresponding to the previous load.
A1, Use of the Stress-strain Diagram fn estimating the
Work done on the Bar.—Let Tig. 41 be o stress-strain

Yo 11 diagram, the ordinates

Ol

- being as usnal loads, in
tons, on the section a of
o the bar, and the abcisse

extensions of a length [
between gauge  points,
Draw verticals through
B, G, D. Then, the work
done on the bar up to the
yield point is the area
O BE, work done up to the
plastic limit is O B C T, and work done in break-
ing the bar is OBCD G. The areas are casily mea-
sured by a planimeter. If m inches = 1 ton, and 2

[ P el
[} [V,

L
[

inches = 1 inch of extension, then—

arca of diagram in sq. ins.
mn

Work in incli tons =
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and nut afforded the only means of adjustment. In
these cases it was necessary to remove or reduce the load
while the adjustment of the abutment was made. Some-
times the load was lifted by a crab and tackle while the
nut was screwed up.

To escape some of the difficulties of a lever arrange-
ment a hydraulic press has been used to produce the
stress in the specimen. The specimen being lield at one
end by a fixed abutment, the otheris strained by attach-
ment to the ram of the press, the movement of which
takes up the deformation. Tn such machines the stress
in the specimen must be wnferred from the fluid pressure
on the plunger, indicated by a pressure-gauge. Then,
an allowance must be made for the friction of the cup-
leather or packing of the ram. As this allowance is
large, and varies with the condition of the ram and the
packing, machines of this type are not susceptible of
great accuracy.

According to experiments of Mr. John Hick, the
friction of a press cup-leather on a ram d inches diameter,
with a pressure of p 1bs. per sq. in,, is—

F=cdp,

where ¢ is a constant.  But the whole pressure on the
mm is 2 = d?p. Hencee, the fraction of the load on the
ram expended in friction and not transmitted to the
specimen is 4 ¢/ d ; that is, it decreases as the diameter
of the ram is greater. Ience, the proportional error
likely to be introduced by miscaleulation of the cup-
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leather friction is less as the size of the ram increases.
Machines of this type are, therefore, most suitable for
testing test pieces of large section,  However, the law
of cap-leather or packing friction is not really known,
and its amount is certainly extremely variable.!

It next appeared pos-ible to combine the advantages
of the hydraulie pre~s machine and the lever machine in
thisway. The test bar was placed between o hydraulic
press and a lever, or system of levers, acting a< a steel-
yard. Rouglly speaking, it may be sail that in such
amachine the stress is applied by the hydraulic press
and measured Dby the steelyard®  All good modern
machines are eswentially arranged in this way, though
in some screws and gearing are substituted for the
hydraulic press, and in others a manometric arrangement
is substituted for the steelyard.

43, Machines for Testing in varivus ways Tron, Stec,
and other Strong Materiale.—Machines for general testing
purposes almost always now consist of :—

(1) A lever, or system of lever, with weights,
forming a complete weighing apparatas.  This is con-
nected with one end of the specumen, and its purpose is
to indicate from moment to moment the cxact stress
applied to the specimen. In o few cases, in place of
the lever and weights a manometric apparatus is em-

* The friction in testing machme rams 1s certamly greater than Mr
LRI -

ow epeeds.

1h, in a
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definitely assigned, nor is it easy to measure in an
actual machine, except in the case of an unloaded
machine. But there is no doubt that the sensitiveness
attained in good machines is in excess of practical
requirements.  This point will be discussed later ; but
it may be pointed out that two specimens cut from the
same plate quite commonly differ in strength by more
than 1 per cent. Snpposing the strength of the test
bar to be 20 tons, 1 per cent. of this would be 4 cwt.,
and a reasonably good machine indicates differences of
stress of far less amount than this. In most machines,
probably, the sensitiveness varies with the load and
increases as the load is greater. That is, the ad-
ditional stress required to distinctly move the weighing
apparatus becomes a less fraction of the load as the
load increases. In a good 100-ton machine, carrying
its full load, the lever will be distinctly moved by an
addition to the stress of v} ton. That is, the sen-
sitiveness is such that yghge of the Toad is indicated,
This is equal to the sensitiveness of a good chemist’s
balance. The sensitiveness of machines with mano-
metric apparatus may be made still greater.

’ (2) The machine must be accurate in the indications
given—that is, the stress indicated by the macline must
differ very little from the real stress. A sensitive
machine may be inaccurate if the ratio of the levernge is
imperfectly known, and it must be inaccurate if, from
any flexure of the parts, the leverage changes with the
load. Ilence, it is of much more importance than las
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generally been supposed that a testing machine should
be so arranged that it can itsclf be tested. The weights
used to load the lever can, of course, casily be stan-
dardised. But in many machines the leverage, or ratio
of the weight applied to the stress on the specimen, has
only been determined by measurement of the distances
between the knife-edges, and very generally the original
determination of the leverage by the maker is accepted
as sufficient, however long the machine may have been
in use. It is clear that, however carefully the leverage
was determined in the first instance, the wear or dis-
placement of the knife-edges may scriously alter it in
course of time. If the fulerum distance is 2 inches, a
displacement of 55 inch would introduce an error of
1 per cent. into all measurements made by the machine
on the assumption that the leverage had remained
constant.

The determination of the leverage of the machine
by measurement of the knife-edge distance only is not
satisfactory, and in machines used for scientific pur-
poses direct means of testing the leverage by weighing
should be provided.

(3) Tacility of adjustment for different kinds of
straining action, and for specimens of different dimen-
sions. The importance of this quality in a machine
depends very much on the Kind of work it is intended
to do. But it should be remembered that the shackles
used for different kinds of stress are somewhat heavy
and cumbrous, and the operation of changing the

1
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arrangements for various kinds of work is somewhat
laborious.

(4) Capability of easy and rapid manipulation
during a test. In commercial testing it is of great
importance that the testing should be accomplished
rapidly. The means of gripping the specimen must be
convenient, and often the manipulation of the weighing
and hydraulic apparatus can best be effected by engine
power.

(5) Autographic apparatus for registering the
results is very convenient, and is o safeguard against
errors in recording the results. Some machines are
adapted, and others are not adapted, for the addition of
autographic apparatus.

(6) It is very objectionable if, during a test, the
specimen is subjected to shocks and vibrations.

Shocks or vibrations may arise either in the weigh-
ing apparatus (in adding loads, for instance); or in
the hydraulic press (by the action of a pump); or,
lastly, from the energy acquired by parts of the machine
which move when the specimen more or less suddenly
takes an increment of deformation.

Suppose a cubic inch of water suddenly forced into
the hydraulic press by the pump. 1If the lever and
weights had no inertia, no harm would result. But, in
fact, the movement of the press ram indnces 2 movement
of the whole system, and the stress in the specimen is
for the moment increased by the inertin of the whole
system conneeted with it.  If the specimen suddenly
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extends g inch, the weights on the lever move
through a not inconsiderable distance. They acquine
encrgy in falling, which again is expended in momen-
tarily increasing the stress on the specimen.

The question whether a machine with small leverage
or large leverage is likely to produce greater streswes in
the specimen in consequence of its incrtia las leen a
good deal discussed.  If a specimen is loaded with a
dead weight M, the incrtia of the load reckoned at e
specimen is M. Dut if the same specimen is put in a
machine with a Ieverage n, with a load M/» producing
the same stress, the inertiz of the load reckoned ot
the specimen is (M/n) 7% or Ma.  Ience it lias heen
argued that the stresses due to shock increase dircetly as
the leverage of the machine. Al that the caleulation
shows is that, with a given velocity of movement nt
the specimen, the stored energy of the load liable to 1o
expended in straining the specimen increases with the
leverage. But the inference ignores the practieal con-
ditions in which testing machines are used. In Propor.
tion as the leverage of a machine is greater, its movemen ts
are more narrowly limited by the stops at the free end
of the lever. The greater the leverage the more ensily
is any tendency to acquire velocity in the machine
detected and controlled.  Hence, practically, it i,
probable that the greater the ratio of the leverage, the
Jess is the liability to unknown and prejudicial stresses
due to inertia of the machine  In the Buckton machine
the maximum leverage is 50 to 1; in the Werder

12
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machine it is 500 to 1 ; while in some compound-lever
machines it is 20,000 to 1, or more. If the mere amount
of leverage produced so serious an effect as that inferred
above it would long ago have been detected in the use
of the machines. In fact, however, in skilful hands,
each machine is used in a manner suited to its construc-
tion and so as to reduce any action of this kind to a
negligable amount.

46. Arrangement of the Lever or Steelyard and Weights.
—In the oldest form of lever machine a bent lever

Fie 412

(Fig. 42) was used, the three principal knife-edges being
in one straight line. The object of this arrangement
was to secure a constant leverage notwithstanding some
change of position of the lever. The leverage is the
ratio of the perpendiculars from the fulerum f on the
dircctions of the load = and stress s, and if the knife-
edges are not in onc straight line the ratio of those dis-
tances sensibly changes with thealteration of inclination
of the lever. In more modern machines the lever is
Teft straight, and is formed of sufficiently rigid side
plates (Fig. 43), between which are the knife-edges, fixed

in rigid cross supports.
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In the older machines and in some modern machines
the loading is effected by placing separate weights in a
scale-pan.  Unless the leverage is large this is laborious,
and, unless the lever is supported when weights are

Fio 43

e il ]

added, shocks arc produced on the specimen. Two
modes of overcoming this difficulty have been found.
In one the separate weights are successively added by
mechanical arrangements ; in the other a single travel-
ling, or jockey, weight is rolled out along thelever. In
the former, the leverage is constant ; in the latter, the
leverage varies as the jockey weight is rolled out.

Fig. 44 shows dagrammatically these arrangements,
At A is the ordinary lever and scale ; B and C are two
arrangements m which jockey weights are used. In C
the weight is so contrived that its centre of gravity lies
in the line through the knife-edges. In order that the
variation of position of the lever may not affect the
stress on the specimen the centre of gravity of the lever
must be on the line through the knife-edges, and the
jockey weight must either have its centre of gravity on
that line or must be hung from a knife-edge which
travels on that line. At D i shown the mechanical



118 TCSTING OF MATERIALS OF CONSTRUCTION

arrangement for adding weights to the lever, The
weights are carried by a frame which can be raised or

LIERR PR

Jowered by ascrew. As the frameis lowered the weights
are deposited in succession on projections upon the rod
connected with the lever.

In Fig. 45 this mode of carrying the weights is
shown in more detail. The central rod a is suspended
from the lever, The side rods &, b are connected with a
gerew raising or lowering arrangement ; w, w0 are the
carcfully.adjusted weights. When not in use the weights
rest on lugs on the side rods b,b. By lowering 4, b the
weighta are successively drapped without shock on the
corresponding Ings on a. -
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There is one other arrangement of the lever which
should be mentioned. In the testing machines of

Thurston, Michaelis, and Polmeyer, a
bent pendulum lever is used (B, Fig. 44),
carrying a single heavy lond.  As the
pull on the specimen is increased, the
pendulum - bob moves outwards and
upwards. If @ and b are the perpendicu-
lars from the principal fulerum on the
directions of the load and stress, the
varying leverage is the ratio 0/a.

47, Principal Types of Testing Ma-
chincs,—It is proposed in the following
paragraph to indicate the principal types
of testing machine which have been uscd
as a key to the more detailed description
of some of these machines which will
be given later. [t must be understood,
however, that the figures arc morely
diagrams.

Fio

e R

435

It will be scen that the most obvious mrangemen

is to place the weighing apparatus at one end of a speei.

men and the straining apparatus at the other, 1y fet,

a large number of machines are thus construeted, Latcr,

it appeared that certain advantages were obtainnlle hy

placing Dboth weighing and straining spparatus at tly

same end of the specimen.

Simplest of all arrangements, probubly, ix tly

- adopted first in o complete shape in the testing mnehing
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at St. Chamond, and later adopted by Wicksteed,
Martens, and Michaelis. In this machine (Fig. 46)
the specimen s is held between a shackle attached to
a horizontal weighing lever above and the ram of a

Fra, 46

Hecksteed
Martens
Michacls

Jydraulic press below, The weighing of the stress is
effected by rolling out a jockey weight along the lever,
or, in the Martens machine, by the arrangement shown
in Fig. 45.

Somewhat similar is the arrangement of the test-
ing machine of Messrs, Fairbanks & Co., of New York
(Fig. 47). In this case a worm-wheel and screw are
rubstituted for the press.  The Fairbanks machine is
virtually an ordinary platform weighing machine adapted



TESTING MACIIINLS 121

to the purpose of testing. It should be pointed out
that, instead of the simplelever system shown in this
diagram, the actual Fair-
banks machine has o com-
pound-leversystem, involv-
ing the usc of nine levers
and twenty - seven knife-
edges, the object being to
gain so enormons a lever-
age (in some cases 24,000
to 1) that the stress is
balanced by very small
weights. Fig, 48 shows
diagrammatically the
Thomasset machine, the

general arrangement of which is the same, but in which
a manometric arrangement d is sabstituted for the
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has been adopted very extensively in Germany. This
differs from all the preceding machines in this, that -
both the weighing and straining apparatus are at one

end of the specimen. Hence, the expensive parts of the
machine being all at one end, arrangements can be
made to take in specimens of almost any length, by
prolonging the bed of the machine, without much extra
expense.  All the German Werder machines take in
specimens in both tension and compression 30 feet in
length, a result not obtained in any other type of
testing machine except that at Watertown, and there
only with greater difficulty, as the press must be
movable. In the Werder machine the hydranlic press
acts on the short arm of a single bent lever L This
lever is carried by the specimen, so that the other end
of the specimen requires only a fixed abutment, By
the action of the press the lever is kept horizontal,
notwithstanding the deformation of the test bar, The
Werder machine may be deseribed as a machine in
which the principal lever is supported on a moving
fulerum.  The great advantage of having only a fixed
abutment to provide for the back end of the specimen
is obvious. Another advantage in this machine js, that
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edged bar fixed between these side heams rests on the
top of a strong iron standard. At 0'6 inch only from
the fulerum knife-edge is the knife-edge supporting the
shackle. The lever is prolonged backwards, and carries
a counterweight for putting it in balance initially. A
travelling jockey weight runs aleng the lever, which is
virtually a steclyard, and so balances the strain in the
specimen. A peculiar arrangement is adopted to take
up the deformation and keep the lever horizontal.  This
is a wedge, sliding in guides, and driven by a screw and
gearing.  As this arrangement produces no shock, it
is probably very meritorious, at Ieast for light machines.

SINGLE-LEVER MACHINES

50. The Werder 100-ton Testing Machine.—In 1852
a testing machine was designed for the Railway Com-
mission of Bavaria by Ludwig Werder, and con-
structed by Messrs. Klett & Co., of Nurcmberg.
Similar machines have been built for the Government
testing laboratories at Berlin and Municl, for the
Polytechnic Schools at Zurich and Vienna, and for
several manufactories and railways.  Probably it is not
too much to say that by far the largest part of the
original mechanieal investigations carried out in the
Inst fifteen years has been accomplished by the aid of
Werder machines.  In the hands cspecially of Dr.
Bauschinger, of Munich, tests of materials have leen
made with this machine with a precision and accuracy
never before attained,
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The Werder maching is a horizontal testing machine
with hydraulic press worked by pumps and single-lever
weighing apparatus, By an ingenious arrangement the
press and lever are kept on the same side of the speeimen.
All the complicated and expensive parts of the machine
being thus brought to one side of the specimen, com-
paratively simple and inexpensive arrangements can be
made for extending the machine to take in specimens
of very great length, Usually the Werder machine is
made to test specimens both in tension and compression
up to 30 fect in length.

The general principle of the arrangement of this
machine has already becn indicated. Fig. 53 shows g
sectional elevation of the more important working parts,
and detailed drawings will be found in the treatises
cited below.! R is the hydraulic press ram, which acty
against a knife-edge on what 1s really a bent lever L,
The crosshead Cy, which holds one of the shackles S,
is connected by the long bolts ¢, ¢ with a crosshead car-
rying the other kmfe-cdges which support the lever, If
the specimen stretches, G, moves to the right, and t}e
lever falls ; if the press ram 1> then moved to the right
the lever is again lifted. The back crosshead C,, which
1i0lds the other shackle §,, slides on a cast-iron railway
behind the machine. Tt is spaced at any distance from the
fixed frame of the machine by the loose distance pieces d,d,

' Mtthal a. d mechantsch-techmschen Lal i M.
chen, Heft 1& 3 Maschine sum Prufen der Fetukedt der Materaly,
wnd Instromente zum Messen der Gestaltsveranderng der Probelurpen
Munchen, 1852, Also Lebastour, Les Mtanz, .

K
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F1p 53,
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At s is a tension test.bar,
and mis Bauschinger’s mirror
arrangement  for measur-
ing extensions. In testing,
weights are placed on the
scale platform of the lever
L,, and then by the pumps
the ram R is moved out till
the lever is in balance,

To obtain a high ratio of
leverage, so that the weights
to be handled may be small,
the short arm of the lever L,
is reduced to the extraordi-
narily small distance of 4 mm.
or 1% inch. The leveris of
such a length that the lever-
age is 500:1. Of course
the short-arm length of the
lever cannot be directly mea-
sured with accuracy enough
to determine the leverage of
the machine. Hencea sceond
lever (control lever) L, is

{ provided, acting on the eross-
{ head C,. This lever has

a ratio of 10:1, and its
arms can  be saccurately
measured,
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By putting weights acting on 1, in balance with
weights acting on L, the leverage of the principal lever
L, is determined, With so small a fulerum distance ns
Tsinch the width of the knife-edges is a quantity com.
parable with the short arm-length of the lever, It is

necessary, therefore, that the lever L, should have an

Fie 61

4
extremely small range of motion,

placing a spirit-level on the lever
returning the press ram after a test.
The arrangement of the hydranlic press g lever
will be better understood from the diagrammatic skote,
Tig. 51, Tere R, is the press cylinder cast in one \\'itl’n

This is seeyre hy

9 1s hand-geny for

X2
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the frame of the machine, and R, is the press ram. The
press ram, cased in gun-metal, is 12 inches diameter.
The hand-pumps for working the press have rams of 1-2
and 04 inch diameter. The ram R, carries a horn g,
with cross-shaft, from which the great lever L, is sus-
pended by links, and also the crosshead C connected
with the front shackle. The back part of the lever L,
is a large U-shaped casting, partly surrounding the
press, so that the centre of gravity is near the knife-
cdges. It carries a scale platform and adjusting weight.
The pair of crossheads C pass through the lever, and
are connected each by two Jongitudinal tie-rods £ to the
shackle crosshead. The press ram carries in front a
hard steel prism 143 inches long, against which one
knife-edge on the lever acts. The crossheads C each
carry a prism 7§ inches long, against whick the other
knife-edges act (shown dotted). The distance between
the upper and lower knife-edges, reduced to v inch in
the actual machine, is the short-arm length £ of the bent
lever, the long arm being L

Fig. 53 shows the arrangement of the machine for
testing bars in tension. For crushing cubes and short
specimens the space between €, and the back of the
press is utilised, proper scatings being introduced.
Longer specimens can be erushed between C, and C,,
the tic-bars ¢, ¢ being then extended to the cross-head
C,. Convenient arrangements for transverse testing
and for torsion are also casily fixed.

51, Single.lever Testing Machine of Messrs. Buclton
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and Cv., of Leeds.—This machine was described at the
Leeds meeting of the Institution of Mechanical En-
gineers.! The machines then constructed were 50-ton
machines for testing ordinary short commercial test-
bars. It appeared to the author in 1883 that a larger
machine, capable of taking in moderately long speci-
mens, could be constructed on the same general plan.
In correspondence with Mr. Hartley Wicksteed, plans
were made for a 100-ton machine, which would take
specimens 6 feet long. Two very satisfhctory machines
were built of this size, under the author’s direction, for
the engineering laboratories at Cooper’s IIill and at
the Central Institute of the Guilds of London. Other
machines of the same power have since been made.
Considered as an instrument of gencral scientific re-
search, the Buckton machine, even on the larger scale,
is inferior to the Werder maclune. But it is more
handy for ordinary testing, and probably it is more easily
kept in trustworthy adjustment.

Fig. 55 shows the general arrangement of the 50-ton
Buckton machine. H is a rigid cast-iron standard
bolted to the foundations, and having at top a horn plo-
jecting back to carry the principal hnife-edge or fulerum
of thelever, The great lever L, L, with ity jockey-
weight W, forms the weighing apparatus, and the
lydraulic ram F,F takes up the deformation of the
specimen. A tension specimen is shown at 8, between
the friction-grip shackles A, B. The knife-cdges of the

¥ Proc Inst of Mech Eng, 1882
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lever I, L are 3 inches apart, onc resting on the
standard H, the other supporting the shackle A, To
support the knife-edges and prevent flexure, they are
gripped by rigid castings bolted between the side plates
of the lever. The hydraulic press F has a stroke of
6 inches to take up clongation and slip of the test-bar
in the grips. The press is worked by means of a ¢ quiet
compressor.” This is a press with a ram driven by a
pair of screws, which again are driven by gearing and
belting. This secondary press, which is a substitute
for the pumps ordinarily employed, forces water into
the main press F quietly and without shock, and works
very satisfactorily indeed. More power, however, is
required than with pumps. The press is so used that
the lever is kept *in balance’—that is, floating freely
between the stops which limit its motion. The jockey-
weight weighs exactly one ton, and can be moved along
the lever by n screw driven at will, cither by belting or
by the hand-wheel in front of the standard. Before a test
the jockey-weight is run back till the lever is in balance
with the test-bar free. A vernier, attached to the
Jjockey-weight, is set to zero on a scale running along
the lever, Then the specimen is fixed, and the jockey-
weight moved out along the lever, while the press is used
to kecp the lever horizontal. Each 3 inches of movement
of the jockey-n cight adds a ton to the load on the speci-
men, and the vernier easily reads on the scale to 4o ton.
5%, 100-ton Testing Mackine of Messrs. Buckton and
Co.—~The photographic frontispicce shows a general
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view of the engineering laboratory at the Central In-
stitute, with the 100-ton testing machine, Plate II. is
a general elevation of the same machine. F, Fis the
main standard of such a height that moderately long
specimens can be tested. To the foot of this standard
is bolted the principal hydraulic press R, the ram of
which acts downwards on a crosshead ¢, connected by
adjusting side screws to an upper crosshead ¢, to which
the lower specimen shackle S, is attached. There is
worm-gearing to the side screws to adjust the length
between the shackles S, 8, The press-ram is kept
home by the balance-weight B, attached to it by spring
shackles, To work the press there is a sccond press or
compressor C, the ram of which is driven by the twin
serews & and gearing g, The crossed belts &, and
fast-and-loose pulleys behind the standard drive the
compressor ram in or out, and so force water into or
allow it to flow back from the main press R. 7y is a
hand-lever to the fork actuating the belts b,, which
drive the compressor.

The great main lever L, of wrought-iron side-plates,
rests on the top of the standard F, I by means of a
knife-edge, and a sccond knife-edge behind this supports
the upper shackle S, These knife-cdges are 20 inches
long, and are formed of hardened steel ground into a
rectungular groove in steel bars 4 inches in diameter.
Thiese bars are further supported by castings Lolted to
the side-plates.  The distance between the Enife-edges
is 4 inches.  The free end of the lever plays in a space
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in the supporting pillar P. J is the jockey-weight,
weighing one ton, and straddling the lever so that its
centre of gravity is as nearly as possible on the plane
through the knife-edges. This runs on four rollers on
rails fixed each side of the lever, and is moved by the
long screw s,s.  The jockey-weight can be put in
motion either by the crossed belts J; connected with
the reversing handle ry, or by the hand-wheel % and
countershaft £, if very slow motion or fine adjustment
is required. Along the lever is the graduated scale e, a,
and a vernier » on the jockey-weight indicates the posi-
tion of the jockey-weight. Initially the lever is put in
balance, and the vernicr set to read zero on the scale.
Then each 4 inches the jockey-weight moves adds a ton
of stress on the specimen. The scale is 200 inches
long, so that with the jockey-weight at the end of the
Iever a stress of 30 tons is mensured. For greater
stresses the jockey-weight is run back to zero, and the
25-cwt. load W is attached to the lever by a screw
coupling. As this hangs at a leverage of 40, it balances
a stress of 50 tons. The jockey-weight is then run out
again. The vernier casily reads to 54 ton.  Although
the arrangement of a double weight may scem cumbrous,
it is not so in practice, and the author prefers it to the
plan of making the jockey-weight 2 tons. In three-
fourths of ordinary testing, or more, the stresses do not
exceed 50 tons, and the coupling up of the extra Joad
is very easily managed.
The tension shackles Sy, S, are shown in place, and will
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tion, which requires no bolting down. It is capable of
testing all kinds of materials in tension, compression,
and bending ; by a special arrangement it may also be
used for torsion. The testing stress is obtained by an
hydraulic cylinder and ram 6% inches in diameter. The
cylinder is of forged steel, and is intended to carry a
working pressure of about three tons per square inch.

The pressure is obtained by a small double cylinder
pump, driven by cranks, and is provided with a fly-
wheel, pulleys, and handle for hand or power driving.
The plungers are made on the compound principle, one
small one working inside an annular plunger. When

it is required to pump rapidly at low pressures both of
them are coupled together, forming one large plunger ;

but for high pressures the inner one only is used : then

the speed has to Dbe sacrificed for pressure. This

arrangement permits two men to pump up to the full

power of the machine, viz. 100 tons. The pressure on

the ram is transmitted to a substantial cast-steel cross-

head by means of two steel ties, 3 inches in diameter,

running along either side of the machine. These ties

are screwed at the ends to allow of the crosshead being

adjusted for various lengths of specimens.

The gripping-Jaws for holding the specimens are
turned on the outside and then fitted into a circular
hole. This arrangement insures the perfect gripping of
bars or plates having tapered cross-sections. In or-
dinary rigid jaws the thick side is gripped first, and
consequently a tearing action is produced instead of a
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fair and uniform pull. The other end of the bar is
similarly held by a second crosshead which is attached
to a set of three levers, and a steelyard provided with a
travelling weight, the position of which indicates the
load on the specimen under test. The leverage obtained
is 15,000 to 1, so that a very small travelling weight
can be need, viz. 4 bs. ; when greater loads are required,
other weights of 31bs. each are hung on the end of the
steelyard.

All the levers and steelyard are arranged in a case
to proteet them from dust and injury. The handle for
adjusting the traversing weight is placed outside of the
case, 8o that it never need be opened except for clean-
ing ; the steclyard is visible through a glass door.

By means of very simple attachments this machine
may be adapted for testing specimens in compression or
bending.  The hydraulic ram is provided with a chain
and weight to bring it back to its original position after
the fracturc of the specimen. All the knife-edges ou
the levers are of hardened steel, and specially arranged
to prevent warping in hardening, This machine is
very conveniently arranged for getting nt the specimens
when under teat ; it is also very compaet,

53, Olbsen Compownd-lever 100-fon Testing Machine
(Plate TIT,, Fig. 1).—This is of the type largely adopted
in America, the mechanism being in principle the same
as that of a platform weighing machine. Four columns
on the platform E earry the steel plate B, to which one
end of the specimen is attached.  Four straining screws
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carry the plate G, to which the other end of the speci-
men is attached. The columns supporting B rest on
the lever system F, F. - The straining screws carry the
large driving-nuts 1, which are put into action by the
gearing below the levers. The nuts abut against the
frame through roller bearings, to diminish friction.

The platform I rests on three main levers, acting as
a single lever. Deyond the platform the three levers
act through a stirrup on the sccond lever IYy, and this
again is connected with the third lever or graduated
steelyard Fr. A small poisc or jockey-weight gives the
measurement of stresses from 0 to 5,0001bs. ; n larger
poise, stresses from 5,000 to 100,000 1be. ; and an addi-
tional weight on the end of the lever adds 100,000 s,
The screws and driving-nuts take the place of the
hydraulic press used in other machines. A crossed belt
on the pulley T, and open lelt on the pulley U, drive

the gearing. A friction clutch engages cither pulley

with the driving-shaft. There is also a slow motion
by friction-gear V.

SIMPLE HYDRAULIC PRESS MACHINE.
56. 600-ton Testing Mackine of the Union Dridge
Company, at Athens, Pa.—This macline was constructed
with the object primarily of testing the full-size eye.

bars which are s0 largely used in American bridge
construction, ;

Two horizontal riveted girders B, B (Tiw. 57
. of
G0 fect in length, supported by cross-girders on five
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masonry piers,
form the frame of
the machine. At
one end of . the

frame §s a large
hydraulic  press
eylinder R, with a

freely moving pis-
ton. This has four

]
R
¥
L -.. .nm

H piston -rods,  to
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B - a crosshead carry-

© g i ing shackles S, for
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Iower flange of the frame girders. The tail-picce having
been fixed to the girders at o snitable distance from
the hydraulic press, the specimen is introduced. Then
pressure is applied to the piston of the press, and in-
crensed till the specimen breaks. The pressure on the
piston is measured by a Shaw mercury column and by
a spring pressure-gauge. The load on the specimen
is taken to be equal to the pressure on the press
cylinder. It will be seen that in this very large and
important machine the principle of construction is
simple, the lever weighing apparatus being dispensed
with.

The hydraulic press cyhinder R is of cast steel,
4 feet 83 inches bore and 6 feet 0} inch long. It has
an area of 2,089 inches, and an effective stroke of
4 fect 11 inches. The maximum water-pressure for
which provision has been made is 600 lbs. per square
inch. The cylinder is secured to the girders by bolts,
and jts back end is left open, so that the piston can be
scen.

The mnin girders B, B are of wrought iron, 60 feet
long, 3 feet G inches high, built of plates and angle
bars, rolled in one length. Holes, 6} inches diameter
and 18 inches apart, are bored through the web for the
Dolts of the tail-block. Along this part of the web it is
23 inches thick.

The tail-block C is a steel casting, which may be
attached to the main girders by two pins each side,
fitting the fi}-inch holes. Geared steel nuts g give 2

L
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further adjustment of the distance of the shackle from
the tail-block.

To provide for recoil between the shackle and tail-
block there is a rod attached to the shackle passing
through a friction-clamp on the tail-block. The eye-
bars are attached to the shackles by a Ti-inch pin in
an elongated hole 74 % 9 in the shackle. This permits
the specimen to recoil independently of the shackle.
When smaller pins must be nsed collars reduce the size
of the pin-hole.

The shackle attached to the hydraulic press piston
is similar. The piston has a gland and hemp packing,
and the piston-rods also pass through stufling-boxes.
The piston-gland is tightened till the leakage, with
maximum pressure, is reduced to a thin film of water
discharging uniformly round the piston. After a spe-
cimen is broken a discharge-cock is opened to n tank
4 feet G inches below the eylinder.  The small vacuum
thus formed, equivalent to 13 Ibs. per square inch on
the piston, is found sufficient to move it home. Hence
it has been assumed that 3,000 1bs. represents the
maximum allowance to be made for the friction of tlie
hydraulic press.  For practical purposes this allowance
i» disregarded.

The prescure is obtained by & pump with three
ringle-acting plungers, 2% inches in diameter and
10 inches stroke, working at elow speed. An engine
with two cylinders, 8 inches diameter and § inches
stroke, works the pumps,
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With 2 maximum load the stresscs on the parts of
{le machine are as follows :—

Main girders . . 7100008, por g i
I L ot m i, eompraein
Steel castings . . 16,000, " uprson
"

" . 13,000 ,, W Wnaion

Connecting rods . 15,000 ,, "
,

Dolts . « - 12,000 shesr,

All these s‘tmsscs are for the net effective seetions
and the margin of safety appears to have proved mm'.
cient under the shock of sudden release of load,  Dars
varying from 5 to 18 square inches keetion huve heen
broken in the machine. It s intended to eongtpyey
compression apparatus for this machine.

The machine was designed by Mr. Charles Kelloge
The idea involved in its design is thus wstated by I\n[’:
Macdonald :— It is not contended tht this is an fja m_
ment of precision, or that in sensitiveness op uccurm-.
it is the cqual of the testing machine at “’“l“'l'“)\vi
Arsenal.  Mr. Kellogg would be the lust person to 4y,
vite comparison in that respect with the wuperh invey.
tion of Mr. A. Emery. What he dins aceomplislied by
been the construction of a machine ab modernte goy
which will test to destruction full-stzed sections an uu,);
are required for structural purposes, with rapidity gyl
rensonable aceuracy.’

The particulars and description of thw muelieg
have been taken {from a paper read before the Amerjeyy,
Society of Civil Engineers by A Chatles Maedonaly
M. Am.Soc.C.ES *

\ The Radroad and Engicering Jourmal, vl 1xu p 31,
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MANOMETER MACHINES.

57, The Thomasset Machine' (Fig. 48).—M. IL
Thomasset, of Paris, constructed, apparently about 1872,
a machine differing in its mode of action from previous
machines in two ways. (1) To force water into the
hydraulic press a ‘quiet compressor’ (‘compresseur
sterhydraulique *), like that used in oil presses, is em-
ployed instead of pumps. It has the advantage of
convenience, and of preventing the pulsatory action pro-
duced by pumps. However, it requires more power to
drive it. (2) In the weighing apparatus the pressure of
a liquid column acting on 2 large diaphragm, which forms
a virtually frictionless piston, is employed to balance
the stress on the specimen.  This has the advantage of
convenience, cumbrous weights being dispensed with.
It has the further very important advantages that the
inertia of the weighing apparatus becomes very small,
and that the load adjusts itsclf perfectly antomatically
to the stress. The slightest variations of stress arc
indicated by the rise of the liquid column, which
balances the stress independently of any manipulation
by the operator.  Apart from the question of the suc-
cess of M. Thomasset in overcoming the difficulties of a
new problem, his machine has very great merit from a
theoretical point of view. Other makers have procceded
on the same lines, and probably the Thomasset machine

' Lubasteur, Lea Mitaur, p. 52,
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is in some degrec the parent of the great machine at
Watertown.

One shackle of the machine being attached to the
ram of a press, the other is attached to the short arm of
a knee lever, The longer arm presses on the centre of
a diaphragm covering a circular cistern of mercury, or
of water communieating with the cistern of a merenry
mapnometer. The djaphragm is a vunleanised rubber
sheet fixed round its edge by a ring, and receiving the
load from the lever on a loose circular metal plate only
slightly less in diameter than the cistern.

Let 2 Ve the area of the circular diaphragm in sq.
centimeters ; I the stress on the specimen in kilograms 5
7 the leverage of the bent lever, The total pressure on
the diaphragm is I’/2 kilogrems, and the pressure in
the cistern is P/Qn kilograms per sq. em.  DBut if
} is the height in c.m. of the mercury column in the
manometer, measured from the level of the cistern (or,
strictly, from the point where the mereury stands with
no stress on the specimen ),—

LT
6 Qu

If 2 = 5,000 sq. c.m. (about 2-6 feet) in diameter ;
n=>5; then a column of mercury 1} meters (5 feet)
high will balance 50,000 kilograms (50 tons) of stress.
As the section of the mereury column is only sdyz of
the arca of the diaphragm, the whole movement of the
diaphragm for a load of 50 tons is only half a millimeter
(002 inch).
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58. The Muillard Testing Mackine (Fig., 51).—A
very interesting machine,! based on the same principles
as the Thomasset machine, was designed by Colonel
Maillard for use in the French arsenals, and one of
these machines is now in daily use at Woolwich.
Broadly speaking, it is a Thomasset machine in which
the lever is got rid of, and the pull taken dircetly on
the diaphragm. This involves an enlargement of the
size of the diaplragm, and some other changes. The
machine as hitherto constructed is only suitable for
short specimens, and is only arranged for tension.

In this machine the specimen is held horizontally
hetween shackles, onc attached to the ram of an hydraulic
press, the other to a crosshead which pulls on a dia-
phragm in a cistern containing fluid.  This short
cylindrical cistern has the same axis as the hydraulic
press, and necessarily the diaphragm which receives the
pressure is on the side furthest from the test-bar, so
that the crosshend is forked to surround the cistern,
The diaphragm is of caoutchoue, protected by a metal
plate.  The cistern communicates by a pipe with a
Gualy-Cazalet manometer, or a mercury manometer.
The cistern is carried on trunnions upon a ecarriage
<liding horizontally. By means of a screw and hand-
wheel the position of this carriage can be adjusted to
suit different lengths of specimen,

The stress in the test-bar, tranemitted throngh the
thackle and crosshead to the plate or piston at the

! Lelasteur, . 63,
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back of the cistern, is exactly balanced by the fluid
pressure.  The diaphragm moves at most only a small
fraction of a millimeter, so that the friction and bending
resistance of the diaphragm is quite negligable. Con-
sequently, if the graduation of the manometer is correct,
the stress is determined with great aceuracy. If P is
the stress on the bar, & the rise of the mercury column
in the manometer above the zero at which it stands
when no stress is applied, 3 the density of the mercury,
S the area of the diaphragm, s, and s, the large and
small areas of the manometric piston,—

P=h3sh,
S

To eliminate errors due to uncertainty as to the areas of
the diaphragms, to capillarity, and so on, the manometer
is graduated by experiment. The cistern is removed
from the machine, laid horizontally, and loaded with
standard weights.

In a good manometer the tube must be at least
8 centimeters in diameter (1% inches) ; with a smaller
column, drops of mercury remain attached to the tube
when the column fulls. The manometric piston in
the manometer used is so arranged that the centi-
meter rise of column corresponds to the kilogram per
square centimeter on the smaller piston, and conse-
quently on the diaphragm of the main cistern of the
testing machine, Ilenceif nis the rise of column in cen-
timeters, and S the area of diaphragm in centimeters,—

=28
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58. The Muillard Testing Machine (Fig. 51).—A
very interesting machine,! based on the same principles
as the Thomasset machine, was designed by Colonet
Maillard for use in the French arsenals, and one of
these machines is now in daily use at Woolwich.
Broadly speaking, it is a Thomasset machine in which
the lever is got rid of, and the pull taken dircetly on
the diaphragm. This involves an enlargement of the
size of the diaphragm, and some other changes. The
machine as hitherto constructed is only suitable for
short specimens, and is only arranged for tension,

In this machine the specimen is held horizontally
Detween shackles, one attached to theram of an hydraulic
press, the other to a crosshead which pulls on a dia-
plragm in a cistern containing fluid.  This short
cylindrical cistern has the same axis as the hydraulic
press, and necessarily the dinphragm which receives the
pressure is on the side furthest from the test-bar, so
that the crosshead is forked to surround the cistern.
The diaphragm is of caoutchoue, protected by a metal
plate.  The cistern communicates by a pipe with a
Galy-Cazalet manometer, or a mcrcury manometer.
The cistern is carried on trunnions upon a carringe
sliding horizontally. By means of a screw and hand.
wheel the position of this carriage ean be adjusted to
suit different Iengths of specimen,

The stress in the test-bar, transmitted through the
thackle and crosshead to the plate or piston ut the

' Ladasteur, p, 63,
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back of the cistern, is exactly balanced by the fluid
pressure. The diaphragm moves at most only a small
fraction of a millimeter, so that the friction and bending
resistance of the diaphragm is quite negligable. Con-
sequently, if the graduation of the manometer is correct,
the stress is determined with great accuracy. If P is
the stress on the bar, & the rise of the mercury column
in the manometer above the zero at which it stands
when no stress is applied, & the density of the mercury,
S the aren of the diaphragm, s and s, the large and
small areas of the manometric piston,—

P=2x3s,

To climinate errors due to uncertainty as to the areas of
the diaphragms, to capillarity, and so on, the manometer
is graduated by experiment. The cistern is removed
from the machine, laid horizontally, and loaded with
standard weights.

In a good manometer the tube must be at least
3 centimeters in diameter (1] inches) 5 with o smaller
column, drops of mercury remain attached to the tube
when the column falls. The manometric piston in
the manometer used is so arranged that the centi-
meter rise of column corresponds to the kilogram per
square centimeter on the smaller piston, and conse-
quently on the diaphragm of the main cistern of the
testing machine. Henceif nis the rise of column in cen-
timeters, and § the avea of disphragm in centimeters,—

P=nS.
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In the machine at the Ruelle Foundry the diameter of
the large diaphragm is 9 feet.

59. Wire-testing Machine of Messrs. W. 1. Bailey and
Co., of Salford—Fig 58 shows a very nicely arranged
small tension machine, on the same principle as Cal.
Maillard’s. One end of the specimen is held in friction-
rips in a shockle attached to a screw and hand-wheel,
which takes up the clongation. The other shackle is
attached to crossheads and links, nhich surround the
diaphragm chamber, and apply the load on the back of
the diaphragm. The pressurein the diaphragm chamber
is transwitted to a pressure-gauge and to a merenry
eotumn, vither of which can be used.  There is u valve
on the pipe allowing flow towards the pressure-gauge
or wereury column, but preventing back flow. This
holds the gavge at the maximum pressure, and prevents
injury when the specimen breaks and the load is sud-
deuly removed. A small hand-wheel opens this valve
and lets off the pressure slowly. The machine will
give a tension of 1,500 lbs,

EMERY MACHINES,

60, The 450-ton Emery Testing Mackine at Water-
toreq. drsenal, US.cL.—1In 1872 o comtuittee of Ameris
can engineers was formed to nrge on the Government
of the United States the importance of & thorougls and
complete series of tests of American iron and steel.
Sabrequently, by dircetion of the Goverminent, n Doard

was comtitated for the purpose of carrying ont tests
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The Emery machines differ essentially in prineiple
from any others. They are really compound lever
machines, with an hydraulic press acting on one end of
the specimen, and a lever weighing apparatus on the
other end. But their greatest peculiarity is that a
kind of hydraulic lever is introduced between the speci-
men and the weighing apparatus. The pull of the
specimen is taken on an * hydraulic support,’ the action
of which is like that of the diaphragm in the Maillard
machine. The fluid pressure in the hydrauiic support,
which is exactly proportional to the stress on the test-
bar, is transmitted through a very small pipe to act on
a frictionless diaphragm of comparatively small size, and
it is the pressure on this diaphragm only which has
to be balanced by the lever weighing apparatus. The
weighing apparatus can thercfore be made of small size,
and of the utmost refinement and accuracy.

In the 75-ton machine the ratio of aveas of the dia-
phragms is 20 : 1, so that the lever weighing apparatus
has to balance 3'75 tons only with the full Joad. There
are three levers with ratios of 1: 20, 1 : 20, and 1 : 40,
50 that the resultant leverage is 320,000 to 1.

The action of the Emery machine may, perhaps, be
made clear by the diagrammatic sketch of a vertical
machine (Fig. 59). A tension specimen is shown
between the shackles S, S;.  The upper shackle is held
by the ram of the hydraulic press, which can be adjusted
on the guide-screws G, G.  These screws are fixed on
the frame T, F of the machine. The lower shackle is
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attached to a yoke or frame Y, Y, which transmits the
load to the hydraulic support. At s is a thin circular
brass sac, filled with alcohol and glycerine, supported
over all its area, except a ring % inch wide at its cir-
cumference, by the strong and rigid crossheads Dy, T
When the machine Fi6 60

t
20

is acting as shown
in tension the yoke

AR

transmits the load
to the crosshead P,,% N , T

and thence through

RN

the sac s to I,
which rests against = 5

the stops a, @ on the =
frame. For com-
pression  the yoke ‘ ¢
presses downwards || S,

on Py, through s to ﬁ s

P,, and T, then rests

on the stops 2,0.
The whole play of
the crossheads be- A d

tween the stopseand
b is only xggy inch.

The movement of the yoke and compression of the
hydraulic support is determined by the amount of
motion permitted in the lever weighing apparatus.
With the 75-ton machine, when the indicating lever
moves 4 inches (2 inches above or below mean position)

P




160 TESTING OF MATERIALS OF CONSTRUCTION

hydraulic press 1569 (Fig. 1), with its shackle or holder
1475. At the left is the hydraulic support, the cross-
heads of which are scen at 1455, 1456, with the other
shackle 1475, The frame at the left end is connected
with the press by the guide-screws 1450. The hydraulic
press is carried on a four-wheel truck, and can be set at
any distance from the hydraulic support, to suit different
lengths of test-bar. The guide-screws are 48 feet long
and 8% inches diwmeter, and are driven by the geared
nuts 1569 and the gearing at the extreme right of the
figure. When the gearing is not acting the press is
locked to the screws. The press has a 20-inch ram, with
a piston-rod 10 inches diameter. The press is worked
by accumulators, and acts in both directions, according
as tension or compression is required.

