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NA,

No. 43'2’

Proceedmg: of t]zc Madras Government, Public Works Departmnt
' o5 January 1871,

| Read the following ercular from the Government of India, Public

' ~ Works Department, (Rallway,) dated Fort Wllharn, 19th December 1870,
‘No. 22-R.:— :

-
'

co G. 1 P. Raz'lway—'Brake-;power on Ghaut Inclg'yzgs.
Read:— - o
_ Papers and the Orders of the Government of Bombay thereon, No. 653, dated 5th May 1870.

Osper.—Ordered that copies of these paperé be forwarded to the Local
Madras.s Central Provinces, Governments and Administrations .
B eatern Provinces, | Mysore for information, and for commu-
Faniab. o | ayorebad. nication to the several Railway

' : Rajpootsns, A Companies. '
(Signed)  E. C. 8. WILLIAMS, Major, R.E,,

: Deputy Secretary.
To the Secretary to the Government of Madrag, Public Works Department, (Railway.)

No. 433. . . ORDER THEREON, 25th January 1871, No. 213.

CoxMMUNICATED to the Consulting
Engineer for Railways for information,
and ‘for communication to the several

. Railway Companies.

(True Extract.)

-+ RAILWAY, No. 50, -

<w

Colonel, R.E.,
Secretary to Government,

To the Acting Consulting Engineer for Railways:

Exd. E, C. Shunker.
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ﬁ‘&l An explanation of these discrepancies must je looked for in the action of the brakes. These
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$3rd April, 1870.

. E, Consg. Engr. for Railways, Bombay,

L From—L1euT.-CoL. J. S. TREVO
bay, in the P. W. Dept., Ry. Branch.

R T o—~=8ecrelary to the Gout. of B

I have to submit, for orders, a report by[aptain White on experiments -conducted by
him lately to ascertain the amount of brake-pjwer required to ensure safety to descending
trains on the Ghaits, a memorandum from Nr. Saunders on the best system of brakes, and a
report from Mr. Berkley, suggesting the measfres that, in his opinion, are required for the
' safe and economical working of the ghit. T

2. Captain White’s experiments haveben conducted with great care, but, for want of
instruments to determine accurately the actial velocity of trains and vehicles at different
points, the figures he gives as the measure ¢ the loss of momentum due to rolling friction,
and of the resistance offered by braked whe!ls, cannot be accepted as strictly correct. Bat,
although the results obtained are not close enough for the purposes of scientific enquiry,
they are sufficiently accurate for the soution of the practical problem for which were
made, and are, as far as my kunowledge etends, the most valuable series of experiments
, yet made on the resistance required to arest the progress of trains descending a steep
¢ inclive at speeds of 20 to 40 miles an hour.

.

i 3. The first, and most important, fic{ established by these experiments is, that the
{  .eo-efficient of friction, derived from thé bits pf an engine for ascending trains, is no guide to
the proportion of brake-power required to hbck a descending train. In ascending trains the
. co-efficient of friction is seldom found to be ess than 1 in 9, and is sometimes as high as 1 in 4
. and 1 in 5. In descending trains, with aperfactly dry rail, it varies from 1 in 8 to 1 in 13
: With a damp rail, the co-efficient falls sonetimes to 1 in 24, and, if the rail is oiled, it is as.
.low, on occasions, as 1 in 35. No expeuments were made by Captain White on what is

| termed on the Ghéts a dewy rail, that is, a ail cevered with heavy dew ; but Captain White
: mentions some facts, and records the result of trials made by another Officer, which support
his view that an oiled rail is not, on sone occasions, an exaggerated representation of the

state of the rails when heavy dew is being lepogited.

' o 4. The second importaunt feature manfested in these experiments is that, as far as can
oM fe Judged, with identical conditions of rail ad brake-power the results differ very widely.

’

brakes are the principal elements of uncertanty. * They are worked from the same centre for
the four wheels of a vehicle, and it would reuire an accuraté adjustment of parts to secure
an even pressure on all points of contact; Lif this adjnstment is not in practice possible.
In the wagons used by Captain White, whe probably special attention was pail to the
- condition of brakes, the conclusion he drew rom experiments on the action of brakes skidding
or allowing a slight revolution of the wheels was that, although on the latter method the resis-
tauce created by the brakes was from one-foirth to-one-third greater than in the former, yet
that, in ordinary practice, defects due to wer and tear of parts, and variations in the pressure
required to skid the wheel occasioned by ch.nges in the state of the rail, more than neutra-
lized the gain in resistance derived from theapplication of brakes on the best principle. In
the common run of vehicles, I think there an be no doubt that the greatest power will be
developed, as a rule, by screwing the brakesard down. But it must not be understood that
the strange differences of result exhibited ir these experiments can be explained entirely by
want of uniformity in the resistance offered iy the brakes. The experiments on the catch-
siding show that identical results cannot alvays be relied on in identical conditions, even
where no brakes are applied, when vehicles aq allowed to attain high speed. Variations in
result are cavsed in many ways.. The mod(ih which wagons swing round a curve, the
oscillation and deflection of vehicles from sice to side, the loose or tight coupling of the train,
and the varying force of the wind, all tend to hffect the velocity acquired 1n falling, and to
disturb, in more or less degree, the results of different experiments.
. s - : .
., 5. Besides these two greal points, thq experiments have demonstrated that the usual
formula for calculating the resistances to frains.at high velocities gives results less than
. practice ; second, that the friction on steel fails is less than on iron, but that the difference

Lo
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is of no practical value ; ‘and third, that sanding from an engine, and brakes, although a most

invaluable auxiliary method of adding to the resistance offered by the brakes of a train.

cannot always be depended on to supplement deficient brake-power.

6. Regarding the future method of working the Ghat, Mr. Berkley makes several most

}valuable recommendations at the end of his
|report. These recommendations (noted here-
' ' .after in the margin) are 23 in number. I con-
cur in the first two recommendations, and they have been carried out,

|

1.—8and boxes to be attached to all Ghit engines.
2.—Sand to be clean, dry and sharp.

7. I do not think there is much iuje in adopting the 8rd recommendation,

8.—A water jet to be applied for engine to clear rails !‘i will co,st money, and will be of little prac-
of dew. . tial service.

8. I concur in the 4th, as far as requiring the most effective description of brake to
"2 used ; but I am not prepared, without more
ifformation, to recommend the use of cast-iron
Hocks, though I have no objection to the use
a Lindsley’s.

4.—Brakes to be of most effective description, and
cast-iron or Lindsley’s brake blocks should be used.

9. In the 5th recommendation I concur. But, in my opinion, native firemen engaged
fad the Ghats should be of a- superiorbcfass
td txe ordinary firemen, and only men of whom
1t.13, possible hereafter to make drivers, that
, 157 men of admitted nerve and knowledge,
skoyd be employed as firemen on the Ghats.

5.—To g?ve the Locomotive Superintendent power
tq engage either Native or Europeaa Firemen, at his
discretion, on the Ghits.

: ) . 11. T agree with the 6th suggesti i
6.—Practical mechanics to be ed tag! Lk > ! o orh suggostion, It is
examiners on the Ghir. €nEaged a9 cATriaz®  ome [that ought to be adopted “?i%hout delay.

