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three is no doubt due in sanie uleasure to the strarids after
the first breaks becoming more nearly straight, thus
enabling the stress to act along the direction of the length
of the fibers. The three strands wvere braken wvhere rupture
took pWace near the centre of the specimen, sa that we got
the absolute strength. In the ropes which contained the
greatest number of twists to the foot, the irregularity
betwcen the comparative sirength of three strands, two
strands, and one strand wvas the most noted. This îvauld
appear to bear out the deduction just referred to, namely,
that the proportionitely less strengrh of three strands as
compared with twa, and one, is due to sanie extent ta the

r less twist per foot in the two strands, and one strand, after
the first and second strands break.

RLIAUKS ON E~XTEN'SION CURVPS.
The extensions shown on the curves are (for diagramns

of these curves, see CANADIAN ENGINLIER for February) the
amounts the ropes stretched under the différent loads in a
distance o! eighteen inches, In the sanie diagran each of
the three curves gives the average resuits of the untarred
or tarred rope, as the case may be, in three different con-
ditions,-viz.: dry, ivet and soaked. Diagrani for untarred
manilla and hemp rope: Here it will be noticed that the
ratio of stretcli to load is ieast for the dry rope, while thase
for the wet and soaked do flot differ widely. The two
curves are, howeyer, quite different in shape. The soaked
rope stretched less at first, but its curve soon crossed that
of the wet tope by its stretch becoming greater. Then the
strezch of the soaked specimen became less than the wet,
as is shown by the tvwo curves again crossing. At the
upper limit of the load the two curves run nearly parallel.
It-would appear as if the great shrinkage in the soaked
specinien at first resisttd the Ioad up ta a certain point
and then suddenly yielded soniewhat more rapidly than
the ivet specimen and ncarly finished stretching at the
sanie time. This latter truth can be seen at once froni the
curve of the soaked tope by naticing haw nearly vertical
the curve is at its upper limit.
TABLE SIHOWING COMIPARATIVE STRENGTi< OF ROPE BEFORR FIRST

STREMni BREAK~S, AND APTEtJ TISE FIRST AN4D SECOND SIR,%NOS

LIREAL
13t 2nd 3rd

Strand Break Strand Break. Strand Break.
Dcrition of Rope. Loza. Load. Load.

Manilla................. 3,200 2,750 1 150
............. 6,000 4,425 1:&)o
........... 750 650 425

.... 1,170 950 575
....... 1,525 1,100 800
........... 1.825 1,425 00
........... 2.300 1,775 11025
........... 2,175 2,000 650

Tarred manila ............ 1,.275 950 455
hemp ratline........ 750 640 475

..... 1,120 890 380
bottrope .... 740 6o0 60o

... 8o 6.50 425
mnanilla *~.... 5,425 3,400 2.000

boltyarn .... 6.535 4,475 2,600
In the diagrani for tarred tope there is flot such a differ-

ence between the stretches in the three conditions. What
seenis surprising is that the ratio of stretch ta load is least
not for the rope wvhen dry, as in the untarred specirnen, but
for the rope when wet ; while it is the curves for the soaked
and the dry specirnens wvhich intersect. Moreover, it is
the curve for the soaked tarred specimen îvhich most nearly
resembles the curve for the ivet specimen in the untarred
tope. It is also ta be rioted that the ratio of stretch ta
load decreases at au increasing rate, wvhich decreases as wve
reach maximum load.

DEDUCTIONS FROM% TUE TAIIULATED RESULTS.
The most noticeable fact is that a wet ropeis stranger

than the same specimen dry. This 'vas no doubt owing to

the fact that the rope wvas mare pliable so that it adjusted
itsolf in such a wvay that the stress wvas more uniformly
distributed ; and none of the fibers were strained ta rupture
almost, before others had..any considerable stress; for ive
found that wvhen any o! the outside fibers on a bend,
îvhich af course are strained most severely, gave w* ay, the
rc.pe ivas piactically at its maximum load. Theà~bo,-'
was an important factor in determining the positian o!
fracture. A larger proportion of the failures took place at
the upper pin or thimble thau in any other position. This
was particularly s0 with the larger ropes, where the outside
fibers ivere affected nat only by the direct stress, but by
this stress acting at a leverage o! the diameter of the rope,
mhinus the cruslicd depth, in the sanie manner as the out-
side fibers of a beani iu a transverse test are affected by the
skin stress and the depth o! the beani We endeavared
ta place a sleeve ou the pin, but the short distance between
it and the head of the machine left barely roorn enough for
the rope. This pin had no feather in it and turned round
in its eyes, s0 that a gi eater portion of the stress developed
in the specimen ivas trausmitted down ta the toggle end of
the tope than îvould have been if the pin had had a feather
ta keep it froni turning.

It wvill be noticed tlhat a large nuimber of breakages
occurred at the upper thimble. We believe this ta be due
ta the irijury the rope may have sustained by the pin
turning in its eyes, and not due to any defect in the method
of fastening. The smaller number of breakages accurring
at the bottoni thimble, where the pin had a feather in it
ta keep it !rom turning, and wvhere the fastening wvas
simular ta that at the top, would tend ta confirmn this.

Consideriug the bending marnent referred ta above it
îvould be natural ta conclude that a small tope îvould be
less affected by it than a large one, and îvould be mare
likely ta break at the centre. This wvas proved ta be sa
by aur tests. It may also be noted that the melting or
soaking did nat increase the strength o! a tarred rope as
much as that a! an untarred. This would be expedted, as
tar allows motion af the fibers sa that the stress is mare
uniformly distributed tbroughout the wvho1e specimen.
The increase in streugth was greater in tarred manilla
than in tarred hemp. Immersion always increased the
strength o! an untarred rope, but a continued immersion
hiad no marked effect. It might be thaught that the
additional stretch of a wet or soaked specimen abave that
of a dry îvauld be due entirely ta the shrinkage. A con-
parison of results wvill show that this additional stretch is
greater than the sbrinkage.

CORltanoR&rION aOF EXIST[NG FORMLE.

Mast o! the existing formulio giving the strength of
tope are very complicated and hard of application, but in
"cjones and Laughlin's" hand book is the following
formula: -To get strength o! manilla rope, miultiply
the square of the circuniference in inches by eight, and the
resuit wvil be the number of hundred pounds required ta
break the tope." This agrees remarkably closely with the
results of aur tests; e.g., In the first tope o! the tabu-
lated resuits the formula giving the number o! hundred
pounds required ta break the rope gives the following:

Load =2 X 2 X 8 =32; breaking load = 3200.

Exactly what we obtained. Again, take No. 3:
Load = 2.5 X 2.5 X 8 = 52 ; breaking load = 5200,

while we obtained 5z5a. Many others are equally near.
In submitting this thesis, we sincerely hope that the

data tabulated, and the explanation given thereof, may be
sufficiently lucid ta ail readers; and that the benefits
obtainable therefrorn may, iu some de<,Tee, be commen-
surate with the labor entailed by its preparation.
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