In cach of the test-bar holders there are two 14-inch
hydraulic presses, which grip the specimen with a force
of 500 tons.

The space for the ends of the specimen is 10 inches
decp in the middle and 5 inches at the sides, and it is
30 inches wide.

The hydranlic support rests on a longitudinal slide,
its motion being controlled by powerful buffer-springs,
which absorb the recoil when the specimen breaks. In
ordinary conditions the buffer-springs merely hold the
lydraulic support in its middle position.. When a
specimen breaks, the press and hydraulic support recoil
in opposite directions, the forces developed being op-
posed by the guide-screws. But as the recoiling forces
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manometer. This seems to contain the essentials of a
perfect torsion machine, but the shackle arrangements
for holding torsion specimens do not scem as yet to have
been fully thought out. Prof. Kennedy gives details of
a small torsional machine.!

Thurston’s autographic torsional machine will be
described in a later chapter.?

62. Machines for Transverse or Cross-breaking Tests.
—Shackles for cross-breaking are provided with most
large testing machines, and will be described in the
next chapter. For transverse tests of cast iron small
special testing machines arc useful. Bars of cast fron
31 feet x 2 inches x 1 inch, laid on supports 3 feet
apart, with the deeper side vertical, break with from 25
10 40 cwis. placed at the centre, so that the loads to be
dealt with in tests of this kind are not very great.

F1a 61

Tig. 61 shows a small machine, made by MMessrs.
Tangye Brothers, for tests of this kind. The bar rests
on knife-edges on the basc-plate, and is loaded at the

1 «Engineering Laborataries * Proc. Tnst. Ciil Dngineers, vol Ixxxvnt.
* Furst deseribed in Proc, Am Soc. of Cieil Enguncers, 1874, p 350
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centre by a lever and jockey weight,  Semewhat similar
machines are made by Messrs. W. . Bailey & Co,, nnel
probably by othier engineers.

M. Kublmann hos introduced a muchine of vather
more claborate construction for breabing eylindrienl
test-bars 3 inch in diameter and 8 inches in length,
1t is suggested that small test-bars of this Ml cun Y
more easily and accurately east, can he ennt vatienlly,
and are, if desired, casily turned in the Tathe, po un .“,
be quite accurate in form.  The pattern for casting
them is a polished metal bav. There in an nrrun;{uum:;,
in the machine for mdicating deflections,

Another convenient arrangement, hnown s {hy
¢ Balance Monge,’ is in use in somo gun factorien,
consists of a Dbracket
(Fig. 62), fixed ton wall,
having two opposcd
knife-edges. By a bridle

It

Fwe

and Dblock a scale-plat-
+ form is attached to the
bar.

63. The Bending and
Temper Test—A  very
convenient practical test of the ductibty of n material is to
bend a strip about 1} inch wide over a cotner of small

radius, and observe the angle at which 1t cracks on the
extended side.  Sometimes the test is made on strpsin
the condition in which the material 1 1eceived.  In the
case of stec], strips are heated to cherry red and plunged

n 2
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in water of a temperature of 80° before bending. This
shows whether the steel tempers or hardens by sudden
cooling. Sometimes the strips are simply sheared strips.
At other times the edges of the strips are planed or the
strips anncaled, and they then bend to greater angles
before cracking,

The roughest plan of bending is to put the strip of
plate over a V-block, and bend it by blows of a heavy
swage ; the bending is continued by light endway blows
of a steam hammer. A press for bending angle iron
may be used in a somewhat similar way, the pressure
being applied first transversely, theh endways. In
experiments by Prof Kennedy,' bars 11 inch square
were supported on knife-cdges 6 inches apart. A load
was applied steadily on a central bearing-piece of
12 inch radius. When the angle reached 90° the bear-
ing-piece was reduced to I inch radius. In experiments
for the Board of Trade, strips were placed on supports
10 inches apart and bent by hydraulic pressure to an
angle of 90° by a ram with a rounded end of 2 inches
radius. The bending was then continued till the strip
cracked or the angle reached 180° by quiet pressure ap-
plied at the ends, in the testing machine. Mr. Stroh-
meyer? clamped pieces between a steam hammer and its
anvil, hammering the projecting end till the strip was
bent throngh an angle of 45°. It was then reversed and

! ¢The Uso of Stecl Castings,” Parker. Journal of the Iron and
Steel Instatute,

* ¢The Working of Steel,” Strohimeyer. Proe. Inst. of Ciril Engi-
neere, vol, lxxxiy
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bent in the opposite direction, and the bendings con-
tinued till fracture occurred. The number of bendings
is taken as a measure of the ductility of the material.
To ensure accurate bending to a given angle, an anvil
mould, with a radius of curvature of 1§ inch, was used
below the test piece.

A lever apparatus for quietly bending strips of plate
is deseribed in the work cited below.! Tig. 63 shows
a small apparatus of this kind introduced Ly Mr, A.

H. Kuhlmann. It has a sc1ew worked by a handwheel
or by a ratchet lever. The picce to be tested is bent in
the middle, and the angle mensured subsequently. It
will bend strips 2 inches wide and 4 inch thick.

64, Testing Pipes— As water mains of cast iron are
ordered in very large quantitics, special arrungements
for testing them Lefore delivery are generally adopted.

The general quality of the metal used is determined
by testing sample bars cast once or twice a day from the
sume metal as the pipes. These are most commonly
bars 2 ins, x 1inch x 40ins | which are broken trans-

* Die Evgenschafien ton Even wnd Stahl W iesbaden, 1880
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versely on supports 36 inches apart. In some cases,
however, a tension test is made ; and this is no doubt
the more rational proceeding.

Next to this, the regularity of form of the pipesis
tested. The thicknessis tested by callipering, long cal-
lipers of special construction being used. A variation
of 1 inch in thickness is the most gencrally allowed. A
pipe with 2 inch variation in thickness should be re-
jected unless the working pressure is light. In rolling
the pipes they nsually come to rest with a thin side
uppermost, and this is some guide in determining the
thickness. Ordinary callipers are 18 inches in length ;
special callipers have been made up to 6 feet in length,
but these, from their springiness, require a good deal of
care and skill in use. Deviation in weight is also noted.
Usually pipes with a deviation of 2 to 5 per cent. are
rejected.  Socket and spigot gauges for the inside of
the socket and outside of the spigot are also used. A
disc with a long handle passed through the pipe is
used to show deviations from eylindrical form. The
disc is usually 3 inch less in diameter than the nominal
bore of the pipe. This disc should pass fairly through
the pipe while held square.

The most important test, however, is the hydraulic
pressure test. The testing machine comsists of two
standards on a frame, carrying dises which are pressed
against the ends of the pipe. One dise is fixed, the other
movable. A grummet, consisting of an iron ring
served with tarred rope or yarn, is inserted between the
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dises and pipe to make a joint. The movable head is
forced up by a screw, which excrts considerable pres-
surc. Water is then run in till the pipe is full from a
cistern, the air eseaping by an air-vent. The air-vent
and supply-pipe are then closed, and a pressure pro-
duced by a small force-pump. A weighted valve and a
pressure-gauge show when the pressure required for
testing is attained. TFor pipes of 30 inches or more in
diameter 4 to 5 lengths can be tested per hour. The
pressure proseribed is usually double the working pres-
sure. While under pressure the pipes are struck hard
with a hammer of 5 to 7 lbs. Leakage through the
pipe is indicated by the fall of pressure shown by the
gauge. If proved before coating with tar or asphalte
defects are more easily seen.

64 a. Calibration of a Testing Machinc.—Experi-
mental verification of the accuracy and sensitiveness
of a testing machine is absolutely necessary, both in the
first instance and at intervals afterwards. It will be
sufficient to describe the process of verification adopted
for the 100-ton Buckton testing machine. The stress
in this machine is weighed by a jockey weight, and the
first point to verify is that this jockey weight is exactly
1 ton. The jockey weight was adjusted at the
Standards Office, and certified by the inspector., Tt is
not difficult to verify this weight from time to time by
lifting it, with one of the convenient steelyard weigh-
ing machines interposed between the crane-hook ang
weight.
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Adjustment to Zero of Scale.—The adjustment is easily
effected, and is necessary after any change of the shackles
used. The jockey weight is run back till the lever rests
in absolute equilibrium midway between the stops. The
vernier attached to the jockey weight is then set to zero
on the scale.

Verification of the Jockey Weight by the use of the
Lever—A very simple test of the accuracy of the
jockey weight is made in this way. A uniformly
graduated seale runs along the lever. Division 5 co-
inaides with the principal knife-cdge on which the lever
rests, and at division 45 a subsidiary knife-edge has
been fixed. Bring the lever to balance, and set the
vernier to zero. Then run back the jockey weight to
~ 1 on the seale, A weight of 56 1bs., hung at divi-
sion 43, or forty divisions from the fulcrum, onght to be
in balance with the jockey weight moved one division
back. If it is not, the jockey weight is not a ton. This
simple test, which can be made in ten minutes, is suffi-
cient at any time to check the accuracy of the jockey
weight to about 12 Ibs.

Verification of the Agreement of the Scale Divisions
with the Short-arm Length of the Lever.~The falerum
distance in this machine is 4 inches, and the unit of the
scale must be 4 inches also. The agreement of the
seale nnit with the short-arm length is best determined
Iy weighing. For this purpesea standard 1-ton weight,
made of a suitable form, is lumg from the shackle of
the machine. The lever ix balanced, and the vernier
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set to zero. The ton weight is then hung in the shackle,
and balanced by the jockey weight. The vernier ought
then to read 1 ton on the scale. If it does not, the
fulerum distance must be altered, as it is inconvenient
to alter the scale. DPerhaps it is still more accurate to
balance 56 bs. at a leverage of 40 by the ton weight in
the shackle without moving the jockey weight.

Test of Sensitiveness.—In this machine the lever and
jockey weight, with the parts attached to them, weigh
altogether about 5 tons, and this is therefore the
minimum weight on the knife-edge. With this weight
resting on the knife-edge there is & perceptible move-
ment of the lever when } Ib. is placed on the shackle,
and a return if the weight is removed. If the friction
of the knife-edge is assumed to be proportional to the
load, the error in 100 tons of stress would only be
103 Ibs.

Probably a greater sensitiveness than this could be
obtained if necessary.  The knife-edge of this machine
is of the exceptionally great length of 22 inches. Any
initial or induced flexwie virtually broadens the knife-
edge and reduces the sensitiveness.  Hence a very long
knife-edge, though more durable, is likely to be less
sensitive than a shorter one.

Test of Neutrality of the Lever —'The centre of gravity
of the lever and jockey weight should be on the line
passing through the knife-edges. If it is not so, the
leverage alters, cither decreasing or increasing as the
inclination of the lever alters. The author has tested
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T/w is the apparent lenacity, which may be less than
the real tenacity to almost any extent.

(1) The stress on the cross section will cease to be
uniform if the resultant of theload P (Fig. 64, B), does
not pass through the centre of figure. The stress is
then a varying stress, varying uniformly so long as the
clastic limit is not passed, and according to some other
law if it is passed. The specimen tears from tlie edge
where the stress is greatest. At C the load is also
eccentric, and this indicates how non-uniformity of
stress may be produced by unbomogencousness of the
material itsclf. A patch of material of different extensi-
bility from the rest produces a similar effect to a hole.

(2) The stress on cross sections may be rendered
non-uniform by the local action of contiguous material.
Thus, bars of the form D are known to break with o
low apparent tenacity. The unstrained material @ pre-
vents the clongation of the adjoining material b, and
virtually renders the material unhomogeneous. In the
form E a similar action ocenrs ; but here the less strained
material on either side of the section of fracture hinders
contraction so much as to raise the apparent tenacity
(sce § 33).

66. Pin Grips—The oldest way of holding plate
specimens is to drill a hole at each end and narrow the
bar in the middle by slotting or milling. The test bars
are then of the form A (Fig. 63). A stecl pin in the
jaws of the testing machine shackles passes through

cach pinhole in the specimen.  This method of lolding
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plate specimens is convenient and satisfactory, especially
when the test bar is of large size.

The pinholes must be accurately on the axis of the
narrowed part of the bar to ensure uniformity of stress.
But, besides this, it is important that the pins should be
so large as not only to be safe against shearing, but so
that the erushing pressure on the surfuce of the pin-
holes is not great enough to largely deform them. If
this is not attended to the bar will almost certainly
break from the pinhole across the enlarged ends, even
when these are considerably larger than the narrow part
of the test bar.

Let a be the area of section of the bar at « 4, and d
the diameter of the pin. Then, the shearmg section of
the pin will be sufficient if

T a2r =
édﬁ—/»/}a,

where f; and f, are the tearing and shearing resistances
of the plate and pin, and 4 a factor of safety not less
than 3. Iff, =f,

d =138 Vg,

Thus, for breaking specimens of 4 sq. ins. area, a pin
is required of 2§ inches diameter.

Now let ¢ = thickness of test bar, and , the pressure
at which it crushes. Then, in order that the pinhole
may be safe against deformation,

i @ must be less than f; d ¢,
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Fie 65

Fig. 66 shows the arrangement of the wedge-grip
shackles in the Werder Machine. This shackle differs
from those most used in this country—(1) in the short-
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ness of the wedges ; (2) in the slot in the shackle being
open at the ends, so that any width of plate can be held.
On the other hand, there is no provision for fairly

Fic 66

holding test pieces the faces of which are not parallel.
Perhaps this is less important when the wedges are
short. For with short wedges the serrations bite deeply
into the bar, and so to a certain extent adjust themsclves
to a small defect of parallelism in the faces,

Rickle's Wedges.—In order to ensure the coincidence
of the tension with the axis of the specimen, Messrs,
Riehle Brothers, of Philadelphia, adopt » plan different
from that used in this country. The shackle has a
rectangular recess, so that the wedges which grip the
specimen cannot swivel. There would, therefore, with
ordinary flat-faced wedges be a likelihood that the
wedges would grip the specimen more on one side than

~
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Fra, 63

Tig. 66 shows the arrangement of the wedge-grip
#hackles in the Werder Machine, This shackle differs
from those most used in this country—(1) in the short-
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ness of the wedges ; (2) in the slot in the shackle being
open at the ends, so that any width of plate can be held.
On the other hand, there is no provision for fairly

Fie 08

holding test pieces the faces of which are not parallel.
Perhaps this is less important when the wedges are
short. TFor with short wedges the serrations bite deeply
into the bar, and so toa certain extent adjust themselves
to a small defect of parallelism in the faces.

Rickle's Wedges.—In order to ensure the coincidence
of the tension with the axis of the specimen, Messrs.
Richle Brothers, of Philadelpluz, adopt a plan different
from that used in this country. The shackle has a
rectangular recess, =0 that the wedges which grip the
specimen cannot swivel. There would, therefore, with
ordinary flat-faced wedges be a likelihood that the
wedges would grip the specimen more on one side than

N
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the other ; in fact, if the specimen were thicker on one
side they would inevitably do so. To avoid this the
wedges are made with a round face.

Fia 67

The shackle is shown at A (Fig. 67), and the round-
faced wedges at C, C, with the specimen between them :

Fio 68 e is a pin used to adjust the specimen
between the wedges. Fig. 68 shows on
a larger scale the form of one of Riehle's
wedges.

Shaclles of the Emery Testing Machine,
These are as original and ingenious as
the other details of the machine, and
more nearly comply with the conditions
required for perfectly holding o test bar
than any other shackle. Fig. 69 shows the shackle. g
is the end of the press ram, or yoke, towhich the shackle
istobe attached, fis a nut forming part of the shackle.
In the shackle two oblique cylindrical holes are bored,
forming the scats for the sliding wedge pieces 5. In
these wedge pieces are fitted the varions gripping
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picces ¢, to suit flat plates of different thicknesses or
round or square bars. The wedges b slide so that their
faces are perfectly paral- Yo 6o

lel. The gripping picces
are cylindrical, so that
they can adjust them-
sclves to plates of un-
equal thickness. The
wedges b are not, as in
other machines, loose,
but form a permanent
part of the shackle; a
toothed rack is formed
on the side of them, cn-
gaging a pinion driven
Ly the shaft %, so that
they can be moved for-

ward to grip the test
piece. A ratchet and
click prevents the slack-
ing back. The wedges

are traversed by a bar d
carried by the rod e,
which is pressed by a
spring, against whieh
the rotation of the shaft 2
moves them. Under fis
an elastic packing to pre-
vent injury by shock.
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The gripping pieces ¢ are each in two parts, the back
part being roughened with tecth, the front part plain,
This allows a certain stretch of the specimen in the
length of the gripping pieces, and at the same time
holds them by a double bite. This prevents fracture
of the test piece inside the shackle. .

68. Colonel Maillard’s Grips.—In the Maillard
machine very convenient grips are used in the form of

O

LR

Fro 70
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two half-rings n, n, screwed on the outside. The test
bar is formed with shoulders at the ends, A pair of
grips enclose the shoulder, and these are then screwed
into the shackles of the machine. Fig. 70 shows these
grips, which are extremely simple and convenient to use.

69. Shackles 1cith Spherical Dearing-surfaces.—For
very accurate experiments, especially for experiments
on the modulus of clasticity, the coincidence of the ten-
sion with the axis of the bar is of great importance.
It is best sccured by carrying the bar on bearing-
surfaces which are spherical. This has been done in
several testing machines for round bars, but has not
been accomplished for plates.

The eusiest way of supporting round bars is to form
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the Grafenstaden Engine Co., of Mulhouse. Two hinged
boxes grasp the test bar, whichis formed with shonlders.

F1a, 73

Between the shoulders of
the bar and the boxes
half-rings with spherical
seats are inserted, so that
the bar may swivel into
the line of pull. *w

0. Bauschinger's Ten- 2
sion Shackle for Specimens of Wood—TFig. 74 shows a
castron shackle for specimens of timber wsed in
Bauschinger’s rescarches, The dovetniled end of the
shackle fits into the ordinary tensfon shackle of the
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testing machine. The shackle is in two halves, and the
specimen is centred by the set screws. In order to get

=

a uniform distribution of stress in the neighbourhood
of the shoulders, two thin wedges, or keys, are driven
in at the back of the specimen.

71. Kortum’s Patent Rope Attuchment.—Ropes are
amongst the most difficult of materials to hold satisfac-
torily in the testing machine. Tig. 75 shows a form of
attachment which appears to have been used satisfac-
torily both for hemp and wire ropes. The figure shows
an ordinary sttachment, and not one ade specially for
testing. But shackles of precisely this kind, made some-
what more strongly, have been used in the testing
laboratory at Berlin for testing ropes. By any process
of splicing or knotting the rope is njured, or at least
bending stresses are introduced which weaken the rope
in the neighbourhood of the shackle,
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Kortum’s shackle consists of a conical shell or
thimble, provided mth a hook or loop, and having
Fio 7 internal gripping wedges &
which compress the rope be-
tween them. The wedges
are so formed as to compress
the rope concentrically, and,
having a greater taper than
the thimble, the pressure is
greatest at the free end of
the rope and least near the
mouth of the thimble. Hence
the bite on the rope increases
regularly from the mouth
backwards. The wedges have
teeth on the inside, which indent the rope without
sensibly injuring it near the mouth of the shackle.
They are easily fixed, and adjust themsc]ws automatic-
ally as the tension comes on the rope.

1I. SHACKLES FOR OTHER TESTS.

72, Fig. 76 shows a crushing shackle, dcsigncd by
the author for short specimens, There s is the speci-
men, a cabe of stone, for instance, which rests between
the two parts of the shackle. The pull on the shackles
exerts a erushing foree of equal amount on the stone.
The shackles are guided by the side Lolts, so that the
opposite faces remain parallel,  To distribute fairly
the load on the stone block, which may be, to a small
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estent, out of truth, n cup-and-ball distance picce, with
well lubricated surfaces, is placed between the upper
face of the stone and the shackle.

Fie 76,

73. Kennedy's Torsion Shackle. — Fig. 77 shows a
form of friction grip used by Prof. Kennedy for holding
specimens subjected to torsion; « is the specimen, held
between two V-shaped fixed jaws and a third movalle
jaw. This Jast is centred eccentrically to the curvature
of its surface, so that the slight rotation of the specimen,
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purpose the plan generally used is to indent the speci-
men by a given load, and measure the depth of indenta-

Fi. §0. tion. Major Wade used ahardened-
steel pyramidal point, or knife-edge,
as shown at A (Fig. 80), held in a
guide-block which could be placed
in the testing machine. A pressure
of 5 tons was used to force the point
or edge into the specimen, and the
relative hardness was taken to be
proportional to the volume of inden-
tation. Colonel Rosset has improved
this arrangement by adopting the
form of point shown at B. The
point consists of two knife-edges
inclined at 163°, the angle of the knife-edges being 90°.
Mr. Turner has used a quite different method. Ie
fixes a diamond in a wooden lath, so that it rests nor-
mally on the specimen. The weight in grams which
must be placed on the lath to cause the diamond to
seratch the specimen is taken to be proportional to the
hardness.

77. Forms of Test Bars for Tension—In Fig. 81, @
shiows the old form, used by ITodgkinson for cast iron,
with pin shackles ; b shows a form suitable for cast
iron, used by Professor Kennedy. For cast iron the
author prefers the form £, with screwed ends and nuts

with sphericn) seatings.
For duetile materials, such as wrought iron and soft
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steel, the forms ¢, d, ¢, f, g, Iy k, [ are used, and {he
ordinary size of these is marked in metric or English
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CHAPTER VI

MEASURING INSTRUMENTS.

Orpisary graduated messuring instruments are re-
quired in the engineering laboratory to determine the
dimensions of test bars., In some cases the deforma-
tions (elongations, deflections, &c.) can he measured
accurately enough by the same instruments. For the |
more accurate measurement of strains, however, special
measuring instruments are required.

79. The Graduated Straight-cdge.—Steel straight-
edges of different lengths, graduated on the edge, are
used for several purposes. For the rongher tests dimen-
sions may be callipered, and the callipers placed on the
graduated straight-cdge. Extensions of duetile ma-
terials can be measured in a similar way, Two slight
centre punch-marks arc made on the bar, and the dis-
tance between these is taken by a beam compass, which
is then placed on the graduated straight-edge. The
differences of suceessive mensurements are the elonga-
tions. The most convenient graduated straight-cdges
are made by the Brown & Sharpe Manufacturing
Company, of Providence, U.S.A. These have gradua-
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tions into ¢y inch and y}y inch, and into millimeters
and fifths of millimeters.

80. The Straight Vernier Calliper.—The beam com-
pass of the draughtsman is very commonly graduated
along the beam, and a vernicr is fixed on the sliding
head. The fault of the beam compass, however, is the
springiness of the points, and want of perfect truth of
the shding surfaces of the beam. A straight vernier
calliper is, in fact, a beam compass with very rigid points
and a metal beam. Fig 86 shows the construction of

FI1c 86

S
NRTETE

a vernier calliper as made by Messrs. Brown & Sharpe.
A steel straight-edge of very accurate form is bent
down at & to form one leg. On this slides Very accu.
rately the shding head B, carrying the sccond leg a.
For more accurately adjusting the position of the shding
head B there is a third slide C, which can be clamped
to the bar, and from which the position of I can be ad.
justed by a fine-pitched screw.  The face of B 15 cqt
away to show the seale, and the bevelled face of the slot
is graduated as a vernier.

The most convenient graduation for English meq.
sures is for the scale to be divided into tenths, and aneh

o



194 TESTING OF MATERIALS OF CONSTRUCTION

tenth into quarters, A quarter-tenth reads twenty-five
thousandths. If now on the vernier a length of twenty-
five quarter-tenths is divided into twenty-five, the vernier
will read off thousandths of an inch.

The outside diameter, or width, of bars is obtained
by placing them between the jaws a 4, and sliding the
moving head till contact with gentle pressure is obtained.
The calliper shonld be held lightly in both hands, and
by slight movements it is casy to determine if the jaws
are square with the bar to be measured. No excessive
pressure must be used or the instrument will be injured.
Inside diameters of rivet-holes and similar mensure-
ments may be obtained by using the rounded outsides
of the jaws @ 6. There is then a fixed quantity to be
added to the reading on the seale. Some callipers, how-
ever, have two verniers, so placed that one reads out-
stdes and the other insides.

The steel vernier eallipers of Messrs. Brown &
Sharpe are extremely useful and trastwortly, and will
even bear moderate rough uvsage without much injury.
The shortness of the jaws is, however, sometimes incon-
venient.

Instruments of the same kind, somewhat more finely
graduated, and with Jonger jaws and heavier slides, are
made by Messrs, IMoltzapfel and  Messrs. Elliott
Brothers.

81. 7he Serce Micremeter—This instrument (Fig.
87) i« a kind of calliper, nnd is uschul for determining
the dimensions of the smaller test bare, At one end of
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2 bent frame is a fixed abutment, at the other a cylin-
drical bar C, moved by a finc-pitched screw. By
turning the sleeve D, the bar C advances to or retires
from the abutment An object to be measured is placed

Fig 87

e ]

in the jaws, and C is advanced till thare is contact with
gentle pressure.  Some tact is required, and it should
be remembered that a force apphed to the sleeve pro-
duces a much greater pressure between the jaws. There
is a graduation along the straight cylinder at a into
tenths of an inch and quarter-tenths, and the edge of
the sleeve D is itself graduated into twenty-five divi-
sions, each of which corresponds to & movement of the
jaw of 155 inch.  As the divisions are open, it is quite
possible to read the scale by ecstimation to one-fifth
of 1goe inch.  Dut although this reading is casy,
it is mot cqually casy to ensure the deheacy of
touch required for so great accuracy, In the Brown
& Sharpe micrometer calliper the adjustment to zero,
if the instrument wears, is effected by withdrawing the
sleeve D, and applying a small wrench to a nut inside,

a9
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The instrument should be tried occasionally to sce
whether, when screwed home till the faces of the jaws
touch, the scale really reads zero. If not, adjustment is
required. The nccuracy of this instrument depends
entirely on the accuracy with which the fine-pitched
screw is cut. When obtained from a really trustworthy
maker the screw can generally be relied on to read
accurately to the nearest g5y inch. DBeyond this
degree of accuracy, however, no screw can be trusted
which hns not been independently tested.  Usually
these instruments take between the jaws cither 1 inch
or 2 inches at most.

82. Professor J. E. Sweet's Serew Micrometer.—This
instrument (Fig. 88) is made by the Syracuse Twist

Fra 83

[
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Drill Company. Tt has a ratchet-threaded measuring
serew, the working face of the serew-thread being
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normal to the axis of the screw, and the back face
inclined. The tops of the thread, both in screw and nut,
are removed, so that after wear a perfect bearing is still
obtained by closing the split-nut. A slight looseness
of the nut will not affect the measurement, on account
of the square bearing of the thread. The screw and nut
are of equal length (3 inches), to ensure equality of
wear. The screw is moved by a sleeve provided with a
milled head and held between washers, one of steel and
the other of felt, to produce an adjustable friction, so
that equal pressure may always be obtained between the
measuring points. The index-bar projecting over the
divided circle is adjustable. The pitch of the most
carcfully made screw is more or less variable, and no
two screws arc absolutely of the same pitch.  This
crror is corrccted by inclining the index-bar forward
for a screw of too fine pitch, backward for one too
coarse. Each instrument is adjusted Ly the makers to
a standard 1-inch distance-piece.  The index-bar is
mounted on a split-sleeve, threaded upon the extended
end of the measuring nut with a thread of correspond-
ing pitch. This allows the index-bar to be thrown
backsvard or forwmd to a convenient position for read-
ing, or even turned a half-revolution, if desired, to
measure work on the lathe, and read the dimension in
that position. The above, which way be termed the
head-geming, is used only for determiming the fractional
parts of an mch,  Whole inches arc measured by the
aid of standard distance-pieces, furnished with the
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instrument. The tail-spindle is unclamped, drawn
back, and a distance-picece inserted, and the spindle again
clamped. No special pains need be taken to" do this
aceurately, as the final adjustment is effected by setting
the index-bar and its sleeve. The milled head is double,
being graduated for 3% inch, and for binary fractions
as small as ¢l of 45, or g inch.  The milled head
by which the screw is turned is mounted freely on the
spindle, and held between a washer of felt and one of
steel dowelled upon the end of the spindle, and tightened
by an adjusting screw. The friction thus produced
sceures uniform pressure between the measuring points,
aud climinates the ¢ personal equation.” A variation of
Luboo inch can be recognised. e eapacity of the in-
strument 15 0 to 4 inches,

83, Whitworth's Mil'ionth Measuring Mackine and
Workshop Measuring Machine~—These are fixed instru-
ments, of heavier and much more accurate make than
the ordmary screw micrometer, The screw has 20
threads to the inch, the screw wheel 200 teeth, and the
micrometer wheel is divided into 250, so0 that each
division represents 1363aoy inch.  The end of the fast
headstock and the end of the movable headstock are
true parallel planes.  The ends of the piece to be mea-
sured must also be true parallel planes.  In measuring
to an gecuracy beyond 5,15, o feeling-piece is nsed.
This is a picce of steel about 43, inch thick, with paralic]
taces, It is introdueed between the bar to be measured
and the fast headstock.  When proper adjustment has
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Deen reached, the movement of one divisies, of ot
micrometer wheel will set fact the foling-prom, W
the feeling-picce it is said that o movomnent of ol
inch ean be distinetly felt and gangel,

Fig. 89 shows a machine of thi, type of Atnerie o
construetion (Richard's macline), with 4 4oy 3!

test picce in the jaws.  The machine consivta of 4 0014
kg 22

bed, something like a lathe-bed, with twe headutocky
one fixed, the other moved by the accurate fine-piteled
screw. The screw has a graduated head, und BOM Lt
with a vernier also. The machines are guarantecd 1,
be correct to v, ksg inch. They will read to 26boq inch
but, without special means of ascertaining the I"'Cﬂrﬂu-x’,
at the point of contact, such accuracy of reading i
stated to be fallacious.

INSTRUMENTS FOR MEASURING STRAINS

84, In almost all experiments on the clustic Proper.
ties of materials it is necessary to measure the straing
or deformations which correspond to different stresses,
Thus, in tensile tests the clongations are measured, iy

torsional tests the twist, in bending tests the deflection,

T
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instrument.  The tail-spindle is unclamped, drawn
Dhack, and a distance-piece inserted, and the spindle again
clamped.  No special pains nced be taken to” do this
accurately, as the final adjustment ie effected by setting
the index-bar and itssleeve. The milled head is double,
being graduated for 15'55 inch, and for binary fractions
as small as ¢f of 4y, or yglry inch. The milled head
by which the screw is turned is mounted frecly on the
spindle, and leld between a washer of felt and one of
steel dowelled npon the end of the spindle, and tightened
by an adjusting screw. The friction thus produced
sceures uniform pressure between the measuring points,
and climinates the ‘ personal equation.’ A variation of
Juheg inch can be recognised.  The eapacity of the in-
strument is 0 to + inches.

83, Whitwarth's Millionth Measuring Mackine and
Wordshop Measuring Mackine~—These are fixed instra-
ments, of heavier and much more accurate make than
the ordinary serew micrometer. The screw has 20
threads to the inch, the screw wheel 200 teeth, and the
micrometer wheel is divided into 230, so that each
division represents 14 )aow inch.  The end of the fast
lieadstock and the end of the movable headstock are
true parallel planes.  The ends of the piece to be mea-
sured st alvo be true parallel planes.  In measuring
to an aceuracy beyond p,d,, 8 feeling-piece iy nsed.
This is a piece of steel about 3, inch thick, with paralld
taces, Tt s mtroduced between the bar to be measured
utd the fast headstock. When proper adjustment has
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been reached, the movement of one division of the

micrometer wheel will set fast the feeling-piece. Without

the feeling-piece it is said that a movement of yylgy
inch can be distinctly felt and gauged.

Tig, 89 shows a machine of this type of American

" construction (Richard’s machine), with a standard

test piece in the jaws. The machine consists of a solid
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bed, something like a lathe-bed, with two headstocks,
one fixed, the other moved by the accurate fine-pitched
screw. The screw has a gradunted head, and sometimes
with a vernier also. The machines are gnaranteed to
be coriect to 15ky, inch. They will read to 35345 inch,
but, without special means of ascertaining the pressure
at the point of contaet, such accuracy of reading is
stated to be fullacious.

INSTRUMENTS FOR MEASURING STRAINS.

84. In almost all experiments on the elastic proper-
ties of materials it i necessary to measure the strains
or deformations which correspond to different stresses.
Thus, in tensile tests the clongations are measured, in
torsional tests the twist, in bending tests the deflection.
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In ordinary commereial tests of the quality of ductile
materials, such as wrought iron and steel, only the
ultimate permanent deformation is measured, and since,
in such cases, this deformation is considerable, compara-
tively rough measurements are sufficient. Thus, if a
soft-steel bar is broken by tension, the permanent
stretching of an 8-inch length may amount to 2 inches.
An error of cven 4% inch in measuring this would be
only 1 per cent. of the clongation, and that is accuracy
enough for practical purposes. Of course, for somewhat
more rigid material, such as wrought-iron plates, the
extension s less, and it is desirable to make the
measurement more closely.  DBut even in that case no
very refined measurement is practicable, because of the
difliculty of fitting togetber the broken picces. To
ascertain the strains in ductile materials diring the
progress of a test, after the clastic limit is paseed, some-
what rough measurements are alse sufficient. But it
is altogether diffeient in observing the strains within
the clastic limit. A mild-stecl Dar, 30 inches long, is
stretehed Jess than ylg inch when the elastic limit js
reached  For an accuracy of 1 per cent, the error of
measurement must, therefore, not exceed yu g inch
and measurement to this degree of accuracy is more
difficult than s commonly supposed,  If the true
elustic Timit is to be determined, measurements to at
Yast y o Juue neh are necessary, The smallness of this
quantity may Le realiced by the aid of an illustration
due to Nird Whitworth : 45,4, inchisonly 4}, of the
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thickness of a sheet of thin forcign letter-paper, In
the case of standard measures of length, with bars of
the most suitable form, the measurement, cven to this
degree of accuracy, is comparatively casy. DBut mea-
surcments of deformation have to be made on test bars
of a form less suited for measurement and under con-
ditions of some difficulty. Hence special methods are
necessary, and instruments specially arranged for tle
PUVPOSC‘.

In the case of test bars, a difficulty of measurement
arises out of the occurrence of a change of curvature of
the bar during the test. The bar may imtially have a
small curvature, and be straightened Ly the load ; or, if
the load does not act accurately along the axis of the bar,
it may become curved during Fie 90

the test. Supposea bar curved
like the bar in Tig. 90 in the
plane of the paper. If the bar
straightens by loading, the dis-
tance between a and & will in-
crease, not only by the amount
of the clongation, but by the
difference of the chord and arc
length @ 5. Suppose two clips
fixed on the bar normal to its axis, and measurements
taken between two points a,, b, By straightening of
the bar the elips will become parallel, and the distaneq
a, b, will be lengthened by the alteration of inclination
of the clips still more seriously. It is important to
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= 0375 inch, we get @, &, = 9-991 inches, and the error
due to straightening would not exceed 0°006 inch; a
quantity much less, but still large enough to be of con-
requence in clastic measurcments,  If measurements
are taken at points symmetrieally placed on either side
of the bar, the crror due to curvature is nearly elimi-
nated, the lengthening of the distance on one side being
compensated by shortening on the other.

85. The Wedge Gauge.—The wedge gauge is a tri-
angular plate, with sides sloping at 1 in 10, graduated

F16.901
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along the longer side.  If this is pushed between two
pins, or shoulders, the distance between them can be
read off on the scale, magnified by the ratio of the

G 02 sloping sides ten times. Professor
e 92 o

Eaton Hodgkinson used wedge
— J gauges, and the author also used

berrdo, 3 V‘}] wedge gauges, for measuring ex-
| \/‘L e tensions, about 1836. Two loose
Lo

‘ ' pieces, a, b (Fig. 92), were clamped
on the test bar, and the wedge
l prauge pushed between them, They
were made to bite into the test b
shightly at two joints on the test bar, at a distance /.

As the teet bar extended, the wedge gauge slipped
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further in, and the differences of readings gave the elon-
gations to 41 inch.

86, JMMicrometer Serew Lrtensometer—A\ screw is
equivalent to a wedge gauge in a more convenient form.
It is virtually & wedge gange wrapped

Fie 03.
round a eylinder. If p = pitch of screw,

d = diameter of graduated head of the

screw on which readings are taken, 4
3 = the distance to be menasured parallel 5

to the axis of the screw, A the dis-
tance on the circumference of the lhead which corre-
sponds to an axial movement &, then—

b
Bl

4

|

s
)

k
A=mdi/p.

[

Let the screw have 25 threads to the inch (p = 0-04),
and the head be about 2} inches in diameter, and
divided into 100 parts of about ), inch each. Then
each division corresponds to 5% inch, and can be
read by estimation to quarter-divisions, or y,} 54 inch.
The accuracy of the instrument depends on the uni-
formity of pitch of the serew, which is often less accu-
rate than it is intended to be. A difficulty also arises
in consequence of the clasticity of the instrument.
Differences of pressure at the point of contact cause
differences of reading.

Professor Thurston ' appears to have first used an

1 Mateiials of Eagineerany Tharston Vol n p 369
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ensure proper adjustment in a plane normal to that of
the micrometer screws, the centring screws A% are
brought te bear on the surface of the test bar, after the
rods d d have been thrown into gear, and the points of
the micrometer screws placed over the centre of the
contact-plugs. Then the centring screws are foreed
slightly into the test piece, so as to hold securely. After
this, the side bars dd arc gently removed, and the
electric wires attached. The plane of contact of the
micrometer screws and contact-plugs is in the middle
of the measured length.

It is claimed for this apparatus that :—

(1) Its construction is symmetrical.

(2) It is appheable to various shapes of test bar.

(3) It can be adjusted with certainty, so that the
screws are symmetrieal with the test bar.

(1) The micrometer screw-heads are of large size,
giving readings of small extensions.

88. Sereww Extensometer awith Levels ) —TFig. 85 shows
dingrammatically an arrangement the author has adopted,
and which obviates most of the difficulty of employing
a micrometer screw.  Two clamps grip the specimen
between pointed set serews, aa and &4, at points on a
plane pascing through the axis of the bar,  The lower
clip carries the micrometer serew e, on the hardened
point of whicl the upper elip rests,  1f, then, the clips
can be kept exactly normal to the axis of the test bar,
the micrometer tcrew measures the distance between

P Proe Phyueal Seity, vol v, p 158
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two points on the axis of the test bar—namely, the points
on the intersection of @ @ and &) with the axis. Or, to
put it another way, the micrometer screw being at the
middle of the width of the clips, it measures the mean
estension of the two sides of
the bar. Now to set the clips
accurately normal to the axis
of the bar they are provided
with delicate levels.  Before
taking a reading these are ad-
justed. The lower clip is first
set level by the adjusting screw
d. Next, the upper clip is set
level by the nicrometer screw
¢ ; lastly, the reading is taken
on the graduated head of the
micrometer screw. Fig. 96 is

Fie 95

a general view of the instru-
ment applied to a flat test bar.
¢y ¢, are chps 5 11 levels ; mthe
micrometer serew ; » a bar of
adjustable length to suit dif-
ferent test bars, The instru-
ment is very easy to usc, the

c

pressure on the micrometer screw is constant. being the
weight of the upper clip ; and lastly, the measurements
are virtually measurements made on the axis of the bar,
so that errors duc to curvature are nearly climinated.
s .
The instrument constructed reads to 34 inch.
r
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89. The Cathetometer.—The cathetometer is an
instrument for determining the difference of level of two
points by a telescope sight. It may therefore be applied

Fre, 96,

‘ [ "{' ‘

to determining the elonga-
tion of a bar under stress by
reading the length between
two fine diamond scratches
before and after the stress is
applied.

Tt consists of a telescope
with cross wires, earrying o
sensitive level, and sliding
on a very accurately formed
vertical slide. The slide is
carried on a support, round
which 1t can rotate. Suppose
the axis of rotation adjusted
accurately vertical, and the
slide  adjusted  accurately

@, parallel to the axis of rota-

tion. Lastly, let the axis of
the telescope be adjusted to
the horizontal by the aid of
its level-tube.  Then if the

telescope be set in suecession on two points, and readings
tahen on a reale attached to the telescope-slide by a
vernier attached to the telescope, the difference of the
readings will be the difference of level of the points.
The eathetometer is for certain purposes extremely
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valuable. The readings are taken from any convenient
distance, without its being necessary to touch or even
approach the bar to be measured. The measurements
are taken dircetly on an accurate scale, and are absolute
measures, not needing any reduction, and not depending
on any other measurements. On the other hand, in
determining elongations or deflections the cathetometer
is laborious in use. The nced of taking two vernier
readings for each measurement of the bar wastes a good
deal of time.

The author has used a eathetometer by Dreithaupt,
of Cassel. This has a cylindrical central support, which
can be set by a circular level indicating to 10 seconds.
The prism on which the telescope shides is of cast 1ron,
with an inlaid silver scale 1 metre in length, divided
into millimeters, This prism is balanced by a weight
on the other side of the axis of rotation. To adjust
this prism accurately vertical a special separate adjusting-
level of great sensitiveness is provided  The telescope,
fixed in Y's on a brass slide-block, is reversible, and
carries a striding-level, also reversible. By a clamp
and tangent screw the telescope cross wire ean be
brought into accurate coincidence with the object The
block carrying the telescope has a vermer reading
on the silver scale on the prism to )\, mm. (or
inch).

1
LY

By means of a micrometer eyepiece a cathetometer
may be used to read to , L5, inch  In connection
with one of the testing machmes at Berlin there is a

r2
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Kennedy's Lever Exlensometer,'—Prof. Kennedy has
designed and very largely used the simple lever extenso-
meter shown in Fig, 100. This consists of a light frame

Fig. 100

T “

J earrying a simple lever &.  The two steel points, one
em the frame f, the other on the lever 7, are 10 inches
apart. These are placed in centre punch marks on the

Y Proe Inst of Ciet Engqineers, vol Ixxir ; also lixxyvun p 21
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specimen & the apparatus being held in position by clastic
bands ce, a weight w helping to preserve the balance.
The lever { turns on two set serew points, and the other
end moves over a plane covered with section paper,
attached rigidly by an arm to the frame on the test bar.
As the piece extends the steel points move apart, turn.
ing the lever round its axis. The leverage is 100 to 1,
and readings ean be taken to r3)gq inch.  The ratio
of magnification was determined by measurement with
vernier callipers.

Dupuy's Lxtensometer for Actual Structures)—The
object of this apparatus is to ascertain by direct
measurement the alterations of length of different mem-
bers of iron structures by loads.  Assuming that a bar
of iron is elongated or shortened y,1,5th part of its
length by stress in tension or compression of 1497 ton
per sq. in,, it is possible to caleulate from the observed
alterations of length the stresses in the bars produced
by the loads. To the bar to be tested o fulerum pin is
attached, on which works a lever arm, with a leverage
of 20 to I, terminating in o pointer moving over o
gradaated are carried by the fulerum picce, To the
short end of the lever ix jointed abar 1 metre (328 fuet)
in length, a pin at the other end of this bar bcing also
attached to the bar to be tested, With the proportions
adopted, cach millimeter of movement of the pointer
on the scale corresponds to a stress of o kilugm,,,

bdnn, oy Poits et Chanssies, Bt sertes, val, xiv p 331
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In 1879 Prof. Kennedy exhibited at the Institution
of Civil Engineers a two-mirror arrangement similar in
principle to that of Dr. Strcinitz! But he has given
up its use in favour of the lever extensometer already
described.