7.— Pulling and pushing engines to be employed with . ' I concur in the Tth . d
in the recommendation.

ascending goods train, and a brakesman to be put on ‘] ’
at every 4th wagon for assisting in case of a fracture f
of a coupling, !
8 M . - . 4 E > M
~—Maximum weight of descending trains mot to ‘{13° I concur in this recommendation.

exceed the weight the engine can draw in ascending,
:nq that engine or engines should be in front of thé
rain,

~

13. 1 think that, on the Thull Gh4t above fhe reversing station, anci on the Bhore

9.—All wagons to have brakes acting on both pair Gha -above the Wonee catCh-Siding’ in the
:'fei ‘;11:::?115- fh{(;e(ifonrths of these to have brakes da’y yime, between 8 A. M. and 6 P. M one
ghted, o i i ir T s
Ehe dessns” The uhe fonth 15 e wonkes oy ot ahing o na00s should bave their brakes
men. This fourth to have brakes specially made for welgite O held d(?Wﬂ by springs, and below
the purpose. thel: points one-sixth. I would not leave
) eitifr the weight or pressure o i
. 3 . n
::eilleh?(ijuuﬂsitceignﬂzyt}ﬁc;adlsc:etlon (;f thlf: ({;otti;)motm Superinte:dent, bﬁt would ha?;e as%rigg
g vy to nearly skid the whell in all weathers. B
: ] ] ; . Detween 6 p. M.
fwf, p%in{s ;;%;Litégcirsaiﬁét};e cpl;tl)'pomon of fixef brakes to one-third the train abo]:'ie 31‘311112
eding para., and one-fourth below. On the i
:r}llsnv;i%ﬁ?g lI) WO:;lld. have a brakesman for ever? two wagons. All but one of iﬁgﬁlﬁgi o
men sho wan'e § atllé)ned_at the head of the trfin; one man should be in charce of tehf-
st two W c,o?s. g xperience proves that, in cse of the attainment of unusual 8 ;
the fend %ho Dative pointsmen 1s not to leave fheir brakes untouched, but to ut flfe ,
. ere 18 no danger of their neglecthg this duty, and they, can easil)? be m:c;n
e

to act in concert by sional from the dri icati i
o act in y sig river, or by } communication with ropes fromm oune to

14. I think all wagons should have brakes Workable by hand, or by lever, and that
10.—4,000 wagons to be fitted with powerful brekes, the slfould be of the best known (iescription.

15, in thi i : '
I agree in this proposal, provided tle goods vehicles used have screw instead

11.—Passenger trains to be worked u of thain COup]in(rs Unl i iti 1
. : _ P 85 8t present, . g8, nless this condition
?,Z;Z“‘;ﬁgé’ paith On%be'"gi placed behind, the load .10s5ted on, I do not consider that the 'crail .
g p with goods vehicles, wotld be as safe as the public have a rio'h[:
- (=]

‘ to erect.
16. I have no objection, as Just observed, ‘o the system in force up to the accident

eing continu i i
pong. cont re(:)(:e ;s regards ascending trains,
P most strongly against its

Captain White’s experiments : continuance with descendino asseng ;
prove beyond . nding p: ger trains.
: youd all |d oubt that, if the engine be not taken into

12.—The present system to i i .
continuous brake is zvised. continue in force il 2.

ol
,
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acoount, a train with less than 77 per cent. brake-power in vehicles is not safe, if by any
_oversight the train is permitted to attain speed ; and that as much as 93 per cent. is required
under certain possible conditions of rail. Every passenger carriage should, in my opinion,
have a brake attached to it, and in descending, if the incline brakes are discontinued, a
proportion of the vehicles equal in number to what has been recommended for goods trains,
should have the brakes fastened down by weights or springs. For the remainder there
should be a brakesman for every two carriages. These men should be able to commuaicate
with one another by rope signal, or by walking from one carriage to the other along the

foot-boards.

17. 1think the weights proposed are reasonable. With a descending train, braked
13.= Maximum weight of ascending and descending .a8 I propose, 1t would not be necessary for
passenger trains with single engine not to exceed 130 ' purposes of safety to use two engines; but, as
tons in ascending, and 150 tons in descending. ' the ascending load must be limited, there is no
objection to limit the descending load on the ground of its entailing needless expense. It
is of course understood that the number of brakes to be used in rear of ascending trains will
weigh not less than one-third the weight of the other vehicles, inclusive of -engine. -

) . . ' .
18. Captain White’s experiments prove that the proportion of brake-power here recom-
. mended is not sufficient. My opinidn on the
not to be less than 50 per cent. of the weight of the amount of brq,ke-power reqmred ,ls not:d in
the vehicles, exclusive of engine, and that the brake- | para. 16 of this letter. The carriages braked
vans in carrisges should be placed in front of descend- | down should be placed nearer the rear than
ing, and in rear of ascending trains. . the head of the train, and brakesmen should be

employed on all the others, as before observed, in the ratio of one man for every two carriages.

14—~ Brake-pt;wer with descending passenger trains

19. 1Ifall vehicles arz to have brakes attached, and a certain proportion are to be
worked down with brakesmen, the sume pro-
portion may as well be worked up, as no
expense is 1nvolved. I do notof course recom-

mend that every wagon\should be pulled up the incline with brakes fastened down.

15.—Proportion of vehicles to be available as brake-
power in ascending trains.

20. T think above the reversing statiop, Thull Ghit, and Wonee catch-siding on the
- . Bhore Ghat, the speed should be limited to

16.—The velocity of descending trains to be limited { 10 miles an hour. Below it might be fixed at
to 12 miles an hour. 15 miles an hour. Above these points, both
Chéts are steeper than below, and it woud be as well to maintain a difference in the rate

of speed on the two sections.

21. Tam of opinion that this project should be abandoned. The expense will be
# y enormous, and safety is insured by catch-
17.—Diversions to do away with the reversing sti- sidings put in above the reversing stations.
tions, - .

92, This has been carried out. Thee are catch-sidings of sufficient length and rise
between the two reversing stations, to catch

18.—Catch-sidings at the reversing stations, aud ore and stop a runaway train. On t.he Thull
catch-siding between the feversing station, Bhote Ghit there are two other catch-sidi ngs, an d
Ghat, and the foot of the incline. on the Bhore Ghit one other catch-siding

between the top of the Ghat and the reversing station. On the Bhore Ghat there is one

catch-siding between the reversing stajon aud the foot of the incline. Another

is proposed, but is not, in my opinion, vanted. It has been partly made, but its present

length is so short that to allow a runaway train to enter it would ensure 1t3 destruction.
‘The points have been taken out, and I woull l"eco'mmend that the rails be also removed.

i

23. This suggestion has been carriel out. The curves are as easy as it is possible to

° « make them, and theve are signals and Tele-

19.—That catch-sidings ‘should be connected to dei- - graph Offices close by. But, to permit of these

cending line by easy curves, and that there should te sidings being used with s afety, it is necessary