93. Bausckinger's Roller and Mirror Extencometer.?
To Prof. Bauschinger belongs the eredit of first sys-
tematically taking double measurements on opposite
sides of a test bar. A pair of clips, formed like parallel
vices, are clamped on the bar at @ and & (Fig. 102).

e 102,

These grip the bar between knife-edges. The clip &
carries a pair of hard cbonite rollers dy, dy, on accu-
rately centred spindles.  The spindles are prolonged
upwards and carry the mirrors g, g, which rotate in the
Plane of the figure as the spindles rotate.  The rotation
of the mirrors is mea«ured by reading-telescopes e, ¢,

'+ Engineening Laboratories,’ Kennedy, Proc, Tnst. of Cueil Fogueers,
sul lixasu p 22,

* Maschine cum Prufn der Festiket der Matersalien, comstruirt eon
Loudirng Werder, und Tustrumente sum Messen der Gestaltsrerindspung dee
Protebrper, construnrt ton Jub Bawschinger,  Munchen, 1852 Al

Mitthelumgen a o Mech, Tedn, Jalowterum in Mo den, Hidte
1und 3
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and scales f at a distance of 10 or 15 feet.  The scale-
divisions, seen by reflection in the mirrors, cross the
wire in the field of view of the telescope. The mirrors
have vertical and horizontal adjustments for bringing
initially the scale into the field of view of the telescope.
To turn the rollers dy, d; proportionally to the extension
of the test bar, the clip @ carries a pair of spring pieces
¢4, ¢, which touch the rollers dy, @, The face of these
spring pieces is slightly roughened by a file or by
attaching a strip of the finest emery-paper, and they
turn the rollers by frictional contact. It will now be
obvious that any extension & of the distance between
the vices @ and  will cause a rotation of the mirror g
through an angle &/, where v is the radms of the
roller.  The apparatus is equivalent to a lever ap-
paratus having for small arm the radws of the roller g,
and for long arm the double distance of the scale
from the mirror. Suppose, for instance, as in one of
Bauschinger’s instruments, the radus of the roller is
0°3214 cm., and the scale distance 1607 ¢m. Then
the magnification of the extension 1 (1607 % 2)
+03214 = 1,000. The scale i» divided 1nto fifths of
centimetres. Kach division has, therefore, in measuring
extensions the value of 435 mullimeter, or about
1abow inch.  As it is possible to cstimate tenths of
divisions, the readings can be taken to oo Willimeter.
Since in Bauschinger’s apparatus there are two
mirrors, two readings are taken, giving the extensions
on the two sides of the bar. The mean of these is
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by springs, and between them is placed the wire roller,
carrying a light index-finger.  As the bar extends, the
plates slide relatively and yotate the rollers.  Mr.

Fig. 104,

Strohmeyer states that he has obtained good results
with a wire of (°015 inch circumference,  Then, the
graduated are having divisions equsl to 41, of the cir
comference, each division corresponds to yzlas inch
extension.

Camparing Strohmeyer's apparatus with Bancchin.
r's, it s obvious that the most essential differcnee is
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the extreme smallness of the rolling pin which Mr,
Strohmieyer uses.  That this is convenient may be
casily granted. It is more difficult to believe that such
very small wires can be trusted to be circular in scction.
Further, the absolute measurement of the clongations
depends on the exact measurement of the diameter of
this very small wire ; and this must in fact be impossible
to anything like the same proportionate degree of
accuracy as in the case of the larger rollers of Bau-
schinger.

It would seem, thercfore, that Mr. Strohmeyer's
apparatus is rather better adapted to cases where relative
extensions only are required. To such cases Mr.
Strohmeyer has applied it with remarkable skill. By
its means he has determined the relative extensions of
members of bridges, and of different parts of the skin of
a ship and the shell of a boiler, under their ordinary
loads.

96. Instrument for Measuring the Compresswn of Short
Blocks.—Tor measuring the compression of short blocks,
such as cubes of stone, extremely nunute measurement
is necessary. The author has employed the arrange-
ment shown in Fig. 103, which combines lever and
optical magnification, and at the same time gives by a
single reading the mean compression of the two sides of
the block.

A rectangular frame ¢ ¢, with adjustments for
blocks of varying size, is clamped on the base of the
stone cube by four pointed set screws. It carries an

Q
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used to resist twisting. Hence it is with some reserva-
tion that asscnt can be given to Professor Thurston's
claim, that ‘ the machine is capable of revealing charac-
teristic properties upon which to base sound practical
judgment as to the relative usefulness of materials for
the various purposes for which they may be required,
and under the different conditions of their production or
manufacture” The test bar for this machine is a small
cylindrical bar } inch to & inch in diameter, with square
ends. It is placed in a pair of jaws, one connceted
with a heavily weighted pendulam, the other with a
worm and wheel. By driving the screw-gearing one
end of the speeimen is rotated, and the twisting moment
is Dbalaneed by the weighted pendulum, acting at the
other end and is measured by the sine of the angle
through which the pendulum is moved.

A drum covered with a shect of specially ruled
scetton paper is fixed to the worm-wheel shackle, and &
pencil attached to the pendulum turns with it.  Hence,
the peneil traces on the drum a circumferential line pro-
portional to the differcnce of motion at the two ends, or
to the twist of the specimen.  The pencil has another
movement parallel to the axis of the test bar; as it
rotates with the pendulum, it is foreed by a guidc curve
to move o distance asially proportional to the twisting
moment (sine of angle of inclination of pcndulum).
Henee, the pencil draws n stres.strain curve, the
abwiser of which are the strains or angles of twist,
and the ordinates the twisting  moments, Profirsor
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Thurston’s machine is simple and ingenious, z:4 -,
nse enabled him to detect directly that when a Joz23,
applied, removed, and reapplied, the yidd peing 4
found to be raised. But the machine has defects,” Iy 4,
wrong in principle to take the register of the struiy,
from the clips which hold the specimen.  The crueliis,
of the ends gets registered as part of the dcformnliq;,
The arrangements do not secure perfectly that there je
no longitudinal or bending stress. The friction of the
penduluni journal and the momentum of the pendulysy
may both influcnce the results.

Professor Ewing's Experiments—In 1880 Professgy
Erving made some experiments in Japan on the stres.
strain curve for small wires.! The wire was loaded l,y
filling a bucket with water. A pencil attached to the
wire marked 2 line on a sheet of paper, which at t}q
same time moved transversely a distance Proportiong]
to the load. The paper was moved by a string attaclieq
to a float. The diagrams are very similar to the carlior
diagrams of Thurston.

99. The Polmeyer Autographac Apparatus.—In 1882
the anthor saw at Dortmund a 50-ton tension testine
machine, designed by Professor Polmeyer cxpressl;
for autographic testing. Itisa pendulum machime, wigy,
a very long pendulum. having a ton weight at the eng,
As one end of the specimen 1s pulled by a bydraulie
press, the other pulls on the pendulum, and the stressis
related to the angular risc of the pendulum. It is easy

v Proc Royal Society 1580
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to sce that a paper connected by one wire to the
pendulum, and a peneil connected by another wire to
the specimen, can be so arranged as to draw a true
autographic diagram,

Fairbanks’' Autographic Apparatus.—In Mr. Abbott's
little treatise on Testing Machines there is described in
considerable detail o large testing machine, constructed
by Messrs. Fairbanks in America, with an autographic
apparatus attached. The machine is a 100-ton machine,
and adapted for tension, compression, bending, and
other tests. It is a compound-lever machine, in which
the final lever is a steelyard with travelling weight or
counterpoisc.

Now to effect the adjustment of the counterpoisc
on the steelyard to the stress on the specimen, a very
ingenious electrical arrangement is used.  As the steel-
yard rises or falls against its stops it completes an
clectric circuit, which starts an clectro-magnetic engine,
which moves the poive.  Thus, if the Jever rises, showing
that the stress exceeds the load applied by the steelyard,
the cleetro-magnetic engine moves outwards the counter-
poise till, balance being restored, the circuit is broken.
Geared to the nrrangements for moving the counterpoice
is a drum or cylinder on which the record is made, and
the rotation of this drum is therefore exactly proportimm]
to the movement of the counterpoise on the steelyard.
Consequently, a pencil held fixed over the drum would
trace a cirewmferential line the length of which i~ pro-

“pittional to the load on the spreimen,
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The pencil, however, has a sccond motion parallel
to the axis of the cylinder, derived from a thin flexible
steel tape attached 1o two clips on the specimen,  This
is led off over pulleys, so as to move the pencil axially
slong the cylinder. The defect of the arrangement is
that the elongation is not magnified, and the tape is so
long that it is hardly possible it can give the pencil a
quite true movement free from any error due to slack
in the tape. It is stated, however, that the error does
exceed 1} inch,

100. M. Wicksteed's Autographic Apparatus.—This
is an apparatus fitted to the Buckton testing machine,
shown in Fig. 55, p. 13f. The motion of the pencil
which indicates the load is derived fiom the fluid pres-
sure in the hydraulic pbess, and not from the weighing
apparatus, A pipe from the hydraulic press T is led
to o small cylinder like an indieator cylinder, with a
piston of 1 sq. in. in area. This piston is controlled
by = strong spring, 15 inches long when unloaded,
5 inches long when loaded with 22 cwt., the full pres-
sure on the piston when the pull of the machine is
50 tons, During a test, as the pull and concequently
the fluid pressure, increases, thie spring is compressed,
and the pencil P moves horizontally along the recording
dram D. On the test bar s are two chps J J, and a
wire attached to weights resting on the lower clip is
carried over a pulley on the upper elip, and over the
links G, finally serving to rotate the recording drum D

by an amount proportional to the elongation. Hence,
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Fia. 100.

Autographic

Apparalus

the stress is weighed by o steelyard, on which there is
a travelling jockey weight weighing one ton. This s
drivan by o large screw ; coneequently, the rotations of
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the screw are exactly proportional to the movement
of the weight, and to the stress on the specimen, It
is from this screw that a vertieal paper eylinder d is
driven, A swmall catgut belt drives a worm, acting on
a worm-wheel of 200 tecth on the paper cylinder. As
the resistance of the paper cylinder is very small, the
motion given by the belt is quite accurate, and it las
this convenience, that by means of a stepped pulley «
several scales are available for the diagram. Neces-
sarily, the specimens vary in size and strength, and it
is extremely convenient to enlarge the load seale of
the diagram for small specimens, and diminish it for
large ones.  The pencil p slides on guides parallel to
the axis of the paper, and it is connected to the speci-
men by a very fine wire w, kept struned by a counter-
weight e.  The wire is so fine that a counter-weight of
2 or 3 ounces is quite sufficient to keep the wire taut,
and overcome the friction of the shides.

On the specimen s ave two clips ¢ ¢, the construc-
tion of which is so arranged that they are perfectly rigid
in position on the bar, and which define exactly the
length in which the clongation s taken, and do not
become slack as the bar contracts It is extremely con-
venient to magmfy, more or less, the clongation, so as
to get a larger diagram. The author has tried scveral
plans, That most generally convenient is very simple,
The thin wire is attached to the top clip, taken over g
pulley on the bottom clip, again over a pulley on the
top clip, and then horizontally to the guide pulley £ on
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the corresponding load can easily be read off.  And the
record in this way is effected with great ease and
rapidity.

Fig. 107 shows one of the diagrams obtained, and
contains a record of more than 130 extensions, taken in
less than balf an bour. IIalf the readings are taken
with an increasing load, the other half while the Joad
was being removed. The figure is about onec-fourth
the actual size of the diagram, and the steps correspond
to 5 g inch of extension. The diagram is one of the
first taken in this way by students at the Central
Institute. It is not a particularly perfect diagram, but
it illustrates the kind of record obtained by this method.

103, Professor Kennedy's Autographic Apparaties.—
An apparatus devised by Professor Kennedy and Mr,
A. G. Nederoft s of a different kind.  The following
description is taken from Profes<or Kennedy's paper:'—
The apparatus cannot be said to be ~uitable for general
use, but for a laboratory, where it iy in skilled hands,
and not subject to rough usage, I'rofessor Kennedy
believes it to give more trustworthy diagrams than any
of the other forme yet devised, It has aleo the advan.
tage that it i wholly independent of either the poise or
the ram, or even any part of the framing of the testing

wachine, and that its own parts are so light that the
Qiageay may be aswumed to be free from any crrors
due to inertia, The test-picee a (P 108) is placed in

Feee Dot of Cied Engeres, vel hxsvn p 50,0 3 dotahd
drawing of the appimtuy s goen
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the machine in series with a stronger bar &, called a
spring piece, and the two, which are connected directly
by a simple coupling, are pulled simultancously, the
onc through the other. The spring piece is of such
a material that its limit of elasticity occurs only at a
load greater than that which will break the test piece.
It must also be of material ascertained by previous ex-
periment to be perfectly elastic, so that its extension is
strictly proportional to the pull on it, and therefore
to the pull on the test bar. By a simple arrangement
a very light pointer ¢ is made to swing about an axis

Fi¢ 108

through an angle proportional to the extension of the
spring piece, and proportional, therefore, to the pull on
the test bar. The end of this pointer touches a sheet
of smoked glass d, to which is given a travel—in its
own plane—proportional to the extension of the test
piece, and in this way the diagram is drawn  After
the experiment the glass is varnished to fix the black,
the necessary particulars are written on it with a
scribing point, and the whole is used as a negative,
and multiplied by photography.’

Some of the diagrams taken with this apparatus are
shown in Fig. 28, p. 67. It is a small and not serions
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the corresponding load can easily be read off.  And the
record in this way is effected with great ease and
rapidity.

Fig. 107 shows one of the diagrams obtained, and
contains a record of more than 150 extensions, taken in
less than half an hour. Half the readings are taken
with an increasing load, the other half while the load
was being removed. The figure js about onc-fourth
the actual size of the diagram, and the steps correspond
to 5,55 inch of extension. The diagram is one of the
first taken in this way by students at the Central
Tustitute. It is not a particnlarly perfect diagram, but
it illustrates the hind of record obtained by this method.

103, DProfessor Kennedy's Autographic Apparatus.—
An apparatus devised by Professor Kennedy and Mr,
A G Asheroft is of a different kind.,  The following
description i~ tahen from Profes-or Kennedy's paper:'—
The apparatus cannot be said to be suitable for general
use, but for a laboratory, where it is in skilled hands,
and not subject to rough usage, DProfessor Kennedy
helieses it to give more trastworthy diagrame than any
of the other forms yet devised. It has aleo the advan.
tage that it i« wholly independent of either the poice or
the ram, or even any part of the framing of the testing
machine, aml that ite own parts arc ro light that the
diagream may be assomed to be free from any errors
due to inertia.  The test-picee o (Fig. 108) i placed in

Pee Dat of €und Prpneers, vol Isxsvan p 300 8 ditalad
drawing of the apparatus s gisen
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the machine i scries with a stronger bar b, called a
spring piece, and the two, which are connected dircctly
by a simple coupling, are pulled simultancously, the
one through the other. The spring piece is of such
a material that its limit of clasticity occurs only at a
load greater than that which will break the test picce.
It must also be of material ascertained by previous ex-
periment to be perfectly elastic, so that 1ts extension is
strictly proportional to the pull on it, and thercfore
o the pull on the test bar. By o simple arrangement
a very light pointer ¢ is made to swing about an axis

Fie 108,

through an angle proportional to the extension of the
spring piece, and proportional, therefore, to the pull on
the test bar. The end of this pointer touches a sheet
of smoked glass d, to which 1s given u travel—in its
own plane—proportional to the extension of the test
piece, and in this way the diagram is drawn, After
~the experiment the glass is varnished to fix the black,
the necessary particulars are written on it with a
scribing point, and the whole is used as a negative,
and multiplied by photography.’

Some of the diagrams taken with this apparatus are
shown in Fig. 28, p. 67, It is 2 small and not serious
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objection that the load ordinates are curved. The great
merit of the instrament is the very perfect registration
of the stress, free from errors due to any accidental
action of the machine.

Some particulars of a machine ncting in a similar

way, and taking a very small dingram, which could
afterwards be mwmﬁcd were given Ly Herr Martens
in the correspondence which is appended to Professor
Kennedy's paper.

Elastic-strain Diggrams.—The only apparatus for
drawing purely autographic diagrams of the strains
within the elastic limit is also devised by Drofessor
Kennedy. It acts on the same principle as the last

Fie 109

3 55
Poumds rra O pwCw

apparatus, but the swinging pointer is placed on the
test picee and u~cd to record its extensions, The frame
i~ earried by the test picee, and is mov cd by the poise -
weight of the testing machine.

Fig. 100 shows three elastic strain diagrams taken
by this apparatua for pivce of cast iron 0075 inch in
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E_' 21 ;‘: Inches long. The distance A B is the

[ . .?oading. There is o small further set,

. — ‘ lloading. Exaggeration of extension,
{ e :” !

{ ’ %ic Ectensometers, recording Time and

) r{ ) :‘}, Lttempb have ll)een made to study ex-

w i P - ion of a travelling load on a structure

\In such cases the train which forms

ey \ moves with uniform speed across

!MY} “member of which passes through a

A -

{ stress related to the position of
f o diagram can be drawn with the
* or compressions) as ordinates and
it is possible to infer the stresses
.’ ch position of the moving load.
i‘of this kind was designed by Dr.

'msh'ucted by Oscar Lenner in
}

:‘urr.\m of the instrument. Two
d to the member of the structure
to be recorded. DBetween theseis

- whew ank attacned to the clip C, at 4, and acting

‘at the other end « on the unequal-armed lever I, The
lever 1, is toothed at the edge and drives the lever 4,
and this, in turn, gears with a small pinion on the
spindle of the drum D.  The levers form a spur-wheel
train magnifying the extension 200 times, and the drum
D moves under the pencil P a distance proportional to
t Cinlngemenr, 1851, vol. xxvii § 230,
r2
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the strain. Thic clock F at the same time moves the
pencil axially at a uniform speed, driving the pinion m
and rack 7. Consequently, n diagram is obtained with

Tia. 110

abscissm proportional to the timo and ordinates pro-
portional to the strain.

The most ingenious meghanical contrivance in Dr-
Frankel's instrument is that by which loss of time, or
backlash in the spur-wheel multiplying gear, is pre-
vented. Ench toothed driver consists of two ports,
connected by a spring only, which prosses one patt
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forwards and the other backwards aguin<t the tyq
faces of contignous teeth of the driven whedl,  Theye i

always contact, therefore, between driving and driy,y,
teeth for motion in both dircetions, and any motion in
either direction is communicated instantly and without
loss of time.

Autograplic Deflectometer of Askenasy,—Thio ;. .
small apparatus for drawing the deflection curve of :.
beam during the passage of a load over it. A Paper
recording-drum, moved by clockwork, is clamped o,
the beam or bridge. An independently supported style
traces a curve on the drum. The style is on g vertical
rod, at any point of which it ean be fixed, and 13 ean
be clamped to a wooden beam supported independently
of the deflecting beam. The curve has time abselss
and deflection ordinates.
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CHAPTER VIIL

ELASTIC CONSTANTS FOR METALS.

105. ThE accurate determination of the coefficients of
clasticity and limits of clasticity depends on the measure-
ment of extremely small deformations. Some of the
practical difficultics of measurement have been discussed
in Chapter VI. These difficulties are not the only ones
in the path of the experimenter. For many materials
the elastic constants change with the amount of stress
applied and. with every repetition of stress, and, to add
to the confusion, there is not complete agreement as to
the definition of the constants or the methods of deter-
mining them.

The nature of the coefficients of clasticity bas been
explained in Chapter 1. Let it be proposed from
observations on a bar of cast iron to determine its co-
efficient of dircct clasticity. When a bar is subjected
to simple longitudinal stress, the coefficient of direct
elasticity E is the ratio of the stress p per unit of section
to the extension or compression ! per unit of length.
That is, E=p/l. But the total cxtension of an inch of
bar ! consists of two parts—an clastic extension ¢, and &
plastic extension or set s. If the bar is again strained,
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the set s will be smaller and the modulus of elasticity
p/l will be different. What is, then, the real coefficient
of clasticity ?

If a coefficient of elasticity I’ =p/e is calculated,
values will be obtained which vary less with repetition
of loading than the values of E. In most cases, also, E/
will be more constant than E for different ranges of
stress. Hence it is a temptation to an observer to get
rid of the sets, and to give values of the cocfficient
of elasticity which are valaes of T’, not values of E.
Virtually this is often done; and eitber the sets are
determined and deducted from the extension used in
calculating the coefficient of elasticity,' or, what amounts
to the same thing, the bar is loaded onne or twice nearly
up to its elastic limit before proceeding to measure the
extension used in calculating the coefficient of clas.
ticity.

The following table contains Hodgkinson’s results
for the tension and compression of long bars of cast
iron  These results on long bars are chosen because,
although the methods of measurement were somewhat
crude and rough, they are free from any possible
objection arising out of comyplexity in the measuring
apparatus. It will be seen that both E and E’ diminish
as the stress increases, but that E’ varies much less than
E. The coeflicients are in tons per sq. in,  The next
table contains some results on bars of gun-barrel steel,

* Seco Lanzas statcment as to what 18 done at Watcrtown  Applied
Alechanics, p 419
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CHAPTER VIIL

ELASTIC CONSTAXTS FOR METALS.

105. THE accurate determination of the coefficients of
elasticity and limits of clasticity depends on the measure-
ment of extremely small deformations. Some of the
practical difficulties of measurement have been discussed
in Chapter VI. These difficultics are not the only ones
in the path of the experimenter. For many materials
the clastic constants change with the amount of stress
applied and. with every repetition of stress, and, to add
to the confusion, there is not complete agreement as to
the definition of the constants or the methods of deter-
mining them.

The nature of the coefficients of elasticity has been
explained in Chapter I. Let it be proposed from
observations on a bar of cast iron to determine its co-
efficienit of direct elasticity. When a bar is subjected
to simple longitudinal stress, the cocfficient of direct
clasticity E is the ratio of the stress p per unit of section
to the extension or compression ! per unit of length.
That is, E=p/l. But the total extension of an snch of
bar I consists of two parts—an clastic extension ¢, and a
plastic extension or set &, If the bar is again strained,
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the set s will be smaller and the modulus of clasticity
p/lwill be different. What is, then, the real coefficient
of clasticity ?

If a coefficient of elasticity I/ =p/c is caleulated,
values will be obtained which vary less with repetition
of loading than the values of E. In most cases, also, E/
will be more constant than E for different ranges of
stress.  Hence it is a temptation to an observer to get
rid of the scts, and to give values of the coefficient
of clastieity which are values of E’, not values of E.
Virtually this is often done; and aither the sets are
determined and deducted from the extension used in
calculating the coefficient of elasticity,' or, what amounts
to the same thing, the bar is loaded once or twice nearly
up to its elastic limit before proceeding to measure the
extension used in calculating the coefficient of clas-
ticity.

The following table contains Hodgkinson’s results
for the tension and compression of long bars of cast
iron  These results on long bars are chosen because,
although the methods of measurement were somewhat
crude and rough, they are free from any possible
objection arising out of complexity in the mcasuring
apparatus. It will be scen that both E and E’ diminish
as the stress increases, but that E varies much less than
E. The coeflicients are in tons per sq. in. The next
table contains some results on bars of gun-barrel steel,

! Sco Lanza's statement as to what 1s done at Watertown  Applied
Mechanies, p 419
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CHAPTER VIIL
ELASTIC CONSTANTS FOR METALS.

105, TaE accurate determination of the coefficients of
clasticity and limits of elasticity depends on the measure-
ment of extremely small deformations. Some of the
practical difficulties of measurement have been discussed
in Chapter VI. These difficulties are not the only ones
n the path of the experimenter. For many materials
the elastic constants change with the amount of stress
applied and with every repetition of stress, and, to add
to the confusion, there is not complete agreement as to
the definition of the constants or the methods of deter-
mining them.

The nature of the coefficients of elasticity has been
explained in Chapter I. Let it be proposed from
observations on a bar of cast iron to determine its co-
efficient of direct clasticity. When a bar is subjectEd
to simple longitudinal stress, the cocfficient of direct
clasticity E is the ratio of the stress p per unit of section
to the extension or compression 7 per unit of length.
That is, E=p/l. But the total extension of an inch of
bar I consists of two parts—an clastic extension ¢, and 2
plastic extension or set s If the bar is again strained,
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the set s will be smaller and the modulus of elasticity
p/U will be different. What is, then, the real coefficient
of clasticity ?

If a cocfficient of elasticity L'=p/c is calenlated,
values will be obtained which vary less with repetition
of Toading than the values of E. In most cases, also, E/
will be more constant than I for different ranges of
stress. Hence it is a temptation to an observer to get
rid of the sets, and to give values of the coefficient ’
of elasticity which are values of L', not values of E.
Virtually this is often done; and either the sets are
determined and deducted from the extension used in
calculating the cocfficient of elasticity,' or, what amounts
to the same thing, the bar is loaded onne or twice nearly
up to its clastic limit before proceeding to measure the
extension used in caleulating the coeflicient of clas-
ticity.

The following table contains Hodgkinson's results
for the tension and compression of long bars of cast
iron  These results on long bars are chosen because,
although the methods of measurement were somewhat
crude and rough, they are free from any possible
objection arising out of complexity in the measuring
apparatas, It will be seen that both E and E' diminish
as the stress increases, but that I varies much less than
L. The cocflicients are in tons per sq.in  The next
table contains some results on bars of gun-barrel steel,

' Sco Lanz's stattment o3 to what 1s done nt Watertown  Applied
Mechames, p 419
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CHAPTER VIIL

ELASTIC CONSTANTS FOR METALS.

105, TnE accurate determination of the coefficients of
elasticity and limits of elasticity depends on the measure-
ment of extremely small deformations. Some of the
practical difficulties of measurement have been discussed
in Chapter VI. These difficulties are not the only ones
in the path of the experimenter. For many materials
the elastic constants change with the amount of stress
applied and. with every repetition of stress, and, to add
to the confusion, there is not complete agreement as to
the definition of the constants or the methods of deter-
mining them.

The nature of the coefficients of elasticity bas been
explained in Chapter I. Let it be proposed from
observations on a bar of cast iron to determine its co-
cfficient of direct elasticity. When a bar is subjected
to simple longitudinal stress, the cocfficient of direct
clasticity It is the ratio of the stress p per unit of section
to the extension or compression ! per unit of length.
That is, E=p/l.  But the total extension of an inch of
Dar I consists of two parts—an clastic extension ¢, and 2
plastic extension or set . If the bar is again strained,
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made by the Committee on Steel, and which are chosen
for similar reasons. For wrought iron and stecl the
set in the earlier part of the test is comparatively in.
significant. Yet E' is more constant than E, even in
the carlier part of the test, and is nearly constant even
for stresses considerably beyond the elastic limit, For
wrought iron and steel E diminishes almost to zero ns
the breaking weight is approached.

ExreRMMENTS oF STEEL COMMITTEE

(Bars, 1§ 1nch 1 diameter _Txtensions and compressions 1n 10 fct )

—
Stress,m | Total [ Elastic Orldnary
tonsper | extension, | Set,m | extension, | coeffeient of
s | feet fect n fiet durect | Cocficlent
clastiaity
r | 12012 ‘ 1205 120¢ ‘ T b
P A S ¥
Teasion
G 80 0053 — —_ 12,830 12,830
794 0062 — — 12,800 | 120800
907 0071 0001 0070 12,774 12,960
1021 0079 0002 0077 12,920 13,260
1134 0089 0002 0087 12,750 13,030
12 48 0098 0003 0095 12,740 13,140
13 61 *0108 0004 0104 12,600 X
1701 0143 0016 0127 11,900 13,400
Irrssune
G 92 0047 — ‘ 0047 —
10 38 0078 0001 0077 13,300 13,480
13 84 0103 0003 0102 13,180 1367
1528 0117 0000 0111 13,060 13770
1615 0125 0007 0118 12,920 13650
17 31 0138 | 0011 0127 12,510 13,620
18 46 o172 | 003 0137 10,740 132480

No doubt in most cases values of E are given g the
cocfficient of elasticity, and it will be understooq that
it is so in what follows. But then materials like cast
jron and all the brasses and bronzes have no deﬁnite
cocflicient of elasticity.
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made experiments on the change of the coeflicient with
change of temperature. He found that it decreased
about 003 per cent. for each degree rise of temperature
(Centigrade). After a permanent stretching of the bar
it diminished by 4 to 9 per cent.

CoErFICIENT OF DirEct Erasticiry oF IRON AND STEEL ¥ROM
TENsION EXPERIMENTS

0 n in
Pxobngle Coefficient E, 1n tons per sq
— percentage N
otcaion | mmeany | AfeLbeiey
Hammered Bessemer steel 135 — 14,220
” ” » 126 13,450 13,640
" O 105 13,660 14,060
” " won. o1 14,430 —
016 15,200 16,440
Rﬂlled cast stcel 1-22 13,940 ~—
0061 ¥ 14,340
Ro]led pnddled steel 066 — 13,540
,, 056 13,360 2
Lowmoor u-on 02 14,280
Dudley 009 12680 —

» » 009 12,260 —
Motala " 005 13,5610 13,740
» » - 02 13,200 —

Surabammar 1ron 014 13,880 —
» .o 02 13,610 13720

Charcoal ron (Aryd) 01 11,960 —
» » » . . al 12,410 13,050

” +» (Ballstahammar) 007 12,940 —
I ” . 007 13,760 13,760

108. The following table® gives values for steel,
obtained by Bauschinger, and the tables are interesting
as giving the coefficient for bending, tension, and
pressure.  The coefficient of rigidity was also deter-
mined by experiments on torsion. From the values of ~

! Reduced from tables in Cuslingemenr, 1870,
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E and G we can deduce values of Poisson’s ratio m.
(See §§ 4 and 10.)

CoerriciexT oF Euasticiry. Bessewrr Steer Froy Ternirz,

Coefficient of direct elasticity, E Coefficrent of
Percent- rigudity, E
ageof | From From | From |1
carbon | tension | pressure | beodng | Mean | From torsion v
te tests tests tests
019 13,780 | 16,640 | 13,020 | 14,730 5,671 52
046 14,300 | 14,640 | 13,090 | 14,220 ‘ 5,420 30
034 13,600 | 16,140 | 12,900 | 14,480 5,450 33
067 13,720 | 14,200 | 13,080 | 13,840 5,320 30
066 | 14,480 | 15,940 | 14,350 | 15,040 5,620 36
048 14,980 | 14,480 | 13,460 | 14,480 ‘ 5,405 34
0-80 13,660 | 14,440 | 14,730 | 14,160 5,670 25
087 | 13,880 | 14,100 | 13,590 | 13,900 5,400 29
096 | 13,820 | 14,640 | 13,030 | 13970 5,560 26
Mean | 0305
@' | 14,740 | 14,800 | 13,960 ‘ 14,600 | 6,625 029
Sreyess-MARTIN Sreer FRoM NEUBERG-3IARtazerr,
Degree Coeferent of direct elasticity, B Coctiment
‘hardness le;x ut&nsmn Fromkl;::dmg } Men of "%dﬂy,
7 13450 | 13,520 1 13,460
[} 13,090 13,310 13,210
5 13,370 1 13,480 13,400
4 13.3% | 13430 ‘ 13,400
3 13,620 | 13,390 | 13,310
[ W |

The following values are from experiments at
Watertown Arsenal, and are, it is believed, values
obtained after deducting the permanent set. They are
values of E’ therefore,

! Bessemer steel from Teschen.
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In commercial testing of iron and steel some roaugh
estimate of the elastic limit is usually made. Thus, it
has been proposed to take the elastic limit at the stress
at which peeling of the skin is first visible (Styffe, p.
36), or at the stress at which the testing machine lever
drops (Kennedy), or at the stress at which a rough
measurement of the elongation by compasses is first
possible (Lanza). All these measures are extremely
rough, and what they really determine is the yield point,
not the elastic limit. In almost all tables what is given
as the elastic limit is the yield point, and this may differ
from the limit of proportionality to any extent. More-
over, for materials other than wrought iron and steel
there is no definite yield point. Where there is a yield
point it is best determined from an autographic diagram.

110. The only definition which agrees with the
theoretical conception of an elastic limit, and which is
practically available in testing, is that which makes the
elastic limit to be the stress at which proportionality
between the stresses and strains first visibly ceases when
measurements of considerable delicacy are being made.
Bauschinger has re-adopted this definition, and it is to
his observations chiefly that we must look for any know-
ledge of the elastic limit thus defined.

The following measurements of the extension of a
picce of iron from old Hammersmith Bridge will show
how the limit of proportionality can be determined. In
this case the limit in successive loadings, none of which
reached much beyond the elastic limit, slowly rises.
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Link from old Hammersmith Bridge, reeeived from
B. Baker, Esq.

This was planed all over to get surfaces for aceurate
mensurement, and its section was about 13 8q. in,

BEa.
tensions for cach ton, taken with mirror '\pmr'nua

Distance of gauge potnts, 7 91 inches
Load in tons Extensions per ton 1n g, kizaths of an inch
persq in, -
Turst loading | Second londing ‘ Third lunding |1 ourth bondting
1 - N o
2 55 8 51 8
3 57 56 ‘ 56 mﬂ'.
4 58 58 58 58
5 58 57 58 o8
6 58 58 68 68
7 68 E L 57 b8
8 %3 B0E L B8E & b8
0
10 2 0 5 e
= — - o3
12 — - - %
Set, load re-
| merar }| w18 l SRS B

Total extenslon

Meln ulﬂw[nn

0003149
0 00396

0003437
0 004619

Cocflicient of clasticity, 7 1/ 00057 1=13,830,

111. So long as the limit of proportionality iy pey
exceeded, the value of the coeflicient of el:mticit) in
ordinary metals is tolerably constant in successive load.
ings. The following are extensions in successive load.
ings of two picces of Hammersmith Bridge links .
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Extensions for six tons

Furst piece

1at loading 00344
ond 00345
ad 00342
4th 00338
5th .. —
Gth —
Tth -

00346 00341
00343 00342
00347 00340
00330 -00313
- 00342
—_ 00344
—_ -00343

1f, however, the yield point is passed, the lmit of

elasticity very sensibly alters,asis shown in the following

results deduced from Bauschinger’s tables.

A plotting

of some of these is given in Fig. 40, p. 102,

Erastic Lonr, o Toxs pER SQ. IN, 1¥ BARS LOADED UP T0 THE
Yierp Poryr.

Ongimal state
Furst loading.

Material i
— 1

Weld 1ron 898 641 6 66

Ingot iron 1578 — 401
”» 16 91 258 G657

Copper . 2152 359 392

Bronze . 343 406 413 —

Bars loaded, unloaded, and re’osded after a pause of 2§ to 80 hours

Weld iron 898 1294 1584 1743
» . 1034 1229 1745 2035
” 1022 1422 1578 18 04
2 10 30 (657) 18 80 681y}

Ingotiron . 1500 518 7:92 G 83

Bessemersteel 11 60 1932 391)* 669

Copper . 1142 321 3-61 514

v 2612 359 4-G2 687

Bronze 250 407 382 —
Tars loaded, unloaded, subjected to vibration, and reloaded after A pause

Weld 1ron 1238 1193 14-89 11-14
1 808 1193 1213 828

Ingot iron | 15 16 518 526 5
* 16 48 19 56 17-10 17-60

l Second loading
i

Bars loaded, unlonded, and reloaded immediately

Third Joading | Fourth Joading
|

* No pause between loadings

2 Yield point not reached.



[~
]
©

CHAPTER IX.

CAST IRON

112. Dowy to a recent period the ferrous materials
used in construction could be divided into three groups,
marked equally by difference of manufacture, of chemical
composition, and of mechanical properties. Cast iron,
the product of the blast furnace; wrought iren, the
product of the puddling forge, and steel, produced from
wrought iron by cementation, had characteristies so
marked that it mattered little which of their differences
was taken as a basis of classification.  As their content
of carbon seemed essentially connected with their pro.
perties, that was generally sclected as a means of
discrimination.

As to cast iron no difficulty arises ; both its method
of production, its properties, and its engincering wses
leave it in a class apart. It is otherwise with wronght
iron and steel.  Since the development of the Bessemer
and  Siemens-Martin processes an  essentially ey
material has been introduced, which is commonly and
commereially termed steel, but which differs from the

so
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older material of that name. The plates and bars of
so-called steel, which are superseding in construction
the old wrought iron, contain carbon, but in a quantity
varying withont break, in different cases, from a percent-
age as small as that in wrought iron to a percentage as
high as that in cementation stecl. Such plates vary in
tenacity from that of wrought iron to a tenacity at least
double that of wrought iron, Lastly, by far the larger
part of this new material has not the characteristic pro-
perty of the older steels of hardening when suddenly
cooled.

There is, however, a difference between wrought
iron and the new material which is replacing it im-
portant enough to justify a difference of classification.
Wrought iron, and cementation steel as made from
wrought iron, have been in the condition in the puddler’s
forge of granular or spongy masses bathed with liquid
slag. This slag is never entirely got rid of, and remains
in the forged material, not in great quantity indeed,
but so distributed as to give rise to a visible structure.
Bessemer, Siemens-Martin, and crucible steel, on the
other hand, have all been fused and more perfectly
cleared of mechanically mixed impurity. They have,
when rolled, a homogeneousness and absence of grain
which is definite and important. If the difference
between puddled and cast material is recognised it will
be found that there are two parallel series of products,
first clearly arranged by M. Greiner, of Seraing :—



CasT gism

Precestuny oy Coraes
000015 | 0151004% | O&Zvnar

Bruaes or 1w Jome

Ordinary Granular ‘ Put'ua fave .
iron ron el H N
Sextes or THE hrrrea
Extra soft Soft Haltody +  g4,,,
steel stech el §

[

This classification ignores the prop y ,,f'”,‘;' o,
as a mark of distinetion between iron and v4/], ) ,‘
is in some respects inconvenient. Uence isy Gy, ,
it is becoming common to class one reries ag el ppep
the other as ingot metal.  Wdld iron und it ;,1”:
are those materials which will not temper 5 el *hyl
and ingot steel those which harden when rml:!l,‘[y
cooled.

118. Constituents of Cast Iron—Cast iron GOty
of iron mixed or combined with carbon, silican, My
ganese, sulphur, and phosphorus.

Po‘pu\uﬂy, finr]
with partial truth, the carbon is regarded ay u]niqu
determining its characteristics. The carbon exiaty 7,
cast iron either combined with the iron or mixed witly
it in the form of graphite. The greyer irons conta,
most graphitic carbon, and are Wen.kerz, more fus'fble, und
eofter than whiter iron. The white lroxf contains megy
combined carbon ; but the other constituents have
snfluence on the mechanical properties The composition

of cast iron varies within the following limits, 1f extreme

qualitics, unsuited for foundry use, are excluded :—
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The density varies with the composition in the
following way :—

Weight of
Matenial Deasity | cutne 1ok o e
Dark grey foundry iron 680 425
Grey 7 " N . . . 7 20 4560
Motdea N L Lo 735 453
- . 760 474

Whte iron

The specific heat is 0140 for grey iron, and 0127
for white iron. Cast iron melts at about 2,752° Fahr.

114, Mechanical Properties of Cast Iron.—The clastic
properties of cast iron bave already been discussed. In
tension and compression tests there is strictly no range
of stress for which the stresses and strains are propor-
tional, and there is no fixed coefficient of elasticity or
clastic limit. It has, however, already been shown that
the extensions and compressions are neatly the same
for equal stresses (§ 26).

Mr. Hodgkinson found that the relation of stress and
strain in cast iron was given very nearly by the follow-
ing equations. Let p be the stress in tons per sq. in.
¢ the extension, and ¢ the compression per unit of length.
Then—

7 = 6,220 ¢ — 1,298,000 ¢?
77

6,
=5718¢c— 2335002
The author has found the following inverse relations
still more exact :—
e=1:303 p® x 10~ + 1-685p x 10~
=966 p*x 10~8 + 1-782p x 1074
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<0

These are from experiments on very long .
Sinch bars— ! R Tong dare. For
e=039p° x 1078 + 162 p x 10",

The following table gives a few meacuremcnts of
extension in short cast-iron bars, The cast iron e
the ordinary mixture of a good foundry :— ’

ExTEXsI0NS OF CasT-1moN Bany
(Extensions 1a 8 1nches, measured by touch micrometer Iy
" e 1 mats itk Kpherical seatingy

5
Load in toms \Dmm 1ol 1003,

—————
003 10 ey
Area 7062 832 \ pa H », 1 po

’ T

Lxtensions m 8 inches, 1o inches

25 0043 | 003G | 0034 | 0037
i5 3 | ooco | ooz | oy | ooy | 2o
55 0093 | 0057 | 0080 | 000 | ogng | 0%
g |om | oo oo | Gy
75 2 0134 K - 104
85 0168 i B[ 0M3 oy | opy
95 0215 [ S e
Fxtensions per ton ta 8 1nches, 1 mbes -
25 00172 00144 | 00136 | 00148
15 o016s | 00153 | 00138 | 00153 | Cers | Co1gs
65 (00160 | 00168 | '00145 | 00162 | ooyg | (oK
63 %gg %ios ggm 00172 | gorte 88151
B K 5 70 178 | 00: 104
S %o | — b 10 | oot | ooy
95 | 00226 — -~ - -
FT Vo0 | wes7 | 108 ‘ o ‘i\\ -
Erel P e} un

115. Ultimate Tensile Stm
tests give much the best indication of the quality of sile
iron for structural purposes. The crushing stl"en"t:s.t
greatest in qualities of iron quite unsuitable for f(,:nd\a
use, and the transyerse strength depends in part op t?’
crushing strength. e



268 TESTING OF MATERIALS OF CONSTRUCTION

minimum tenacity of 12 tons was stipulated for, and
only Cleveland iron was used.

Some qualities of iron are greatly improved by re-
melting or by being kept long in fusion. The follow-
ing results were obtained by Major Wade :—

Tig
Fusion . . . . . lst  2nd 3rd  4th  bth
Tenacity in tons per sq. m. . Bto6} 932 1106 1106 1245

116. Crusking Strength of Cast Jron.—Hodgkinson
used for compressive tests small cylinders and square
and triangular prisms, having heights equal to from one
to three times the transverse dimensions, He placed a
sheet of lead on the faces of the prisms. It is nat clear
that this may not have diminished the strength, The
most common form of fracture is shearing at an oblique
plane making an angle of about 56° with the axis.

The crushing resistance is much increased if the
height is so decreased that the plane of least resistance
to shear cuts the faces at which the pressure is applied.
The following results were obtained by Hodgkinson on
cylinders % inch in diameter :—

Doghtof cylinder,ming 3 3 ¢ 4 1 14 2 3

Crushing strength, . ; b
tons per &q ., 693 635600 650 533 533 496 344

The strength is pretty uniform if the height is between
one and three diameters,

117. Transverse Strength of Cast Jron—Tests by
cross-bieaking are so ensily made that this kind of test
has been very generally adopted as the commereial test
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bars and rough bars with the skinon.  Messra. Segundo
and Robinson found the rough bars to be somewhat
stronger than the planed bars. Mr. Millar found that
bars run with hot metal were a very little weaker and
deflected a little more than bars run with duoll metal.

CoEFFI0IENT OF BENDING STRENGTH FOR CaST-IRON Bars.

Coefficient, /;

Avtsrty Dt or | o per s .
b a1 Thighest] Lowest| Mean

Fairburn and Hodgl(mson 1xixss | 20)210 | 129 163
Woolwich. . 2x2x20 | 564(300 | 69 |189
Millar . . 1x2x36 11,344] — | — |226
M . L. Ixlxa3s 50f — | — |196
Stephenson, 1847 = — {256 (165 | —
Turner, 1880 . — — |83 - | —

Tor the ordinary test bar, 3 feet span, 2 inches deep,
and 1 inch wide, the central breaking weight varies for
different qualities of iron from 6} to 42 ewts. Common
iron ought to carry 20 cwts., good iron 30 cwts., and
Mr. Turner states that iron carrying 40 ewts. can be
produced with tolerable regularity if necessary. The
most common tests imposed in specifications vary from
25 to 82cwts. It is usual to take the average breaking
weight of the bars of each cast, as from flaws, cold shots,
&e., individual bars vary a good deal. The breaking
weight in cwts. of the ordinary test bar is 40/27ths of
the coefficient of bending strength.

118. Resistance of Cast Iron to Shearing.—The resist-
ance of cast iron to shearing is imperfectly known.
Mr. Stoney found a resistance of 8 to 9 tons per sq. in.