" telograph stations and signals st the points. i that the character of the points should be

improved. There are only ordinary points and crossings now at the catch-sidings. Instead
of these, I think there ought to be points—used, I hear, sometimes on smglg lines at
home—where the approach of a carriage wiihin 20 or 30 yards of the points will jam them
open, or shut, as may be desired by the pointsman, and will keep them so fized till the train
has cleared off with safety. The present points, unless locked, (and even then they are not
free from danger), would probably not remain fixed if a train was rattling over thgm at
50 or 60 miles an hour, swaying, as these trains do, from side to side, and with the angels:
of the wheels striking the rails at every oscillation in going round the sharp curves at whic

the points and crossings are set. -
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is 1 feature in the recommendation is the sugges-
4. This is the rule now.  The only neWt.ion that the incline brakesman should himself
20.—Trains to stop at catch-siding points till the open or unlock the points. This snggestion
preceding train has been reported clear of the points of 1}, heen frequently considered, but has not
the next siding, or into the station. been hitherto carried out. It will be again
discussed with the Company.
5 ike i t I am afraid it is not possible to make them,
25. L should Tike to see th-ls done, by except so short as to caIl)lseAthe destruction of
21.—Catch-sidings in connection with the ascending any wagon that shpped into them_. The
line, which should not come into contact with the des- suggestion should, however, be carefully inves-
conding line. tigated ; but there is an improvement that
would cost but little, and would add to the safety of the line: I refer to putting in points
on the cross over road on the ascending line of such pattermras to stand open to the ascend-
ing line when a train was on the descending line, within a certain distance of the crossing ;
while, at other times, they would stand open to pass a runaway w.gon on to the catch-siding.
T think points of this pattern would not be difficult to contrive, and they might prevent an
accident. :

96. I have already observed that I am afraid it is impossible to carry out this sugges-
tion. It is obviously inadvisable to coustruct

22.—That eatch-sidings for the ascending line should g 'catgh-siding that must destroy everyt}%ing
be long enough to destroy the momentum of any wagon runonin g into it but, on the other hand, it is

that conld ran fnto it. - difficult to find places where catch-sidings can
be laid out of sufficient height and length to prevent this destruction.

27. These signals were seen to before
the line was opened.
93. I have now, in conclusion, to recapitulate the conclusions I have arrived at from
a study of the facts brought to notice by Captain White :— ' :
1st.—All vehicles, passenger or goods, belonging to the Great Indian Peninsula Railway
Company, ought to have an apparatus for braking every wheel, workable
from both ends of the vehicle at pleasure, either by hand, weight, or spring.

23.—Signals at reversing station.

9nd.—That all vehicles should have a projeiction at either end on which brakesmen can
stand to work the brakes. P ‘ :

3rd.—That a certain flxed proportion of all vehicles in g descending train, regulated
according to whether it is day or night, or by the section of the line, should
have their brakes fastened down at the commencement of the descent. .

4th.—That on every two otber vehicles a brakesman should be stationed, who should
bave the control of the brakes of those vehicles.

Dated —February, 1870.

From —Cavrais J. I Wairk, R. E., Depy. Consg. Engr. to the Govt. of Bombay, Ry. Dept.,
To—Consulting Engineer for Ratlways, Bomba).

1 have the honour to submit herewith the rLsult of the experiments that I have carried
out on the Bhore Ghit in accordance with Government Resolution No. 1856 of the 4th
October 169, in order to determine the co-efficient of friction of brake-power in the workiug
of the incline.

2. The greater number of the experiments were made on the upper portion of the
incline on the gradients of 1 in 40 and 1 in 50 between Lanowlee and Khandalla. As the

distance between these two stations is only 2 miles, but a very short section of the line was

blocked to traffic while the experiments were going on, and Lanowlee being the head-quarters
of the Traffic and Locomotive Departments of the Ghat sectivn, men and materials were
always ready at hand, and we were thus enabled to avail ourselves to the full of the two or
three hours’ possession of the line accorded to us by the traflic in the early morning. The
Assistant Locomotive Superintendent of Lanowlee, Mr. Bell, was present at nearly all the
experiments, and my best thinks are due to him for the great assistance he has given me, and
the ready manoer in which he worked with me throughout. )

8. A plan and section of the Ghit are annexed; it will be seen that the road at the
o head of the incline is straicht for the first
Plan of incline.

80 chains radius, then 462 yards of straight, then 286 yards of a 40-chain curve, then 286
yards of straight, and after this an S curve of 40 and 30 chains radius, which reaches nearly
to Khandalla Station ; it will be allowed, I think, that for all practical purposes the line may
be considered straight for the first 1,584 yards (or seven-eighths of a'mile) at the head of
the incline. ‘ .

P

814 yards; there is then 308 yards of curve of

)
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4.~ In the larger number of instances, the rolling friction has been determined from the
experiments made on the straight line; it hardly appeared to me necessary to take into
consideration the resistance of the curves, as I found in actual practice from a few experiments
made on the curves of 40 and 30 chains radius, that the increase of friction was not appreciable ;
the difference of the co-efficient of friction on the same morning, running with the same vehicles,
and over the same straight section of the line, was often greater than would be caused by
any but a sharp curve. The intuence of the curve was, in fact, only felt when the -vehicle
was running at very low velocity, that is, when it was at the point of stopping.

5. It is to be remarked also that the accuracy of the experiments was scarcely, if at
all, affected by the varying force of the wind, for the upper portioa of the incline is singu-
latly free from those violent currents which are so prevalent at this time of the year at
Khandalla and the reversing station. Whatever breeze there was, was in favour of the
vehicle, increasing its velocity, and thus slightly diminishing the deduced friction.

’
Manner of carrying ont experiments. foﬂowin!’ manner :—

The vehicle or vehicles were allowed to, descend the incline by gravity for a certain
measured distance ; at the end of this length fog-signals were placed at an interval of 66
and 44 yards (they were first placed at ai distance of 66 yards, but as the increase of
velocily was decidedly observable in running over this length, I reduced the interval to 44
yards) ; the velocity between the fog-signals, which was accurately registered by chronographs,
was considered as the final velocity. On reaching the second fog-signal, the brakes were
instantaneously applied, and the vehicle or vehicles were brought to a stand in a certain
distance; this distance having been measured, the vehicles were hduled up the incline by
an engine, and the experiment was then repeated at any required velocity.

!

7. As a rule, the ecperiments were ¢arried out at what may be considered high
velocities for the Ghéts, <. e, at speeds varying from 15 to 40 miles an hour; there appeared
to me no necessity for working either at low velacities or with heavy loads. In the former
case, in an ordinary condition of the rail, if Ghit rules are adhered to, and there is a proper
provision of dry sand, the incline may be cousjdered safe; in the latter there would have been
great delay in carrying out the experimentq and with no corresponding results ; the brake-
power must be always proportionate to the load, and whatever proportion is found necessary
for a train of 30 tons descending the incline, a corresponding proportion will always be

required for a train of 200 tons, supposing both trains to descend the incline under similar .

circumstances,

8. The action of the brakes, both skidding and not skidding, was tested over a rail
in every possitle condition. Though I w:s most unfortunate in not being able to test the
effects of a heavy dew, a considerable number of experiments were made in the early morning
when there was a slight dampuess on the ral, and the result of these has alone been quite
sufficient to show what a dangerous elemen: dew is in the working of early morning trains
in the cold season of the year. ‘

9. A very heavy dew may perhaps Le represented by an oiled rail, though not to such
an exaggerated extent as many would consider. I am, in fact, rather doubtful whether the
effects of the former can be muck exaggenated; one or two experiments will hereafter be
alluded to regarding this point—at first cocoanut oil was employed for lubricating the rail,
but as this congealed and was difficult to :ay on, it was found better to use castor-oil, which
has, I believe, higher lubricating powers. The rail was also treated with soap, but this dried
up too soon, and then became sticky, so that the skidded wheel running over it gave but
little, if any, difference of result from that cf the dry rail.

10. The vehicles experimented on were generally Ghit brakes, open at both ends,
opposing little resistance to the wind, and of an averaxe weizht of about 10 tons. Brake
W, which was used oftener than the others, wad provided, in addition to the ordinary brake-
van, with a heavy lever, working on to 4 brake-blocks, which, when allowed to fall, skidded
the wheels immediately, and thus secured a greater amount of accuracy in calculating the
length run with skidded wheels, after passing the second fog-signal.

11. The manner in which the co-efficients of friction and :;dhesion of brakes have
bebn worked out may be stated, though I have

, Method of calculating friction. only followed ordinary mathematical principles.

. - bt .

6. The experiments were carried out in the,
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Ils down an incline plane 4 F B, were 'theye Do f_'rictlon, it woulc} aj;tam a
veloc;[tgztb: (:)%i:: F due to the heightpA D = k, but as motion ig impeded by friction, it
only attains a velocity due to a height which I will call A’ this loss in height, or the.
difference between 4 and 4’ divided by the length 4 F = / gives the rolling friction, includ-
ine the resistance of the air. Stated in other terms, if II.’ be the fve_xght and A the mass of
the body, the work the body should accumulate ab F without friction Would- bg W x &, but
it only accumulates #” x £’. The work lost then is the work destroyed by friction (#), or

h—k’
-Wh—WE=23f!or Mj:T .

where 4’ = L, v being the velocity in feet per second shown by the fog-signals over the

distance F F”’ (44 yards).

When the vehicle runs skidded from Fto B, where it is supposed to stop,smotion is
‘then entirely destroyed by friction (f"), which thus overcomes the work due to the height 2"+

that due to the additional height D) C=4" or Wi'+ Wk"= M f' I’ where F B=/'
ﬁ’+ p 14
ll

supposing that the brake was running on an incline of 1in 40.

[} i” 'Y 1
U f=== 0= (gt )= (gt )V

12. All the problems have been solved by these equations, and the results tested by the
experiments, which were afterwards carried out in the catch-siding. These will be compared

hereafter.

13. As some alterations were being carried out on brake W, I commenced the experi-

ments by trying the different effects of skidding -

Experiments with Ghit lorry. Skidding and and’ not skidding on a Ghés lorry. This lorry
not skidding. . weighed altogether with its load 1,712 Ibs., was
in good running order, and was provided wita 2 brakes, which allowed of the brake-power
being applied to a nicety. The result was as fo!{lo WS e y

Running at a velocity of 264 miles per hour on the incliné of 1 in 40 {experiments
" 1 to 12), the lorry was pulled up on a dry rail when the wheels were skidded in 87 yards, and
* the adhesion worked out <=~ running at the slightly lower velocity of 25°6 miles per hour,

it was pulled up witkout skidding the wheels in 56 yards, and the adhesion was as much as —e~1_4'

14. Experiments were afterwards made with an incline brake, which gave somewhat
the same result. Inan average of seven experiments, going at a velocity of 2879 miles
per hour, the vehicle was stopped with skidded wheels in 190 yards, and at a velocity of
344 miles in 241 yards; with the wheels not skidded, and going at'a velocity of 2812 miles,
the vehicle was pulled up in 127 yards, and at a velocity of 8375 miles in 179 yards. The
adhesion obtained by not skidding the wheels was 1lways greater than that by skidding. The

results of these experiments will be clearly seen in‘ he following Table :—

, ﬂxsnnc}«: =

ol BNl PV
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Lorry. “Yards. ‘
Wheels skidded 6 264 87 BLG Experiments 1to 6.
» mnotskidded ...| 6 2566 56 L »  Tto 12,

Ghdt Brake. o -

Wheels skidded cae 7 2879 190 ﬁL’ Experiments 89 to 45,
,, not skidded ... 4 2812 127 m_‘.s . 50 to 53.
,,  skidded 4 344 241 = » - 46 to 49,
» Dotskidded .| 4 837 179, L » B4t 59,

g

T RRRIT SR e naiig b, e
i e "‘Q [t ‘;-:r?.s -

P

- or N

A\

]

(7))

15. The same experiments were also tried with two vehicles coupled together, one or
both being braked, and with the lorry on an oiled rail, but not always with the same results,

No. or | Verocrry | DISTANCE 5
EXPERI- | INMrkg | BON AFTER | g
MENTS. | PER Houg, [AFPLICATION|
OF BRAKE. | &
Ghit and Main Line
brakes, both vekicles ’ Yards.
being braked.
Wheels skidded 3 297 132 L
o ‘ ’17 Experiments 64 to 69.
» notskidded ..| 3 297 153 i3
Only Ghit brake on.
. \ Excluding first run.
Wheels skidded 5 2848 |. 416 1 Experiments 166 to
: ‘ Wi 170. .
5» mnotskidded ...[{. 6 29- - 312 %5 “ 171 to 176.
Lorry on oiled rail. ' : w
Wheels skidded 7 2368 l‘ 288 2_;.’ Experiments 18 to 24.
Y 2 1 34 [ 1 » 13 to17.
» notskidded ...[ 10 2466 372 1 C ., 25 to 34,

* When both vehicles were braked they ran| farther when the wheels were not skidded,
which may be accounted for by the difficulty in regulating the brake of the main line vehicle ;
when only one vehicle, the Ghat brake was braked, by not skidding, they were pulled up iz a
skorter distance ; the velocity being nearly the same in all the experiments, the respective
distances run by the vehicles after passing the signal, with wheels skidded and with the
wheels just allowed to revolve, were 542, 479, 475, 257, 330, and 227, 310, 282, 308, 301,
442 yards; again the lorry was stopped sooaer on an oiled rail by skidding.

16. In addition to these experiments I tried many others at different times, and came
to the conclusion that the point was not of great practical importance. When the rail is
greasy, and the brake-block 1s dry, there is not much choice in the matter, for the wheel skids
at once when the brake is applied; when the rail is dry, the effect of applying the brake
firmly is rapid in either case in checking the speed. Moreover, it is not always optional
whether you shall skid the wheels or not, fer, from a constant observation of the action of the
brakes in working down the incline, I feund it frequently the case, as might, in fact, have
been expected, that the front wheel was revolving whilst the rear one was skidded, whilst in a
few cases the wheels could not be got to skid at all; everything depends on the wear of the
brake-blocks and the position of the vehicle ; and, as the brakes are constantly applied to the
vehicles working both up and down the Ghét and round sharp curves, it is difficult to obtain
an equal pressure on the two pair of wheels at the same time.

- 17. It may be remarked, however, that in certain lines in France, where iron brake- °
blocks have been substituted for wooden ones, the wheels are allowed to turn slowly in
descending the inclines; and it is stated that a “better retardation of the motion of the train
is obtained if the blocks are not pressed upon the wheels during the whole time required for
the stopping of a train, but are lifted up, and pressed upon again, at very short intervals.””
In the tabulated list of experiments at the end of this Report, where it is not stated to the
contrary, the brakes are supposed to be skidde(‘l. ’

18. I will now refer to the different experiments on brake-power, taking first those on
an ordinary dry rail, and secondly those on a
damp and oiled rail.