' Mazximum of apecial series of test bars.
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The following results are from a M by Menirs
and Hayward,! the experiments lm-in;:. Tuvp ¢
University College. The cast iron by
about 11-4 tons per =q. in,

nn e a

1oty oo

The specimens wine
2 inch in diameter:—

ateiyy
Matersal o fiate Mg e
. [ E NN
Cast iron, No 1, turned 13 N
» Mo 12

T

—_— -
It is extremely difficult i i ——
! y diffieult n shcnrmg eXjrrimenty ¢,
ensure a uniform distribution of stre:

ss on {]
and it is possible these values are too 1oy,

119. Resistance of Cast Iron to Torsion, Ty ordi.
nary expression for resistance to torsion is T =77,
where T is the twisting moment, Z the polar "\Odul:l;
of the section, and f the shearing stress i, t

" X < he most,
strained layer. For a cireular section of diameter ¢ thi

8
becomes—

1€ reetion,

T=0196fd

When T is the twisting moment which bieaks the bay

1 ; b
this expression becomes an emprical one, and s
has values greater than the real shearing stress

in the case of bending.

ien

, Just ag
It is better to call the +,

alues
of f which correspond to the breaking twisting moment
cocflicients of torsional strength

Experiments by Messrs. Platt and Hayward on tiq

' Proc. Inst Ciwil Enguneers, vol xc p 406
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same cast iron as that used in their experiments on
shear gave the following results, The bars were about
5 inch in diameter. Some Woolwich results on 276
specimens of cast iron 18 inch in dismeter are also

given, and some American results : —
e e e e e e e et

| Coeflicient of
Ceefliczent of
Matersal torone ngudty Acthonty
F
- R [ DR
Tons per sq 10 | Lons yersq in,
Cast iron, No, I, turned . 159 3,197 } 4
”» »  skinen . 131 Phatt Brg
» No. 2, turned . 171 J’ Haywsrd .
I oy sk on . 153
m highest . . 220
v lowest | | 825 }Woolmth
no men . 135
ighet . .| 235 sean
wo lowest . . ! I }A“"’"“‘
e o sy

MALLEABLE OAST IRON.

120. Malleable cast iron is obtained by heating
castings to red heat in contact with hematite iron ore,
for n period varying from some hours to two or three
days. The amount of carbon in the east iron duninishes,
and it becomes to n certain extent malleable and capable
of being bent or hamnered.

The following tests were made by Professor P. C.
Ricketts, at the Rensselaer Polytechnic Institute (Var
Nostrand's Magazine, 1883). The cast iron had s
tenacity ranging from 65 to 13'1 tons per sq. in., the
mean tenacity being 10°1 tons per sq. in.  The elastic
Iimit given appears to be the yield point. The exten-
sion was measured in series i. in a length of 5 inches;
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in the other experiments in a length of 71 inches, except
in experiments 6 to 10, series iv., wherc it wasmeasured
in a length of 10 inches.

Tessiee StrevatH oF MaLLranee Cusr Jrox,

\ ’I‘ennul\ 1.- -

Uongat Con- |

thn ot traction

| eent perecnt
‘

ca
Approxi-| elastic
Form of bars mate it |
. o
|t P Lot Lowm{ Mnn

Square . 1-8 1x7 (045 1‘l7y1|.l\hs‘

56 69

[TE TR I R | — |15 20| 47
Reetangular, 1.7 | 12 [ 183 | 165,116 1158 o4 | g6
Cireular . 1-0 |} dam 10’ 198 161 (174 35 | 100
R B .3 [ 182 128,162 | 17 | g3
. 1-8 { " - 1 - \134“ 08 ab

Short prisms and cylinders carried loads of from 48 to
715 tons per sq. in. before erushing. In bars broken
Dby bending the coeflicient of Lending strength varied
from 20 to 40 tons per sq. in.  Martens? found the
ultimate tensile strength of malleable cast ron to be
16-4 tons per sg. in. ; contraction, 82 per cent, ; exten.
sion in 8 inches, 2'5 per cent. ; it of elasticity, about
44 tons per sq. in.

* Skain turned off
2 Afidt, « d K Techn Versuchsanstalt zu Perlin, 1886, p 131
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CHAPTER X.
IRON AND STLLL.

121. Constituents of Weld Jron.—Broadly speaking,
wrought iron is softer, more ductile, more trustworthy,
and more valuable the purer it is. All commereial iron,
however, contains some carbor, which renders it harder
and stronger, and some other constituents or impurities.
Amongst these sulphur, while little affecting its quality
when cold, makes it red-short and difficult to roll.
Phosphorus has an effect similar to that of carbon, but
phosphoric iron is cold-short and treachcrous. Other
constituents arc present in quantitics so small that their
effect is not well marked.

Constituents of Ingot Tron and Ingot Steel.—Tt is to
the homogeneousness duc to the mode of manufacture
that these materials probably owe their great ductility
as compared with wrought iron, Consequently they
will bear, and s commercially manufactured do in fact
contain, a greater proportion of those hardening con-
stituents, which add to the strength at the price of some
loss of ductility. The pursest of them, the low basic
steels, of a tenacity of 21 tons per #q. in., are the most
ductile. In proportion, generally, as alloying materials
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5

i
increase, the strength increases and the ductility d;.
minishes. Carbon, manganese, phosphorus, and tilicon
are all hardening constituents, but, cither jn COne.
quence of inducing differences of fusibility or differencc %
of density, they are not equally safe constituents of
steel.  Phosphorus, sulphur, and silicon are dangerouy
constituents, while manganese and earbon are tle okt
useful and least prejudicial.  Carbon may exict in ol
in proportions varying from 0'15 to 15 per cent,, g,
harduess, strength and capability of tempering il’lCl'(:ﬂy.:
ing as the proportion of carbon is greater, Mangance,
appears to be necessary in the manufacture of steel, I,
the fluid metal it reduces the iron oxide, and formy, with
silica a fluid slag. The manganese which remaing acts
like carbon in hardening the steel, but less encx‘gctical[y
Perhaps, also, it diminishes the ductility less, Uﬁuall);
steel contains 025 to 0'5 per cent. of manganese,
Chromium and tungsten have also been used ip Pro.
ducing hard and yet ductile steels.

In obtaining steel castings silicon is added in such
qunntitics that the cast metal contains 0-2 to o8 per
cent. of silicon. To neutralise the prejudicial action of
silicon on the stability of the iron-carbon compoung
there should be also manganese to an amount exceedinr:
the silicon by one-half* 8

It is beyond the purpose of the present work to give
in detail snalyses of wrought iron and steel, but the

t Chemoff. Proc. Inst. of Mech, Eng , 1850, p 173
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following short summary is a guide to the ordinary
cotnposition of these materinls :—

Ter cent

Man-
ganese

Carbon Silion | Sulphar] Fhos

Wrought Iron|002-025| 0-03 | 0-02 |0-0015 0-0'15|99-995

Bieel :

Tyres' 24-"63 | *21-'52 | 116--33 | 010004~ 05( 9874
Ltals! <] *35-60 ['80-10 1 04--10 | 07—'14(03- 07| 98 44
Mild Plates? ‘1156 504 -055 028 ‘037 | 9933
Med -larddo t| <33 1008 065 <022 ¢ 075 | 9840

122. Interpretation of Observations in a Tensile Test
of Ductile Material—For wrought iron and stecl the
tensile test is the most trustworthy. It is desirable to
examine fully what can be deduced from observations
taken in o careful tensile test, without considering at
present what indications of quality are attended to in
ordinary commercial testing. The table on next page
gives the observations taken in testing a piece of Low-
moor plate,  The direct observations are the loads
and corresponding clongations, The final clongation
is measured after the bar is broken, and at the same
time the arca of the fractured section.

The maximum stress is 23'2 tons per sq. in.,
reckoned on the original arca. Beyond this stress local
contraction begins, and the load has to be reduced.

All through the test the scction is diminishing, and

o ¢
on the principle stated in § 23 the reduced section mny

! Mr. It Routledgo of the North Fastern Railway Laboratory.
* Mr.Johin llogerson.  P’rac, Inat. of Mech, Lng , 1831, p 664
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Prate of Lowsoor Irow, No, 142

(Brohen with strese in the ditection of Felling Section, 1 s, fn, Flotgatins
‘measured 1n 8 inches,)

w 2} [0 “)
Stress, ntons PeF | pyoroagyon, mins | Arca of section | DU [#r 0] In.ef po.
" n s A

r * w ”

17 025 907 -
18 4 033 1M
19 20 976 117
20 28 66 243 0
21 38 %5 e
22 56 935 By
B 2 819 206
232 134 837 2708
227 1 63} 777 o

be caleulated. If @ is the section when the length iy [A
and o, the section when the length is [+ %, then
wl=w (l + A), and

N PN
and the corresponding real stress at the mection iy
p=plo:

Columns (3) and (4) give values thus caleulated, [y,
will be scen that the real stress increases faster than gl
nominal stress.

The final measured extension 1°65 consisty of gy,
extension 1:34 due to the load of 232 tons, and dijy.
tributed over the S-inch length, and a further extey,.
sion, while the load was diminished, in the local contrge.
tion. By reversing the equation above, the rate of
extension at the section of fracture may be caleulated,
1t is casily scen to be (w—w,) [/o,.  This gives for the
rate of clongation at the section of fracture 2 29 inches
in 8 inches, or 28 per cent., which may be called the
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clongation at the contraction.! How far these dedue-
tions are useful in practically determining the quality
of the material remains to be determined. Obviously, .
however, they represent the actual facts of the test more
closely than the usual mode of calculation, For com-
parison a test of Lowmoor plate crossways of the grain
is appended :—

P | A Wy M
100 015 *993 1603
17 06 -093 1713
18 115 -036 1826 .
19 20 976 1947
197 [82] [ 962] 2048

The area of fracture corresponds to an elongation of
0316 inch in 8 inches, which agrees closely with the
measured elongation. This shows there was no local
contraction,

The following table gives similar calculations for &

steel plate :-—
Mirp Steer Prare, Area, 1sq in

(Elengations measured in 10 nches )
Stress, intons per | Elongation in Reduced szus- per 89, 1n. of re-
&7 . 108, 1n s, section duced seetton
EY , n
S -
19 00 091 1917
20 33 28 20 656
21 40 062 21 8¢
22 49 034 2308
23 56 047 2429
24 7 035 25 68
25 87 920 2717
2 1-20 -893 29 12
26 43 215 823 32:11
25 [2o5) | [o76] 442

tan Conaudére propesca to call tho clongation up to the maximum
1oad the prop and the elongati lated from the
conlmc(ed section the elongation due to striction.
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The fractured area corresponds to an clongution of
7-3 inches in 10 inches, or 73 per cent. The yield
point of this steel was 16 6 tons per sq. in.

123. Stress at which Local Contraction begins—M.
Considére® has indicated that Jocal contraction must

Fic. 111,

ZLowimeor Tron Flafes

T

| paa? T
% o
i : ] T
{E s
EEEr
ARRRE
2 3y
&

05 1 z
Extenswons zru 8 arwdes

begin when the load on the bar is 2 maximum, The

total load on the actual section is p, w,, which is in-

creasing so long as maximum load is not reached.

Hence, the stress p, o given section will carry increases
* Llemploi du fer et de Vacicr, p 22,
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Banschinger’s results on Ternitz steel agree well
with the formula—
T=27-62 (1+C?).

M. Deshayes, of Terre Noire, gives the following
equations for the tenacity T and elongation in 4 inches, -
per cent., in terms of the percentage of carbon, manga-
nese, and phosphorus :—

T =195+ 114C+30C* + 11-4 Mn + 9-5Ph.
Elougation = 42 — 36 C — 53 Mn — 6 Si.
Col. Maitland gives for steel used for guns at
Woolswich, after oil hardening—
T =140 C + 20 Mn—10.

126. Increase of Strength from Reworking— By
repeated piling and rolling wrought iron improves in
quality ; but, if experiments by Mr. Clay, of the Mersey
Steel Works, are to be trusted as giving 2 general law,
there is a point beyond which rcwork{ug injures the
iron. e took some puddled bar and rolled it repeatedly,
trying the clongation each time. The following are
the results :—

Teascity, in tons per aq in.
Original State 196

Sccond Working . 235
Third " . . 266
Sixth ,,  (maxumum) .o 275
Nuth . . 20
Twelfth 196

Influence of the Amount of Reduction in Rolling on the
Strength of Jron Bars~—In the Report of the United
States Te-ting DBoard, for 1881, data are given showing
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(8]

S0

that the amount of work put on a bar considerably
affects its tenacity and elastic limit. Tests of iron for
chain eables showed differences of strenath for different
diameters, and this led toa special series of experiments,
in which bars of the same iron were rolled so that the
section of the finished bar hal greatly different ratios
to the arex of the pile from which it was rolled. These
bars were very uniformly heateld. as it was foand that
underheating in rolling tended to give an increased
tenacity and higber elastic limit, and overheating a
reducel tenacity and lower elastic limir.
TIxvrvesce ox tEE Tevacrry ane Erwmie Loar or ruz Avooye

or Reproroy 1 e Roes
Iees Bazs

Aracftar Tt @RI o Elaw Lnsprmoeto.
: 5 s e .
| Seedfbar PSS Ems iy
| e Radtar S0 Riaoitar Tueslbae
— .
1 157 — Easy - ‘
.8} 138 -~ 208 I RN
31 120 - °
3i 104 -
3 £8
b2 e
24 61
-1 33
| 14
11 o
I B
3 o8
v 10
1 1 11
oo 31
1 10
[ A 31
‘ 1 10
i 3v
| H 23
‘ i 22
. H 3T
3 1

1
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Bauschinger's results on Temnitz steel agree well
with the formula—

T=2762 (1+C).

). Deshayes, of Terre Noire, gives the following
cquations for the tenacity T and elongation in  inches,
per cent., in terms of the percentage ¢f carbon, manga-
neze, and phosphoras :—

T =193+ 114 C+ 300" + 114 Mn + 9-3Ph.
Elongation = 42 — 36 C — 55 Mn — 6 8i.

Col. Maitland gives for steel used for guns at

Woolswich, after oil hardening—
T=140C + 20 Mn~10.

126. Increase of Strength from Reworking— By
repeated piling and rolling wrought iron improves in
quality ; bat, if experiments by Mr. Clay, of the Mersey
Steel Works, are to be trusted as giving a general law,
there is a point beyond which reworki‘ng injures the
iron. He took some puddled bar and rolled it repeatedly,
trying the clongation each time. The following are
the results :—

Tepacity, in tona per sq. in.
Qniginal State 106

fiecond Workimg 235
Thired . 2% 6
Sixth . (maxumum) . . 276
Nmth ., 260
Tuellth 16

Influence of the Amount of Reduetion in Rolling on the
Strength of Tron Bars—In the Report of the United
States Testing Board, for 1881, data are given showing
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that the amount of work put on a bar considerbly
affects its tenacity and elastic limit. Tests of iron fzr
chain cables showed differences of strength for different
diawmeters, and this led toa special serics of experiment

in which bars of the same iron were rolled 5o that tf.
section of the finished bar had greatly different rat“e
1o the aven of the pile from which it was ralled. T\\m
bars were very uniformly heated, as it was founq ““sc
underheating in rolling tended to give an incrcam
tenacity and higher clastic limit, and 0\'crhenﬁn,i,m1
redueed tenacity and lower elastic limit. S0
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or REDUCTION IN THE RoLis TUE AMatyy
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It is no doubt due to an analogons difference in the
amount of work done on the material in hammering and
rolling that large forgings are found to be weaker than
small bars, and the iuterior of large forgings weaker
than the exterior. Thus, for instance, a propeller shaft
of the U.S. despatch-boat Dalphin broke on the trial
trip, and test bars cut from the shaft gave the following
results :—

Elsstie hmit, | Tenseitr, | Elongation |

— tons per &g in. | fons per s in.|  per cear.
From centre of shaft 152 241 2
From surface of shaft 113 57 1 |

Some very interesting tests of wrought iron, cut in
different directions from forgings of large size, are given
by Mr. Mallet, in a paper on the * Coefficients of Elas-
ticity and Rupture in Massive Forgings."'!  Mr. Mallet
was engaged in the construction of some 36-inch built-
up mortars, and at the same time the Mersey Company
were engaged in constructing the first large forged
wrought-iron gun.  The weakest wrought iron was
some cat radially from the end of a heavy cylindrieal
forging, which lhiad been exposed during forging to
heating during about six weeks, Ite elastic limit in
tension was only 34 tons, and it broke at 6} tons per
s in. Mr. Mallet concluded that the iron of very
heavy chafts, farged guns, or cranks may be expected

' Peoc. Inst. of Cinl Engineers, vol. xvui , Scasion 1858-9  Thispaper
13 intercsting from contaiming protably the earliost carefully plotted stress-
stran duagrama for tension and pressure.
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to have an elastic limit of 7 tons per sq. in, and to
break at a tension of 15 tons per sq. in.  The following
are a few of Mr. Mallet’s results —

Tension, i tons per e 1

Material _—
\tdastic ot | At fricture
Hammercd slab (127 x 4 /) 153 211
Rolled shb (12 x 47) 100 -
Forged slab (48" x 48" « 12 | 875 | 18¢
Mersey gun — !
Ongmal faggot bars | 120 | 219
Longitudinal cuts ;98100 197-17 9
Circumferential cuts I 6655 104 167
Transverso cut | 328 656
Sorinys from gun, seforged and
rolled wto w bar 547 \‘ 22 32

127. Effect of Quick and Slow Rates of Loading on
the Strength. of Test Bars.—Defore deciding on the details
of the tests of the stecl for the East River Bridge, ex-
periments were made to determine whether the strength
of the specimens was affected by the rate of loading.
Nine test bars of steel, 1 inch square and 24 inches long,
were cut from the same rolled bar, and these were used
without further preparation. Three test bars were
broken in periods of 3 mnutes, three in periods of
6 minutes, and three in periods of 20 minutes  Nc
difference 1n ultimate strength was found wlich could
be attributed to the quicker or slower rate of loading.!
The infinence of time on the clongation las been dis-
cussed in § 86, M. Barba has stated that in rapd

U Mr. W Denny appears to have made expertments leaing to the

same result  Sce Hackney, *Forms of Test Pieces,” I'roc Tust. of Ol
Engneers, vol Ixxvi
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testing the resistance is somewhat greater and the
clongation less than in slow testing. But this conclu-
sion is certainly doubtful.

128. Form and Size of Test Pirces.—The forms gene-
rally adopted for test picces have been described in § 77.
Unfortunately no general agreement has been come to
as to the size to be adopted. The ordinary Admiralty
test pieces of plates are of the form d, Fig. 81, p. 189,
and for all thicknesses of plates arc of such a width
that the scction is about 1 sq. in, The extensions are
measured in 8 inches. Other engincers adopt a length
of 10 inches for measuring the extension, and a constant
width of 2 inches for all thicknesses of plates, In the
reeent German conferences it has been recommended
that the standard wilth for all plate specimens shall be
30 mm. (12 inch). and the extension measured in
200 mun. (7 87 inches). The French Admiralty com-
monly alopt test pieces 30 mm. wide and 200 mm.
hetween gauge points.  Undoubtedly plate specimens
1} or 1} inch wide, with the extension measured in
§ inches, would bz very convenient, and the results
would be comparable with the greatest number of
carlier Inglish, German, and Freach results,

Tor many cases very much shorter test picces a
unavoidably used. Thus in the ease of tyres it is neces.
sary, and in that of rails it ic convenient, to adopt
shorter test picces.  Probably in such eases u dian’
of £ inch and a length for extension of 2 inches
mnst convenient size,



IRON AND STEEL 293

The criterion of ductility for practical purposes is
either the contraction of area at fracture or the exten-
sion between the gauge points. One objection to the
contraction of area is the difficulty of weasuring it,
especially in the more rigid materials ; another is the
probability that it is considerably affected by local
conditions of hardness and homogeneousness at tlie
point of fracture. The extension is less open to these
objections, but then the percentage of extension varies
with the form and proportions of the test picce. Tl
variation is almost entirely due to the variation of
length of the local contraction. If the extension g
taken, either (1) up to the maximum load before loes]
contraction begins, or (2) from the broken bar after
discarding the contraction in the neighlourhood of te
fracture, or (8) deduced from the contracted dinmeter
in parts not mear the fracture, the variation of the per-
centage of extension with different forms and Propor-
tions of test bar disappears.

In the discussion on Mr. Hackney’s Paper the
author suggested that the bar should be markeq in
1-inch or 3-inch lengths hefore testing, and the exten.
sion measured, omitting the inch or two in which the
fracture occurred. In the appendix to the diseussion
Prof. Styffe made the same proposal.

Professor Kennedy has made experiments op the
effect of varying the form of the ends of plate test bars

1 According to Barba, the up to
ously independent of the proporticns of the test bar

load 15 pigy,,
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on the strength and elongation.! The ost important
forms tried are shown in Fig. 115. With soft basic
steel, anncaled, there was no difference of strength or
extensibility distinetly traceable to the form of the ends
Fie. 115, of the test bar. Even form
11 broke fairly in the middle,
and not at the shoulder.
Some pieces of common
wrought-iron plate, however,
showed marked differences
when tested in the forms 11
and VII, Hard or inferior
material scems, therefore, to
beaffected by the form of the
ends,
129, Variation of Quality

N
z in Picces cut from the same

Dlate. — Some  experiments

L

i

seem to show a more or less considerable difference of
quality in picces cut from the same plaie.  No doubt in
some of these cases the differences are due to crrors in
testing.  If the testing machine is not iteclf inaccurate,
still fmpet feet centring of the specimen in the machine, or
imperfect gripping of the specimenin the shackles, may
giverise to considerable apparent diflerences of strength,
Butin other eases there appear to be real ditferences
in the quality of the material, and the limits of such
differences are not at present determined,  Mr. DBaker

' Proe, It of Coesl Enginerrs, vol laxvi
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hay stated that entire bars, 16 feet long, 10 inches wide,
and 1 inch thick, gave an average tenacity of 19 tons
per sq. in.; while ovdinary test pieces, ent from the same
bars, broke aut a stress 35 per cent,, and even in some
cases 75 per cent., higher.'  An iron plate was ent up
in the workshops of the Compagnie des Chemins-de-fer
de P L. Mointo 32 test picces?  The strength length-
ways varied from 20 32 10 2021 tons per £q. in, amld
crossways from 20032 to 2330, The streteh variod
from 12:5 to 21-5 per cent. lengthways, and from 70
to LED per cent. erossways,

HARDENING, TEMPLR!

NG, AND ANNEALING

L I steel contaung carbon, manganese, or phos-
phorus m suthoent quantity is beated toabout 1,150° or
higher, and then suddenly cooled by plunging into a
bath of cold ligud, it becomes harder, stronger, and less
plastic. The more of the hardening element in the
steel (np to a certain limit ), and the lower the tempera-
ture, and the greater the power of ab-orbing heat in
the cooling liquid employed, the greater the hanluess
produced,  Water hardens stecd more actively than
oil, and pure water bas a greater offect than seapy
water,

In plunging the heated steel inte a cooling liquid
the esterior logcs heat first, nnd contracts on the

* Pree Dt Ged Evguerss, vl Tixer p 5
* Lalastone Los Mt p AN
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interior. There thus result tensions in the exterior,
which may exceed the elastic limit and cause per-
manent stretching or even fracture. Afterwards, the
interior cools and contracts.  But it is now attached to
the stretched exterior, and in turn is put into tension.
Thus there may arice in hardening a condition of great
internal stress.  The cracking and twisting which often
occur in hardening are indications of this condition of
stress. M. Caron has observed that the volume in-
creases in hardening. M. Considére states that if a
hardened lar is eut in two by a parting tool in the
dircction of its length the pieces become curved, with
the concavity on the planed «ide.!

By rehicating hardened steel and allowing it to cool
slowly, the hardening previously induced is diminished.
This is termed tempering, or letting down the temper.
If the stecl is raised to 1,300° or higher, the whole of
the induced hardening disappears, and the process is then
termed annealing. In annealing the temperature must
be high encugh, but should not approach the fusing-
point or other changes ocenr. The cooling must be
slower the larger the mass to be anncaled, and in the
case of large masses requires days or cven weeks.

Alternate hardening and annealing alter the steel,
somewhat in the same way as mechanical forging.?

g.
The steel, originally coarsely crystalline, and with

+ L'emploi de Lagier, p 10
* Colonel Maitland, R A, *On the Treatment of Gun Steel.! Proe,
Inst. Cucl Engineers, 1887
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Onginnl-gln(e \ After heating and

quer chin

Matenat

Tenacity, | Llongation | Tenacity, | Elonzation
1 tons per |in 10 inches,| m tors fer | m 10 inches,
#q in per cent. 8] a0, per cent,
Very muld steel K 24 38 10
Harder mild steel 20 23 43 b
wo osteel .. 35 221! 50 o
.. 35 o2 43¢ 1

The following results are given by Lebasteur on
steel from Terre Noire, showing the inereased effect of
tempering as the carbon increases :—*

(The bars ¥ ¢1e 08 inch diameter and 79 1nches between gavge points.
tress m tons pef £ 10 )

5 | Ongoalwute H Hardencd in ol Tlardentd jn water
g
E8 | g, ?, E‘:‘ 2. | Eg .E.E el | F. £
20| g% 3L | Be | 2R |28 ) 8B ) 3 2L | 6k
s g9 g% | g5 | 85 Ex | 85| §4 M
O IET AT LN RT ) 5 [RE|RT & £
=) £
0150 11157 2311 325 | 2083|2072 | 286 | 1956 |2883| 190
049014613048 | 248 2852 |a177) 120 | 3048|39563| 25
0709 195643311 100 |43691¢500| 40
0875(2083(4439| 84 5747167311 10| bBroke intempering|
1050 \25~os 5161} 52 } Broko in tempering

A corresponding series of tests of steels containing
different, proportions of manganese was also made, the
other constituents of the steel being kept constant.

- Ongmal state l Hardened 1 ot Hardened m water
g3 . = 5 |
- - A
FR)ZE | EE ) BY | 2E | §E | 8% ) FE | 4L | BT
= A= | k¥ | Ex @@= | g3 | Ex @~ | £% | &8
= S& & ZE & £
0521|1670 | 52 90 9648|4358 | 12:0 |

245

0060|1981 |3880) 214 | 412862 87
1305|26164858| 17 4 {1 Cracked m tem-
2008|3020|5620] 105 penng

IIHL

1 In 7 mches, and after annealing. 2 Quenched n soapy water
3 Lebasteur Les Méfaua, p 72
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A similar series of tests was muls v
taining 0-247 to 0°398 per cent «f v iirmes
action of phosphorus was similar 5 ez o oy

manganese, but less energetic.

ExpeRIVESTS o8 T TENSILE SIRENGTH 0F S10yz o3 oy 2
! = Ty T,
Noige Worrs!
(Diameter of bary, 0733 32-%

' I
P gLy e
3 o

Percent- | Taa
Matena ageof —— e
aron | Elig. L

Lz

Farged steed (ntaming about | | 35 | 1339
{ oy nt of manganese 209 | 199
sl a trace of mlicon) 875 2131

20 43
The gime, after hardening i
ol

N
v

2355

a3

Cast steel, not forged {contain-
about § per cent of man-
ganeso ‘and § per cent of
silicon)

The same, after hardeming m

2
=

PR .
-1
Ao
wo
es ey
R

ol and snncaling 50 | 2230 | 4623 | 155
87 2866 | 5146 | 35

131, Injurious Effect when Steel vs worked ata ¢ Bly,
Ieat or Colour Ieat—Tt has long been known, in 4
more or Jess vague way, that in cooling from 2 weldiy,,
heat steel passed through a condition in which it 1,:_
came brittle and dangerous to work  Furst, 1t shonlq
be noted that there is o temperature at which the stee]
is brittle and little capable of being bent. In 1881 the

1 Proc Inst. of Mesh Engineers, 1850, p 182
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¢ All thewe results rays Mr. Strobmeyer, point
unmistakably to the great danger which is incurred
if iron or steel is worked at a blue heat. The differ-
ence hetween good iron and mild rleel reems to be that
iron breaks more eacily than steel while being bent,
when eitlher hiot or cold 5 that iron suffers more injury
than steel by cold working ; but, if it has withstood
suceessfully bending when hot, there ix little proba-
bility of its {lying to picces when cold, as is almost sure
to e the eane with mild steel.”  Mr. Strohmeyer thinks
that there is no founrlation in fact for the opinion that
local heating of a plate sets up strains which may cause
{ra
injured if made red ot or blue hot and cooled by
holding them with one edge in water. The following

ture,  But some qualities of steel are con<iderably

table gives these results » —

No, of beadings before eracking
Matcrlal Medwme] on. v Taw
Tt [ MUC (et
steel e stee) fron
Unprapigad or anmenled 21 124 2 20
Mada red ot and guenched m | gy n - ~
halling wator -

Mudn rod Tiot and quonchiod i..} L 10 0 0
enld witw ~
Ral hot,  Tilge yuenchod n a 8 o |0 o7
wator = ~
Bhio Jot, Filga quencliod in a o | 19 18

walor :

Tha following exporiments were suggested to the
muthor by Mr, Strolmeyer’s paper. A plate of mild
27-ton steel wan broken in the testing machine in the
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ordinary way. The longer piece after this test was
heated to a temperature a little below redness, and
while at that temperature it was bent to a shallow curve
and straightened again. It was then tested in the ordi-
nary way. The results were these :—

I Second test,

Frat test after bending whie hot
Tenacity . 270 2
Contraction . B 51 0 per cent 21 0 per cent,

These results scem to show that the tenacity is
increased at the expense of the ductility. Some test
picces of the same mild steel were J——
heated to red heat, placed on 2  Zew o

Font tunce
V block, and quictly bent to an angle

of about 15° at each end out of

straight. The bending pressure was

put on just as the redness disap-

peared. The test pieces were then bl O
straightened in the same way. Lustly,

they were tested by tension. Fig.

117 shows the result obtained. In i
the place which was the middle of = ewian

the curvature in bending there 1s

D=ty
searcely any measarable contraction
of area, or extension. On each side
of the middle of the bar, where there

was hardly any bending, the material
is still ductile and draws down The
figure shows the widths and thicknesses of the bars,
The clongations in each inch length were as follows :—

X
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Erovoarions IV eacn Incn

Dar bent once Dar tent and

and steaishtened strarshienal twice.
0018 0120
0152 0
0138
O0sol Heated part
0010
2133
0287
0622 Dresk.
0100
0100

In the part heated and worked (by bending) the
steel is not weaker but it is stiffer.  The bar has been
rendered unhomogencous, and consists of portions of
quite different extensibility. It is easy to sce that by
locally treating a plate in this way it may be rendered

extremely treacherous, even without assuming that the
heating and bending has created a condition of internal
stress,

The results in the following table, obtained by Mr.
Webb, at Crewe, carry the same lesson of the gain of
strength with the loss of ductility. For convenience of
comparison the results for plates bent or hammered at
blue heat, and not annealed after, are separated from the
others. All were tested cold, except those marked as
tested hot.

132, Hammer Hardening and Cold Rolling.—-lt is
well known that ductile materials can be rendered more
elastic and harder by hammering, planishing, or wire-
drawing cold, and this action is identical with that
which occurs in mechanical operations in many ways,
sometimes with useful, sometimes with prejudicial,



o
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v, Tenacity, | Elonga-
Conditzon of matersal Yo of | “iatass | tion m
persq m [i0ws pe
Ordinary plate, annealed . . 3 30 06 236
Hamnered wlnle blue hot and annealed 2 3026 | 238
Bent while blue hot and annealed 3 3074 5 221
Tent red hot and cooled 3 3165 ( 225
Annealed plates bent cold . 3 3242 | 125
" ,»  oud annealed 3 [ 8060 | 2303
Bent three times blue hot 1 3801 43
Hammered while blue hot 2 33 24 10 05
Bent once blue hot 3 3195 78
Tested while blue hot 2 3880 | 114

results. Whenever a ductile material is subjected to
deformation by pressure at temperatures below those
at which the metal is plastic, the strength and clastie
limit are raised, but the elongation at fracture is dimi-
nished. The elasticity is increased, but the plasticity
is diminished. The author has noticed that, in very
long rail bars, the colder end which passes last through
the rolls has a higher yiclding point and strength, but
less elongation at fracture, than the hotter end. The
following are some results from picees cut from steel
rails rolled 150 feet long :—

' -
! £ ctension 10’ Contraction  Work done per

naeity,
Tenseity, in rub m 1@ inch

Test, No. - tonyper | 2jinches, |  of aren,

n | e | perent | b

max. stress
36 Hot end 46-37 2 4917 | 515
37 ,, 4503 o 5163 1« 672
38 " 4673 2 8 | 545
10 Coldend | 4981 | 1 3BT L 707

The work done was measured from an autographic

diagram.
x2
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Many years ago an American process of cold roll-
ing was introduced. Round bars passed throngh rolls
cold were straightencd, polished, and rendered stronger
and stiffer. The following experiments by Sir W.
Fairbairn on a bar of good Dudley iron show how the
mechanical properties of the material were affected by
the process :-—

[Tensite strenzth! Llongation 1

Matenal tons per «q in {10 1ns por cent.
Rough rolled bar, 1} inch diameter, in or- I ec0 203
dinary stato B -
Thesame, turned down to 1 inch diameter g on g
1 lathe o6 -
Bar, cold, rolled to 1 inch in diameter . 334 80

The strength increased onc-third, and the plastic
clongation diminished more than one-half.

The following results are given by M. Consi-
dére :—!

Clustrc himat, 1n) Tenacity, 1n | longation,
Maternal tons per sq in, wn:";::rgé in Pﬂi:"h

Very nuld steel 1 ordinar;

e Y|} 1607 2699 265
The same, compressed by

hydraulic press at 32 tonis 23 67 2§32 17

per 5q In.
Shup steel 1n natural state . 18'80 8334 180
The same, reduced by cold

rolling from 10 to 945 } 2692 3161 15

mm_thick
Iron plate, natural state . 14 48 2375 150
The same, reduced by cold

n}j‘lg{\glmm8h71mm } 26 42 2978 70

tha

¥ Demplov du for et de Tacier, p. 148.
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The gain of ultimate strength is here not large,
but the rise of the clastic limit (probably the yield
point) is very marked. The diminution of plasticity,
shown by the ultimate clongation, is also marked.
Wiredrawing is a process similar to cold rolling, and
in wiredrawing the incresse of strength is very con-
siderable.

The effect produced by hammer hardening or cold
rolling is entirely removed by annealing ; and doubtless
it is to the removal of some effect of this kind, duc to
rolling at too low a temperature, that the diminution
of strength by annealing, which sometimes occurs, is
due.

Mr. W, Parler’s Experiments—Mr. W. Parker has
recently shown that any mechanical deformation, such
as bending, has a similar effect to cold rolling or ham-
mering. In the antographic diagram the yicld point
disappears, and the true elastic limit is lowered.  The
following table shows very simply the analogy in the
effect of hardening by sudden cooling and hardening
by mechanieal pressure m the case of very ductile
material.  Similar bars of Siemens-Martin steel plate,
2 inch thick and 2 inches wide, were taken. No. 1 wag
tested in its ordinary state. No. 2 was bent cold to
a radius of 8} inches, and straightened. No. 8 wag
treated similarly at blue heat. No 4 was heated, and
qucnchcd in cold water. No. 5 was treated like No. 2
and then anncaled. Tt gave a diagram almost cxactl):
like No. 1.
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No. | Tenacity, in | yqy point, tons rlomgnunn Contraction
of | tons per eren in n10ine, | fares, -
Test| eq.in. pereq In. |ver cene percent.
1 272 119 278 36 Ordinary state
2 7% No yield pont 257 026 Bent cold
3| 312 " 207 LOG | Bent hot
4| 32y " 17 6 320 | Quenched-
b 271 153 202 439 Annealed

133. Local Iardening—If a plate is sheared or
punched a very considerable lateral pressure is exerted
on the metal near the cut edge. The action diminishes
rapidly from the cut edge towards the interior of the
mass, like the stress in a thick cylinder subjected to in-
ternal pressure.  For about % inch from the cut edge
the metal is hardened, and its po“ er of extension greatly
diminished. M. Barba cut from a punched plate the
ring of metal surrounding a punched hole, and found
it to be extremely brittle and incapable of bending.
M. Considére has shown that a permanent condition of
compressive stress is induced in the ring immediately
round the hole.

That the diminution of strength of a punched plate
is due to the hardening of the metal round the hole is
now established. M. Barba showed that rimering out
aring % inch thick round the punched hole, or anneal-
ing the plate, entirely removed the prejudicial effect of
punching. The punching is more injurious the thicker
the plate, and this is obvionsly due to the increase of
lateral pressure in punching thick plates. It is less in-
jurious if the die-block hole is larger than the punch, for
that diminishes the lateral pressure. Sheared strips of
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ductile material are known to be brittle when bent.
Mr, Baker has mentioned a case of a steel plate which
had been sheared which cracked in several places while
being straightened cold.

Some experiments of M. Barba showed that the
diminution of strength in a bar in which a hole had
been punched (reckoned on the net section) was greater
the wider the bar.

Thus, some steel test bars 0-28 inch thick were
punched with a hole 0'68 inch in diameter. The
normal tenacity of the steel was 327 tons per sq. in,
The punched bars of different widths gave the following
resalts :—

—_—

Width of bar, mmches | 128 20 | 272 344) 416 488

Tenacity—cyhindrical holes [ 271 (269 253 (227 243 (231
N comcal holes . 1317 |283 (263 224 |229 |o37

Turther experiments have been made by M. Con-
sidére on n plate of Siemens-Martin steel, containing
034 per cent. of manganese and 0°22 per cent of car.
bon, and a plate of Dessemer steel, containmg 0 38 per
cent. of manganese and 0-33 per cent. of carbon, The
normal tenacity of these plates was 82:7 and 381 tong
per sq. in.

M. Considére first verified M. Barba’s result, angd
determined that the increase of strength i the narrow
plates was not due to the lateral expansion of the
narrow bar under the action of the punch. Ie they
tried bars with a punched semi-hole on each side, leﬂ\'ing

s
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a strip of metal between them.  The following were the
results :—

Material Normal liades was, I Inches,

i[ Tenacity of bar when distance Letween the
) tenacity
2 |

".‘I)-.':El.’m ”'i

Martin steel
Bessemer steel

31286
396 {336

272
306

Here a new result appears. When the distance
between the holes is Iess than § inch, the punched bar
is stronger than the unpunched bar. For wider bars
the reverse is the case, Part of the excess of strengtl
in the narrow bars is no doubt due to the suppression
of drawing-out, explained in § 33. By tests on plates
with drilled holes, M. Considére found that 5 tons
incrense of strength in the 0-2 inch bar was due to this
cause. There remains another 5 tons increase, due
dircetly to the punching. In this very parrow bar the
whole of the metal between the holes was hardened by
the action of punching, and the increase of strength is
that due to cold working. As the bar is made wider it
comes to consist of hard metal near the holes, and softer
metal, unaffected by punching, between. The hetero-
geneousness of the material involves unequal distribu-
tion of stress. The bar tears at the rigid material, and
the tear doubly weakens the bar, partly by loss of
section, partly by the unsymmetry which results.

Suppose Fig. 118 represents at O f the normal
stress-strain diagram of the material, and at Oe¢ the
stress-strain diagram for the material hardened by

v
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punching. If the bar stretches an amount O g, the
stress near the hole will be ¢ d, and that of the un.
injured material @e.  The bar must tear at the edge of
the hole when the strain reaches the value O 5,

The application of these considerations is far wider
and more important than the question of the deteriora.
tion of plates by punching. It
has been seen that in many
ways the plasticity of the
material may be altered, so

Fig 118

that the yield point disappears
and the extensibility is greatly
diminished—by rolling at too
low a temperature, by sudden
cooling, by bending, hammer-
ing, cold rolling, or by shearing
or punching. So long as such °

P ety

|

an action is general, the only effect is that o more
rigid material is made out of a ductile one. But jf as
must often happen, the action is local, then the ef;‘%t
on the strength, like that of the thin ring of hard meta]
round a punched hole, is far more serious. To knoy
the danger, however, is sufficient. Either local harden.
ing can be avoided, or, if unavoidably produced, it ean
be destroyed by annealing.

134. Influence of Temperature on the Strength, and
Ductility of Tron and Stel.—The re-ults of experiment,
on the influence of temperature on the strengty, and
ductility of iron and steel are somewhat discordant, \
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maximum strength is reached at 572° and for higher
temperatures decreases rapidly,

Amongst the most eareful of the experiments on the
effect of temperature are those by Kollmann, at Ober-
hausen. Three materials were used, the quality of
which may be judged from the following summary of
the properties when tested at ordinary temperature :—

Matessal Tenacaty, in tons | Stress atelastic Limar,| Tlongation,
per 1. 10, 10 tons per (.10, | per cent.
Fibrous tron . . 236 171 17 5
Fine-grained 1ron 25 4 17 4 200
Bessemer steel . 38 245 145

These experiments show a regulac decrease of
strength with increase of temperature in all cases. The
following table, calculated by Roelker,! gives the strength
at different temperatures in terms of the strength at
ordinary temperatures. For comparison the results of
some experiments made by the Franklin Institute are
added :—

Temperature. Fibrous Fine-grawncd | Bessemer Wrought tron,
¥ wrought sron ron Franklin Institute
0’ 100 100 100 96
100 100 100 100 102
300 97 100 100 106
500 925 985 985 104
700 &L 2P 9256
1,000 26 36 31 36
1,500 10 166 12 —
2,000 35 b 5 —

Mr. Barnaby made some experiments on iron and
steel for the Admiralty, and these experiments are

1 Proc Inst. Cusl Engineers, vol. lxvis, p 437,
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important, both as being recent and made on test bars
of reasonably large size. The bars were partly heated
in oil, partly in sand ; generally, however, they were
taken out of the hot bath and broken as quickly as
possible.  The temperature was judged from the colour
of the fractured surface, or in some cases by observing

whether tin or lead melted when placed in contact with
the bars.

EXPERIMENTS ON THE INFLUENCE oF TEMPERATURE ON THE STRENGTIC
axp EronoaTion oF InoN axp SteEL By Mr Bamvany

(Ltongations m 8 1nches )

Tempe- | Tenacity, | Elooga Tempe-| Tenaaity, | Tlonga-
Tature, | tons per | tion, per —_ rature | tons per | twn, per
Fahs, B im, cent TFahr 8] 1w <cent
g 00° | 2303 | 2395
€pll 40 | 2708 | 838 | & 60°| 2607 | 2734
SE |40 | 274 | 125 | E2 450 | 405 | 1406
=5 —_—] 28 520 | 387 1718
S oo | 2230 | 1398 | § 880 | 2402 | 2656
@8 {500 | 2715 | 1003 ‘
&2 530 | 26 10 15 —_
T ]
Ego 93 | % 60 | 291 2578
ER-E] 62t || 2 g 430 | 3345 | 1406
2&% 312 | 55 490 | 315 | 1875
a g% 610 | 280 187
60, 211 1562 | E 030 | 3083 | 1874
= 490 | 244 | 125 | &
2 500 | 232 9 37 -
2 1%, T TR (o] s | mar
= 50 to . —r 8 2, o
z 00 |F19°3 | 1875 || Eo ‘\430 381 | 1875
2 g4 | 550 | 3308 | 1718
6o | 218 | 2343 | 8 580 | 1856 | 250
420 | 303 | 287 | |

COLLECTED TABLES OF TESTS OF IRON AND STEEL.

185. In giving tables of the results of tests of iron
and stecl, the object has been to select some of the most
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is probable that, from the great length in which the
clongations and compréssions were measured, and from
the use of two symmetrical verniers, climinating to a
great extent the effect of initial bending, the measure-
ments in these experiments were very trustworthy.
One important result of this mode of experimenting
was the observation, in a clearer way than previously,
of the remarkable behaviour of ductile bars at the
yielding point or breaking-down point.

The Committee arrived at the following important
conclusion from these experiments :—

‘It would appear from these experiments that
within the yielding point of steel the amount of length-
ening from tension, or shortening from compression,
produced by equal forces per unit of area. is nearly the
same, and also that the amount is rather less with steel
than with wrought iron.’

The experiments show also that the stress at which
the material yields or breaks down is nearly the same
for tension and compression.

There are two other points very worthy of notice.
The first is the great uniformity of mechanical pro-
perties within the elastic limit for all the bars, however
diverse their mode of manufacture. The other is the
much greater uniformity of the results of different tests
of the same material than in the more ordinary tests of
very short bars.

The compression and extension per ton per inch given
in the tables are the mean values before yielding began.