19. On an ordinary dry r;\il the co-efficient of friction varies from Jth to {%th of the

Brake-power on a dry rail.

" weight, and an average of 102 experiments on the descending line makes it to be ‘0918, or

nearly 1_015 ; this co-efficient, worked out according to the method described in para. 11, is

rather larger than that obtained by the experiments made on the contrary incline of the
catch-siding (see experiments 216 to 222), where it varies from oy to Fl‘ Iu these latter

experiments the vehicle descended the incline by gravity, and after passing through the points
and crossing of the siding and reaching the point marked A on the section, the brake was
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applied immediately it began to ascend the contrary incline; and the co-efficient of adhesion
is worked out from the distance run on the ascending line, as in the previous expenment_s it is

from the distance on the descending line, : ) , )
20. There is no doubt that a coefficient of adhesion of }ﬁ. is much lower than what is

generally allowed in calculating brake-power. The difference between the results of these
experiments and the data given by Mr. Rankine and Mr, Fairbairn would be as follows, in
the case of a train running on the level :— : '

Speed in miles ... e w20 25 300 " 35 40

- * Distance in feet required for stopping train on
level with brakes on all the wheels according .
to Mr. Rankine’s formula - 96 150 216 291 884
¥ Ditto ditto according to Mr. Fairbairn’s formula 105 - 171 242 325 439

Ditto ditto according to the Ghit experiments ... 142 231 3827 439 568

21.  For all practical purposes, however, in working the incline, it would be perfectly
safe to reckon on a eo-efficient of friction of & for all trains working over the Ghats in the
day time (from 8 a. 1. to 6 ». M.) during all seasons but the monsoon; with this co-efficient,
as will be hereafter shown in discussing the experiment on the damp and oiled rail 33 per
cent. of brake-power would keep the train under perfect control on the steepest gradient of
the Ghét inclines. ' ’ .

22, These results are derived from experiments with trains of from 10 to 64 tons weicht ;
as it might have been considered that the experi-
ments were incomplete without testing the effici-
ency of brake-power on heavy loads_ at high speed, a train of 200 tons, including the engine,
was made up in the following manaer ; two covered cotton wagons and six low-sided wagons,
each loaded up with fire-bars to 10 tons, and seven 10 ton Ghat brakes, which are open from
end to end-—weight of load 150 tons, of engine 49 tons; total load, say 200 tons, The
train was what may be called a very compact one, and opposed little resistance to the wind ;

Experiments with heavy load on dry rail,

22 miles an hour, the engine and one Ghit brake were braked (30 per cent, brake-power), and

after running a short distance the speed wad reduced to 16 or 17 miles an hour; the train
kept up this rate steadily all along the inclind of 1 in 50, though sand was nsed to the
skidded wheels of the brake, aud as I saw thefe was no prospect of stopping before reaching
the 1 in 40 gradient (which had been sanded in case of accident) a second brake was applied
(35 per cent. brake-power), and the train wag finally pulled up after running a length of
1,540 yards; 80 per cent, brake-power was clearly not sufficient to give a perfect command
over the train. In the second experiment, the engine passed the signals at 224 miles per hour,
and 35 per cent. brake-power was then applied, no sand being used; the train was pulled up
in 594 yards, not having passed at all on to the } in 50 gradient. In the third experiment,
the engine passed the signals at 25 miles an hour; 40 per cent. brake-power was put on
(engine and three brakes), and the train stopped in 616 yards. ’ '

In the fourth experiment the engine passed the signals at 28} miles per hour; 40 per
cent. brake-power, as before, was put on with sand to the leadine wheels of the engine, and
the train was stopped in 528 yards. Lo . .

In the fifth experiment the engine passed khe signals at 246 miles per hour; with 50
per cent. brake-power (engine and five brakes), and sand to the leading wheels of the engine,
the train was pulled up in 379 yards. f o

And in the sixth and last experiment, passing over the signals at 283 miles per hour,
putting on 50 per cent. brake-power, and using sand to leading wheels of engine and three -
wheels of throe brakes, the train stopped in 335 yards, :

According to Mr. Fairbajrn’s formula, in experiments 2 ang 3 the train should have
stopped in 162 and 178 yards, whereas in Practice the distances -were 594 and 616 yards: the
discrepancy between theory and practice oz 21 incline is very great in this case.

. 24, These experiments show, I think, that the trains are well under command in any
ordinary condition of the rail with 35 per cent. brake-power, though allowed to atlain speeds -
varying from 22 to 28 miles an hour on nearly the steepest portion of the incline, and confirm
the theory laid down in para. 21, for the necessary amount of brake-power on 2 dry rail;
secondly, that most efficient brake-power i afforded by the heavy class of tank-engine used on
the incline; and thirdly, that even on 4 dry rail sand may sometimes be a valuzble adjunct
when sand-boxes and sand-pipes are in proper working order. - - )

25, They also showed me how Decessary it was that none but steady reliable mep of
previous railway experience: should ever be appointed to such a responsible post as that of
Ghéat Guard ; for days before we had been in the habit of experimenting on the | in 40
incline at speeds varying from 30 to 42 miles an hour with comparative]yclio-ht loads, and
were almost as much at ease as if we were working on the level ; but when a &eZvy train!once
attains a high speed on a steep gradient, the impetus appears, as it were, irresistible ; and then
the noise, the grinding action of the brakes, and the rush down the incline, make up alto-

* See page 34 and remarks,

Note.~In these six expex"iment.s the engine, Pushing bebind, was onl able in two insta i
on the 1 in 40; in the other four cases it was Decessary to move down on toythe 1 in 50 incline, nget:at:: ?:?28}3 trein
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gether a scene, amidst which if s not to be wondered at that a man of fairly good nerve
should not always act with that calmness which the position demands of him. 1In the
fourth experiment two Native brakesmen were go impressed with the idea that the train had
gob out of control, that, contrary to 4l orders, they rushed to put on their brakes, and were
only just stopped in time by Mr. Pinnock, the Locomotive Foreman, who happened to observe
them. If this effect be produced when a traip ig worked during the day-time, and under the
most favourable circumstances, it may well be conceived what steadiness the case demands

when train gets out of control in the dark, when the rails are greasy, and the brake-power
apparently useless. :

26. I will now refer to experiments that were made in the early morning, and
- Experiments on damp and oiled rajl. on the oiled rail,

The experiments show that the co-efficient of frietion on a damp rail ranges from ;4 to
“zsl‘“s’ according to the varying condition of the rail, though I have every reason to believe that

when the surface of the rail is covered with heavy dew, the co-efficient becomés as low as
even 3. It is most unfortunate that I am unable to prove this point from actual practice,
for during the whole of the time the eXperiments were going on, there was no instance of a
heavy dew ; but I think I can show that there is every probability of there being the same

variation in adhesion on the damp rail as on the oiled rail, and that if the co-efficient of fric-

am————

4

tion ou the latter, from some cause that it is extremely difficalt to aceount for, becomes one

morning as low as ;! and 7's» there 1s no reasgn why the same thing should not occur on the
damp or dewy rail, on which the co-eflicient is generally as low as on the oiled rail,

27. In twenty-eight morning experiments, when the rajl was not covered with dew, and
the surface was only what may be called imperceptibly damp, the co-efficient of friction varied
from 5 to z%s’ and in fifty-three experiments on the oiled rail from 7'z to 4%, including the
lorry experiments and those on the contrary incline of the catch-siding., The following table
thows these results clearly :— :

BAIL IN EARLY MORNING, 4 " OILED BaIL.
REMARKS.
\"eloci?y before Distance run | e § of Velocit_y bgfore Distance TOR | o efficient of
bR | B ke | it | Sppiton” | afe o | Coiint o
Miles. 'Yards. Miles, Yards.
257 - 396 . 30 | 1562 = |
3103 | . 264 5 30-4 299 T
3375 413 o 321 1100 5%
84 486 -+ 8214 385 = |1 AN the vehicles
ked.
409 908 — 827 363 1 r were braked
1915 |} More { Less thangi || 40°9 521 +
than 1 ) 1
2363 } 1950 . ‘1‘5‘! 409 671 19
217 1802 | 428 627 = |
29 970 -1—18~ 22'5:,57 Moref Less than -~
71 & 30per cent, brake-
o | 1069 | L 257151 ¢ than o T [ powen
. 72} !
8214 146 | 333571) 1980 || ol
3214 729 | & 2571 434 = .
. 1 : 1 54} per cent.
3214 2640 %09 2647 1065 207 L brake. power,
3 *R to sand; i
3214 1650 e 29'5 560 7 | Qe empennd; in
’ . 1 *' 1 rail was not sanded.
26- 718 3 81 o | Lo than L]
1 . 1
28125 4ar | = 3214 586 ie
» 177 T 16 ] 60 and 65 percent.
5214 594 | 4~ | 4100 |  gpy = j brake-power,
33:33 940 3
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the adhesion is proved by a considerable number of experiments to be
led than on the damp rail; and experiment also ghows that
s low as -, and g5 ¢ is it illogical to suppose that when
of friction on it may prove to be nearly as

28. If, then, .
frequently greater on the o1
adhesion on the former becomes a S
the damp rail becomes a dewy rail, the co-efficient
small as on the oiled rail?

29. I must say that when I first commenced the experiments on the oiled rail, I

thoucht that the lubricating the rail freely with castor-oil was a great exaggeration of the
effect that would be produced by dew; but with these experiments before me, I am strongly
inclined to believe that it is no exaggeration at all. ‘

80. In support of this T would first briefly notice two experiments (60, 61, 73, 74) that
were carried out at the same time on the up and down lines, and the three cases of runaway

trains that occurred on the Thull Ghét. ,
On the morning of the 5th January, the ascending or down line having heen oiled, I
took the opportunity of testing the running condition of two brakes with which several
experiments had been carried out. The two brakes (60, 73 experiments) were started
together from the head of the incline—the one on the up, the other on the down line 3 as.the
joints are slightly against the running on the ascending line, I thought that this might
check to certain extent the velocity of the brake running on that line. The two vehicles,
however, with some slight changes of position, passed over the fog-signals at vearly the
same moment and at the same velocity, 32°7 miles per hour; the brakes' were then immedi-
ately applied, and, as of course was anticipated, the vehicle on the dry rail was pulled up first,
whilst that on the oiled rail ran 163 yards further. ‘ :

3]. The experimeut was then repeated, aud in order to try the extreme case of a
vehicle attaining a high speed on what I consider to be as slippery a rail as could occur in
practice, I changed the position of the fog-signals, and allowed both vehicles to run freely
down the incline of 1 in 40 until they attained a velocity of 41 miles per hour, when both
brakes were immediately applied as before, all wheels being skidded. The brake on the oiled
rail at once shot ahead of that on the dry rail; but after running about.350 yards, much
to our surprise, the brake on the dry rail passed us, and was not brought to a stand until it had
run for 907 yards, whilst that on the oiled rail s}:opped in 521 yards (experiments 81, 74).

32. I will now refer to the three cases of funaway trains on the Thull Ghat, in which

.1 think there is every reason to believe that the engine and brakes were worked with all care,
but were nevertheless ineffectual in controlling the speed of the train.

* In the case of the 28th October 1868, the train consisted of—

6 wagons, oo

. 7 carriages, :
. . 1 Main line brake, -
4 Ghit brakes, ,

1 engine with 6 wheels and bogee ;

and the total weight was about 175 tons, of which 100 tous, including the engine, were

brake-power. The evidence shows that this train, after running for a quarter of a mile
on the 1 in 37, gradually gained speed until it had attained a velocity of 80 or 40 miles an
hour; that this speed was reduced in passing through No. 4 Tunnel, and over the inclines

of 1in 60 and 1 in 73, and that the train finally ran into the catch-siding at from 6 to 10 -

miles an hour. , . - .

Now, if this train gained speed in the 1 in 37, the accelerating force must have been
in excess of retarding force, or the force of gravity must have been greater than the retardiog
force of the brake-power and the rolling friction. The force of gravity amounted to 60-5 Ibs.

per ton, and if the rolling friction be put down at L, or 14 Ibs. per ton, a co-efficient of

adhesion of % would have just kept the train in control, thus—
2 of weight of train braked, & rolling free.
Accelerating force, = 60-5Ibs. per ton. .
Retarding force — Brake.power + rolling friction = ¢ 2.22%9 + %14 = 666 Ibs.
per ton. . ‘

Excess of retarding over accelerating force—5°1 Ibs. per ton; but as the train was
not retarded, it is clear that the co-efficient of friction must have-been much less than g%.

33. Again, on the 27th December, the mail train consisting of—

10 carriages,
2 Road-vans,
2 DMain line brakes,
5 Ghit brakes,
2 large Ghit engines, : ' i

got beyond control on the 1 in 37, but was most fortunately pﬁlled uf) by the sanded rail above
the Ehegaum Viaduct, which was then under repair. In this case the total weight of the
train was about 242 tons, 170 tons of which was brake-power, -including the engines,

3

# See Appendix to Bhore Ghit Commission Report. The cases are taken in the order ‘reported,
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With 70 per cent. brake-power this train also gained speed on the same incline. If there- 7

- must have been less than _2%’ thus—

“Accelerating force of gravity = 605 ths, per ton.