N
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137. Doard of Tiade Erperiments on Iron and St
—The plates were furnished by the Steel Company of
Scotland, as material suitable for ships and boilers.
The following table gives the mean results of tensile
tests of plates of different thicknesses. The elastic limit
recorded is properly the yielding stress. The plates
were tested lengthways and across the direction of
rolling, but in nild steel no sensible difference is found
in the strength, and only a small difference in clonga-
tion and contraction. The large contraction of area of
the steel plates indicates great ductility, and in this re-
spect steel compares favourably with iron. With regard
to the iron plates, the boiler plates are more uniform
than the ship plates, and contract and extend more be-
fore fracture.

! Memorandum 1ssued by the Board of Trade upen the Use of Mild
Stecl, 1881
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TapLe IV, Tessite Srreycrn or IzoN axp Mito-stees Prates
(‘Boarp or Tripz Rerort,” 1881). -

i~k nes: - Sy tyredd | T i ‘Elongation
ofghaton | Dirsction of | (0o e tons s {12 1D soche, | Contrartion,
hes T per &q in. 5q in. per cent. || Percent.
= 1 "
Sreet PraTes
pog o 10 510 235 460
F S w1 | 31 a1 2 399
I 158 289 208 532
i . 57 23 ¢ 289 109
3 ' 138 295 292 468
3 + 56 297 265 383
i . 49, 230 200 504
5 5 a.
St . s 20 256 124
| Means V 163 293 I 282 | 491
Means + 163 ' 292 253 ) 403
Itox Sotr Prames
3 ' — 24 00 0 68
i " - 202 67 47
: I — 942 36 18
[P oo T
| Bleans . — 2201 57 | 54
? Teos Boner Puares
| v - 2120 90 1291
+ ' + — 1903 27 H 428
P o pEoa
H + - T 508
R .
I - T 387
s,
. Means [ — 2115 96 1307
Means + - 1848 32 441

Tests of Iron Plates by Dr. Bokme~~Table V. con-
tains a very complete series of tests of material, chiefly
for boilers, made on similar test pieces. They are chosen
partly because the measurements were made with great
care.

1 Mtth ausden K Techn Versuchs-Anstalten ru Berlin. 18848
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(The test 1 ars were 24 Inches wide, and 3 to & meh thick ¥
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Tesry or Trox Borlex Prares—continued

Stress, in tons per | Elongation, per| Cuptrac-

- Ihickness, Ry cent tion of

wanches | atyild [t mau-{ fn§ [ 4 [areaper
pomt | mum foad| inches | incbes | ount

45 Dolerplte .| 46 1730 | 2540 |22 | 201 292
o, S w2 1aac | 2193 (235|300 | 315
a ®7 | 1515 | 2305 |227 | 5G| 276
- 46t ' 1540 | 2545 | 239 | 208 | 308
9 | 49 11000 | 2555 | 280|288 | B17
5 I dey | 1e8s | 2550 (234 282 | 08
s . w0 ! 1653 | 2525 2211265 | 278
Tested acrosa the direction of rolling
froaotite ¥l o241 1300 ) 2035 | 88 [s02) 168
g I sss | 1306 | 2176 198 159 | 151

3 . 527 ) 1291 | 1046 | —
4 Bouler plate

| 1345 .
(Now 104 bamovey }| 304 | 1845 | 2016 | 81 92 —
b - ! 394 | 1408 | 1081 | 78 82| 96
® pter 308 | lido | 2182 | — | —
otler plate - ~ P

(Nos 15-15alvey | 40t | 1876 | 2105 | 72 | 84| —
3 - wt 11333 1 2018 [ 74| 76 102
9 . 109 | 1502 | 2025 152 [170 | 149
| 3 Tion plate 315 | 1433 2195 {74 76] —
A 5 | 531 | 2327 | 68| 17| 102
[ S 4211384 | 2042 | 44 50 17
[ L gL | 1470 {71] 75 ot

Tavte VI Tessic Strexarn of Bastc Stren (Gurior, ¢ Proc. Jnsr.
£, Lxxvil r 304)

i - | Tena.
Sectionof | €AV Elongation, pe cent, |
3 Desengtion | Section of | yest prere, | l"o’,'g’"‘n’e‘r 10 ) B 1 ma |teched
3 wches | F0F B dnchies | suchos | anchies [Pereent
— T e
| Thato [127x18” [2015+ 46' 289 | 250 | 275 | 631 | 658
Asle 157 x25” | 17 gam. | 2229 | 313 ] 311 [ 631 | (29
Plate 1zexig7 203« 47 | 2490 | B30l 30| a2a | exy
" 167157 1190« 705, 2300 | 300 | 313 | 625 | 635
“ 167167 12035 59) 2416 | 275 | 305 | — | 505
i 197x19” (152« 68| 2392 | 231|312 | 604 883
et from 1197 19" | 17 @i, | 2308 | 204 | 266 | 406 [ 600
Ihto 19719”1765 % 69' 2668 | 238 | 250 438 | 460
» 27127 (152% 705 2608 | 265 | 285 | 531 | 408
" 197 x 197 ' 20 x3U5 y‘ 2407 | 288 313|500 4892
Means — —  l2ere [2s0] 306 001|505
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Tapte VII Kexxepy’s Tests oF LaNDORE SIEVENS STEEL.

Dewcription of plates uaty, 1 tons| 1n tons per [1n 10 1nches,
per = m. sq.in et cent,

Lamit of .m-' Tenaaity, | Etongation

§ inch plates, switable for furnaces 176 29-33 239
(along fibre

% meh similar plates ('\10n" fibre) 1492 o727 7.2

| » {across fibre) 14 84 26 93 223

214

Rivet steel . 20 65 2912

Tapie VIII. Tests ofF STeEL Prarks, ANNEALED AND UNANNEALFD.

Tenaaity, 1n tons | Clengation 1n 8

Deseription of plates

|
. ersq mn | waches, per cent.
| "+ nch plate, hard steel, wnannealed X 16 65
annealod 28 52 2412
£ 1nch Plate, mild steel, wmamnesled | 2000 2432
ealed 2105 29 87
3 mch plate, mild stee, unannealed 2853 25 05
2695 2690
15 meh steel borler plate, e

l 28 23 21250

. " annealed

Theresults on } inch and 4 inch plates are given by
Mr. W. Denny ; that on the thick plate by Mr. Traill.

138. The Testing of Rails.~The testing of rails is of
very great importance, from the extent of the manufac-
ture, and the serious consequences which may follow the
use of unsuitable material. The ordinary tensile test
so trustworthy for ordinary materials of construction,
is comparatively uscless, sometimes even misleading, as
a guide to the quality of rails. For rails two require-
ments bave to be attended to, which are to a great
extent antagonistic.  The rail must be strong and
tough, for it lias to carry great weights, and suffers

! Elongation in 10 inches
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severe shocks, DBut it also must be hard enough to
resist abrasion or lamination ou the surface. The
carlier tests adopted aimed chiefly at securing tough-
ness, and led to the introduction of rails too soft to
stand the wear of traffic.

Tests of Rails.—The following table contains tests
of 30 steel rails, after use on the Furness Railway for
cight years (* Proc. I C. E. vol. xlii. p. 74), and of 36
mean values of tests taken weekly during the years
1869-70 (* Proc. I. C. B. vol. xxx.) t—

Taete IX  Teasme SrREnGTH OF STEEL For Rais.

Tlongation in 2 ,

- ‘ Tenaaty, in tony
| persq .

inches, per cent

- \ Maxmum 504 | 8B
V¥ s s [ Srmnan 301 30
' Smith) b Mean | a4 @5

Ny Maxioum | 455 —
| Means gvon by {1 Mo 338 .
! <y | Mean ' 105 —

No convenient direct test of hardness suitable for
rails bas as yet been found. Indirectly, the bending
test gives indications of the hardpess of the rail. A
rail which will carry a heavy load with a high elastic
limit in bending is Jikely to be a hard rail. But if the
rail is too hard it is brittle. To control the bending
test a falling-weight test has been used. A monkey, or
ball, weighing 800, 600, or 1,0001bs., and falling 6, 12,
or more feet on the rail, bends it more or less ; the
number of blows the rail will stand before twisting or
breaking, or the deflection with one blow, is taken as
an index of its toughness.
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:‘.l)ll
Without attempting

any complete account (f g
testing, the following

suggestions, taken from .\i;’.
Sandberg’s paper,' may be made.  Mr. Sandlape
advises (1) that the bending test chould b revere, lm:
that no maximum of deflection should I sipulatel for
—the rail should be required to CATTY & eurtain load
without sensible permanent deflection ; (2) the fullino.
weight tests should bLe regulated nccord'mg to J,c
weight of the rail. The table below, prepared by .\“r
Sandberg, gives the tests he proposes, and the onling
deflections observed. ry

Taete X Frorosev Tests ror Rams

(Dustance of beannge, 3 fret for all tests Deflection and set mearured
Lengtt of rarl  In thr bendin test, the luad A spplied at the centre shony | b & F2¢

ermanent st Deflcction means temporary delection Al f oy,
" )
Werght' gg_j "djg s Tmpact tests
Iof sanl D e [
., | Veual Usual ]
s ey dcfie- | B | defiec- | Usunl ‘\\up],,\ Heght
I'yard | Load yonin | Loads Lyion in | ety in | of badl, of cal,
P S | m s S aches | et}

|33 5 o12| 11 131 [¢3 |10 | ©
6, B 1 ). 7
|20 8 . | 18 Tad [ 43 8
45 10, |22 41 e, 9
50 12 " Z‘E 1 if‘l,g \ i }q 0 b .
56 | 14, 26 3¢ N v A [
I AR R RN N
@ m o Lol ag
[ I SRR B G I Y Lot ey
=R I I R I I O I 1 O
C g0 28 a5, » w 117 |42 )7
S S S N I B I R D T
90 1 20 Lo . o, " » 21 |45 )
N I O A - R R
100 | 20 5 B2 . . e | B B0]T

\ Proc Inst of Ciul Enqieers, vol. lxxxic., p 387,



852  TESTING OF MATERIALS OF CONSTRUCTION

and 1V, fibrous ; in the directions V and V1, irregu-
larly torn. The following arc.the mean values ob-
tained :—

Tapte XII. Suesrisg RESISTANCE oF IroX axp STEEL (BAUSCHINGER).

Shearing resistance, in tons fer 1 1. in the
Description of plates durectic
I l n I nI ] w | v I ¥I

Tron :

Plates from exploded
boiler at Augsburg
Puddled plate (Leon
Mags & Co )
Tuddled plate (L:.'on}>

1650)1664 (1801 |1980| 846| 844
17-18| 16 2512020 (19:10( 10 30 (10 33

Dagis & Co) an- -{1836117°84]1963|10C8| 889| 920

nealed
Charcoal plate . J1778)1750)2016)2000| 9-20) 800
German Lowmoor plate, (18 64|17 ¢02205{2195(1005( 917
Rolled iron bar . 2215 | 17+16 | 22 55 | 19 00 [ 1170 (10 15

Rolled jron bar, annealed |21 20|19 6823 23 |20 25|10 6013 27

Tlates from exploded
oiler at \VurtLburg,}
from uninjured plate

Plates from pr]o&]cll}

1642|15°06 |17 62|17 68| 695| 723

boiler at Wurtzburg, »| 14 40 | 14-38 | 17 26 | 16 28| 5:20| 476
from inyured plate

New locomotive plate . |1600(1638|1910]1990[1001| 958

Cast steel =
Dessemer plate
» ”

2| 26 45 | 27-35 1 22 0 [ 2145
0|29 20 | 2920|2505 (2570

e

41
6 3

Sk
ot

The resistance of steel in different directions is
much more uniform than that of iron.

The following are mean values of torsional tests,
made by Messrs, Platt and Hayward at the enginecring
laboratory of University College For comparison,
values of the tenacity and shearing strength from direct
experiments on tension and shearing of the same mate-
rials are also given :—

* Proc. Inst. Cirdl Enginvers, vol xc p- 982
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Tapee SIEL Torsiosar STeESGTR oF TRy anp Srrre (PPLarr asn
Haywann)

in.

Materiad

T
£

Tamt of clast
Caleulated shrar-

3
=

| Wrought wros.

L AN 932

Crown bust
| Bessemer steel 2023 4464 381 5550
Crucible sted 1936 4230 436 [os

 Landore mct steed, | ' }
| 018 carbon, 06 - 1020 2083 785 | 583
| mangenese !

| CrownTavet won 1030 2887 | 690 | 6116 o191
 Stedent from et 1040 347 | 415 | 5,822

Vg %00
Stemens-Martinsteel 10 16 2813 | 992 ] 5,981

e stec] 2 2091
\“g:ﬁt"“mﬁc} 10 22 ‘~ 25 l 745 |62l 2ian] ogqy
U [
The apparently high <hearing stress in the torsion

experiments is no doubt due to the false assumptiong
involved in the formula for torsional resistance wlhep
applied to stresses at rupture.

STECL CASTINGS

140. Steel castings are now largely used, sometimes
in place of cast iron, and sometimes instead of forgings,
Roughly, they are usually assumed to have nearly
double the strength of cast iron.  Tests, however, show
wide divergence in the quality of different specimens,
both as to strength and ductility. The steel melts at
about 3,500° Fahr., a temperature much higher than that,
of cast iron,  Consequently, the contraction of the east.
ings is nearly double that of castiron. To obviatedanger
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Some very complete egperiments on steel castings,
obtained from the manufacturers in America, were
made by Mr. A. V., Abbott.! The tests were made
on the test bars as taken from the sand without re-
moving the skin. The dimensions of the test bars were
as follows :—

Tor tension, 1% inch diameter, 10 inches between
gauge points. For pressure, 2 inches square and 23 fect
long. Forbending, 2 inches square, 2 feet long ; loaded
at the centre. The average tensile elastic limit was 13-1
tons per sq. in., and the elongation in 10 inches 9 per
cent. The mean coefficient of elasticity was 10,900 tons
per sq. in,

Tarii XVI. Steen CasTINGS

. HEIFEAERE
= a7 25 iY LT E N
g wie | £3 | E5F | 83\ @y |4
5 2Bs | BL | 2L | 2RE | 255 | 3
s | =% s20 0 Es | Egz | 2,3 | §3= (<4
v. |Beg | meg | HE | @82 | B8 =5z | A€
1 129 195 6o 156 6,000 | 8,000 e
2 114 165 04 40 2,600 | 3.870 45
a 114 189 08 — 2,600 [ 3,930 02
3 103 197 6o 109 3,000 | 4,181 88
4 95 171 190 119 8,950 5,720 15
6 139 206 20 32 4,000 | 6,259 G0
7 160 253 100 161 4,000 | 5,480 20
9 158 233 90 120 4,000 | 6,810 21
94 17°0 282 299 —_ — —_
9x) 170 280 205 — _— — —
10 78 154 80 91 —_ 4,010 33

Some experiments by the author on steel castings,
turned to ordinary test bars about 1 inch in diameter,
gave less favourable results, as shown in table XVIL

3 Proc. Inst of Cunil Engineers, vol lxxxuu, p 512
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below.  Fig. 120 gives autographic diagrams for some
of these bars.

Fi6. 120
Cast Stec?
,. M
©
3 4 ;
;15 3
t e s
&R 5
b
0|
<
R
i
P EEPETSSEE Y BTG VIS AN UAN A PR S SR .
Fxlerstons uv 8§ trchus
Tapte XVII  Tests oF StEEL CasTINGS,
1
«, [Dramete, | Tenacityy Cxtension, per cent., Controction énf,'s,"fyf'
Test Xo | innched |toms per 81 | o |y, | OfaTen ber tons per
162 997 16 26 061 - 076 10,930
163 997 1305 030 — 038 14,050
164 620 1507 —_ 037 060 9,138
165 616 19 86 068 — — 9,972
166 619 20 53 - 075 — 10,220
167 -621 14 52 — 025 -—_ 8,

There were flaws in the fractured sections of 163, 164, and 166

Mitis Castings.—These are castings of wrought iron
to which about 0-05 to 0-1 per cent. of aluminium has
z
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Tematy, 1
Deseription of matenal tonoper eq [ Aathonty
Cast copper . . 85t011-2 | Anderson
Forged copper . 152 ”
” [ Ola phosphoms . 170 "
" ” . 201 »
» 03 " 214 »
" ot “ 23 "
Ingot copper 11'6t0 13'3 | Thurston
Cast copper . Gito 92 "
Rolled copper* 12 9 to 14 3 | Bauschinger
Rolled copper, 4 nch ﬂucL v 133 t0 142 Unwin
Hard copper wire . . 260 Wertheim
200 m

Annealed

tons per sq. in. for cast copper, and reaches 26-7 for
rolled copper (Thurston).

Fig. 121 gives autographic diagrams for copper.
The highest diagram is a normal diagram for rolled

Fro 121
Ceppuer Nates
t ]
£ N B S
| f——
ool / |

:§ oty =]
s
L7
E 9
[

Extouio o <f
copper.  The other diagrams are for the same copper,
heated, and allowed to cool.

! Cantraction of avea, 30 to 45 per cent,
* Extension in 8 inches, 20 to 43 per cent. ; mean, 37 per cent,
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Tin is chiefly valuable in engincering for alloying
with copper to form bronze. Its density is 78 to 74
(weight, about 456 1bs. per c. ft.). Thurston gives its
tenacity as ranging from 0-89 to 2:68 tons per sq.in.,
and its coefficient of elasticity as ranging up to 3,125
tons per sq. in,

142, Zine, known also as spelter, is used for alloy-
ing with copper to form brass. It is malleable within
narrow limits of temperature, and can be rolled into
sheets for roofing. It fuses at 750° to 930°. Clean
iron immersed in melted zine gets a protective coating,
the process being termed galvanising. The zinc being
electro-positive protects the iron from oxidation, and its
own oxide is insoluble in water. If, however, sulphuric
acid is present, a sulphate is formed, and the zinc coating
perishes. The tenacity of cast bars is 2'0 to 29 tons
per sq. in. (Thurston). The author found a tenacity
of 1'1 to 15 tons per sq. in. Cast zine breaks without
sensible clongation or contraction. Trautwine gives
for sheet zinc a tenacity of 7-14 tons per sq. in., and for
wire 9'8 tons per sq.in. Wertheim gives the coefficient
of elasticity as 5,860.

Lead is a very valuable metal for certain purposes
from its great ductility. Its demsity is 11+4 (711 lbs.
per c. ft.). Itfuses at 620° Fabr. In testing it con-
tracts in section very much. Its temacity 1s about
1°1 ton per sq. in., reckoned on the original arca of the
bar,

143. Alloys.— The most complete and extensive
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investigation of the properties of alloys is that made by
Professor Thurston, for the United States Testing Board.!
Only a very brief account of the most useful alloys can
be given here. As to the gencral properties of an alloy
Professor Thurston says, ¢ The physical properties of an
alloy are often quite different from those of its con-
stituent metals. In most cases, however, the hardness,
tenacity, and fusibility will be greater than the mean of
the same properties in the constituents, and sometimes
greater than in either ; while the ductility is usually less,
and the density sometimes greater, sometimes less. The
colour is not always dependent upon the colours of the
constituent imctals, as is shown by the brilliant white of
speculum metal, which contains 67 per cent. of copper.’

DBRONZES.

141, Bronzes arc alloys of copper and tin, With a
moderate amount of tin the alloy is tough and strong.
With more than 20 per cent. of tin it becomes weak and
brittle.  Tp to 17} per cent. of tin the clastic limit,
nccdrding to Thurston, lies between -5 and 06 of the
breaking strength,  With 25 per cent. it rises up to the
brenking weight.  With more than 40 per cent. it falls
again till it reaches about 0-3 of the breaking strength
in pure tin,

y Gun.metal for bearings may contain 88 to 95_per
cetat. of copper.  Gun-metal for guns contains usually

b Tepertof the United States Testing Boand, vol, i, 1678 Also Mate
rals of Engneerng Tharaton  Parg 111
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90 per cent. Bell-metal contains 72 to 82 per cent., and
speculum metal 67 to 75 per cent. The following talle
gives values of the tenacity with different proportions

of tin :—
Comyposnition Tennaty,
Description tons per Anuthority
T €q 1

920 | 80 Gun motal 1295 Anderson
o17 | 83 " 1384 .
a0 | 90 . 1473 A
900 100 . 16 96 N
813 | 157 Bell'metal 161 Mallot
828 15 2 ,, B2 N
811 189 " 77 "
590 210 - 136 "
763 237 » 97 .
730 270 . 19 n

The following table gives a2 reduction of those of
Thurston’s results which relate to the more useful
bronzes :—

o posi Coetbierent |,
Compositiont of bc:n‘img (o Teent | Tty Tlongaten
Densiy | g g, toms) 8 B R S e

e | B T
96 378 | 865 | 1483 | 6132 | 1420 | 1429
028 T2 | 86y | 1952 | G308 | 1274 | 603
925 75 | BEB | 1726 | bous | 1240 | 743
%00 100 867 22 05 6,255 11 99 366
875 125 8 65 26 96 6,608 || 1388 356
8667 13 43 818 — 1314 333
85 175 L 879 | 2032 \ cree | 1616 | 0%l
800 200 874 25 52 J 5,038 1472 040

The bars for bending were 1 inch square and 22
inches between supports. The test bars for tension were
about 3 inch in diameter,

' From onginal mizimg, not analysis
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BRASSES.

145. Brass is an alloy of copper and zinc, sometimes
with a little lead added. Ordinary brass contains from
66 per cent, copperand 34 per cent. zinc, to 70 per cent.
copper and 30 per cent. zinc. Muntz metal, which can
be rolled hot, contains 60 per cent. copper and 40 per
cent. zine, or sometimes 66 per cent. copper, 33 per
cent. zine, and I per cent. lead.

Mallet obtained the following values for the tenacity
of brass +—

Copper § Zine Tenacity, 1 tons per &, ine i
07 93 1205

877 123 1337

854 146 1428

830 170 1383

500 500 893

The author obtained for ordinary brass used for
machinery a tenacity of 1048 to 11'62 tons per sq.
in,, an extension of 13 to 232 per cent. in 8 inches,
an  contraction of area of 16 to 27 per cent. The

“ent of clasticity * bout 5,080 for rolled brass.

table on next gives a selection of Thur-
esults for brass e test bars were similar to

the bronzes - eseribed,
", reat change in racter of thealloy when
t exceeds 15 is best marked in the
ults. The e of strength is
from the lo e bar 3%

hich broke ~
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- Coefficicnt )
Comperition L enry | Coeetent ( Tensaty, —
Depsity | #0608t [ cjie goned 1008 Jer [in B inches
tens per per & M. per cent.
R A

863 | 1035 . 6440 | 1455 [ 267

860 046 Y} 5,607 | 1409 | 314

853 0497 | 5,08 | 1362 | 338

844 | 1002 /| 625 | 1362 | ov2

837 | 1250 || G55 § 1683 | 377

831 | 1740 || 5461 | 1833 | o207

828 | 1895 | 4,238 | 1977 | 1563

829 | 14901 167 || 1384 50

— | 2163 | 626l || 1078 | 08

Fig. 122 gives an autographic diagram for brass.
140. Ternary Alloys of Copper, Zine, and Tin—
Thurston has made experiments on ternary alloys, with
Fig, 122

N353 Nran far
e a3t Alurminssern Broroy Nar

’r"}{_’_‘/_,_,- p—r——prr |
3 1
N 1.
|- ]
3 —

T i e %

ANaza . de -

a view to determining the strongest of the bronzeg,
But these results are less completely given, and the
tenacities for most appear to be estimated from torsiong)
experiments. Thurston terms the bronzes of composi.
tion lying between copper 58 to 54, zine 44 to 40, anq
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Alle Tenacity, | Elastic limt, | Flongation in
7 tons per &7 in | tons per sq in, |6 ms, per cent.
10 p c. alumimum bronze 408 — 15
10, » 413 267 25
10 ,, - 430 380 10
9, . 314 231 90
9 . . 320 196 90
8}, - 321 — 285
74 5 » 271 203 (]
9 o " 520 — 8251
8 " 258 - 1251

A bar of aluminium bronze of a more ductile
character was sent to the author by the London branch
of the Cowles Company. This bar, about % inch in
diameter, gave the following results:—

Tenacity . . . . 36 78 tons per aq, in.
Elongation in 10 inches . 33 26 per cent.
Contraction , . . . 3087

ZElastic Limit B - . 17-74 tons per 5q m.

In Fig. 122 the autographic diagram for this bar is
given, showing the great toughness of the materjal,

147, Effect of Temperature on “the Strength of the
Alloys.— Old  experiments by a Committee of the
Franklin Institute show that the tenacity of copper
diminishes with increase of temperature. The following
are some of the results :—

Temperature. Tensarty, Temperature. Tenacity,
Fahr, tons per 89 1. ¥ahr, tons per aq In.
122 1473 801 848
302 13 84 1016 405
645 1116 2032 00

! Theso two tests were made at Watertown, and the elongations were
measured in 4 inches
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In 1877 experiments were made, under the dircetion
of the Admiralty, at Portsmouth Dockyard, on the cffect
of temperature on bronzes. The test bars were heated
in an oil bath, and then quickly removed to the testing
machine and broken, the operation lasting only about
a minute. This is not quite so satisfactory as breakine
specimens in an oil bath. All varieties of gnn-mct;
in these experiments show a slow decrease of tenacity
up to 2 certain temperature, at which the tenacity
suddenly falls to about half its previous value and the
duetility is almost lost. The temperature at which the
change occurred was about 370° in series I, and 250° i
series II.  Phosphor-bronze was less affected.  Rolleg
Muntz metal and copper did not suffer serious loss of
strength below 500°.

148, Influence of Mechanical Action on the Strengul, of
Bronze’—The specimens of bronze were 3 inches in
length and 0-077 sq. in. section. They were subjected
to the following preparation :—

1. Metal as cast.

IL. Metal subjected to a continued tensile stress of
49 cwts., which produced an elongation of 167 per
cent.

III. Metal subjected to a compressive stress of
15-87 tons per sq. in. for ten minutes before testing.

1V. Metal elongated 20 per cent. by rolling.

Experiment II. shows, in Major-General Uchating's
opinion, that homogeneous bronze is susceptible of

1 Uchatius. Proc. Inst. of Curil Engineers, vol. xlix. 284






Dhameter, Llonzation, Tenanuty,
in1oclies per cent ! mtonsper sy 1.

filicium bronze

15 10 '
0% R 761 !
059 ml . R Rird {
04 ml 47 41 !
036 il 5007
| {18 10 2002 '
o8 115 10 27 47
Copper
081 il 3032
082 . 15 25 2915,
0847 05 10 50 31
031 05 28 42

M. Albert Donnaud gives the following results
of tests of three qualities of wire:—IL. Iron wire;
I1. Martin steel wire ; IIL. Crucible steel wire. The
tensile tests were made on pieces 14 W.G. (‘087 incl,
diameter) and 16 inches long :—

Firmany wire

1
| Bigny
i
!

— charcoal No I Mo 11 )07“7]‘
e | gy | Mot | Gt
Mean temaaity, tonsporeq w46 | o1 | 80 105
Elongation, per cent . 0 om | om ™
Tendings at nght angles before (| 1 o
Lrcahang i | E

The bendings were over the jaw of a vice of 0+4 inc},
radius, Lest the high strength here shown should be
attributed merely to hard drawing, tests were made on
four pieces in each of the following condit10ns:~(a) Rod
from rolling mill ready for drawing; (b) unfinisheq
wire, drawn down as far as it could be before annealing,

A A
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o znd specially tem-
=3 wire. drawn down

0 ORT Ik Slemrnen s F 3233w wine, snvealed.

Sercisatne ¥ onde s

WRI e L Qe .\:334
TUMRAE, B8 b T wy T 2 54
- ~ ¥ 3%
“ - ¢ 06 |
N - R xd ‘
- {
Bt w T oot - 621070
“ 2 30137 |
. “ ¢ 0RO 121013
. o W R 63to50 |
Newmlinge at wgdt anglos N w S , Qtad
“ .~ k3 N a2 41010
“ . . 3 Slro ™ 16 to 57
o ar 12t 13

Phe fnn wire retains an inereased strength, due to
drawing dow i, even after annealing.  The steel wire, on
the conteary, is weiker after annealing than the original
bar, ‘Lo atiliso the value of the steel fully it must be
(.wn\lwml in such a way that a suflicient flexibility is
retnined,

Mr. D, K. Clark gives the following values for

phosphor-bronze wire :—

Unannealed, Anneafed,
About 0 Gin diamete Ateut 011 inch diameter

- Tenaaity, A
In tons per 8q in. int I:xumla:,
) percen
Lowest 436
Highest 712 33
san 563 .
B R KV .
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The following table gives a few miscellancous teste
of the strength of wire made by the author :—

No. of ! Tenarty, Ixtenna

.
speamen Deceniption Drsmeter s‘.‘.,’:’ ‘;;"ltr:v ;1,! In?,t
<t cent.
- _ !
—— 1 Brass wire 1929 0200 o3e3
112 | Black cast stec] rod 191 026 (204
113 ” » . m 0286
124 | Gilhing-metal (no tin)
125 ” "
. 127 1 Soft German mlver
128 P »
100  Dlack sliear-steel rod
110 " "
103 Blck soft-steel wire
102 »” "
106  Dnght hard-steel rod
07 ! » "

Bl45

Steel pianoforte wire has been produced with a
tenacity of 150 tons per =q. inch.
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lever ¢ or ¢ against the spring. By adjusting the
springs, the exact stress at which the levers g or ¢/ Lift
can be arranged.  If the test bar is to betwisted in one
direction, only one of the levers g or ¢/ is required. If
the stroke of the lever /' is large enough it twists the
bar alternately in opposite directions, and then hoth
levers, g and ¢&,are used to limit the stresses. When
working in adjustment, the stroke of / is sufficient to
just lift one or both the levers g or ¢’ at each stroke.
Wokler's Machine for Repeated Tensions (Fig. 124).
—This consists of a wrought-iron bed-plate, at the left-

3 Fla 121,

hand end of which is a cast-iron standard, supporting the
knife-edge of the principal lever . The test bar A is
held in a shackle attached to the lever; the other shackle
is attached to an adjusting-screw 4. The long arm of
the lever is connected by a link to the equal-armed
beam m.  The centre of this beam is pulled down by a
lever worked by a conneeting-rod, a bent spring g being
interposed to prevent shock.  The other end of m rests
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on the short arm of the lever %, which has a bearing-
screw and long spring £, as in the torsion machine, If
the pull on m exceeds a certain value the lever 1 lifts,
and by adjusting the spring f the tension can be regu-
lated asdesired. To facilitate the adjustment the rod d,
by which the pull is applied to the beam m, is in two
parts, connected by a long conpling nut with right and
left hand screws. The rod d is continued down through
a bracket, and a nut under this bracket serves to limit
the extent 1o which the test bar 1s relieved of stress,

In adjusting the machine to give a range of tension
between a fixed lower and fixed upper limt, the spring
f 1s first adjusted to the minimum stress. The nut on
the end of d can then be adjusted, so that when d rises
it just keeps the lever 4 lifted. Then the spring f is
adjusted for the maximum stress, and the machine is
ready for use. As made by Woller the machine had
four scts of levers, so that four bars could be tested
simultancously.

Wohler's Machine for Repention of Bending Stresses.
—For applying repeated bending stresses to bars, the
stress ranging between a fixed lower and upper limit,
Wohler employed the machine shewn in Fig. 125, The
test bar A rests on knife-edges carried by pairs of links.
At a the links are suspended from a fixed bracket. At
b they hang from the short arm of the lever d.  This
lever has a bearing-screw at its longer end, and it is
held down by a spring f.  The bar 1s bent by the rod
g, furnished with an adjusting coupling, and moved up
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and down by a lever and connecting-rod. When the
bar“is not to be entirely released from stress, but to
be strained between a fixed upper and lower limit of
stress, the screw m is used. As the bar unbends it
comes in contact with m at some fixed amount of de-
flection.  To adjust the screw m, the spring f is set to
the desired minimum tension, and the screw  is then

Fre. 123.
"

adjusted till it just lifts the Jever d.  Then the spring
f is set to the maximum tension, and the machine is
ready for use.

Wolder's Machine for Repeated Bending in Opposite
Directions.—TFor repeated bendings in opposite direcc-
tions Wohler used the very simple machine shown in
Fig. 126. It consists of a wooden frame carrying in
bearings the axle a, which is rotated by a belt. In the
ends of a are conical recesses, into which can be fixed by
driving two test bars.  After being fixed, the test bare
are turned in the lathe so as to run truly. At the ends



EXPERIMENTS ON REPETITION OF STHERS 361

of the test bars are fixed spring balances, which can be
adjusted to any required stress.  As the bar rotati s

Fie 120

=
=
> u
<3 =
<. e
-

every fibre is subjected to bending alternatcly m oppo.
site directions, precisely as is the case with journaly of
railway axles,

152. Results of Wekler's Endurance Tests —The fo).
lowing tables contain all Wobler’s more important
results. Table I. gives some ordinary statical testy of
the materials used in the subsequent endurance testy,
The clongation was probably measured in 8 inches, hug
the length is not given.
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Table III. gives Wohler's results on the endurance
of bars subjected to repetitions of tensile stress, the
stress in some cases varying from zero to a maximum
limit, in others from a minimum to a maximum value,
Two forms of bars were tricd. The bars marked A
had well-rounded corners at the point where the small
middle part joined the enlarged end. Those marked
B had square corners. It may be noted at once that
for any given stress the bars B broke with far fewer
repetitions of stress than the bars A. Thus, bar 5 of
form A stood 480,000 repetitions of a stress of 1719
tons per sq. in., while bar 9 of form B stood only 37,000
repetitions of a stress of 17°10 tons per sq. in. DBar 16
of form A was not broken with 13,000,000 repetitions
of a stress of 22 tons per sq. in., while bar 21 of form
B Lroke with 85,000 repetitions of this stress.

The next most important point in Table 1II. is that
the amount of variation of stress, not the absolute amount
of the stress, determines the number of repetitions before
fracture. Thus, bars 7 and 8 endured nearly as many
repetitions as bar 6, though in the former case the
maximum stress was 21 tonsand in the latter 15, DBut
then theload was not entirely taken off bars 7 and 8, and
the range of stress was only 93 and 114 tons.  Again,
bar 18 is not broken with 12,000,000 repetitions of a

stress of 38 tons per gq. in., the minimum Joad being
19 tons per £q. in. ; but bar 10 broke with 19,000 re-

petitions of a stress of 3§ tons, the minimum stress
being zero.
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Tapte 11 WonLee's EXrrriursTd ox 1ans «onpircrrn o reertrp
Trastond rrewres Drrrsarrn Lisars

PRRRNY 1 hed, dn ¢
"\.ml . | | I e Nomberef |
Lof) of | Matenal ,|,,.\|n|.n.‘ rrpatithone befre
j lar | tar Maximom | Minimm | 1770 40 | facture
1A w o
213 £ 0
3'a ' S g
s A" E2 0
b A - SE - o .
B4 - £E o 10,141,615
17 2 o ‘ + 05 Hir i1
| 8 A £ 11 46 [ 1000000
Lo n) = 0 R
A w511
niall =z 0245
g{l:; A‘t ‘i % I
| 2
1A 7
alr o
A =)
&
all B
2 i
] ] . 0 N wma |, b6
S a1y
B| 23 110 | o 1910 -'r."'ii'z
Bl 5% ) ns | ° 1718 208344
L | & 1529 0 1529 iroro
\ 14 31 \7 70 14 2 (1, 100000]l
27| A \ T2 o | 7oz
2BIA 8, ) 669 o | i 3 “0
2y|lal| 28 G 22 | ooz 10'3(0
30|a|l g2 673 0 573 15,028
aulafl 2% ) s, | o 526 78,682
mlal 29 503 0 503 e
2 s 97,685
la|l EE 503 0 503 35,508
st|a|l 53 478 0 178 208,43
gﬁ ,z 3= 478 o 478 7,500,000}
7741117 B 70&. 47 17,600, 000}

' Not broken
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TABLE IV.—continued,

No of e s':ﬁ;ﬁg ‘;[lf.e 4% | Rangeof |No of repetitions
N i were! Materual stress, 1n tons!
hard- | peréq in fractare
ened Maximum| Minimam
38 | - 0 4776 0 4775 30,950
39 | ~— g 4293 0 42 95 72,450
40 [ — £ 3320 [ 38 20 132,650
41 | — Rt 3820 0 35 20 117,000
42 - sl 33 40 [ 33 40 197,400
43 | -~ & 28 65 [ 28 65 468,2
4 | - g | eser 0 2387 | [40,600,0001*
45 | — = 21 50 0 2150 | [32,942,000] 1
46 | B © 5730 | 1433 | 4207 22,000
9 H o " 1910 | 3820 35,600
48 | I £ . 2387 | 3343 86,000
49 1 o " 2865 | 280G 191,100
50 H ] " 3342 23 88 50,100
5l | B = " 3342 | 2388 251,400
62 ! H & » 3820 | 19110 | [35,000,000] '
53 u = | 42 95 14 85 33,478,700
6| — 477 792 | 8983 62,000
8| — " 1592 | 3183 149,800
56 | — " 2387 | 2388 400,050
57 | — ! » 2783 | 1992 376,700
68 | — 5 3152 | 1623 | [19,673,300]*
M| — 4295 | 955 | 3340 81,200
60 | — i “ 1433
o | — | 8 " 1910
2 — ! = " 2387
3] — 8 » 2387
[ " 2865
& | — | & 3820 | 497
66 | — = - 965
6 | — 11 & " 1433
e | — | 2 " 1433
6| — | = - 1910
0 | — | - 1910
[ O ” 2675
72 [ — ) 3341 | 47T
3 — " 00n
o= " 1M
W — | - 1433
w | o) ene 0
i) H |L3E% 0
8 14 e o
U J Az E, o
JTo g :

' Not broken
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Tanre IV.—continued.

Stresses applied, 1n

Bars
Xo. of 'markel

’
|
|
I
|

b Range of | Vo, o repetat
-9 Mwere! Matenal TR endn tony of Tord belure
| hard- || persq fracture
ened !hx:mnm‘ Mimmum
80 ] H'Y 3 ,anl o 4776 30,860
g1t = | £2 | 3342 o |ssie 212700
82 | — |\ Bm o 3104 0 3104 500,100
83— ‘] SE | 286 0 2865 '30,500,000] *
81— 2 ! ms7, o 2387 | [20,260,000] *
© | H = [\ 210 o | 28,350
86 H 3 67 30 0 45,500
7 | B o g 4l 8250 0 46,550
s | H | 35 ll 4775 | 0 141,750
8 | I dGgo || 4535 0 190,050
| = | =z (| 208 O " 80,850
o | - | 2E ‘ /3| 0 104060
92 —_ e ¥4 o 210,
03 ' — 52 l®ei! o 171,800
o - £E 2251 o 538,850
5 - = | ;e | o

1,103,500

Lastly, Table V. gives the 1esults of experiments
on rotating bars subjected to bending s the bar
turns round while bent in a fixed direction by the ~pring,
every fibre is alternately in compression and tension,
and these arc the only experiments of Wohler in which
alternate opposite stresses of tension and compression
were obtained.  The torsional experments agree with
the bending experiments as to the cffect of stresses in
opposite dircetions.

Wahler tried three forms of bars in tlus vesearch,
Two of these had square corners at the enlarged end.
These two forms were relatively mueh wenker than the
bars of the third form with rounded corners, and only

t Not brohen

jiR Y
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the results of these latter are given in the following

table :—

TapLe V. WonLEr's EXPERIMENTS oN B1RS SUBJECTED To REPETITIONS
oF Transverse Stress (Rorarixe Baws) BeTweex EqQuaL AND
OrposiTE LiviTs oF STREsS

! Not broken.

Stress applied, 1n tons Range of
Xo of per & m " No of repetitions
bar stress, In 005 potore Facture
Maximum | Mimum | P75
1 - +156% | -153 306 56,430
2 w5 143 143 28 6 99,
3 S 134 134 268 183,145
4 GE 124 124 248 479,400
5 50 115 15 230 909,810
6 “n 105 105 210 3,632,638
7 g8 96 96 192 4,917,992
8 ] 86 86 17 2 19,186,791
9 & 76 70 152 | [132,250,000]
21 = +239 | -239 478 2,375
25 g 229 229 458 4,986
26 = 219 219 438 11,636
27 H 182 182 304 31,586
28 g /) 103 103 26 | 24311
29 % 143 143 286 | 161,262
30 g 134 134 26 8 404,786
31 g 124 124 218 636,500
32 = 15 115 230 3,930,150
33 3 ~201 402
31 £ 172 344
35 & 163 326
36 ER 163 306
37 =7 53 30 G
33 oy 153 306
30 g 143 28 G
10 12 143 286 45,030,640
16 - 172 | —1re 344 127,771
47 23 163 163 326 312,850
18 bt 153 153 306
49 T 153 153 306
[ £E 143 143 286
61 3 143 143 236
52 R 131 131 268 3,5658,7
63 © 124 124 218 [114,176,171)"
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Tarte ¥V —ntinued

| Steersagplind amtens

fixmoe
< LRy < No dl Pty vy
et | Satenat - T e A A
. | Mammum Srmam VT
5 k34
ES j\ i !
46 4 e o
Do EZ
;s | A=
e ) 226 Ly 2en
ﬁ ‘\ $% e sEni
6 |l L= 240
PO ! 2,4
v | Ed | )
08 \5 <% 2t
w o S E 210
w0 2F g 172 172 B34
:-1 “ ;:é‘: | 16 3] ‘ 100 524
72 W T2 | 163 163 E
B 1Rg Ioms | u3 280
Tt | Copuer 4704 | -7 1528
W v.l [ S X1 1628
T f M Sy b 188
k4 - 621 »2l R4z N
78 \ o sy 1 pur | N 208,000
70 M 573 573 , 1146 2534525
[ s | . ] 478 478 1 900 132 |

158, Welde's Conelusions.—In certain structures the
whole load is a permunent, or dead, load,  With sucl
cases Wohler's investigation is not, coneerned  But iy
nost cases a part or the whole of the load in ocensional,
or varying, In thoxe cases the engineer bas to allow
for a practically unlimited number of repetitions of load,
Railway axles, for instance, may make 300 millioy
revolutions, involving reversal of stress, hefore being

put out of pervice  Now, with suech varying conditions

! Not broken,

Lol
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of straining action, safety depends, according to Wohler,
not at all on the maximum stress, but only on the range
of variation of stress.

The following table gives the stresses and ranges of
atress which Wohler considers to be the limiting values
which, in the materials he experimented on, would only
produce fracture after an indefinitely large number of
repetitions :—

Taste VI Lnurs oF Srress ForR UNLnarmed ReperirroN oF Loap

(WomLER)
Mauimum | Mmmum
Matenal stress, tons per stress, tons per | Range of
qowe |
T A s subyected tosrmple tension, compressnn, or bending
Wrought 1ron + 703 | =765 | 1690
" «15 80 0 15 80
+2100 150 | 950
Cast steel axles +13 38 ~1338 2076
» " ~2300 [ 2300
o . +38 20 + 165 2150 |
Untempered cast-steed springs #2390 o | 239
" N " +33 50 150 | 2200
" » . +3330 u'uo | 1920
- " . +4300 2870 | 1430
B, Bars sutyected to shetning or m,i.m
Castesteel avles L1050 ~10350 21-00
1 0 1820

154, Erperiments by Spangenberg with Wohler's
machines entircly support Wohler's conclusions. If
the stresses are plotted as abscisse, and the number
of repetitions causing fracture as ordinates, curves arc
obtained such as t].o:c in Fig. 127. These curves cut
the axis of absciesm at the statical breaking stress, and
they are asymptotic to a vertieal, the ab-cisca of which
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is the stress which the bar will carry if repeated an un-
limited number of times.

155. Endurance Tests made by Mr. B, Baker)—Mr, B.
Baker has given the results of a series of experiments

Fia. 127
Ripetisems
oLt

AT il S

et g G

on iron and steel made with a machine like that shown
in Fig. 126. The1otating bars were 1inch in diameter

1 ¢Notes onthe Working Stress of Iton and Steel” Am Sor, of
Mech, Engincers. 1886 .

P
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of straining action, safety depends, according to Wohler,
not at all on the maximum stress, but only on therange
of variation of stress.