Retarding force of brak ine friction = 7 '
rakes and rolling friction = 10 B0 4 0 14— 602 Dbs.

per ton. ' T we s

The Locomotive Superintendent remarks on this accident, that had the timel
precaution of sanding the rail been taken, the train would never have exceeded thg
speed of 10 miles an hour. This may be true, but it is not easy always for men to anticipate
.wha_t the state of the raxls.may be, which varies very much on different portions of p'che
1gc11ne on the same morning, end the brake-power of the train was, moreover, on that occa-
sion apparently ample. The fact, however, remains good, that accordine to the evidence,

which was _affio . .
e th:];, .;};jry trustworthy, the co-efficient for adhesion on that morning mus't have been

34. Thirdly, on the 2nd November 1868, a train consisting of—
19 loaded wagons, ' '
7 carriages,
8 incline brakes, -
. 2 large Ghat engines,

attained an excessive speed between Egut d i i ’

¢ € gutpoora and the Reversing Station, and 1
pulled up by running a distance of 300 yards into the catch-siding. “Then the total “::ilfsrlftn o)t:
the train with engines was about 282 tons, 70 per cent. of which was brake-power ; and if
this amount was insufficient to control the speed, the adhesion on the rails in certain po,rtions of

theincline must have been, as in the previous case, lessthan . I sa ; 1

the witnesses state that after running about } a n’lile beyondzzhe hem{:fn ttifgl{lx::ﬁggrg]oenss; ::(;
began to increase until it got up to 20.miles an hour, but that the train then main;ainedpthe
same wuniform velocity : the adhesion, therefore, on the lower portion of the incline must have
been greater than on the upper, though not sufficient to check the speed of the train.

35. And, finally, with regard to the fa?tal Bhore Ghat accident, if a train with 60 per
cent. brake-power gains speed on an incline of ilin 37,—which that train did according to
the evidence of the witnesses, though all available brake-power was applied,—it follows that
Z}aesal%celeratmg foxifef must be in excess of the retarding force. The accelerating force was

05 Ibs. per ton as before; the retarding force must have been less than thi dt
cient of friction therefore less than %; : ' and the co-cffi-

In .sir.nilar runaway cases that occur on the Mauriting incline, Mr. Mosse writes :—* In
general it is found possible to check the statements (of those working the train), and, assum-
ing them to be true, it would appear that when a train has attained an excessive s};eed ona
slippery rail, all the brake-power which can be applied has but little practical effect.”

36. To all this I know it will be replied, that if the co-efficient of adhesion be so low
how 1s it that the engines drag their heavy loads up the Ghats, night and day, with s
little difficalty? T can only say that there must be something very ditferent in the adhesion
of a skidded wheel going down the incline, and the grip of the wheel of the engine going u
the incline ; that there is a difference is manifest, for on no morning when zhe a(fhesign op;'

the brakes was Tt‘ on the descending line, could the engine, according to theory, have
dragged its load of 200 tons up on the ascending line; whereas it is well known th’at this .
duty 1s accomplished in all weathers, with but very few exceptions, and with no difficulty
I cannot yet see my way to a clear solution of this question. )

37. Tt appears, therefore, that, for the safe working of the incline, it is necessaryt&
: : take into consideration that the co-efficient of frie-

Brake-power necessary in working incline. i . 1
- . tion may often be as low as 55, and that brake-

- power should be provided to meet this co-efficient in sueh proportion that the retardine forces

of the train shall always be in_excess of the accelerating force of gravity, apart from the

" application of sand. That sand is a most invaluable adjunct there can be no doubt, and, with

the precautions that are now taken to secure its working efficiently, a train should always be
kept under proper control; but times will arise when ‘sand sand-boxes and sand-pipes may
not be so well looked after, and it is imperative that the safety of passengers should not be
dependent on such liabilities ; the safe working of the traffic mast also not depend only on
trains not being allowed to attain a higher speed than 10 miles an hour, but should, if possible
be ensured, whatever contingency may arise. L ’ ’

38. In estimating also the brake-power of a train, it is very desirable that the brake-
power of the locomotive should be left out of the question ; the train should be able to hold
itself,”and the locomotive too on every gradient, and in every condition of the rail. Should -
anything unusual occur, you have then a valuable reserve of power in the locomotive; or
should the brake-power of the latter become deranged, there will be sufficient retarding po,wer
in the train itself to prevent any acceleration of speed. : °

efficient of adhesion on that morning
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of the brake-power of the locomotive, if the rolling frilction (see
para. 42) of the carriages is taken at 7@ of their
Conclosion. - weight, every passenger train working on the Ghit
Mseéhpaﬁe e B{’Zre Ghat Commission Report. 3 ,u1q have 77 per cent. of its weight available
r- Charioms 56 % for brake-power ; with a co-efficient of friction of
htly in excess of the accelerating force ; but

ould e required, which practically amounts

39. Irrespective, then,

3%‘, the retarding forces will then always be slig
if a co-efficient of - be taken, 93 per cent. W

to breaking every carriage in the train.

Let z=required brake-power, accelerating force on the 1in 37=605 s per ton. Then

e 1 e 2240 (108 gy g5

if rolling friction = 0, 14 bs. per ton, oo 30 o0 ) A

= 17. . X . ‘ .
40. In the goods trains it wou'd be exceedingly difficult to secure this, and the avail-

able brake-power of the locomotive must therefore be relied on to a greater extent. Much,

however, may be done to improve the efficieney of the present hand-lever brake, and the

blocks should be made to act on both pairs of wheels.

41. The rolling friction, which includes the friction of the axle, of the wheel
o , against the rail, and the resistance of the air,
Rolling friction. , varies considerably in all _the experiments.
© Neglecting experiments 50 to 59 and 161 to 172, when the ‘velocity was calculated
over too great a length between the fog-signals, the co-efficient of friction ranges
between Land . this is no doubt a very considerable range; but it must be recollected,

" first, that the deductions are made from a vehiele allowed to fall absolutely from a state of
rest, and that if the wheels and axle-boxes are not in good order, a considerable amount of
.velocity is lost in the slowness of the starting ; secondly, that allowance must be made for errors
occurring from time to time in registering the veloaity with the chronographs. I had,

unfortunately, no instruments capable of doing this with perfect aceuracy ; thirdly, the velocity

which shown in all cases is slightly below the real final velocity, which would make the
co-efficient of friction and adhesion slightly less than they have been worked out.

42. The average of the experiments ou ‘the descending line shows the average co-effi-
cient throughout the whole length the vehicle ran to be i‘z':'n or from 17 to 18 Tbs. per tom,

at velocities varying from 18 to 42 miles an hour ; and the averageof 18 experiments made

in the catch-siding gives a co-efficient of Lor 15 Ths. per ton for velocities up to 47 miles an

hour. The latter result I believe to be the more correct, as less element of error enters into
the caleulations, I endeavoured to find out the resistance due to passing through the points
and crossings, but the instruments would not register this with sufficient accuracy. If,

however, friction of 1 Ib. per ton were allowed for thisincreased resistance, the co-efficient
would then be 1%6 of the weight, or 14 Tbs. per ton, for vehicles working on the Ghét
incline. . . ' . :

43. 1If these results be compared with Mr. Daniel Clark’s formula 8 + 1’;7’1 , it will be
found that in a considerable number of the experiments at the higher velocities of 30 to 40
miles an hour, there is not much difference in the results. It is in the lower velocities that
ditforence occurs, the experiments giving a larger amount of friction than is generally allowed
for. In fact, in comparing the different experiments, I find it quite impossible to work
out the rolling friction according to the varying velocity, for the experiments at the lower
speeds often give a larger amount of friction than those at the higher (up to"47 miles an
hour). 1t is only when the vehicle is allowed to run a considerable distance, as in experi-
ments 208 to 213, and to get up a very high velocity, that the great increase of friction
with the velocity becomes quite apparent. At a velocity of 58'6 miles per hour, the resis-
tances according to Mr. Clark’s formula would be 8 + 5—31—'_9;" = 28 Tbs. ; experiment 208 at this

velocity shows that the average resistance throughout the whole run i1s 22 Ibs. per ton.
Again, in experiments 212, 213, 214, the formula would give a final resistance of 30, 30 and
98 1bs., but the experiments show that there is an average resistance throughout the whole
run of 27, 29 and 30 Ibs. per ton. This is a very considerable discrepancy, and can only be
accounted for by the resistance increasing in a much greater ratio to the velocity than is given
in the formula. To lay down a law for this would have required a very much larger namber
of experiments than have yet been carried out; but I think this much is pro‘bably true
that the resistances of trains at high velocities are considerably in excess of the amount that:
is usually estimated, which is derived too in most caszs, from Mr. D. Clark’s formula,