The following table gives the stresses and ranges of
stress which Wohler considers to be the limiting values
which, in the materials he experimented on, would only
produce fracture after an indefinitely large number of
repetitions :—

Tasie VI Lonrs or StREss For Usinurrep ReeemrrioN o Loao

(WoHLER)
Mextmum Meawnum
Matenal stresa, tona per | stress, tons per Tange of
8q 10 | s stress
A. Burs subjected to smple tension, compression, o1 bending
Wrought 1ron +765 | -765 |
“ " 415 80 0
» " +21 00 +11 50
Cast-steel axles +1338 | -1333 |
- " +23 00 0
o . +38 20 +1650
Untempered cast-steel springs +23900 | 0 !
” “ - +33 50 +11 .50
" ” " +33 B 10 |
” ” | +4300 +28%70
18 Burs sutyected to shevrin g or torsion
Cast.steel axles | 1050 -1050 21 00
" » - 1820 0 ’ 1820

154 Experiments by Spangenberg with Wobler's
machines cntircly support Wobler's conclusions. If
the stresses are plotted as abscissee, and the nwumnber
of repetitions causing fracture as ordinates, curves are
obtained such as these in Fig. 127, These curves cut
the axis of abscissa at the statical bLreaking stress, and
they are asymptotiz to a vertical, the abscissa of which
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The following table gives results of experiments
on flat bars, some bent alternately in opposite directions,
the others bent one way only.  The soft steel had o
tensile strength of 31-3 tons per &q. in., and an elonga-
tion of 20 per cent. in 8 inches. The iron was best
bar iron. The bars were 32 inches long, 1 inch wide,
and } inch thick.

Tavre VIIL Experaxce Tests Baxrs sunseeter to BENDING
(B Barer)

Stres apobed 1009 10| papge or | Numberof sepen
No. Matenal [trevs, 1 tony]  tions before

FEp— rm— e B
o Isoftsteet| +107 | ~107 504 12,240
55 s 197 197 394 12325
a6 . 197 197 394 12,410
o . 188 188 kY 18100
o8 . 188 188 376 18,140
29 . 161 161 392 72,490
30 " 154 154 08 147,300
31 " 162 152 30 4 262,630
32 " 123 123 246 1,183,200
B . 154 [) 154 | [3145,020]
81 |} Best 4| 4152 152 304 184,875
35 bar .| 152 152 304 250,513
3 [ won [| 152 158 | [3,115,020]

The bars 83 and 36 were not actually broken, but
when taken out of the machine were found to have
deep flaws.

156. Bausckinger's Lxperiments on Repeated Tensions.
~—Table IX. contains a summary of all Bauschinger's
experiments on the endurance of a bar subject to re.
peated stresses.  ITe constructed a machine of the same
kind as Wohler’s, in which a bar could be subjected
to stresses ranging from O to an upper fixed limit in
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tension. He ascertained both the initial elastic limit and
the elastic 1imit acquired under repeated repetition of
stress ; the initial breaking strength and the strength

after the bar had been broken in the Wohler machine,

Tapte IX. ExDURANCE TEsts DBARs SUBJECTED 10 TENSION
(BavscHINGER)
Stresses in tension varying from 0 to an upper limit )

Elastic himit, t ‘Tensile strengtl, n
persnn | Lndurance test “Fons pec sq i
No. of After
Matenal ‘ Adcqu;lr:rl aplfﬁfe‘f: ’ repentimns | b
Onginal repetiin | 6l per | efore | Ongioal Ly repel
| of loads * m mllhm:s‘ Toads
08t | 123 71 7 | 252 | 236
Wrought- ‘] vat | 135 | bas| 019 | 225 | B3
‘,“’:‘ ‘ 68t ' 141 | 11 : 518 | 252 | 245
plate 681 los | lot } s98 | 252 | —
16 14l o100 | 63 | 285 | —
156 180 | 160 1 365 | 285 1 —
oI56 200 [ 160 [1103], 285 ¢
L 156, lea | 1bo 33 | a5 | —
. 150 — 1wy oor | 285 | —
boase 191 | 197 10f | 285 1 —
f| 16 10 | 230 | o032 | mp .
Mildsteel || 156 | 100 | 230 | 0% 285 | -
o 3 156 | 19 | 20 | 0de 285 —
: S =
o6 | 13 | 230 | ¢z | s | -
16 | 200 | 262 | o3 | 285 { —
156 | 169 | 262 | 040 | 285 , —
" 156 | 7o | 262 | oo7 | 285 | -
|| 66| 122 | =2\ oi1 ) 285 | -
156 | 15 | 202 | 0 85 | o~ |
cars | oeee fome | oom | g0
1§ | 107 | dod | 740 | 200
9% | 06t
Dar won e 100 | 1% | 0%t | Ee | =
: 1 ns 109 197 081 266

‘ 148 163 138 1648 267

* Not 5ct broken 1n endurance feat

* Blastic lunit roso to 167, and then fell near the end of the en-
durnee tost
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Tantr IN.—continued

Llastic hant, mtens  pogurnce et
1 = 1n [ M

Treealle stee oot

Hrvpersg =
Matenal  Acquired et o
dunny Load ralieg
Onginat | us b ten atere ", Ongiat h:?
l | €f foads B o
! . — pS——
| 176 | 204 “ 163 | [928] 401 N
‘176 — Dese 1o | 401
Thomas e | go8 | 197 | 001 | 401 g4
stecl axle 16 P e | oee | w01, I
176 — 1 %2 | 006 ' 401
- R L T
{ 190 240 } 14 1019 D00 oy
| Thomas 11 180 | 176 | 197 |70l | B0 s
\ steel rail 190 — a,e | 057 | w0 o
| w01 = | a2l 0w ! o
| -
176 180 IR 48 6 o
e | — o210l 0g0 B T
17 0 — 210 049 20 J
' Mildsteel 176 I I X -
baaler plate 176 | 184 1 lbd | 031 24
w6 | — | 17 040 ! oayy
176 | 180 | 14 | F, 51 266 i
176 | 0 1 187 | (48] 206 '

All the publislmd experiments on endurance have
now been brought together and reduced to commop
measures, because the subject of safe limits of Stress,
especially in bridges, must before long be reconsukrod
and beeause, while experiments of this kind take a lop,
time to make, it is the number and consistency of the
results which are most impressive. A few results of barg
breaking with comparatively small stresses might he
put aside as possibly accidental or abnormal, Byt here
are four completely independent series of researchgs by
differcnt observers, with stresses of different kmds on

* Not yet broken
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indication of any plastic drawing out, is not uncommon
in fractures of tyres, axles, and other structures in
ordinary experience.

On what principle, then, is the limit of working-stress
in different cases to be decided ? As to structures
subjected to a purely resting load there is not much
practical doubt. There isno evidence that the deforma-
tions due to ordinary dead loads on ordinary materials
increase with time, however indefinitely prolonged. Se-
cular experiments, such as Sir W. Thomson is making
at Glasgow, will probably show that a structure may be
loaded with a considerable fraction of its breaking weight
and will carry it for a practically unlimited time without
sensible inerease of deformation. What is exactly the
sale limit of stress in this case is not hnown, but pro-
bably there is a Iimit of stress, such that smaller loads
arc safe and greater loads unsafe.

157. Account of the Adcption of Ficed Limils of
Working Stress independent of the Conditions of Loading.—
Nothing has hindered so much the recognition of the
importance of Woller's researches as the cxistence of
officially sanctioned rules for the limits of working
stress, and the prevalence of opinions having no better
origin than the habit of working to such rules. It will,
therefore, not Le out of place to indicate how such rules
originated. It will appear that they arc rather the acei-
dental product of momentary exigencies than the result
of any scientific induction. No doubt the ordinary
practice of engineers i< to divide the statical breaking



LXPLRIMENTS ON REPETITION OI' STRISS a81

strength of a material by an assumed ¢ factor of rafety '
to find the proper limit of working stre<s ; and it has,
or had, come to be tacitly accepted that the ratio of the
working stress to the statical breaking strength measures
in all cases the margin of safety.

The so-called factor of safety has been supposed to
De required to allow for the following possible causes of
weakness t—

1. Variation in the quality of the material.

2, Imperfections of workmanship, causing either
scant dimensions or unequal distribution of stress,

3. Corrosion, wear, and other deterioration nri\ing
gradually with lapse of time.

4. Errors of caleulation, or straining actions
neglected.

5. Vibration, shock, and other dynamical actions,

A margin of safety between the working and Lreak-
ing stresses is undoubtedly required to allow for the
contingencies thus cnumerated.  But 1t would be in-
possible, with these contingencies alone n view, to
explain the varying factors of safety which are adopted
in practice ; and, 1if Woller's results are trae, it is
absolutely false to reckon as the margin of sceurity the
dufference between the calculated working stress and the
statical breaking stress.

Previous to 1849* mo defined rule, recognised

' Or, to use an American phrase, * factor of ignorance *

% Seo o very complete account of tho Board of Trade rules, 1n a paper
on the *Desizn of Girder Dridges,’ by W Shelford and A H Shaeld
B, Assoc. Report, 1556
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indicaticn of any plastic drawing out, is not uncommon *
in fractures of tyres, axles, and other structures in
ordinary experience.

On what principle, then, is the limit of working.stress
in different cases to be decided ? As to structures
subjected to a purely resting load there is not much
practical doubt. Tlere isno evidence that the deforma-
tions due to ordinary dead loads on ordinary materials
increase with time, however indefinitely prolonged. Se-
cular experiments, such as Sir W, Thomson is making
at Glasgow, will probably show that a structure may be
loaded with a considerable fraction of its breaking weight
and will carry it for a practically unlimited time withont
sensible increase of deformation. What is exactly the
safe limit of stress in this case is not known, but pro-
bably there is a limit of stress, such that smaller loads
are safe and preater loads unsafe.

157. Account of the Adeaption of Fired Limits of
Worling Stress independent of the Conditions of Loading.—
Nothing has hindered o much the recognition of the
importance of Woller's researches as the existence of
officially sanctioned rules for the limits of working
stress, and the prevalence of opinions having no better
origin than the habit of working to such rules. Itwill,

therefore, not be out of place 1o indicate how such rules
originated. Tt will appear that they are rather the acci-
dental product of momentary exigencies than the result
of any ecientific induction. No doubt the ordinary
practice of engincers is to divide the statical breaking
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2. It has long been known that the application of a
stress exceeding the elastic limit raised the elastic limit.
In certain cases it appeared that the clastic limit could
De raised by strain nearly to the breaking stress. This
appeared inconsistent with the view that the safe limit
of stress could depend on the elastic limit.

A very important memoir by Prof. Bauschinger
throws some light on the difficulties thus raised.

Prof. Bauschinger’s conclusions rest on extremely
delicate measurements of the behaviour of bars in ordi-
nary testing, and are not likely to be generally accepted
without further and independent investigation. But
this may be said, that the memoirs of Prof. Bau-
schinger represent an amount of scientific work in testing
materials to which there is no parallel in this country,
either in the extent and completeness of the researches
or the accuracy of the measurements. Prof. Bau-
schinger believes that his measurements are minute
enough to determine definitely the tiue elastic limit
of a material, the hmit at which proportionality of
the stress and strain first sensibly ceases. Let it be
assumed for the moment that such a limit can be defi-
nitely ascertained. Then, take this very simple point.
It is known that applying a tension to a bar greater

than its clastic limit in tensionm raises its elastic limit
in tension. No one has cared to inquire whether such

t Udher die Veranderung der lastiettutsgrenze wnd die Festigheit des
Lseny und Stahls  Dhattherlungen aus dem Mech Techn Laboratorium in
Munchen 1886

cc
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raising of the clastic limit in tension affected the limit in
compression.  Suppose that initially the elastic limits in
tension and compression were 10 tons per sq. in., and
that by a load of 15 tons the elastic limit in tension has
Deen raised to 15 tons—it has been universally assumed
that the bar would then be perfectly elastic from 10 tons
compression to 15 tons tension.! But this is exactly
what Bauschinger’s experiments appear to conclusively
disprove. The elastic limit in tension cannot be raised
without lowering the limit in compression, and wice versdi.
Tiven a moderate raising of the tension limit may lower
the compression limit to zero. -

This furnishes a complete solution of one of the
difficulties in accepting Wohler’s laws. When a bar is
subjected to alternating compression and extension the
clastic limit cannot be raised.  Any attempt to raise it
in one dircction lowers it in the other. The Jaw that
the clastic limit can be raised by stress docs not apply
to a bar subjected to alternate stresses of opposite sign.
Why the elastic limit in this case is even lower than
the primitive clastic limit in most cases will be dis-
cussed presently. At present, it is cnough that under
alternating stresses we cannot expeet that the clastic
Limit will rise, and therefore ennnot expect a bar to be
saft under a range of stress greater than that between
its primitive clastic limits.

! One single cxception should bo notel  Drof James Thontpsen, 1n
1877, atated that the common assumption that the elastic limit could bo
extended both £5¢ compression and tension was upproved, and that the
determination of tho point was a matter of importanco in the theory of
elsticity, — Eneyeloprlia Britannen,* Slastieuty.!
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Next consider the case of a stress of one kind only.
Bauschinger’s experiments, like earlier experiments,
show that under stresses of one kind only, the clastic
limit of a bar can be raised by strain nearly to the
breaking stress, But they show, at the same time, that
these artificially produced elastic limits are extremely
unstable. The following table illustrates these points,

Tasie X. Barscumcer’s ExrERIMENTS o¥ Tne CHaNee oF Posrrron
or tHE Erastic Loor

(Bar sulyrcted to tension only Tons per aq m )

Taelding Greatest
Treatment Blastcmt | SISACT | wiress
| down pomt bar
Bar of Tessemer steel, No 939 | \ I
1 Ongmal conditinn 1o 74 6
2 One day after — 248 | 208 }
4 Tmmediately after (2) . 805 %70 | o33
1 TImmediately after (3) — 283 b
5 One duy after (3) - 321 | s0 |
Broke with 3£ tons
|
Dar 0305 Same steel I | “ X
1. Ongmal condition 120 186 213
2 6% hours after (1) 20 0 240 26 |
3 Hulf an hour after (2), I ‘ |
stratghtencd i the lathe 405 256 323
4 8 hours after (3) (A1) 330 330
5 3 years after (4) | @ 330 | 3o o
6 2 days after, and after bung
vibrated by hammermg on
end 126+ B2o ‘ 520
T After 2 years, and after licat- |
i s

ing to cherry red and conl-
g 1 water 0 | %46 052 |
Tsroke at 33 8 tons

It will be seen, in the case of the first bar, that
loading again immediately after stretching to the yield-
ing point, the clastic limit is lowered from 116 to 8:03

-tons. In the case of the second bar, sumilarly strained

cecl

P
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but with a period of rest of 69 hours allowed, the elastic
limit is raised from 12 to 20 tons. But on reloading
immediately the elastic limit is lowered to 4:05 tons.
With a three years’ period of rest it is raised to 33 tons, *
just the load with which it had previously been strained.
But this artificially produced elastic limit is so unstable
that on hammering the bar on the end and reloading it
has fallen to 123 tons,

Now, to return to the case of a har subjected to
alternate compressions and tensions. It was scen that
one of the difficulties of Wohler’s laws was, that the
limit of safe stress for alternate tensions and compres-
sions is a stress less than the primitive tensile elastic
limit. Bauschinger explains this by advancing the
view that the primitive clastic limit of many materials
is an artificially raised clastic limit. The material has
been subjected to mechanical operations in manufacture
which are equivalent to straining actions. Now, Bau.
schinger found that alternate compression and extension
liad the effect of raising an artificially lowered, or lower-
ing an artificially raised, elastic limit. By subjecting
bar to a fow alternations of equal stresses, which are
equal to or somewhat exceed the clastic limits, they
tend towards fixed positions which Bauschinger calls
the natural clastic limits. The range of stress for which
a bar is perfectly clastic after a few repetitions of such
alternating stresses appears to agree very clocely with
Wahler's range of stress for unlimited repetitions of
alternating stresses,
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Tapte XI  Bavaemnaen’s EXiremersss ox pqqy, y
vaerey

30 Conppreomx T

(Toms fer masre 1t )

| Elastic limt ot
Time betw ecn the ladings |- —— bt

Tewun  Compren m o, o,

(PRI
Wrought 1ron bar \
1 Ongmal condition

4§ mnutes 44 1
5 20 hours ey 18
6 1 hour "
7 46 mmutes

8 30} hours

9 15% hours

10. 2 hours

11 9 mnutes

12 27 hours

13 30 minutes .
14 3days. |
16 2 days

16 2 days. |
17 5 hours

18 Next day ,
19. 2 days

20 2} hours |
21. 4% hours '
22" 1'day |
23 9 hours

;
2100
BRI

[
| -
\

tEIZISer T
o o *
| =
& s
|
=
3

-1
&

Bessemer steel bar
1. Ongmal condition | 177 — 210
2 23 hours i
3 b hours 16 — 210
4 4days - 185 .
5 2days 555 — 85
G 5}hours — 885 =
7 214 hows 885 — P o7
8 2days [ — iy -
9 4 hours | 105 — 13 97
1
|

10 2} hours — 205 bk -
11 16 hours 965 — us 13
12 23 hours - s

The preceding table Mlustrates Baunschinger's attempt
to find the natural elastic limits by alternating stressey
in tension and compression. It will be seen that after 4
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suceession of Joads in tension which lower the limit in
coutpression, and of loads in compression which lower
the limit in tension, the clastic limit settles down—as
the loads are diminished towards an amount not greatly
exceeding the elastic limit—to a value not greatly dif-
ferent in tension and eompression, and below the initial
clastic limit.  Further, the limits thus obtained—about
8§ tons for wronght iron and 9} tons for mild stecl—
differ very little from the stresses whicl Wller found
to be the greatest which a bar would bear indefinitely
when subjected to equal alternating stresses.

The tables given arc only a sample of the numerous
tables in Professor Bauschinger’s memoir.  But these
may serve to show that the elastic limits of a materinl
are variable limits, restricted only by this, that the range
of perfect clasticity scems to be a fixed range.  In this
a point of agreement is found with Wobler's results.

FElastic Limit in Bauschinger's Endurance Tests—In
the endurance tests given in Table IX. the initial
clastic Timit, which was dectermined from measurements
on a S-incl length of har, and the clastic limit ac-
quired during repetition of stress, are given. It will
he seen that the elastic limit uenally rises with repeti-
tion of stress to a point above the load applied.  When
that is the ense, the lar suffers a large number of
repetitions of Joad before fracture.  If the elastic limit
is very near to, or helow, the load applicd, the bar
breaks with comparatively few repetitions of load, As
far a~ the statical strength of the bar i+ concerned, it
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does not appear to be diminished by any number of
repetitions of load. There is a small diminution in
wrought iron, and an increasc in other cases.

1539, Gerber's Parabola.—Suppose the ranges of
stress for unlimited repetition known for any material,
Then it has been shown that, if the ranges of stress
are plotted as ordinates, and the minimum stress as
abscissae, the points fall on a parabolic curve

Let fr S De the limits of stress, and A=f,,
F fam be the range of stress.  The upper sign is to be
taken if the stresses are of the same kind, and the
lower if they are of different kinds. Let f be the sta-
tical breaking strength, Then Gerber’s equation is—

(fan+FAY+LA=F%;

where L is a constant for any material. If the statical
strength f is known, and the value of f,, and f,,.
for any one range of stress at which the bar stands
a practically wunlimited number of repetitions before
breaking, then L can be determined, and the limits of
stress for all conditions of loading can Le calculated
The wvalues of A have been caleulated for all
Wohler's and Dauschinger’s experiments 1n which the
bars stood over 5 million repetitions of load, and from
the equations the parabolas in Fig. 128 have been
drawn, It will be =een that these quite independent
experiments give fairly consistent values for the ranges
of stress under all conditions of loading. Bauschinger’s
results are specially valuable in  connection with
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succession of loads in tension which lower the limit in
compression, and of loads in compression which lower
the limit in tension, the clastic limit settles down—as
the loads are diminished towards an amount not greatly
exceeding the elastic limit—to a value not greatly dif-
ferent in tension and compression, and below the initial
clastic limit. TFurther, the limits thus obtained—about
8 tons for wronght iron and 9} tons for mild stecl—
differ very little from the stresses which Wohler found
to be the greatest which a bar would bear indefinitely
when subjected to equal alternating stresses.

The tables given are only a sample of the numerous
tables in Professor Dauschinger’s memoir. But these
may gerve to show that the elastic limits of a material
are varinble limits, restricted only by this, that the range
of perfect elasticity scoms to be a fixed range.  In this
a point of agreement is found with Wohler's results.

Elustic Limit in Bauschingo’s Endurance Tests—In
the endurance tests given in Table IX. the initial
clastic limit, which was determined from measurements
on a H-jnch length of Dar, and the clastic limit nc-
quired during repetition of stress, are given. It will
be scen that the clastic limit usnally rises with repeti-
tion of stress to a point above the load applied.  When
that ix the ease, the bar suffers a large number of
repetitions of load before fracture.  If the clastic limit
is very near to, or below, the load applicd, the bar
Dreaks with con\p.’\rnﬁvcly few repetitions of load.  As
far as the statical strength of the bar is concerned, it
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does not appear to be diminished by any number of
repetitions of load  There is a small diminution in
wrought iron, and an increase in other cases.

15Y. Gerber's Parabola.—Suppose the ranges of
stress for unlimited repetition known for any material.
Then it has been shown that, if the ranges of stress
are plotted as ordinates, and the minimum stress as
abscisse, the points fall on a parabolie curve.

Let fuwo fow be the limits of stress, and A =f,
F faw be the range of stress.  The upper sign 1s to be
taken if the stresses are of the same kind, and the
lower if they are of different kinds. Let f be the sta-
tical breaking strength.  Then Gerber's equation is—

(et BAY L A=/

where £ is a constant for any material. If the statical
strength f is known, and the value of fo, and f.
for any one range of stress at which the bar stands
a practically unlimited number of repetitions before
breaking, then % can be determined, and the limits of
stress for all conditions of loading can be caleulated.
The values of A have been calculated for all
Wohler's and Bauschinger’s experiments in which the
bars stood over 3 million repetitions of load, and from
the equations the parabolas in Fig. 128 have been
drawn. It will be seen that these guite independent
experiments give fairly consistent values for the ranges
of stress under all conditions of loading. Bauschinger’s
results arc specially valuable in  connection with
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Wokler's, becanse in two of the materials used by
Woller the statical strength was exceptionally high.

The following tables give the values of f,.. and
fua for the most uscful cases, recalenlated from the same
cquations, The last column is of course the experi-
mentally determined breaking strength of the material
used :—

TapteE XII  DavscHINGER's ENDURANCE Trors,
~
(Stres<es requiniog 5 to 10 mullion repetitions to cause fracture, Tons per 6q In )

'
Qpposite stresses | One strews zero Sumilar strocs| Range

|

Least ‘ Greatest 1Least]

sotn,
Ultlmnte
stutieal

atrengih

Matenat

Greatest | Least (Greatest

Wrought-ron | | l \

plate . - 715 + 715 011310 l114 102 | e
Bar ron - T8+ 78| 0 ] 144|133 [2202] 26
Bariron . - 865, + 865 0 | 1575 | 132 |e1ow | 244
Bessemernild [

steclplate | - 855 | « 855' 0 | 1650 | 143 (938 | e84
Steelaxle | ~105 | +105 | 0 } 1970 JQ 00 321 | 400
Steel rail 97+ 97 (01184 195 noss| o
Mild - steel \
| bolcrplate | ~ 863+ 865 6 | 158 | 133 2255 | 260

Tapte XIII  Lours oF Stress, TroM WOHLFRS Exnuranch Tiyrs
(Stresses, 10 tas per »q 15, for which fracture occurs only aftcr an udefinitely
arge number of repeitions )

Opposite stressca | One stress 4evo | Samidar stresss | Bango

Matenal

ro
- Ultimate

‘ Least | Greatest Leu-t{ Greatest (Lcusl‘( Grentest :,’,‘;‘d;;.‘}
‘ ]

Wroughtwon | — 86 |+ 86 \ 0, 1525 120 w9 o2y
rupp's axle |

stec ~1403) +1103) 0 | 25 176, W | 2o
Untempered J
sprang steel

—-1338° +1388, 0 \ 250 1206 B1Th [l
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Prorermies or TIMBFR, FroM SMALL TEST SPECIMENS.

‘Coeflicient | L
| Lengan of| et | Tomcty | CRue S St
+ Kimd of timber  seatoning, s | ity | "along | strength, | slong
s [U0TC 1008 | v, tons' tums per | fibres, tons,
| ¥R tong per | per sq.in, U7 Iy S tons,
! « ‘persq .| sy ML |persy In 1
Yellow pmne.  — — — e 1 — | _
Spruce . .  — M bt — 191, 097
Red pine — 750 | 580 | 259 | 37l | 020
Bntish oak — U6 | 6T 446 | 527 | L0g
Teak, Indun  — } LOTL | 07 53 | ¢o2 —
Mahogany 4 ‘ — 55l | 330 446 —
CWhiteoak | 12 — [ 850 | 281 ‘ 146 —
w om -1 13181 — | 883 | 28 | 469 —
Spruce o — 164 | 206 | 268 —
. Yellow pine 16 | — 687 | 360 | 451 —
i Lignum. vite [ - 714 440 718 —
| Pitch pie 3 - 509 | 39 — -
' Wlate pme 4 — 6510 | 224 | 303 —
| Ironbark ‘ — 671 | 712 | 451 | 816 -
| Blue gum . - 010 897 345 586 —
Jarah . ' — a7 | 131 | 320 | 413 —

161. Bauschinger’s Investigation of the Elasticity and
Strength of Pine Wood.— DBy far the most thorough
and valuable investigation of the properties of timber
is contained in two papers in the ‘Mittheilungen,’ of
the Munich Laboratory! In DBauschinger’s earlier
investigation the object was to determine the condi-
tions which should be observed in testing tunber, the
relative value of different modes of testing, the in-
fluence of conditions of growth, time of felling, and
sensoning on the strength of timber, and the rela-
tions between the physical constants of the material,
Bauschinger immediately found that the amount of
moisture in the timber had a very great influence on

' Mitthedungen aus dem Mech, Te hn  Laboratoruom tn Muncken.
1883 and 1887,
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and decreasing with it.  The bending tests on beams of
the full uscful section of the log showed generally that
the strength and cocflicient of elasticity varied directly
with the density. The results were, however, influcnced
by the presence of knots and other defects. The pressure
tests gave, on the whole, the most uniform results, the
section of the test picces being fairly large, and a uniform
distribution of stress being fairly well obtained. But
the elastic limit and cocfficient of clasticity are diffienit
to ascertain accurately in pressure tests. The strength
increases with the density, but the heart pieces are
weak, In timber tested within three months of felling,
the winter-felled timber was 25 per cent. stronger than
summer felled.  Dut later rescarches showed that this
difference disappeared after a longer time of seasoning.
The strength increases in reasoning, but the increase
probably ceases after about one year.

Bauschinger concludes that when the question is
the average quality of a timber, as in inquiries with
reference to the influenco of time of felling or seasoning,
or the influence of the soil or locality of growth, then
the pressure tests are the easiest and most trustworthy.
Disc< about 6 inches thick should be sawn from each end
and the middle of the log, and these then divided into
four scetors,  From each of these asquare prism ghould
be cut, the height being 12 times the Iength of side.
The compressive strength shonld then be ascertained
for as nearly 0s possible the standard dryness (15 per
cunt. of moisture).  The test pieces should be measured,
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and weighed to determine the density, The co-
efficient of elasticity is best determined from bending
tests of a beam of the whole useful section of the log.
As this depends on the quality of the whole scction,
and is determined for stresses within the clastic limit,
it is probably a very valuable indication of the structural
value of the timber. Dy plotting his results, Bauschinger
shows that there is a definite relation between the co-
efficient of elasticity and the bending and crushing
strength, and that this can probably be expressed by a
linear cquation. There is also a definite relation in
pine wood between the density and the strength, ex.
pressed by the following equation :—

B=063853— 0035,

where 8 is the crushing strength in tons per sq. in., and
& the density at a standard dryness of 15 per cent.

The following are some of the results in the earlier
research, the timber beng tested about three months
after felling :—

TEeas1ON EXPERIMENTS
(Test preces, 16«04 inch section  Mean values as tested )

Summer tfled Winter felted

|
{ lemaoity, Tenacity,
tons per 59 1m tons per g 1
Timber Locality - —
Cur- , Mo Gr | Tew
cum- (Heart| of | com lleart! of .
I terence| 3 ference | oz 1
Red pine Lichtenhoff L Co7 146 501|470
Spruce Frankenhofen o 1b '1 v 8T
N Iegenhutte | 151 12 610
. Schlmrseu { 044 ‘1 308
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Averiar Crtsming StreNarit o Wioty Rretton oy Lag
(Ten per cent, mortare, Tuns per aq In,)

Time of felung | Lichtenhioff  Jraukentiofen | Bogmblitte | Koldterwa

LA B oA u na M

| Summer ‘Nem 32,216 286 ) 2 2R 1a0, woy
|

| felled
i Winter

RS 303{ 283 251 | 20| 2 2ar g owgy

A Tested 3 montha after folling

D Tested b years after felling
162, American Tests of Timber, with Lavge sized ‘fiong
Picces—It has already been stated that tests of Tnvgee
test pieces give values of the strength of timher eoy.
siderably smaller than those obtained from sl ¢,

M,
pieces. Of tests with large test pieces the mowt .
portant are those made i the United States, |']|i‘.“y

under the direction of Prof. Lanza, of the A\IllN'{llt‘lll[N(.“”
Institute of Technology.

Prof. Lanza appears to have failed (o make satinfyc.
tory tension experiments on large specimens, [ ot
cludes that tic bars used in construction will nlwuyy

give way m some other manner than by direct, teuring
for instance, by pulling out the fastenings, aud wheariy,,

)
|

and splitting the timber, Tests of crushing sirengy
are much less difficult. The following talile ahvew g
summary of a series of tests of wooden posts, ;-(t‘ll('rnlly
7 to 10 inches in diameter, made for an insuranee conn.
pany under Prof. Lanza’s dircetion. I all these (eggy

* pplied Mechanics, Lanza, p 497 Alo, *Report on Stremgy, g
Wooden Columns,’ Lanza, and Executive Document 12, Torty.gy,

venth
Congress, First Session

Db
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PRESSURE EXPERIMENTS,

(Test pieces, sbout 34 34 inches, and 6 faches long  Mean strength, &5 tested, 30
o Todnced o 3 standard dryness—10 pet cent. of moistare.

‘ Summer felled. Winter felled,
Compressive ompressive
strength, in tons | strength, m tons
Timbey Localaty per 8. in. pet 0. 1m.
Standard Srandard
As tested dr“)‘,‘“:‘: As tested 1"_“
Red pine | Lichtenhoff 8[19] 237 |203[26 320
Spruce Frankenhofen 13 20]l 213 [1o9{17ll 250
" | Regenhutto jl 1olo7]| 241 |178[20]] 243
{ | Schhorset, - |1osfeoff 141 |tssf1of| 180

The figures 1n brackets give the mowsturs per cent

(Beams, about 73 x 74 1nches, and 93 inches span.

Bexvive EXreRIvMENTS

Mean values, ‘The upper value for
)

“3ch timber 1s for & summer, and the lower for a winter, felled tree.

,
i Il
| | Sontat | Liastie Content |
| Timbet | Locaty  lesaaty,) hmit of mais- |
| tons per | ton3 per *ture, per,
| o in | M. POt
| R pune | Lichtenhoff | 635 =
! " " 5 s
| Spruce | Franhenbofen o
! 3 " ay
. Regenhutto a1
" » 3t
o Sehliereco °3g
" 25

These results are directly comparable with Lanza's

result~, given below. These latter were also on pretty
Inrge beams,

The influence of a longer time of feasoning

-
=

thown in the following table :—
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Averace Crvsiiya STRENoTH oF WHOLE SEcTION oF Loo.
(Ten per cent, messture.  Tons per sq 1n )

iTlmeof!elIm; Licltenhoff | Lpanhenbofen | Tgenshutto | sctierse ‘

! | A B | a B oA } B oA 5
Summer ; 51 - .
- elled } 234{ 321 2152861237 2811140 | 204

| Winter Ul g5 | og3 | 051 | 205 | 230 288 180 | 219
|

felled |

A Tested 3 months after felling
B Tested 5 years after felling

162. Amerivan Tests of Tumber, wuth Lavge-sized Test
DPivces.—It has already been stated that tests of large
test pieces give values of the strength of timber con-
siderably smaller than those obtained from small test
pieces. Of tests with large test picces the most im.
portant are those made 1n the United States, chiefly
under the direetion of Prof. Lanza, of the Massachusetts
Institute of Technology.!

Prof. Lanza appears to have failed to make satisfae-
tory tension experiments on large specimens, He con.
cludes that tie bars used in construction il always
give way in some other manner than by direct temurr-
for instance, by pulling out the qutemn"s and shmnn.,
and splitting the timber. Tests of crus]unﬂ' strenel
are much less diffienlt, The follomnr' table gives
summary of a series of tests of wooden posts, genen,

7 to 10 inches in diameter, made for an ’“‘umnu Py

pany under Prof. Lanza's dwcetion, 1y, all thieus 4
Oz denny
* Applied Mechanws, Tanza, p 497 Al ey
Wooden Columms,’ Lanza , anl Evecutise Dooume,
Congress, Farst Session

eport on pm_‘ -
AL 12, Firy oo, a
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the strength was simply proportional to the area of cross
section, the deflection laterally being insignificant.

Tests or Woonrs Posts avp BrLogs, vsvatLy witit Frar Exps (Liasza).

Approvimate size | Crashioz su::g‘th intonsper | bt
Torm o elasticity,
i - tona per &, 10,
| Ll | Section, | Mus, ' M | Mean
Yerrew Pine
.
Round 12 3065 210 163 ! 197 | ¥28-034
" 12 450l 205 182 J 104 940
. 2 483 210 193 | 201 | 73(-109
|Rectang 12 100 — D) e -
[ 2 8103 - — 1241 —
Round -- 1548 218 | 16t | 190 —
Wiire Ok
Round 12 82630 169 131 | 1568 1 645581
" B 47931 199 . 140 , 157 493-582
| Dro axn Seasoned Wiarte Ok
Round 12 203 | 223 | 823955
[ 12 I 153 -
) " 13 . 1192 G16-016
; 13 i T Z

Another series of tests on large rectangular posts of
white anid yellow pine timber was made with the Water-
town machine.  The lengths varied up to 30 feet.  The
results are too numerous to give lere, but they have
been plotted by Mr. E, I. Ely, of the Massachusetts
Inatitute of Technology, and from the plotting the fol-
lowing rale is derived. The posts lad flat ends, and the
load was evenly distributed,

Lot I be the length, and r the least sectional dimen-
sion.  Then, the croching stress S per nq. in. of <cction
in tons i as follows :—

T One end fat, onc with rectang pantle © Maple cap and vak lase,
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| T Winte pire b Yellow pane - '
e
‘ 1
i " !
015 1785

I 15 20 1562
! 30-40 1339
| 40 45 [ 1116

_ Z | 4550 803

- — 50 60 060

163. Dending Tests.—The American bending tests
are not on so large a scale as those on crushing, but,
with the exception of those of Bauschinger already given,
they afford the most trustworthy data as to the strength
of timber beams. They were made under Prof. Lanza’s
direction. The beams were 2 to 6 inches wide, and 2 to
12 inches deep. The span varied from 4 to 20 feet.

Usually, in bending tests, the beam is supported at
the ends and loaded at the centre. Let W be the load
at the centre; & and 4 the breadth and depth of the
beam ; [ the span of the beam; the dimensions being
in inches, and the load in tons. Let f be the greatest
direct stresson the fibres furthest from the neutral axis ;
fi the shearing stress at the neutral axis, in tons per
sq. in. ; 3 the deflection at the centre, minches. Then, so
long as the elastic limit for bending is not exceeded,

bz w1
“Y=%f7L§ =§Th? - (1).
\ W L, WD

S=tpgge E=ligm - @).

fi=3 Vi - (3).
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Lquation (1) may be used to determine the dimen-
sions for a given lumit of stress ; and equation (2) to
determine the coeficient of eclasticity of the’ timber,
from observations within the elastic limit. When,
however, W is the load which breaks the beam, the
value of f obtained from cquation (1) is no longer the
real stress in the beam. Since, however, it is a con-
venient measure of the strength of the timber for
practical purposes, it may he called the coefficient of
bending strength,  The cocfficient of bending strength
is always greater than the real breaking stress, From
the great weakness of timber along the grain, beams
give way about as often by shearing along the neutral
surfaice ns by tearing the extreme fibres. Then the
shenring stress f,, calenlated by equation (3), bears a
similar relation to the real shearing stress that f bears
to the real tenacity of the timber.

The following summary gives the most important
sesults of Profescor Lanza’s bending tests t—

t { Coligenter | Cofhdentes |
- | beoding strengtl, | slantkclty, I
1

tomsjursq in, | tenapertgin
- I

tproce loams Max,
w e Mm

.
Lo m Mean

R pine tuams Max,

[ R T 3w,

i
e e e Mo |
O\ luame Max i
FEERTIEY M, ‘!
oo Mean N
, White pine  Max .
S M

" w  Mean
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Beams whick gaveway by Shearing—In Lanza’s tests
six spruce beams and five yellow pine beams gave way by
longitudinal shearing near the neutral axis. The intensity
of the shearing stress varied from 117 to 248 lbs. per
5q. in. in the spruce beams, and from 153 to 397 lbs. per

5q. in. in the yellow pine beams. The mean values were—

Shearng strength,
Vos persq . toms persquan.
Spruce beams 191 . 00853
Yellow pine beams 248 . 01107

On the beams which did not fail by shearing the
mean intensity of shearing stress was about the same,
Hence it may be concluded that, for soft wood timber,
beams give way by shearing at the nentral axis or by
tearing at the convex surface almost indifferently.

164. Direct Experiments on Shearing along the Gran,
—Direct cxperimcnts on the shearing resistance along
the grain were made at the Watertown Arsenal, and gave
somewhat higher values of the shearing strength. This
is probably due to the fact that, in shearing experi-
ments, the timber is furced to shear at a selected section,
while in the beam experiments the shearng occurred
along the weakest of the planes near the neutral axis of
the beam. The specimens were also comparatively small.

Sueaning TeSTS (WATERTOWN ARSENAL)

Shearing strength,
Ibs. persq 1

Ash 458 to 700
Yellow birch 563, 815
White maple 307 ,, 647
Red oak 726, 9
Whate ook %52, 9w
White pine 267 ,, 366
Yellow pe 284 ,, 415
Spruce 253 ,, e

Wintewood 362 ,, 406
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The greater shearing strength of the leaf woods is
noticeable.

165. Influence of Time on Bending Strength and Elas-
ticity.—Lxperiments by Herman IHaupt, and more
recent experiments by Thurston * and Kidder,” show :
(1) That the deflection of a beam of pine under a
statical load increases with time, or the modulus cf
clasticity is less for a prolonged than for an immediate
loading ; (2) that the beam breaks in course of time
with a statical load a good deal less than that required
to break it immediately. In Thurston’s experiments a
plank of yellow pine was selected.  Bars 11 to 8 inches
square, and 40 to 54 inches long, gave a density of
(75 to 1°0, a cocflicient of bending strength of 491 to
536 tons per sq in., and a coeflicient of clasticity of
1,005 tons per sq. in.  Kiln dried, the coefficient of
bending strength increased one-fifth, and that of clas-
ticity one-ninth.  For a bar 1 inch square on supports
40 inches apart the centre breaking load was 375 Ibs.
Nine bars of this «ize were prepared, three being loaded
with 330 1bs, three with 300 lbs, and three with
230 1bs, at the centre.  All the first three broke in lees
than 13 hours ; all the second three in from 80 to 719
hours; and all the thind set, loaded with only 60 per
cent, of the immediate breaking weight, broke in from
6.000 to 11,000 hour~. These experiments scem to

VP Amo Ausw. fur Adomeement of Sienee, TRAL Proc. Tod,
CE o poas

* Jowenal of Fraullin Institate, IN2 Proe Int CE lua p 431,
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show that a statical load of 60 per cent. of the imme-
diate breaking weight is not safe.  When broken imme-
diately, the ultimate deflection was about 18 inch ;
with 350 1bs. it was 23 inches; with 300 Ibs. 30
inches, and with 250 Ibs. 2'5 inches. Tlence the de-
flection is greater with o prolonged load. In Mr.
Kidder’s experiments on dry spruce beams 1% inch
square, the deflection increased with time, even when as
small as {5th of the immediate breaking weight. e
concluded that one-half the immediate breaking weight
could not be permanently supported.

LEATHER BELTING

The following few results may find place here : —

SrreNeTH oF LEsTHER BELts axp FAcTENINGS

Tenaaity,

| Dimensians, n | 1 1bs per
inch of

width !

Authonty

(Smgleleaﬂ)cr Max 1,600 Ruehle Baos !

) |
v w  Mwm L2002 700 AR
o e ) I g2 o
j non M ) | Cnwiy
" - Min Yapx soo'| | . J
” ' Mean ) \ ! . |
Double belt, copper sewn 25 814 |
Singlo belt, ‘ordinary Liced yomt | 25x 203 | |
w s butt laced 30x 21 .
W w Jomt scarfed and | | i
glued. 30x 21
w  w gop fastener 254 22
| w o« Crowley'sfastener 30 21
o w Thosenvetd, 12, i ,
nvets in two rows | 7 0

x 22 3" Watertown

!
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The greater shearing strength of the leaf woods is
noticeable,

165. Influence of Time on Bending Strength and Elas-
ticity.—LExperiments by Ierman Haupt, and more
recent experiments by Thurston ! and Kidder,” show :
(1) That the deflection of a heam of pine under a
statical load increases with time, or the modulus ef
clasticity is less for a prolonged than for an immediate
loading ; (2) that the beam breaks in course of time
with a statical Joad a good deal less than that required
to break it immediately. In Thurston’s experiments a
plank of yellow pine was selected. Bars 11 to § inches
square, and 40 to 54 inches long, gave a density of
0°75 to 10, a coeflicient of bending strength of 491 to
536 tons per #q.in,, and a coeflicient of clasticity of
1,005 tons per sq. in.  Kiln dried, the coeflicient of
Vending strength inereased one-fifth, and that of clas-
ticity onc-ninth.  For a har 1 inch square on supports
40 inches apart the centre breaking load was 375 Jbe.
Nine bars of this «ize were prepared, three being Joaded
with 350 s, three with 300 lbs, and three with
250 1hs, at the centre,  All the first three broke in less
than 43 haurs 5 all the secoud three in from §0 to 719
hours; and all the thind sct, loaded with only 60 per
cent. of the immediate breaking weight, broke in from
6.000 to 11,000 liours, These experiments scem to

b Pee Am A fup Adotneement of Siemce, IR, J'roc Dot
CF i p 4

P Journalef Fravklp fntitute, 1852 Pree Tt CE lsl p 43t
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siliea, alumina, oxide of iron, lime, and magnesia.
Silica occurs nenrly pure as quartz, flint, and sand, and
is almost universally present in combination with other
carthy bases. Alumina, combined vwith silica, occurs in
clay, and in micn and felspar. Magnesia occurs com-
bined with silica in soapstone, augite, and hornblende,
and as a carbonate in some limestones.  Lime occurs as
a carbonate, nearly pure, in some limestones

The most important building stones may be classed
as granite, clayslate, sandstone, or limestone.

Granite consists normally of quartz, colourless and
transparent ; felspar, opaque, red, yellow, or grey,
giving the prevailing tint to the rock; and mica.
Hornblende and tale are sometimes associated with or
replace the mica. Granite is an extremely valuable
building stone. It is heavy, strong, non-absorbent, and
capable of taking a fine polish. On the other hand, it
stands fire badly, and is difficult to work. The horn-
blendic varieties have great resistance to abrasion.
Inferior granites sometimes decay, aither by decomposi-
tion of the felspar, or by surfuce disintegration by frost.

Trap, Greenstone and DBasalt have some of the
qualities of granite. They are compact crystalline
rocks, composed of felspar, hornblende, and augite.
They are strong, but difficult to dress.

Clayslate, composed of quartz and mica, is some-
times a very compact rock, yielding a fine-grained and
strong building stone. Sometimes the slaty cleavage is
so developed that it yields slabs and roofing slates,



412 TESTING OF MATCRIALS OF CONSTRUCTION

Sandstones are siratified rocks, composed largely of
quartz grains, with a siliccous, clayey, or calearcous
cement. The fineness of grain varies greatly. In some
sandstones the cement is mearly pure silics, and these
are strong, durable, and non-absorbent. The best
sandstones for building, in England, are obtained from
the millstone grit and coal measures, and from the new
and ol red sandstone formations.

Limestones are of very various texture and quality.
Marble is a nearly pure carbonate of lime, hard cnough
to take a polish  Granular and oolitic limestones con-
sist of grains of carbonate of lime ccmented by a
calearcous or siliccous matrix,  Some of these yield
excellent, durable, and easily-worked building stone.
Generally, however, limestones are softer, more ab-
sorbent, and Jess durable than «andstones.  Shelly
limestones consist of shells cmbedded in a more or less
crystalling matrix, and some of thewe are useful as
building stone,

Magnesian Limestones, or dolomites, consist of car-
bonates of lime and-magnesia,  When properly crystal-
line in structure they yield a good, easily-dressed, and
durable stone. Steatite, or silicate of magnesia, is
valuable from jts power of resisting fire,

167, Strength :y‘S!uur.—In most caces stone is used
m compression, A block of stone at the base of n pier
or in on arch ring is subject to a thrust due to the

werght of the strueture, and, as far as the condition can
be sectiral the thrust isnormal to the faces of the block.
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Generally the pressure does not reach 10 tons per . ft.,
though in some lofty structures it reaches 20 to 30 tons,
and possibly in sone arch rings 40 or 50 tons, per fq. ft.
Now, the crushing resistance of rtone, tested in small
enbes, is seldom less than 250 tons, and often reaches
1,000 tons or more per sq. ft. IHence it has been
argued that the strength of stone is of little consequence,
1ts lowest strength being in excess of what is required,
It must be remembered, however, that small culies of
stones arce selected specimens, more homogeneous ql
free from defect than large blocks.  The cubical forn
is a stronger onc than that of the blocks used in
bulding, and single blocks are stronger than ngre.
gates of blocks,  TFurther, 1t is quite impossible in uny
actual structure to secure a sitnple condition of crushing
stress. Settlement, imperfect bedding, uncqual compres.
sibility of different blocks, anil other causes, introducg

unforeseen and incalculable straining actions.  Ilence
s

n the

the real factor of safety is not nearly s g
nominal one

168 Mode of Crushing in Rigid Materials,—Ty dye.
tile materials like wrought iron the mode of yielding 1o
pressme is nearly the inverse of the mmde of yielding to
tension, and the two resistanees are not widely different,
But in cast ron and stone and other vigid mitterinly, the
tenacity of wlich s small compared with the resintanee
to crushing, the mode of yielding iy quite dileront, [y
has been shown in § 9 that the stre.s on any ablique

plane in a prisn subjected toa pressure prin the direction
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of its axis may be resolved into a tangential component
P sin § cos 6, and a normal component p cos?d. On
a plane making 45° with the axis the intensity of the
shearing stress is greatest, and equal to % p.  Now
small eylinders of cast iron frequently give way exactly
as shown in Fig. 4, and Coulomb inferred that the
action was then a simple shearing, But that this is not
an exact view of the matter is shown, partly because
the inclination of the plane of yiclding to the axis often
differs a good deal from 45°, partly because the intensity
of the stress on the plane of yielding is nsually con-
siderably greater than the shearing strength of the
material when not in compression,  Obviously, the
narmal component p cos® § is not without influence on
the angle and intensity of stress at which the prism
breaks. It produces a frictional resistance to sliding
which balances part of the tangential stre-<. Dnt thi-,
also, ia probably an incomplete account of the mode of
resistance of rigid materials.  The axial pressure and
longitudinal eompression correspond to a lateral dilata-
tion and transverse tension (§ ). In some cases stone
breaks np into nearly vertical prisms, splitting up at a
number of almost vertieal plancs.  In these cases jt
appears to yield to the lateral tension.  Any cause
which inercascs the lateral tension readily produces this
Kind of fracture, as will be reen presently.

In a square prism there are four symmetrical planes
rimlarly ritnated with respeet to the axis. Henee ruehs
Prisme frequently viekd simultancourly at these four
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planes.  Thus, a cube breaks into six similar and equal
pyramids (Fig. 120 ; see also Fig. 132),  With a reet-
angular base a prism breaks . Fia 1m0
similarly, but the upper and
lower pyramids are terini-
nated by an edge instead
of a point. A cylindrical
prism shows, after fracture,
two cones with the sides split
off all round. In an even-
grained material like sandstonc these forms arce often
very regularly developed.

F1e 130

Tig. 130 shows a cube of cement concrete after g,
ture. Here the pyramidal form of fracture is re;tc.
obvious, in spite of the irregularity of the mnterinlp T}y

. The
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middle part, near the apex of the pyramids, is really
loose and fissured, Fig. 131 exhibits a cylinder of cement
mortar showing very distinctly the conical fracture. .
When the height of the prisms is greater than their
length of side, the two pyramids which stand on the
surfaces at which the
pressure is applied are
often of unequal height.
169, DPreparation of
Specimens for Crushing.
— The specimens  re-
quired for erushing may
be obtained by rawing,
or by dressing with liam.

I'na 131

wer and chisel, Tt i

of the greatest import-

ance that the surfuces at
which the erushing pressure acts should be plane and
parallel, a requirement sometimes too little attended to.
To abtain plane parallel surfaces a planing machine may
be used, with a black diamond for a cutting tool ; or the
surfaces may be ground smooth with emery on n plate
of ~tone or metal. Ay these processes are troublesome,
especially when dealing with bricks, conerete blocks,
and other rongh material, the author has adopted a plan
which i~ simpler and appears to be quite ns ratisfactory.
When the surfaces are approximately right, they are
corerd wath a thin Liyer of Parian coment or plaster of
Parte which can be ensily strickled 20 a3 to he plane.
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This thin layer does not crush under even the heavy
pressures required, and it does not yicld or flow. It is,
- for all practical purposes, a part of the block.

To avoid the trouble of getting parallel plane sur-
fuces, it has been common to make erushing experiments
with a layer of pinewood, or lead,! or other weak material
interposed between the block to be crushed and the
cast-iron crossheads of the testing machine The idea
has been that the wood or lead distiibuted the pressure
over the surface, and virtnally annulled the inequalities
of surface. This, however, can be shown to be erro-
neous. Any weak material may very greatly alter the
crushing pressure, and falsify the result of the experi-
ment, It is important that the block to be crushed
should be placed dircetly between the parallel metal
surfaces by which the pressure is applied. The only
thing the author uses between is a sheet of hard mill-
board. This is nearly as incompressible as iron, and is
not indented by the crushing pressure. It does no
harm, and it is doubtful if it does any good. To neu-
tralise, as far as possible, the cffect of any want of
parallelism of the surfaces of the block and machine,
spherical joint, like that shown in Tig. 103, p. 226,
should invariably be used.

170. Duminution of the Cruslang Resistunce of Stone
when bedded on Lead —Twenty years ago it was common,
in experiments on crushing, to bed the test specimens of

rigld materials like stone on lead plates, with an idea of

! In some cases leather has been used, and 1 some a layer of sand.

EF
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sccuring uniform distribution of pressure on the faces
at which the crushing pressure is applied.  The author
has long had the opinion that to support blocks for
crashing on a plastic support is wrong in principle.
Tience, in experiments on the erushing of stone and of
Portland cement and concrete, he has adopted the plan
of preparing the faces on which the crushing pressure
acts with a thin layer of plaster. This ean easily be
worked to smooth and parallel surfaces, which reccive
the jron plates of the crushing shackles directly, if
necessary 3 but sometimes a sheet of millboard i
interposed, which is a very hard and only slightly
compremihln material. It scemed desirable to try what
was the difference of the crushing strength of bLlocks
supported in these two ways. Two series of f-inch
eubes of Portland stoneand York<hire grit were obtained
of very uniform quality.  The results of the tests are
given below.  The great reduetion of strength when o

thin plate of plastic material like lead is used on the faces

to which the erushing pressure is applied is interesting

both practically and seientifically. Tt will be seen

that the crushing pressure of blocks between leard plates

is in one case only three-fifths, and in another only

three-sevenths of that of blocks prepared with plnm_:r

and crushed between millboard. One Mock was cotmnentes]

carcfully between two rigid iron plates with paraliel

surfaces, and this earried a little more, but anly -

wore, load than the block prepared with, pl {

crashel between loose millboants.  An eaami
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the mode of fracture of the blocks shows why the lead
has so dangerous an effect on the strength.  The blocks
erushed between wmillboards sheared approximately at
45°, forming regular pyramids ; but the blocks crushed
between lead broke up into a number of vertical prisms.
The lead, flowing under the crushing pressure, pro-
duced by friction n tension in the block at right angles
to the crushing pressure, and this, added to the tension
due to lateral expansion, tore the block in pieces, com.
pletely altering the angle of fracture. The pressure
of fluidity of lead 1s from 1} to 3 tons per sq. in,
and these pressures were exceeded in the crushing
experiments,

CRUSHING oF STONE BLOCKS, 4 INCH CUBES (APPROXIMATELY)

eseriptionof _ Crushing load,  Strese, i tons | !
Deser P mtems | Tpersaft | Rermarks |
"Parttand - | !
533 37 603 51638  Between two mull-
\ boards on each face |
536 52 600 109 87 One plate of lead on |
| each face
538 45 63 1038 . One plate of lead on
‘ ! ‘ each face, 3 wnch
smaller than face all
‘ round ‘
537 | 8350 J 20995  Three plates of lead
on each face
Yorkshire grit
‘ 637 T2 ' 71208 Between two mll.
! boards on each face '
) 542 80 05 71686 Cemented  between
‘ two strong aron
1 plates with plaster
of Pans
l 540 56 20 50443 Onelead plate on cach
nce
i 511 35 00 32227 Three plates of lead
I

on each face

The lead plates were 0 035 mch thuck

TE2
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where A is the area of section of prism, C its cireumfer.
ence, & height of prism, £ strength per unit of section,
and 2 and v are constants for each material.

It gives at once the law that prisms and cylinders
of geometrically similar form have the same strength.
Also, that in prisins of the same height and sectional
arca the strength varies inversely as the square root
of the circumference. Thus, prisms of circular, rquare,
and triangular basc, of the same height, should have
strengths varying as 1: 0°94 : 0-88. For square prisms
of different heights the equation becomes—

=7~+v; e e e e . ('3),

where « is the side of the square.  According to Bau-
schinger, this equation is valid up to values of k=
or 5a This agrees with Vieat’s formula, A series of
experiments on square and rectangular prisms of dJif-
ferent heighte, varying from -6 to 12 inches, of fine

Swiss sandstone, gave the following values of the con-
stant (f, in tons per £q. iny—

A= 2005 v = 202,
when the axis of the prism wa< paralled to the layers,
In another scries of experiments on prisms of the rame

sandstone, crusked perpendicular to the layers, the
Diwight, however, not exceeding that of the enbe,

y = 316,

A thind weries of tests on rectangular and rquare
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prisms of Perlmooser Portland cement, hardened ninety
days, gave—
2=139 v = 086,

Tests were made on rectangular and eylindrical
prisms, of about 4 inches diameter or length of side and
very different heights, cut out of fine-grained Bunter
sandstone, and crushed parallel to the layers, Thewe
gave—

For prisms . . a=317 v=111
s eylinders by 337 » 105
Mean . . Loy 997 1 107°5,

A series of tests with square and rectangular prisms
of different heights, having sides with the vatios 1 : 9,
34, and 1. 1, also of a fine-grained sandstoue, anve—

A= 3565 v =47,

Bauschinger shows that the agreement of the cqua-
tion with the results is throughout satisfactory.

Bauschinger made a further research on the crugh.
ing strength of cubes when on one Fio s
surface the crushing load was con- 13
fined to a portion of the area  Sup-
pose Tig. 133 is the plan of a cube,
and that cither by bevelling the edges,
or by using a small steel pressure-
plate, the load is confined to the
area of the small rectangle. If ois the centre of the
rectangle, and

ob=ej0d=c,0a=d;0c=¢
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where A is the area of section of prism, C its circumfer-
ence, & height of prism, fstrength per unit of scction,
and A and v are constants for each material.

It gives at once the law that prisms and cylinders
of geometrically similar form have the same strength.
Also, that in prisms of the same height and scetional
aren the strength varies inversely as the square root
of the circumference.  Thus, prisms of circular, square,
and triangular base, of the same height, should have
strengths varying as 1: 0°94 1 0-88. For square prisms
of different heights the equation becomes—

f=r4v, . L ()

where » is the side of the square,  According to Dan-
schinger, this equation is valild up to values of A= 14
or 3« This agrees with Vieat’s formula. A series of
experiments on square and rectangular prismg of dift
ferent heights, varying from 0°6 to 12 inches, of fine
Swiss sand«tone, gave the following values of the con-
stant (f, in tons per sq. in)—

A =2300 y = 2025

when the axis of the prism was parallel to the Tayers.
In another serics of experiments on prisms of the same
candstone, eruslied perpendicnfar to the layers, the
height, however, not exceeding that of the enbe,

2 = U8G5 v = 316,

A thinl series of tests on rectangular and rquare
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prisms of Perlmooser Portland cement, hardened ninety
days, mave— )
2= 134 v = 986,

Tests were made on rectangular and cylindrical

prisms, of about 1 inche~ diameter or length of side and

very different heights, ent ont of fine-grained Bunter

sandstone, and crushed parallel to the layers.  These
gave—

For prisms . =317 v=111
s cylinders ., D37 » 103
Mean . . Ly 927 5 1075,

A series of tests with square and rectangular prisms
of different heights, having sides witl the ratios 1+ 2,
3:4,and 1.1, also of a fine-grained sandstone, gave—

A= 3565 »=97.

Bauscliinger shows that the agreement of the equa-
tion with the results is throughout satisfactory.

Bauschinger made a further researeh on the erush-
ing strength of cubes when on one Tie 133
surface the crushing load was con- 4
fined to a portion of the area. Sup-
pose Fig. 133 is the plan of & cube,
and that either by bevelling the edges,
or by using a small steel pressure-
plate, the load is confined to the

area of the small reetangle If 15 the
rectangle, and

centre of the

ob=ea 0d=a;0a=¢,0c=¢,
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/ = crushing pressure per unit of area when pressure
1s uniform on whole face of cube ; f; = crushing pres-
sure per unit of area of pressure-plate.

P _ 3 /¢ 0,
Then, h=F Z/‘?f
If A and a are the areas of the surface of the cube and
pressure-plate, then, when the pressure-plate is central—

f:=f\/‘;\l,

If two equal pressure-plates on both faces of the cube
are ured, then the strength becomes that of the prism
of material between the pressure-plates, and is nearly
independent of the amount of material surrounding this
prism. It is casy to see, therefore, how much a block
of stone may be weakened by imperfeet bedding.!

172, Ditermination of the Porosity of Stone~—Speci-
mens for this purpose should be cubes, and «hould be
well dried. The stone should be brushed, weighal,
and then gradually immersed in water,  The stone is
allowed to remain under water till saturated. Tt will
Lecome nearly raturated in twenty-four hours, but it
may, for certainty, be left for five days. Ttisthentaken
out, carcfully dried on the surface, and weighed,  The
gain of weight is estimnted in per cent. of gross weight.
Sotnetimes the process is hastened by removing the nir
pressure by an aiepump and allowing it to return?

" A anatar poearch by M Flamant is given dn Awn des Tonte of

1 ne I € F vl xa
ISl Trane dm S of Onl Faginvers, 1992, p 145,

¢ Favawts, vl 1y
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For strictly comparable resulte the spv iy o3, 11 1,
of the same volume and rurface,

Potoan or bposes

_ Perertof ol
water abaigtay b etk gy
[STae ’
Granites (various) st [ ]
Syenite 0 124 Time
Yorphy ry 12, .
Granites sy
Trachyte 2045 I
Slate 50 S
Toofing state 'rs oy
“rey
Sandstones (various) D7 By 1 I

| Coal-measure sandstoncs TOTH H i
Old red sandstone 1654 v ey

| New red sandstont GO 100 u "

I Lias sandstones SO RO 2 "
Craigleith 80 YR O
Kenton vy oy Yl Coy
Mansfield 104 4 “

» 2644 o Wi,
"y
Tamestones (various) 0361 qun I
Portland s lb’n,llu‘u'h [
Ancaster 161 b oyl oy
Box ground (Bath) 170 2 “
Ketton w1 u "
Chilmark B Lo "
Toche Abley 1”7y H o
Qolitic hmestones 140120 o1 W
Shelly limestones (Purbeck) 1020 oy | Wiy
Kent rag 00 81 "
Dolomite 1hn ‘ 126 o)
Magnesian limcstone 55 s b
_ Ty

The table on next page gives the density aid gy, 1
-

tion of water of a series of 3-mnch cubes of Fuglisy Ht,,"];'
The blocks were weighed dry and then immerseq in Wuh.'.
for from seven to fifteen days  The weighingy “w'.
carefully made for the anthor by Mr IL. M, Martiy, ¢
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1 Per cent,

Matenial Density | of water

| alorbed
Aberdecn gramite, red - o2 [ 07
" o gTe) . . G8 08t
Clayslate . PR 56 |03t
" . 6 oo

2
2
2
-2
]
i
!
L sn
i
|

SanusToNES

Red Grnsell 65449
i Wlute Grinsell . G 8
* Scotgate Head (coal measure) G343
Cor<o Hill (new red) 505
. Robun Houl (col neasure) Bl
Hollington 642
Red Mansheld 44t
hite , 6oo
Redl

Flag-rock Grinscll
Tted Alton (new red)
Derbyalure gnt
Inllstone . .
Howley Park
Attlebarvugh
Ilansworth
Duston (renstone)
, lspatna
Sydanope
| Kumlworth

Liugstoses

..
Purthnd . .
I Brown Portlnd
Ancater .
Katton .
Stode gronnd
Comtiam Down . -
Westwoond ground .
Cacn . -
Box ground . .

Church Ansen .
Doglting

Losstunce 1o Prost—The power of neisting frost
ean be inferred to rome extent from the porosity. It
1= better, however, to raturate a stone with water and
then frose it mpeating the operation ton or more



STONL AND BRICK 420

times. The percentage loss of weight is the measure of
the injury done by frost. Drard’s test is to immerse
the stone for half an hour in a boiling saturated solu-
tion of sulphate of soda, and then hang it up for the
absorbed salt to erystallize. The process is repeated
daily for a week., It is a test of doubtful value.

Resistance to Wear.—The only method of satisfac-
factorily testing the resistance of stonc to wear is one
devised by Bauschinger. A block of the stone, with a
face 1 x 4 inches, is placed on a horizontally-revolving
cast-iron plate at a radius of 18 inches. The con-
Qitions are found to be most constant when the block
is loaded with 66 to 68 lbs. Emery is regularly
supplied between the block and plate and cleaned off.
The best rate of supply is twenty grams for cach ten
turns.

173. Coefficient of Elasticity for Stone.—The measure-
ment of the compressions and extensions of stone is
very diffieult, partly from the limitation of size of
specimen, partly from the smallness of the deformations,
partly from the difficulty of securing uniform distribu.
tion of stress. Professor Bauschinger appears to have
overcome these difficulties’ by the use of a modification
of his mirror apparatus Plottings to a very large
scale of the stresses and deformations show that stone
has no clastic limit. It takes permanent sets with
very small loads, and the deformation does not inerease

\ «Uber den Elsticttats-Modul Baustun * Mitth aws dem Mee Tech
Tabaratorm wn Munchen. 1875 :
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at first proportionally to the loads and afterwards de-
siate from proportionality.  For very hard and dense
stone the compressions and extensions are indeed
initilly nearly proportional to the loads, but this
remains »o up to the breaking stress,  For all others,
especially for the weaker stones, the greatest departure
from proportionality i« for the smaller stresses, The
greater the loads the more do the deforinations approach
to proportionnlity.  For sandstone and the less hard
gramtes, the compressions inerease fiest more quickly
than the loads and afterwards less rapidly.  ence, the
stress strain curve is at first convex and afterwards<
coneave to the axis of loads,  With repetition of loud.
ing the reversal of curvature gradually disappears.

In the later research on Bavarian stoue in 1881,
Sauschinger had an opportunity of re.examining the
elastie properties of stone with somewhat nore perfect
test specimens,  Ile found for the hardest stone, and
especially Finestone, that the coeflicient of elasticity was
nearly constant, equal for tension and compression, and
very large. For most other stone the coeflicient of elas.
ticity for tension diminishes with inereasing loads, For
prossuns it sometimes inereares with inereasing Jouds,
but for the weaker Kinds it diminishes at first and then
increases,

The stressostmin ennves for tension and pressarne
passinto each othor ot the origin of co.onlinates with-
out forming n cusp. But thne eases ane distinguiche
able e (1Y I the eoetlicient of elasticity i« nearly
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constant, the two curves for tension and pressure are
nearly straight lines and inclined at nearly the same
angle to the axis. (2) If the cocfficient of elasticity
dnninishes with increasing loads in tension, the curve is
concave to the axis of deformations, Then, (a) if the
cocfficient of elasticity for pressure increases from the
beginning, or is nearly constant, the two curves formn a
regular line alway» concave in the same direction. DBut
if (b) the coeflicient of eclasticity for pressure diminishes
first and then increases, there is a point of contrary
flexure at the origin of co-ordinates. Bauschinger is
inclined to attribute this appearance to a disintegration
of the test block in dressing it by hammer and chisel.
The author has obtained measurements of compression
of stone similar to Bauschinger’s. It seems possible

CoEFFICIENT OF ELasTICITY FOR STONE (BAUSCHINGER).

(Stresses and coeffictente, 1m fons per s ft.)

Bendmg ‘ Tension Pressure
- o Ata ta Ata
(,otff"x:f"lent )"“Jf‘ "i“ nt tre: {¥ ﬂ,‘; t letresa
of o of of

Granite (Metten) . .
Y (Passan)

Jura limestons (Kelheim) ' - - .

Nommulito himestone T

Bunter sandstone (Phalz)
»

" " (Wartzburg)

Molasse sandstone (Kemp- |
173,000 | 11 | 116,000 | 22

|

153,000 l 14
29,200 ‘! 31 | 240,000

e, . - .
Molasse sandstane (Kemp-
ten) . .| 13.000] 56 1530
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that, in a granular substance like stone, the action of the
pressure way be to bring the particles to a bearing, and
that this may explain the decrease of the cocfficient with
increase of pressure,

171, Bauschinger’s First Rescarch on the Strengthe of
Stone (* Mitth, aus dem Mech. Teehn, Laboratorium, in
Miinchen.! 1874).—A few results will be selected from
this paper as giving very conveniently the relative resist-
ance to different kinds of straining action. The pres-
sure tests were made on cubes with accurately ground
surfaces, on which the cast-iron pressure-plates acted
directly. For the shearing strength, three directions of
shearing may be distinguished.  The shearing plane
may benormal to the laminwe, or beds, of the stone, and
is then di:tingui;lxcd by the symbol L ; or it may he
iu the plane of the beds, and i~ then indicated hy the
symbol . Bauschinger experimented in rome cases in
a third dircetion also; but these rewults are omitted,
The same symbols apply to the bending experiments,
and indieate the position of the plane of fracture.

Dawsehinger's Seeond Researeh on the Strength of
Buavariun Building Stones)—1In this series of tests paral-
lelopipeds about 4 inches long and 10iuches x 8 inches
square were used for bending tests, with a span of
{0 inches,  From one of the broken picees a prisin was
cut for pressure parallel to the lumine, From the other,
atest picee for tension parallel to the laminee, and aleo
nfterwards for chearing,  Cubzs were aleo obtained for

U AL, anedem Mech, Teeh Latoratorison i Munchen, 1831
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prensure testa parallel and perpendicular to the laminie.
Some eubes were kept in water, and as opportunity
rerved taken ont and exposed to frost. After being
frozen abont twenty-five times, they were dried, and
ernshied in o direction parallel to the layers,

HIRENGTIE 01 BAVARIAN BUILDING STONE (BACSCIINGER).
(Stresses in tons, per s, ft.)

mreeer)
-~ ) it il Sheating
Bl |z, [ dmue | S
% | g
el | .
Sa) = | £z
) HWIE| 5 !
] to tabed to o) 0
uE 5 E’g Le [tk £ 1 B
ik treczing|
thranite (Mo tten) &7 |10 830 {1210 [ 1as0 |1,
W (D) 77 | 11| 850 [ 1200 1310 [ 1230 | 03 | 85
t
Juta limestono (Kethelm) | 30 337) 226 | 560 | 213 {;ég 3219
Tuntor mwtstone (Pfatey |30 7 av 33811 qas 1435y 57 | ag
N ,,(\\'urlzhurg)l(ﬂ ol 710l 970 780 | S35 613
trwen sandstone (Kel ) ’ 10 6! arr | 7| oo | s02 121
Motaxne sandstone o R - i o
(Kemteny IR LA 80 a1
Malnare wandstons o "
e dlez et ] — ieso a1

Nammultn  Nmestoney o 220 1,320 [ 1200 [ 1200 ' 95 | 7
ierih trm) plus 8% 1220 1320 1200 (1200 95 73

Dirbass (O menkopt) | — I — l2s0] —~ [2800| —[—
Lyenite (Woteau) R I 0 . I 3 71 QO I

The following tests were made by Dr. Bolime?! of
cubes about 10 x 10 x 10 inches of rubble limestone
masonry, st in diffcrent mortars, The cubes were
three months old :—

Mortar Mean rrubing steengih,
In tons, per

1 cemnent, 3 sand . . . . 1234

1 " T . . . . [ANH

1 cement, 7 lune, 16 sand . 613

1 hme, Laand - . . €5

"M ausder L teekn Verrichsontsll zu Lertin 1834, b b
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o B 1it-<n[hm Tan por [
Graxires -
Mount Sorrel &
Aberdeen grey (2-inch cube) 1,412
\ (cyhnder, o1,
;m:hgs diamcter, 3} inches 1,162
high) -
Aberdeen red E 2-inch cubc) 1,611
o (elnder, 24
inches diameter, 3} mchcs v 1,35
Tugh) ] e
Quartz. 1,270
Basarts
Penmaenmiwr (2-mch cube) 1,086
Hornblendic greenstone 680
Felspathic " it
SraTES - Welsh al.
Compact Welsh clayalite (3-
mch cubes) ¢ } | 733-1,052
Slate 1,205
Valencra (Irssh) (1 1ch cubes) 720
illaloe 5, - 1,071
SANDSTONES
Bramleyfall 389
Cmnleuh (" mch cube) 501
Darley ” . 455
G)ﬂ'neuk “ 310
Kenton " 318
Morley Moor  , 318
Park Spring 487
Stanley 383
Runcom (s1xteen d-mch cubes) 267-443
" {s1x 3-nch cubes, 2054106
(six 4 mnch cubes) 427-514
York grit (3-nch cube) 712
Red Mansfield 609
s (27nch cubes) 32
White " »» 337
Red Alton ,, (3 inch cubes) 300
Sydanape , ,. . 1%
LIMESTONES .
White Italian marble 1,400
Wlite statuary ,, . 206-389
Portland . 239-202
'\ (danchoube) . 516
{2-inch cube) 250
Purbeck (Li-nch cube) . 567

Crvaning Senrsar or S,

Aarteyy

I gy
Uniin

”

Mally

F l}lrlmm
Witk

Unwin

Mallet
Wilkingon

"

Renme
Roy Com

oy Com
Usvn ™'

Renme
Unwm
Roy Com,
Rennie

F¥2
A -
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Crusming StrRENeT OF StoNn—cortuned

Description Tona per 5q. fc Authonty
Ancaster (2 inch cube) . 150 Roy. Com
Barnac " . 114 w oo
Ketton " 164 ”» ”
s+ (3-nch cube) 312 Unwin
Ketton rag (2-inch cube) 577 Roy. Com
Bath, Box ground (2-inch cube) 95 i m
Bolsover (2-inch cube) 484 " ”
Bramham Moor ,, 380 " »
Brodsworth “ 295 " ”
Cadeby " 104 woow
Clulmark " 400 woon
Hamlll ” 259 » ”
Huddlestone  ,, . 278 » ”
Park Nook v 278 ”» ”
Racho Abbey 1 250 woom
Tuttenheo " 124 [
Caen (3-inch cube) 108 Unwin
BRICKS.

. Bricks are made from clays, loams, or marls
containing silicate of alumina, mixed with sand, oxide of
iron, and carbonates of Jime and magnesin. The plastic,
strong, or pure clays contract very mnch in burning,
and do not vitrify, so that the bricks are not durable,
Sand diminiches contraction, and permits partinl vitri-
fication in burning. Tron acts as a flux, facilitating
fusion of the siliea, and, in many ca~es, determines the
colour of the bricks.  Lime diminizhes contraction,
and nets as a flux; but Iumps of lime Lecome quick-
lime in burning, and l

¢ afterwards cause the
brick to ernck. ‘The following short summary gives
the eompo-ition of sote clays o

* Nites o Laibg Construrtion Part ye p ga
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L
| Matena) lettan L o
ey e b o
' Sihiea and aluminy (53 im e
| Oxide of 1 oo e A
Carbonate of lime 1H4 1% " “
| Carbonate of magncsia 01 4 o

Malm is clay mixed with chall i vy g0

Bricks are exther hand-moulded o el e,
In the latter ca<e the clay may e wet np) I
dry or remi-dry.  Hand-made bricls Laye ||r|||l|~ f
cavity, or frog, on one side, which is supposed 1o gff,.
a key for the mortar.

irtie | oy

Wire-cut machine. .. farje} w

have necessarily no cavity or frog. S fre s
¢ b Bricks we eirhep
“clamp burned’ or ‘kiln burned’ The

bricks varies a good deal.

bricks have frogs on both sides

weight of
London stocks weigh uhgny
G'8 lbs, DPressed bricks and blue bricks iy weigh,
10 1bs. Ordinary red bricks weigh about 7 |1, . while
some of the lightest weigh only 51 to 6 Ihs, ‘),
absorption of water by bricks also vavies. Staflorduli;,,
blue bricks absorb 2 to 6 per cent. of ther w clgrhy,
ordinary stocks and red bricks, 7 to 10 per cent ; gy
the softer and more porous bricks 20 per cent.

The following table gives the crushing strength of
a sufficient variety of bricks. It may be added, hoyw
ever, that Mr. Ward gives some tests of bricks of
exceptional strength.! In these tests, Staffordshire blye
pricks earried 630 to 1,064 tons per sq. ft., and brick,
made of slate débris 1,036 tons per sq. ft

' Proc Inst of Cird Engencers, lsxxu p 24



438

Crusuixe StrExcri ofF Bricks (Uswix),

(Single Uncks.  Faces made smooth and parallel by plaster of Paris Crushed between
wo millborrds, or the fron pressure-platés of the testing machine.)
plasoiiee i SR

|

Deseniption

Londen stock .

Ayl‘;:s[urd:’con;mon .
»

. press, .
Rugby, common .
Lo‘dgoColl;Z-n » Notta
Dighy Collrery, Notts

tanben, pressed”
Grantham, wire cut

Laicester, mire cut

Cmnlu-vh, presaed

Candy, pressid
Gault, wiroeut

Staffonlhire Hue,
common . .
Staffordshare  Hue,

compon L
Staffnlslure b
common
Ftaffonlslire

ne,
Hue,
prrevsisd . .
Glazed bk .
sl rulietn, three
i ocdumn, teldel
In putty
Terracotta blck

80 =45 2RO

Goag ime
1,
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P e
Syl ae
Dunmenstons, it S & B2 | cotour | Remarks
s
58| 68
46 x41 x24 |128] 177 | Yellow | Half-brick
46 x40 »245(133] 181 " "
92 x4l x28 | —| 120 "
80 x42 %23 |~ | 113 "
89 x425x25 | — | 108 »
89 x44 x27 | 48] 183 ] Pink
B9 <44 x27 |111 228 4
91 <43 x27 | 711 141 | Red |Deep frog
956 x42 x29 [158, 190 w | Between
{ pine boards!
D0 x492 x30 | — ' 120 "
00 x42 x34 {127 15')‘ ”»
D0 ~42 x323 B .
93 x4l 325|218 [a53) w  Notcrush'd
40 042 x32 (44 4l 0 o Half-brick|
B8 .43 x27 361 [361) Noterush'd
02 .44 32 83 "
$1 -11 <25 231 3.'1‘.' Pale red Half brick
435 >91 <26 100 et o
D06 42 <28 1th ‘.!'.’1' . N
47 ~46 20 MO 181, ., ”nl[ me
! |
46 <46 w20 115 27, Hnll»hntk
I ' frog
BR r43 x28 ‘ 80 a1t ’ }
87 »41 =30 Ml 1785 White |
44 =42 61w 1 v Halfbriek!
8% =41 bl — LM , - I
45 =43 %30 26 460 Dluo ' Half brick !
43 x42 30 ¥ !
" now {
BD - 43 231 210 (W3] . Notcrmhd
00 <41 31 l omr
KR 244« 14 Croe
PRI RN P TT N 1) Frog
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176. Strength of Brickwork.—Comparatively few
accurate tests have been made of the strength of brick-
work masses. The following results of tests of brick
cubes, with different mortars, were made at Berlin by
Dr. Bohme. The brick cubes were approximately
10x10x 93 inches, and were three months old. Two
kinds of brick were used :—

Mortar ' D
} per 5q. ft | per .sq fr | pereq it
Beneckendorfer brick | |
1 1lime, 2 sand Dry | 1162 | 2632 | 114
2 7 lime, 1 cement, 16 sand Dy | 1304 N 120
3 I cement, 6 sand Dry | 1394 R ST
4 M v Wet | 1419 .o,
5 1 cement, 3 sand Dry 158 8 | o 1929
o . . Wet 1698 ’ oo,
Hertzfelder brick . f
7 1lime, 2 sand . ‘ Dry 500 | 1609 | 114
& 7 hue, 1 cement, 16 sand Dry 733 " 420
9. 1 cement, 6 sand Dr 932 . 12 4
10 » » Wet 87 4 “ "
11. 1 cement, 3 sand Dry | 1007 . 1sZe
12 ” " -, Wa | 104e “ - -

This gives for the ratios of strength of brickwork to
strength of single bricks:—

For mortar of 1 hime, 2 sand 044
v a»  » Tlme, 1cement, 16sand 048
w +  » 1cement, 6sand 0355
" s s 1cement, 3 sand 063

The following experiments on bricks and brickwork
pillars were made by Curioni! The bricks were placed
flat. All the bricks were of the same clay. The mortar

t Proc Inst of Cust Engenecrs, lxim p 985
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consisted of equal parts of Casale Monferrato cement

and fine sand, and was allowed fifty days to set:—

| Crushing stress, 1n tons per eq. 1.

i
Description Hand. |Wachinemade bricks
. made —
bricks First Secom!
pattern | pattern
- — |
" Singlo bricks, between lead 1198 | 2149 | 1427

&:n;lo bncl\s with faces made oven wth

237 8 2826 | 21
PAHJ!’S of E bricks, mortar faces 1426 | 1600 i G
w 3, w oo 869 | 1271 | —
- o " " — 43 . —

The reduction of strength by using lead is obvious.
If we take the length of a brick to be twice the width
and 1 times the thickness, Bauschinger's formula for
pillars of thi= Lind takes the form
f=ua+ I',
b n
where £ is the strength per &q. ft., n the number of
brick« in height, and @ and b are constants.
The formula agrees pretty well with the results, if
the following values are taken (—

Hand-made bricks. . . f=13 _',2‘-3_7.'
n
Machine-made bricks (Ist) fe= 58 4 225
n
» w (20d) f= 75 4 196
n
which at laast seems to show that the diminution of

«trength i due to form, and not to influence of the
wortar joints,
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CHAPTER XV,
LIMES AND CLMENTS,

177. Limes and cements are of the greatest impor-
tance to the engineer, and, being artificially manufactured
products, they vary in quality according to the cate
exerciced in the sclection of the materials of which
they are made, and the skill and attention with which
the processes of manufacture are carried on.  To secure
a uniform and trustworthy cement, the engineer has
been driven to test regularly the cement supplied. To
Mr. Grant is largely due the credit of establishing sys-
tematic tests of cement, with the result that, fiom the
pressure brought to bear on manufacturers, and the
knowledge gained of the conditions on which the
strength of a cement depends, there has been achieved
a very considerable and general improvement of
quality. In large works, like the DMetropolitan Main
Drainage, it was perceived that a considerable sum
might economically be spent on systematic and regular
tests of the quality of the cement supplied. A com-
paratively large sum spent in testing formed but a
small percentage on the value of the cement, and as the
quality of ccment may vary through very wide limits,
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most important industries in this country, in Germany,
in France, and in the United States.

Success in its manufacture depends on careful judg-
ment and the rigid observance of essential conditions.
It may be produced from a great variety of natural
rocks, but, broadly speaking, it consists of 72-79 per
cent. of chalk and 28-21 per cent. of clay.

Experience shows the exact proportion of the natural
materials used which is most suitable.  These materials
must be #o mixed that the cement is absolutely Lomo-
gepeons and invariable in composition, At first, the
chalk and clay were gronnd together with a large
volume of water into a liquid slip.  Now, it is found
that grinding with only 35 per cent. of water is
not only economical, but prevents the segregation of
matcrials which took place in fluid «lip.  With some
materials no water is used in grinding.  The mixed
materials are then caleined to a clinker at a temperature
juet <hort of that which produces fusion or vitrification.
Underburned clinker iv weak, and overburnt clinker is
an almost inert cement.  Lastly, the clinker must be
hroken up and ground to a ponder, o fine that the
cement particles expose n maximum surface at which
chemical actions mny oceur, and are not too large to
Gl the rmallest interspaces in the sand with which the
coment is mixed in uee,

Aceonding to Michaclis, the hy draulicity of o cement
v due to the siliea, aluming, and oxide of fron. In a
gooed coment the sum of these should be shout one-
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thind ? of the total weight, the rest being chielly lime.
The calcination removes carbonic acid and water, and
lends to the formation of ealcium silicate, calcinm alu-
minate, and calcium ferrate.  In the setting and harden-
ing of a paste formed of the cement, there is probably
a hydration of the silicates, and perbaps the formation of
double hydrated silicates.
The eomposition of a Portland cement varies more
. or less, but generally Lies between the limits given in
the following table -—

Ter cent
Silica 20-26
Alumina 5-10
Oxide of 1ron 2.6
Lame 67-58
Magnesia . 053

179. Ordinary Cement Tests for Strength.—The ordi-
nary test is a tensile test of 2 small briquette of neat
cement, made ina brass or gan-metal mould, left twenty-
four hours to harden 1n air, and then placed in water.
The cement is tested in seven days, and, if possible,
at later dates also. At least five briquettes should be
tested at each date, and the mean result taken.

The form of the briquettes has a considerable in-
fluence on the strength. Fig. 184 shows some of the
forms which have been used. Form «, used in all the
carlier tests, is a very bad form, the square corners
producing uncqual distribution of stress with a rgid
material. The most common forin now is ¢, known

1 In the French rules a cement mn winch the ratio of, sthea and
alumina combined to lime 1s less than 0 44 1s regarded as doubtful |
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most important industrics in this country, in Germany,
in France, and in the United States,

Success in its manufactnre depends on careful judg-
ment and the rigid obscrvance of cssential conditions.
It may be produced from a great variety of natural
rocks, but, broadly speaking, it consists of 72-79 per
cent. of chalk and 28-21 per cent. of clay.

Lxperience shows the exact proportion of the natural
materials used which is most suitable.  These materials
must be ro mixed that the cement is ab-olutely homo-
gencous and invariable in composition. At first, the
chalk and clay were ground together with a large
volume of water into a liquid slip. Now, it is found
that grinding with only 35 per cent. of water i+
not only ceonomieal, but prevents the segregation of
matcrinls which tooh place in fluid slip,  With some
materials no water i~ used in grinding.  The mixed
materials are then caleined to a clinker ata temperature
just short of that which produces fusion or vitrifieation,

Underburned clinker is weak, and overburnt clinker i
an almost inert coment.  Lactly, the clinker must be
Lroken up and ground to a powder, so fine that the
cument particles expo-¢ a maximum surface at which
chemical getions may ocenr, and are not too large to
Bl the smallest interspaces in the sand with whick the
cement - miaed wouee,

Aceording to Michaelis, the hydranlicity of a cement
1~ due to the sl aluming, and oaide of fron, In a

geonl cement the sum of these should be nbout one-
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third U of the total weight, the rest heing chielly lime,
The caleination removes catbanic ackd and water, and
Jeads to the formation of ealeium silicate, ealeium ala-
minate, and caleium feerate T the setting and harden.
ing of a paste formed of the cement, thers s probably
a hydration of the silicates, and perhaps the formation of
doutile hydrated wilieates,

The composition of a ortlind cement varies more
or less, but generally hies between

the Tty given in
the following table -—

I ent
Siliea 20 2
Alynuna 510
Oxide of 1on 24
Lame 67 08
Magnesia (IS

179, Oudinary Cement Tests for Sy ength.~The ordi-
nary test is a tensile test of a small briquette of neat
cement, made ina brass or gun-metal would, left twenty-
four hours to harden in air, ynd
The cement is tested in seven
at later dates also.
tested at each date,

en placed 1in - water,
ays, and, if possible,
At least five briquettes should be
, and the mean result talen,
The formn of the briquettex has o considerable jp.
fluence on the strength, Fig. 131 show, some of the
forms which have been used,

Form a, wsed ju alf the
carlier tests, is o very bad form,

producing uneqnal distribution of
material.

the square cornerny
Stress with o rigiq
N NOW s e, knowy,
3 3 cement 1n which the Tatio of !

wlhicn
© 13 loss than 0 44 45 2cgarded gy douhltful b

The most common fory,

* In the Freneh rule
alumuna combined to lim,
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sometimes as Grant's, and this is universally used in
Germany. A few engineers use forms like fand g. A
small metal plate is placed in the holes at the ends, and
a knife-edge of the shackle passes through each hole.
In some of Mr. Grant’s tests, briquettes of the same
cement gave strengths ranging from 280 Ibs. per sq. in.
for form a, to 460 1bs per sq. in. for form ¢, at seven days
after ganging, Tor some time briquettes with a see-

Fie 131

tion of 2} #q. in<, were used, but it is far more usual
now 1o make the reetion 1 sq. in.  The smaller bri-
yucttes are more casily moulded, and give more uniform
results,

The briquettes are broken in small lever testing
machines, of which there are now many in the market.
It is very important that the load should be npplied at
n regular mte and without shock.  Adie’s machine is
a singledever machine with a rolling weight.  Reid

& Bailey’s machine is a single-lever machine, with a
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mould.  The mixing with the trowel should take five
minutes, and then the moulds, placed on a glass or «late
slab, are filled and rammed and shaken. It is important
that the operation should be finished before setting
begins,

Mr. Faija has introduced a very convenient cements
ganger, which gauges the cement in less time and more
uniforinly than it can be done by hand,

‘The briquettes are removed from the moulds when
set, and in twenty-four hour~ they are placed in water.
The temperature during all the operations shonld, if
possible, be 15° to 18° C.

In testing the briquettes, the load sliould Le applied
at the rate of 100 1b~. in fifteen ~cconds,

Driquettes of Saned and Cvmrnf.——]:riqllv:ttv:\‘ of =and
and cement give far more trustworthy indications of
the value of a cenent than neat cement tests,  The ce.
nent is always used in construction mixed with other
materials, and the cement which is strongest neat is not
alway~ strongest tested with sand,  The gauging of the
Lrigucttes aleo i cacier, and the results are less affected
by «mall variations of procadure.  On the other hand,
the briquettcs must hanlen twenty-eight days before
Twing tested, and this i in many eaces a longer time
than can be allowed.

The greatest diffienlty of the sand test is cecuring
an identical quality of eand for all tcts which are to 1e
comparal, A shiarp pit cand i best, which shonld be
can fully washed and sifted. The sand used should be
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its strength, both the initial strength acquired in a
short time and the rate of gain of strength with age
require to be considered.

Now, suppose experiments have been made, say,
at seven days, four weeks, and twelve weeks. One
would still like to be able to predict the strength at
a greater age, and cven in judging of the data in
hand some difficulty arises from the discrepancies and
anomalies incident to such experiments, and duc to the
ditliculty of making the experiments numerous enough
to get true average values. If anything were known
of the law of increase of strength with age, if we could
put our results in a formula, their meaning would be
much clearer.

Now beyond the first week, and up to a period at
which the full strength of the cement is reached, the
rate of hardening follows very approximately a simple
law. T'or onldinary tencion briquettes, for instance, the
wain of strength is nearly proportional to the enbe root
of the time of handening, and that both for neat cement
and cement mortar, It i4 possible, therefore, to repre-
rent the results of a reries of test« in a «imple formula,
the constants of which indicate the character of the
cement with very great clearness,

Let i be the strength of o cement, or cement mortar,
in lbe, por sq.ing, at an nge of » weeks after mixing.
From some prliminary tentatives the nuthor found for
the relation between » and u the expre««jon—

yea+bat ),
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)
where a, b, and n are cupirical constanta, [y, -
. “ e

form the equation would not Lie very canve nicnt to
) ot
for it would require at least three scte of OxXperit .
R Lot ta
at three different ages of the tet Pieees ta dey gy,

the three constants ; e

and a still greater numlep eyt
be required for satisfactory results i €onegy
the discrepancies which oceur in cement te
It appeared, however, that for any priven Lind £

. 0 ‘

cement, and any given kind of straining actiny nk ‘l
171

a constant value. Further, by a wodification 'Uf |'
: g the

formula, @ might always be the strength of the cemeny
Cmey

at seven days’ age. Consequently there would
only one constant to determine.

jucnen of
sting,

Temaiy

The formula then i
y=a+l(z=1)

()

,

where y is the strength of a cement op mortar, a¢

s initi ) ‘

weeks after mixing, the initial strength of “h' :

icly
seven days is a Ibs. per sq. in. 't

The constant, liag
values which can be assigned beforchand, ang only

constant & remains to be determined by eXPerimQ:,ltl:
on test picces more than one weck old. It will be scen
hereafter that, though & varies, its variation s not
within very wide limits, so that when the Ch““oters of
cements ave better known it may be possible to assign
for it a probable value, even if experiments are Wanti;,,
in any given case. s

Now since in this equation a is the initial strengty,
of the cement, and b 2 constant, varying with the
rate of increase of strength with time, the two con.

662
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stants exhibit very clearly the character of a ccment.
If their values are determined for any given cement,
and inwcrted in the equation, o nuwmerical cquation is
obtained which may be termed the characteristic equa-
tion for the cement.

181, Application of the Characteristic Equation t
Tension Tests.—To examine the applicability of the for-
mula, let the constants be determined for the series of
tests of Portland cement brigucttes extending over seven
years given in Mr. Grant's first paper.! Mr. Grant’s table
gives in cach case the mean strength of ten briquettes,
21 gy ins. in section. In one series the cement was
gauged neat ; in another series the coment was mixed
with an equal weight of clean Thames sand, Mr.
Grant's numbers, reduced to lbs. per sq. in., are as
follow :—

Strength £ equarm fuch

| Neatecment 1cement o 3 pant
7 days

1 month
3 manthe
6
a

|
?
i

2yine
3

Now, for Portland cement in tenvon, 5 = Vs the

constant « has the values 363 and 157 for the two serics,

P Miaatar of Procoliapy It O vl xav p 69l vl spam
P :
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and it only rcmains to determine the most probable
value of & in the cquation—

y=a+bve—1,

This is best done by calculating b for each of the

experiments, except that at seven days, and taking the
mean of the values so found. Thus—

Xear Cevest

Age Strength y-a S‘";g"’
x y by formula
1 303 — — 363
4 415 52 36 431
13 470 107 47 471
2 525 162 56 503
39 512 179 53 525
52 547 184 49 541
104 590 22 48 588
156 585 — — —
Mean 13
1 CFVENT + 1 Sand
i A fe S(n; gth \ y-a _lb—_“ Strt’;xglh
prarpayd by formula
1 w7 | — —
4 202 45 31
13 2| 87 38
| = 285 198 3
32 307 | 150 45
52 | 30 | 163 41
104 351 | 194 41
we | a0 | 193 36
208 363 —
200 365 Mean 10

Hence the characteristic equations for this cement
and cement mortar are—
Neat cement . - . . ¥y=3063+ 48y Iy

Cement mortar . . .y =157 + 40Yr
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Ilence, the sand reduces the initial strength of the
cement by rather more than one-half (from 363 to
157 Ibs. per sq. in.), and the gain of strength at any
age is less for the mortar than for the neat cement in
the proportion of 40 to 48. By comparing the calculated
and obscrved values of y, it will be seen that the formula

Fic 135,
-1 —
| [ L= T T
e
/
pryIvis T

J cLvenT) e 2 Sen0

. 1

a g 20 40 se (3 100 120

10
weens
agrees closely cnough with experiment for practical
purposes.  Mr. Grant’s figures show that the neat
cement reached its maximum strength in one hundred
and four weeks, and the cement and sand in one hun.
dred and fifty-six weeks. Hence values of & are eal.
culated from data up to those dates only.

In Fig. 135 the experimental values are shown by
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small circles, conneeted by a broken dotted Yine, ap
e

the calculated values lie on the curves,
In the case of cement mortar the briguettes Lain in

Pia 134
L8
810,
o —r—
‘ !
oo - — i }
e —
0 bt e
a
00| fx b
soof4t
400
;
1
300
00
~ I
100,
30 40 S0 wetks

o Y 20

strength up to any period to which experiments are
But with neat cement 'briquehgs

usunlly extended.
a maximum strength appears to be reached, often jy,
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about three months, after which the strength remains
constant or slightly falls off. For example, in the ex-
periments given by Mr. Grant on the relative strength
of briquettes made on an impervious slab, and on &
porous (gypsum) slab,! the strength slightly diminishes
after thirteen wecks. IHence, for such results the value
of b must be deduced from experiments before the maxi-
mum is reached, and the formula ceases to apply beyond
the maximum. The following characteristic equations
were deduced for these experiments from the results for
four, cight and a half, and thirtcen weeks.

Nyar Cement

Tevpervious slab .. e 4194161 Y21,
Gypsum slab . . x =957 + 164 ¥r—1
Impers ous base G psum slab

Week |

cehs

¥
| otrved Calodlated | Obsérved | Caledtated

10 449 449 257 o257

10 687 081 454 193

85 765 765 63t 571
130 803 819 626 631
560 731 — 620 =
590 746 — 655 -
520 718 - 03 -

These results are plotted in Fig, 136,

182. Values of Constants for different Cements.—First
some data have been selected from the Table XLVII.,
p- 169, of Mr. Grant's paper. The only principle of
selection adopted was to take those ccments for which
the completest series of data are given,  The following

* Minutes of Proceecdgs Inst. C.E. vol. lam, p. 142,
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The tests of cement which form the most compleq,
ceries are, howeser, to be found in the Publication, of
the Engincering Luboratories of Municl, and By,
In the ¢ Mitt. aus den Mech. Tochn, L"b‘“‘ﬂlori“m il;
Munchen,” for 1879, theie is a remarkal)e Feriey of e
periments on the tensile stiength of cenents, ‘)y Pro
fessor Bauschinger. In Table II. qare given M ]CR-
than tihee hundred and sixty results, cacl, the eay :i'
ten separate experiments. T'cn different Cementy Werg
used, and these were made mt‘o test pieces of 79 N
cms. (11 sq. ins.) section. .Irom these resulty ‘]‘t
author obtained the following equations, these for
neat cements being deduced frem results on tost Vieeey
one week to sixteen weeks old, and those fur Comeng o

¢ -
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sand from results on test pieces one week to one hundred
and nine weeks old.

The extreme regularity of the constants for a great
variety of cements and their limited variation in value
is remarkable, The comparatively low initial strength
may be partly due to the cement being fresh, partly to
the size of the test pieces.

D
CuaracrerisTIc EQUaTIons For TENSILE STRENGTH OF BAUSCHINGEES

CEMENTS
(Unmts, Ibs, per sq 1n, and weeks )
Cement|Setting time,|  Neat cement | 1 cement -+ 3 sand | 1 cement + 5 sand
mark | menates v= y=
A 80 199+40Ye—1{ 81+29¥=z—1 | 43+31¥x-1
\ B 49 | 121449 46+36 26430
c 195 199+ 95 108+40 78+37
| D 136 199+ 53 53+ 61 37 +47
E 13 185 + 42 85 +40 60+ 28
F 416 256+ 37 112441 GF +38
G | 9t017 | 227+64 o1 4 40 67+33
T | 14,26 | 227436 80+46 50 +36
R 344 299 4 61 136+ 37 105+ 31
T 46 227+ 61 114 +28 71+21
' Mean 54 Blean 40 Mean 336

The French official standard of strength for neat
cement briquettes is a minimum of 284 1bs. per sq. in.
at 7 days, 498 Ibs, at 28 days, and G40 Ibs. at 84 days
after gauging. This ngrees nearly with the equation—

y =284 + 155 ¥2"1.
The strength is taken to be the mean of the three
highest of each set of six tests.

183. Values of the Centantsin Shearing Tests.—Parts
of the briquettes used in Bauschinger's tension tests
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given above were subjected to shearing, The following

are equations for a few of them :—

Cement | Neat cement ] 1 cement + 3 sand ‘ 1 cement + 5 sand
‘mark y= y=
A 270+43Y x—1 112449 -1 60+52¥ -1
B 142 + 067 46+ 53 31+ 57
R 412+ 57 185+ 55 131 +61
T 242 % 92 131 +43 105+ 44

184, Characteristie Equation for Tests of other Cement-
g Materials.—Some experiments by Dr. Bthme on
hydraulic lime have also been examined. These are
not very extensive, and they were carried to an age of
thirteen weeks only. However, they agree well with a
formula of the sume general form with n =1, The
equation 1s therefore—

y=a+b(z-1).

The following were deduced from the data :—

Tension ; 1 lime + 1 sand,
y =20 + 11 (z—1).
Tension ; 1 hme + 3 sand,
y=31+417 (2—1).
Compression , 1 lime + 1 sand,
y=97 + 44 (x-1).
Compression ; 1 lime + 3 sand,
y =122 4922 (a—1.)

185. Fineness of Grinding—The greater part of the
improvement in the quality of cement which has been
effected in the last ten years has been due to the dis-
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covery of the importance of grinding the clinker to ex-
treme fineness. The amount of surface the particles of
cement expose increasés inversely as the diameter of
the particles. A cubic inch of ccment would have 150
5q. ins. of surface if the particles were spherical and o'r
inch in diameter, and 600 sq. ins. if they were tho
inch in diameter ; so that the area on which chemiecal
action occurs increases as the cement is ground more
finely. But probably this is only part of the explana-
tion of the greater value of very finely ground cement.
If cement is taken and sifted through a sieve of fifty
meshes to the inch, the residue on the sieve of particles
larger than the holes in the siove will not adhere to-
gether sufficiently to form a briquette. They are almost
absolutely withont comentitious value. But if these
same particles arc reground, they are comverted into
valuable cement,
The extremely small value of these larger particles
in the ccment was not for some time perceived, For a
long time all tests of the strength of cement, or nearly
all, were made with neat cement, the reason being that
tests of this kind can be made more rapidly than any
others.  Now, a good cement will bear the addition of
a certain amount of inert matter without any sensible
raduetien of strength ; indeed, with a certain gain,
Hence it happens that in neat cement tests a somewhat
coarscly ground cement gives results higher than a
fincly ground onc,  Dut cement is never, in fact, need
neat ; it is used mixed with three to seven or more
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T No. of mesbes | No. of meshes | Dimeter of
tos m. ware
- tnches
For cement ‘E’g o (5;(’_;3 gt]) g
-, 05
. 74 5456 0044
. 100 10,000 0031
. 120 14,400 —
" . 180 32,400 —
For sand 20 400 0146
" 28 774 0123
Fig, 137.
35 750,
o
t5—
LEs
A
s
rer 3 [ -~ ABS 320,
P L [
)l
20 . 2
f de)s
4 0o /
[reqerspes] (f rre
* * e ru-.-r..’ and
« 10 20 30 wrtks o i 20 30 wetny o "0 20 sowierd

The best German cements are ground o fine that
they leave a residue of only 3 to 10 per cent on a
76-mesh sieve!  English cements are more commonly

' The German standard for fineness w1 that not more than 10 per
cent remmns on a 76-mesh meve, the wiro of wlich haa a thickness cqual
to half the width of maah 5 {1, of cement 15 used for this test.
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specified to pass entirely through a 25-mesh sieve,
and to leave not more than 10 per cent. on a 50-mesh
sieve.

Fig. 137 shows the results of a series of tests by
Messrs. Dyckerhoff, given in Mr. Grant’s paper. The
same cement was used in all the tests; but in one
series the cement was used as manufactured, in the
other after sifting through a fine sieve. The former
left 10 per cent. on a 50-mesh sieve ; the latter all
passed through a 180-mesh sieve.

The equations corresponding to the curves in the
diagrams are as follows :—

Neat cement.
Neat unsifted cement—
y =353 + 122Va—1
Neat sifted cement—
y = 346 + 36Ve—1
1 cement + 3 sand.
Cement unsifted—
y="T5% 69Ve—1
Cement sifted—
y =252 + 58¥r—1
1 cement + 5 sand.
Cement unsifted—
y=31+46Va—1
Cement sifted—
y =136 + 47¥2—1.

A series of experiments, given in Mr. Elliot Clarke's
very interesting ¢ Report on the Boston Man Drainage

-
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inverse reason that fine cement is good. TFine cement
coats 2 large surface, and fits well into the interspaccs
of the sand. Large-grained sand has less surface to
coat, and its spaces are more easily filled with cement.
Now, uniform size of grain may be obtained by sifting.
Standard Berlin sand is passed through a 20- and is re-
tained by a 28-mesh sieve. But sands of uniform size

Fia. 110

Ths
400

300

200
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Y et
Yery Fene Fine Medenm lery(earse Mered

of grain do not make equally good mortar.  Two sands
sifted through and retained on the same sicves give
different tests.  There i« something in the form of the
grains and the kind of space between them-~possibly
even fomething in the chemical condition of the sand~
which affects the initial strength and rate of hiardening
of the briquette. These different qualities are chown
very clearly in the following characteristic equations,
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deduced from experiments by Mr. Arnold, at the
Harbour Works at Willemshaven. The tests are 1
cement to 3 eand, the same cement used throughout :—

Wilhemshaven blue sand, fine-grained and sharp—
=101+ 22¥z—1
Dangast normal sand, sifted in the same way os
Berlin normal sand, not very sharp—
=124 + 23¥2—1
Dangast common building sand—
y =105+ 18 ¥7—1
Wangeroog, coarser, clean and sharp—
g =198 + 41 ¥a—1
Berlin normal, clean sharp quartz sand—
y =260 +44 Vuo—1

188 Influence of Proportion of Sand on the Strength,
of the Mortur.—Cement mortars are weaker than neat
cement, probably because the adhesion of the cement
to the sand is less than the tenacity of the cement,
The larger the proportion of the sand, the weaker the
mortar. It appears that, evcn with a proportion of
1 cement to 3 sand, the whole of the interstices of
the sand cannot be filled with cement, and as the pro-
portion of sand increases the proportion of unfilleq
space must increase, and therefore there must be a less
section to break.

TFrom a scrics of tests, by Mr. Elliot Clarke, of
abont 500 briquettes, all made with the same cement
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(the tests extending over two years), the following very
uniform series of equations are obtained :—

PortraND Cewext Mortaw, Wit DIFFERENT PROPORTIONS
or Sanp (Bostox).

Neat cement ! ¥=2803+61YZ -1
1 cement + 1 sand 160457 ,,
1, +2 | 126+44 .,
[ ! 05+36 |,
1, +5 ! 55+26

Below are given the results of experiments by Dr.
Bohme on the influence of the addition of various sub-
stances to coment. Some of these, such as gypsum,
have Leen added at times with an idea that they im-
proved the cement ; others have been added oceasionally
as adulterations.  Slacked lime has sometimes been
used with cement in very eold weather. Tt will be seen
that, with the exception of sifted cement, every one of
these additions reduces the strength of the cement :—

PORTLAND CEMENT WITH VARToUs ApDrTioNs (Buswe'.

(A, Cement ; B, Suftcd cement , G, Fime sand ; D, Stag, T, Buck-du-t .
I, Sack-lime.)

l Miture Neat 1 coment to 3 s1nd
1001 | 88YTT1 |y 190448701

10A + 101 2134+ 45
90X+ 10C 128463

‘ 00X +10D 1284 5%

! 904 + 105 137+ 58

| povslor 155 + 48

i BOA4 BOF 824 14

180, Determination of the Setting Time—The roughest
means of determining the time in which a cement sets
is to obzerve wWhen a flat pat can 1o longer be indented
by the finger-nail, A more accurate method is 10 use s
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loaded needle or wire. Perhaps the French standand
test is as definite as any. The cement paste, as ooy
as possible after gauging, is filled into a metal hox
1% inch decp and 8 inches diameter,  Over this is
suspended, by a pulley and balance weight, o needle of
10} oz. weight, with a square section of 1 &q. mm, (side
of square, 0-04 inch). The cement is said to have tahen
initial set when the necdle fails to penetrate the wholg
depth if lowered gently on it, and final set when its nun-
face just supports the needle. A cement commoeneing
to set in Jess than 30 minutes, or setting finally in lews
than three hours from commencement of gauging, ix re-
jected.  For certain purposes quicker cements are useful,
In America a necdle 1 inch m diameter, loaded wigh
11b., and apeedle iy inch in diameter, londed with 1 1,
are used to determine setting time

Effectof Time of Seiting on the Qualities of a Coment —
There is a prevalent opinion that quick-setting cementy
do not continue long to gain 1 strength, but reach o
maximum, and then fall off, or diminish in strengtl,,
This curious diminution in strength, often shown iy
experiments, may be due to minute and impereeptible
cracks, but perhaps it is rather an error of testing
than a real loss of strength  The cement, no doul,
gets more brittle, and that has the effect of mal;ing the
test more difficult, and increasing the chance of break.
ing the briquette with a load rather less than the req]
tenacity.

Mr. Grant has given a table of tests of quick ang
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(the tests extending over two years), the following very
uniform series of equations are obtained :~—
PorTraND Cevest MoRTAR, Wits DIFFERENT PROTORFIONS
oF SaND (BosToN)

Neat cement, !
1 cement + 1 sand

Y= 003+01\/w

”"

1o, 2, | XQ(‘:—}»M .
[ S | 95536
1 45, t b5 +26

s

Below are given the results of experiments by Dr.
Bihme on the influence of the addition of various sub-
stances to cement. Some of these, such as gj!ps\m\,
have been added at times with an idea that they im-
proved the cement ; others have been added oceasionally
as adulterations.  Slacked lime has sometimes been
used with cement in very cold weather, Jt will be seen
that, with the exception of sifted cement, every one of
these additions reduces the strength of the cement t—

TorTLAND CEMEST WITH VARTOrs Abpittons (Bonwel

{4, Coment ; 1, Sifted eement , C, Fine sand , D, Slag , E, Brick-dust ¢
£, Slack-hime )

l Mixture Neat 1 coment ta 3 sand
100\ y=583+ BRYr—1 y 191448Y =1
09044101 403+ 03 213+ 43
907 + 100 526+ 00 128465
| 00X +10D 460+ 77 128 + 59
v RULAER (1) ] 452 +107 127 + 68
BOA 4 10F Glas 7L 1604 48
B0\ 4 OF 2624 8

180, Determination of the Setting Time~

82441

Theroughest

means of determining the time in which a cement sets
is to obzerve when o flat pat can no longer be indented

by the fingeronnil, A more aceurate method is 10 usen
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04

water must be used in gauging cement or cement mortar,
which varies with the character of the cement T| s
. « The
finest ground and quickest cements require mae

- - wate
Now, unfortunately, every drop of water added | .

. wyo
what is necessary weakens the cement, and this . IIM
. X . Ta the
chief source of the diserepancies whicl oceur in the
. . emont.
testing. In urcly commercial testing it i .
S purely cial testing it iy naturally

Fia 14

300 :

ND

200

ﬁ
‘

100

SeienTey]

Dine
STIrF P4,

[
15 0 235 30 35

40 PER CInT

and not unfairly desired to get the best result posgyy

out of the cement. In this country the bﬁ‘l“cttcgl le
moulded on an impervious slab of slate or maﬂ;]:m
glass. Theceent is gauged neat with the least amq, or
of water which will permit moulding, and the very :tm
paste into which the ccment is formed 15 presseq inl{ﬂ.
the moulds as rapidly as possible. o

To get unify,
results the water used must De very accurately measy, ';‘
Ted,
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It varies from 18 to 25 per cent. of the weight of
cement.

In Fig. 141 are shown the results of some experi-
ments at Boston, on the same cement, mixed with
different proportions of water. The greatest strength
is obtained with between 20 and 23 per cent. of water.
The proportionate difference of strength as the time of
bardening increases is less ; so that it is for short, one-
week tests that the quantity of water makes the greatest
difference.

191. Test for Soundness.—One of the most dangerous
qualitics of 2 cement is a tendency to blow or crack
after setting, in consequence of expansion duc to the
chemical actions which are going on., Expansion of
this kind, producing ecracks, is commonly due to the
presence of unslacked lime in the cement; gypsum
added as an adulteration is open to the same objection.
These substances are the more dangerous that they
rather add to than detract from the strength of the
cement, and hence escape detection by the ordinary test.

That Portland cement does expand in hardening

may be shown ensily by filling lamp glass chimneys
with the cement, and placing them for hardening in
water. With hoth neat cement und cement and sand the
chimneys invariably crack about the third day, and in
the course of ten days the glass is cracked all over.

The ordinary test for soundness is to make a pat or
eahe, 2 or 3 inches in dinmcter ond 3 inch thick, with
thin edges, and place it in water.  If the cake, in



LIMES AND CEMENTS 476

hardening, shows any tendency to crack or contort,
the cement is dangerous,

It is often extremely important to determine the
coundness of a cement in a shorter time than this pro-
cess requires.  Now, heat aceelerates greatly the harden-
ing process, and hence sometimes the pats of cement
are placed on an iron plate heated by a gas jet. Then
any tendency to crack shows itself in a short time.
Thi~ may be called the baking process. Tetmajer re-
commends that a pat 1 inches diameter and & inch thick
should be baked in a drying chamber at 120° C. for
three or four hours

A still better process is to heat the pats in a steam
bath. Mr. Faija makes a convement apparatus, consist-
ing of a double bath with regulated gas jet. The water
in the outer bath is kept at 110° and the pats are placed
at first on a slip of glass in the steam, in the inner bath,
in vapour at about 100°. After five or six hours the
pat 15 hard enough to be placed 1 the water, and may
be kept cooking for twenty hours. If at the end of that
time the pat is still adherent to the glass, and without
cracks, the cement 1s perfcctly sound.

German  Standard  Test—The minimum  tensile
strength of briquettes of 1 cement to 3 sand by weiglt,
after hardening 1 day in air and 27 days in water, is
2273 Ibs. per sq in. The crushing strength is 2,275 1bs,
per sq. in.

192. Measurement of Erpancion of Cement—Bau-
schinger took cubes of cement of 4°S inches length of side,
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Twenty-four hours after mixing, a small brass plate,
abont % ineh diameter, was fixed into two opposite
sides of the cube, by cementing. After forty-cight
hours’ hardening, the accurate measurements between
the brass platcs were commenced. The eube was placed
in a measuring instrument, having a spring touch-lever
on one side and 2 micrometer screw on the other, The
touch-lever ensured the constancy of pressure between
the measuring points and the block to be measured.
The pitch of the screw was very aceurately determined ;
and as a perfectly constant temperature cannot be ingured
in experiments lasting a long time, a correction for the
expansion of the cement blocks by heat was determined.

Neat cement briquettes hardened in air sometimes
showed a small expansion at first, but all ultimately
shrank in volume. Neat cement briquettes hardened
in water all showed a very small expansion, generally
less than *05m. in 120 mm. length in sixteen weeks.
With briquettes mixed with sand the changes of volume
were of the same kind, but smaller.

Quickness of Loading—1 believe Mr. Faija first
rointed out that the rate of loading a briguette affected
the breaking weight.  The quicker a briquette is loaded,
the greater the load which can be got on Dbefore it
gives way. In some definite experiments, Mr. Faija
found a diffcience of 23 per cent. in the breahing
weight of cxactly similar briquettes, Lroken quickly
and broken slowly. Tt is now generally recommended
that the weight should be added at the rate of 100 1bs,
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in fifteen seconds.)  Mr. Adie has devised an ingenions
arrangement for regulating the speed of loadine. Mr.
Deacon, I believe, puts half the probable hrcnkin;wci"h;
on the briquette, and leaves it twelve hours, and lﬁcn
completes the test.

193, Tests by Pressure~—Almost all that | Deen
said thus far relates to the ordinary mode of testing
cements and cement mortars by tensile stress, That mod‘;
of testing was adopted for mere reasons of convenicnee,
The cement has only about one-tenth the strengt), ix;
tension which it has in compression. Hence, for tzﬂsion
tests a small, cheap, easily managed testing machine ¢qpn
be used. For compression tests, the testing machine,
must be much larger and more costly. But ag amatter
of fact cement is but httle used in positions in which itg
resistance to tension is in play. The most importam
works in which cement is used are expressly designeq
to avoid tension in any part. If, indeed, in zom
positions structures are exposed to the possibility 0;
tensile strains, due to failure of foundations o backine
still the tensile stresses so developed are smal] com’
pared with the normal crushing stresses for whicl, th-
structure is designed. ¢

Tension tests having been adopted, and being con
venient no doubt, find defenders. Broadly SPcﬂkin".
a cement with high tenncity will be strong to resi‘:;
crushing ; but the correspondence in the resistance to

' The German rato of loading 1s § Ib per second, the briqu
0775 8 ans. scction, ettes by
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the two kinds of stress is far from exact. = Bauschinger
has found that the ratio of resistance to crushing to re-
sistance to tension varies from eleven to one to seven to
one ; and that the order of merit for cements tried for
tension is not the same as the order for crushing. It
has even been said that crushing tests are useless and
inaccurate. 1f they have proved so, it is only because
the proper conditions of accurate testing have been neg-
lected. In Bauschinger’s tests of 5-inch cubes, the
results are considerably more uniform than the tests of
the same cements in small briquettes by tension.

In proper crushing experiments two conditions
must be fulfilled, which have hitherto been too much
neglected in crushing experiments. (1) The faces of
the block on which the crushing pressure acts must be
plane parallel sarfaces. (2) The erushing pressure
1must be uniformly distributed on those surfaces.

In moulded blocks of ccment or cement councrete
the surfaces are hardly ever as paralicl as is desirable.
The surfuces are generally more or less rough, and more
or les~ warped. By striking over the faces # thin layer
of gypsum or Parian cement, which sets immediately,
perfectly planc and parallel faces can be obtained, with-
out in any way altering the strength of the block.
Weuak as these cements are, thin layers stand the crush-
g pressure perfectly.  Toensure the equal distribution
of the erushing pressure on the faces it is only neces-ary,
in a properly constructed testing machine, to interpose
u spherical joint Letween the block and the face of the
machinc.
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It may be useful to examine if the rate of hardening
in pressure tests can be expressed as simply as that in
tension tests. In Bauschinger’s paper already referred
to there are a series of pressure tests of the same series
of cements as that used in the tension tests.

The test pleces were cubes of 144 sq. ems. (223
6q. ins., or 475 inches length of side). Either from
the large size of the cubes, or the nature of the stress,
or some other cause, it is necessary to take n =} in the
general equation, instead of its value for tension. With
this change, the equation fits the compression results
satisfactorily. The equation for compression is there-
fore—

y=c+ dvz-1,

where y i> the compressive strength in lbs. per sq. in.
at  weeks after mixing,

The equations obtained from Bauschinger’s results
are as follow, the equations being all applicable to an
age of two years at least :—

Cement Neat cement, 1 cement + 3 sand. 1 cement + 5 sand
‘mark y= y= y=

A 1,877 + 2063/c—1 953 +290%/x=1 | 469+200/z—1
B 033 + 227 313+248 199+199
C 1,991 + 490 1,038 +313 740 + 303
D 1,770 + 327 427 4+ 412 281+313
E 1,502 + 341 0668 + 320 836 + 263
¥ 2,404 + 299 825+ 334 510 + 284
G 1,682 +270 T82+270 ! 483 +249
H 1,436 + 334 TLL+270 341 +236
R 2,631 + 441 1,507 + 341 995 + 341
T 1,920 + 455 1,024+ 313 626 +227
Mean 339 Mean 312 DMean 274
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Here the first constant, which can he obitaine] ty
tests lasting one week only, varies a good deal 5 by o,
second constant has no very great range of variation
about its mean values. If the initial strength of 41,
cement is known therefore, the strength at any age
to two years can be inferred with a cert

i degron of
approximation.

Strength of Concrete.—The table on Opposite
from the Report of Mr. G F. Deacon on the \'yrn-.'.'y
Masonry Dam, gives the strength of a reries of nmrly
cubical blocks of Portland cement conerete, mady gy
various dates during the progress of the work,

page,

The following summary gives a gencral vigy of the
average strength at different ages : —

Age of Ulock,

Main strcpgthy,
10 months

i tons pery iy
over 180

102

159

102

114

The blocks prepared with Parian cement, ¢ ensire
a plane face give rather higher crushing pressurey than
the others. Some blocks cut out of the work 1teelg guve
crushing pressures somewhat greater still,

Detection of Adulteration.—The means of deteetipy,,
adulteration of cement have been exannned by Drs, HC:
and W. Fresenius  Adulteration by lime is shownp by too
low a speeific gravity, great loss by 1gnition, high alg,.
linity of aqueous solution, and too great absorption of

11
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carbonic anhydride. An adulteration by slag is shown
by slightly lowered specific gravity, lowered alkalinity,
and by the large amount of chamacleon solution which
may be added. The details of the methods of testing
are given in a paper abstracted recently for the Institute
of Civil Engineers.
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ABB
ABBO’IT‘ expernments on steel
castings, 536
Abel, Sir F., on hardeming and
anuealng, 208
Adamson, testing machime, 139
Adwuralty experiments on effect of
temperature on strength, 340
Adulteration of cement, 481
Alloys, 341
Alummum alloys, 347
Annealing, 206; tests of plates,
327, tests of stecl castings, 954
Askenasy, deflectometer, 243
Autographic diagrams, time curves,
87, effect of removing load, 99,
elastic diagramy, 230, 242, time
extension curves, 243, of mon
and steel, 281 , of hardencd and
annealed steel, 208, of steel
castings, 337, of copper, 3403
of brass and bronze, 346

BOH
Bastc steel, tests of, 32
Bauschinger, on yield pomt, €5 ;
rasmg of elastic limit, ¥8, n-
fluence of rest after loading, 101 ,
shackle for wood, 183, muror
extensometer, 220; change of
elastic it in suceessive load-
mgs, 250, 1 barsloaded Leyond
yield point, 258, strenylh of
steel, 286, shearing tests of iron
and steel, 331, experments on
repeated tensions, 3i5 , vanation
of elastic lumt, 384, alternate
tensions and pressures, 389,
endurance tests, 393, strength
of timber, 307 , influence of form
on crushing strenyth, 421, elaste
constants forstene, 429, strength
of stone, 433, of cement, 457 ,
expansion of cement, 475, crush-
g strength of cement, 479
Bell-metal, 312

A hic recording app!

298, 243

T

BAJLEY, testing machwe, 162
Baber, B ,on perfarated and
nicked plates, 83, vatation of
strength 1 pleces cut from one
plate, 204, endurance tests, 573 ;
on lumsts of working stress, 383
Barbw’s law, 75, on effect of
punclung, 310
Barnaty, influence of temperature
un sticngth of iwon and steel, 317

Belting, leather, strength of, 409

Benting and temper fest, 163

Rendiny strength, of ¢astiron, 208 ;
of rails, 329, of copper, 339, of
brass and bronze, 343, 315; of
timber, 402, 405; of stone, 433

Bending stress, 35

Blue heat, influence on strength of
steel, 501

Bowrd of Trade, tests of fron and
steel, 323, experiments op
punched plates, 77

Rohme, tests of jron Plates, 324,
of Limes, 459; on addition of
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BOI
vartous substances to cement,
470 ; on strength of masonry,
431, strength of brickwork, 430
Bottomley, hardening effect of
lung-continued stress, 00
Dramah testing machine, 109, 125
Brasses, 54t
Breaking stresscs, 7
Brick, 410, 436
Brickwork, strength of, 439
Bronzes, 342
Buckton &Co , testing machine, 132

C:\LIBR:\TION of testing ma-
chie, 107

Carbon, n 1ron and steel, 239;
n cast iron, 201, mnfluence on
steel, 285, 300, 319 ; in steel cast-
ngs, 335

Cast 1ron, extension gnd compres-
eon of, 248 ; deh of, 259,

bor

Clay, on the effect of, in reworking
iron, 288

Coeffictent of bending strength,
270; for cast irom, 271; for
‘bronzes, H2, for brasses, 345; for
timber, 402, 406 ; for stone, 433

— of elashety, 20, 24G; for
different materials, 251; for
iron and steel, 252, 287; for
bronzes, 234, 343; for steel
castings, 337, for brasses, 345;
for delta metal, 346 ; for imber,
402, 406 ; for stone, 420

— — of volume, 20

— of ngpdity, 28, 253 ; determma-
tion by torsion, 35; forcastiron,
274 ; for 1ron and steel, 333

Cold rolling, effect of, 306

Compression of lead, copper, and
wron, 94

Concrete, tests of, 480

! stresses n hardencd

composttion of, 261, properties
of, 261, tenwle strength, 205,
crushmg strength, 268, trans-
verso strength, 268, sheanng
strength, 272, resistunce to tor-
ston, 273

Cathetometer, 210 duflerentral,
218

Coment, 4415 tests for strength,
445, form of briquettes, 445,
guugmng briquettes, 447; sand
and cement briquettes, 448, rate
of hanlening, 114, chamcteratic

cquation of, 450, shearing teste,

459 , fincness of gnnding, 450,

heavinesn, 464, influcnce of hind

of aand wsed, 466, proportion of

sand, 469, setting time, 450,

quantity of water n gnging,

472, roundnos, 74,

L pruature toats, o
tenmatinn, 48]

Chrke, Fllior, on comonts 467, 46

lars, 297, effect of cold working,
308, experiments on punching, 311

Contraction, local, 281, relation to
clungation, 81, 278

Copper, 539

Cowper, extensometer, 214

Crousot testing machme, 127

Cross breaking, machimes for, 1625
shackles for, 186G

Crushing strength of cast iron, 2083
of stone, 433 ; of brick, 488 ; of
cement, 479

Curtony, strength of brickwork, 429

])EFLECTION of a beam, 40
Deflectometcr, 245

Delta mctal, 346

Diawing ont, 68 ; distnbutionaleng
bar, T2, suppression of, 5730
tarms brohen 1y repetition of
atress, 359

Ductlity, 18, 291, 202

Dupuy, extensomoter, 217
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. CLA

LASTIC constants, 246

Elasticity, limits of, 6} raised
Ly stress, 98 ; influence of rest
after loading, 101; changein suc-
cessive loadings, 250, modeof de-
termining, 234 ; vamation of, 334

Etnery testing machine, 1625
shackles, 179

Endurance tests, 361

Ewing, time curves, 87; auto-
graphic arrangement, 231

Expansion of cement, 475

Extensions and compressions of
cast iron, 08, of steel, 605 of
indiarubber, Gl ; n bars of daf-
ferent lengths, 76 ; of stone, 420

Extensometer, 205, 200, 208

(AIJA, coment testing machine,
477 gauging maclune for
cement, 448 , test for soundness
of cement, 475
Fawbairn, testing maclune, 126,
on cold rolling, 308
Faubanks, testing machine, 120,
autographic apparatus, 232
Fineness of cement, 459
Flow of solids, 47, 96
Foster, tests of steel castings, 335
Franel, extensometer, 243
Friction grips, 174
Fraction of cup-leathers, 108
Frost, resistance of stone to, 428

GAUGING huquettes, 447
Gerber's parabola, 891

Grafenstaden testing machine, 122

Granite, 410

Grant on cemunt testing, 441, #4b,
432, 456, 406

Greenwond & Batley, testing ma-
chime, 123

Gun-metal, 342

LOA
AMDMER hardening, 306
Hardness, determination of,

187

Hardening of cement, 449

— of steel, 206

Heaviness of cement, 464

Henning & Marshall, extensometer,
206

Hercules metal, 347

Hill, strength of steel castings, 334

Hodgkinson, experiments on cast
wron, 58, 247 ; relation of stress
and stran m cast rom, 264;
crushing strength of cast n'on’
208 '

Hydraulic Lmes, 442

NDIARUBBER,
curve of, 61
Ingot metal, 260, 276
Isotropy, 24

stress - strain

KENNEDY, on yield pomt, 65
stress-strain curves, 67 ; tor-

sion shackle, 185, lever extenso.
meter, 216, murror extenso.
meter, 220 , autographic appara.
tus, 240, 242, on form of test
bars, 294 , tests of steel, 327

Kortum, rope shachle, 183

ANZA, esperments on st
reng
| it tuuber, 403 neth
Lead, 341
Lebasteur on tempenng sro
steel, 300 % o and
Limes, 411
Loadmg, nfluence of rate of, ;
testing, 291 470 ol in
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AT
AILLARD, testing machine,
M 195, 150 ; shackles, 180
Maatland, Col , 1nfluence of timein
testing, 80, on ail hardening, 297
Malleable cast iron, 274
Mallet, tosts of heavy forgings, 200
Manganese 1n steel, 277, 23¢, 300
Martens, testing machine, 120
Masonry, strength of, 434
Measuring instruments, 192, for
strains, 199
Mullar, strength of cast won, 270
Milten, effect of quenching on
steel, 299
Aitis castings, 337
Modulus of section, 42
Moment of nerta, 42
Monge Lalance, 163
Morn and Tresca on bending, 37

(JUSEN. testng machune, 142

Pl\m(}:n, W, effect of bending

on strength of steel, 309, on
nteel castings, 330

Phosphor bronze, 354

Phosphorus i steel, 277, 3015 m
cupper, 331

Pin grips, 172

Pies, testing of, 163

Tlastieaty, 17, 45, 3, 96

Platt and Haywand, on strength of
cast 1ron, 273, on aron and steel,
a2

Poresan's mtio, 20

Palmeyr, autograpluc apparatus,
o3l

Pormity of stone, 426

Preece, strength of wire, {2

Preasure of fusdity, 4

Fressure tenta of come

Propertionality,

Punclung, 4%

STE
AILLS, tests of, 327
Repetitions of load, 356

Richard, measurmg machine, 109
Richard’s experimentson perforated

plates, 80
Richetts on malleable cast iron, 274
Ruchle, testing machine, 122;

wedges, 177

T CHAMOND testing machine,
127
Sand, standard, for cement-testing,
449

Sandberg on rail tests, 329
Serew bolts, strength of, 351
Serew mucromcter, 194; extenso-
meter, 205
Self on alumimium bronze, 347
Sensitiveness of testing macline,
111, 169
Shackles for tenston, 171; for
crushing, 184 ; for torsion, 185 ;
for shearing, 186, for cross
Ureahing, 186, for indenting,187
Shearing stress, 25, tests of iron
and steel, 331 ; of cement, 438
Sieves for cement and sand, 419
Silicon in cast 1ron, 202
Spngenbery, endurauce tests, 372
Steel, extenston and compression
of, 249, composition of, 2i7;
castings, 257 ; influence of car-
bun, 285 ; hardening, tempering,
and annealing, 206 ; influence of
carlan, wanganese, and phos-
phorus on propertus, 300; in.
Jurious effect of Mlue heat, 301
wfluence of  temperature  on
Styff's expens
edd Committee's
expeniments, 819; Doard of
Trade expermnnts, 3235 shear
mg  atrength, . tonsional
strangth, &)
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Steel castings, 533

Steel Commttee’s expermments, 319

Stone, 410, mfluence of bedding
on crushiny strength, 416G,
strength of stone, 412, porosity,
426, Bauschinger’s experiments,
433, crushing strength, 435

Strughtedge, 192

Streimtz, differential cathetometer,
218

Stress stram curve, correction of, 901

Stress-stran dingrams, 56, for
bnttle material, 68, for elastic
material, 60 , for ductile material,
63, 94  See also Autographic
diagrams

Strohmeyer, expertments on per-
forated plates, 79 , roller extenso-
meter, 223 ; on mfluence of Llue
heat, 302

Styffe, defimition of elastic limt,
955, on properties of won and
steel, 285, influence of tempera-
ture on strength, 314, experi-
ments on 1ron and steel, 318

Superposition of stresses, 23

Sweet, Professor, micrometer, 196

ANGYE, tosting machino, 162
Tempering steel, 296
Temper test, 163
Teraperature, effect on strength of
wron and steel, 313, onalloys, 318
Test bars, 188, 202, 446
Testing machmes, 106, types of,

UNW

Tetmager, tests of rls, 350

Thalen on elastic imit, 253

Thomasset, testing machme, 121,
148

Thurston, extensometer, 203; tor-
ston machine, 220 ; on copper,
339 ; onbronzes, 342, on brasses,
344, on other alloys, 315

Timber, 304, strength of smait
specimens, 397 ; clisticty of,
307, tensile strength of, 401,
erushing strength of, 402 ; bend-
g strength of, 402, American
tests, 403, strength of posts,
401, of beams, 403, shearing
strength, 407, influence of timo
on strength, 108

Time, nflucnce m tosting, 291, 476 ;
on strength of tunber, 408

Tin, 311

Torsion, 31, machune, 161, shacklo,
185, of cast iron, 273, of won
and steol, 331

Touch micrometer, 212

Troses on plasticity, 6

Turncr on cast yron, 262

CHATIUS, strength of bronze,
319

Umon Bridge Company’s testing
machine, 143

Unwin, extensometer, 208 ; touch
mcroneter, 212, murrer extenso.
meter, 222, nstrument  for
mv:uurm‘g Compressions, 225

119, Woolwich machme, 120,
single-lever machines, 128 , com-
pound-lever machmncs, 130,
Union Brdge Co’s machine,
143 , manometer machines, 148,
emery machmes, 152; special
machines, 161, cement-testing
machines, 446

Tests of cement, 440 , of pipes, 163

phac apy , 235 ; elec.
tne sem autogmphic appartus,
238, chango of ductility 1n stee]
when worked hot, 301} experi-
ments on steel castings, 337 ; o
delta metal, 346 ; on alumintun
l;trm\lo(,) 3{(8 v on wire, 335; on
atrengthof al i

b “0;;0’ .‘Sgone_-lh } on haromty



488 TESTING OF MATERIALS OF CONSTRUCTION

YER
VERNIEII calipers, 193
Vicat on strength of stone
blocks, 424
Viscosity of solids, 100

\ ADE, testing machine, 197;
strength of east iron, 208

Watertown testing machine, 152

‘Wear, resistance of stone to, 429

Webb on working ateel at colour
heat, 306

Wedge gauge, 204

Weld iron, 201, 276

Werder, testing machme, 123, 128

Wertheim on elastie linut, 255

Wiitworth measuring machine, 198

Wichsteed, testing machmc, 120
autographic  apparatus, 233
shackles, 135

Wire, strength of, 352

21N

Woolwich testing machine, 125

Work done in tension and compres-
sion, 21 ; in plastic deformation,
54 ; measured from stress-strain
diagram, 104

‘Working atress, 9 ; hustory of limits
adopted, 380

‘Wrought iron, composition of, 276;
tenaaity, 278; effect of m\\orkl
288; offect of cold rolling, 308 ;
effect of temperatutre, 314 ; tensilo
strength, 318; tests of, 324;
shearing strcnwth, 332 ; torsional
strength, 333

YIELD pomnt, 10, Gt
Young's modulus, 20; deter-
mination by bending, 44

Wohler's expeniments on repetition ZINC, 31
of stress, 356
rRivTID aY
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