44. T think this will appear more clear if experiment 215 be examined. I will first

Experiments in catch-siding. state briefly how this was carried out. -

Six low-sided wagons coupled together, each laden with earth up to 10 tons, were let
loose from the head of the incline below the reversing station, and allowed to d(;scend b
gravity ; the rails of the catch-siding, being old and rough, were oiled throughout the whol{
length of the siding, in order to represent a slippery condition of the rail ; of course, it was
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impracticable to do this on the main line—the points of tl;e sidine were spiked d
the fog-signals placed at the foot of the descending gradient at an interval o}) §8 ya:d‘:.n ’ an?

The distance of the head of the incline from the catch-siding is exactly 5 miles; the

}llglglﬁxtfeef:llen through is 621 feet; length of the catch-siding 1,276 yards, and height

__ The wagons were let loose at 7-50 ( in the morning), and reached the o‘nts‘of

siding at 7-55 exactly, having done the distance in five minutes, at an :fverarre vt-lllgc?’?;c?)f
60 miles an hour ; they passed the points of the siding at the rate of 75 miles an hour
going over the 88 yards between the signals in 24 seconds. TLooking down on the wagoné
from a knoll above the entrance to the siding, they appeared to pass with ease through the
points and the crossing, and 1 expected that, as in the previous experiments there was no
increase of veloeity, they would run only some few feet higher than in the previous

‘ experiments, and would then return down the incline of the siding. The end of the

catch-siding was not visible from where we stood, but the rise of a cloud of dusts

1 4 oon
told us that some accident had bappened at the end of the siding. Mr. Pinnock
the Locomotive Foreman, who was stationed a few yards beyond where the wagons had
generally run, informed me that they passed him with considerable speed, which t%ey must
have, for they struck the dead end of the siding with such force that the leading wagon was
found a perfect wreck with its frame-work upside down in No. 2 wagon. No. 2 wagon was
also nearly destroyed, and the others more or less damaged. ° N

It will be noticed from the section of the siding that all this occurred on the vmdient.
of 1in 3; the only way of accounting for the vehicles runping so much higher than in the
previous experiments, when the velocitics are considered, is, that they steadied each other in

pa]is'irl)g through the points and crossing, and the resistance of the air must have been less per
vehicle. g

-43. Now, if the velocity attained in this experimeni; be examined, it will be found that
there was an -average friction throughout the

v .
w(i—5,) = l-{l‘:{ whole run_of 87 Ibs. per ton; the formula would
M f= (621— ) ¥ give a final resistance of 41 Ibs. What, then, it
is required to ascertain is the ratio between the
26400 . total resistances and the velocity : experiments
=% W 205 to 215 will not determine this clearly, but
or 87 s, per ton. if the velocity of a vehicle were taken at certain

o intervals of, say, } of a mile, in the descent of the
incline, it would then readily be seen when the maximum speed was attained and the force of
gravity was counteracted by the resistances. 1 need hardly say that there would be con-
siderable risk in taking these observations in the vehicle itself, and to have ascertained it in
any other way required a larger pumber of instruments than were at my disposal. In
the last experiment (264) I did endeayour to ascertain the velocity midway, but the person
who had charge of the chronograph,  being flurried by the-sudden rush of the vehicles past
him, failed to take an accurate observation. o o,

46. Regarding the catch-siding itself, it should be remarked that in all the experiments
that were made the points were carefully spiked down ; the vehicle entered the points without

.much oscillation, but always swayed very badly at the crossing. If a runaway train were to

enter the siding at any speed with the brakes well on, as they would be, the elasticity of the
springs would to a certain extent be diminished, and the vehicles would not take the crossing
so easily. Moreover, if the points were not firmly held, the engine running at speed might,
by a blow on the switch-rail, spring the points 8o as to throw the following vehicle off the
line. I do not say that the entrance to the siding is unsafe, but these points have to be
considered. I am not aware that anything can be done to remedy the crossing, but the very
best . description of facing point should be adopted for all catch-sidings on the incline. I
believe there have been improvements lately in facing points on English Railways which
would obviate the danger I allude to. ;

47. T saw no necessity for testing the height of the catch-siding with a runaway train;
if vehicles running freely at 60 miles an hour only attained to a height of 59 feet out of the
total height of 159 feet of the siding, no train running away with its brakes on, would reach

‘anywhere near the end. Even when the catch-siding was oiled, it will be observed from

experiments 223 to 230, that after the vehicle, going at a velocity of 32 miles an hour, was
braked on the contrary incline, it only ran 343 yards (out of total length of 1,276
yards), and attained a height of only 43 feet.

48. As it appeared to me of some interest to ascertain what should be the fixed amount
of brake.power in Working down the Ghits on an
ordinary dry rail, supposing that self-acting
brakes were used, and that the engine running
free should drag the train down at the rate oim to 12 miles an hour, a light train was made

Working incline with fixed amount of brake-power
to passenger carriages, .

~up of 6 vehicles, 3 Ghat brakes, and the engife; weighing altogether tons 112 ewt. 18.

In the first experiment 13 ‘per . cents . the train was braked (the wheels of 4 wagouns

%

being spragged) ; the engine haviog put on stéam on the 1 in 40, the train moved on at & low
speed, and steam was then shut off ; the traif did not stop, but kept up the same steady rate.

A




) T 14)

( . ced 1 ivi t. brake-powe;-)

iti was then braked in four wheels (giving 24 per cen ,
and é:a atdl‘i;tllost:}:.ll‘tzlag: tl‘)e('ore; after running a short distance it was brought to a stand ; 2.1
per cent. brake-power was then tried, but this also proved too much, and the train was agxm

stopped.

the amount of fixed brake-power in the first experiment,
I concluded, therelors, &0 b oe rain and shut off steam, we proceeded at a steady rate

; ino started the t ] A g
ztfz.iol iopfatﬁ?fés aE;‘g\rllf but on reaching the 40 chain curve on the 1l1in 50 incline, the

1 d the train
. steam was then pub on for a few seconds, again shut off, and ¢ ,
i%?iib:ifa:] esti::()l)lvo‘:a,tes of 10 to 12 miles an hour, finally pulled up on the 1in 330 at

Khandala Station without applying any additional brake-power.

mark here, that pracﬁce corresponds_ with f:hé resultsd derived_ f:l'gm

i fectly dry rail; for the train to maintain a uniform speed on an incline
?)?'pfni[:ezg O:hz p:c:.celera).'tingy force; must be slightly in excess of the retarding forces. _They
were so in the present instance, and reasoning from this fact, the co-efficient of friction works

out between } and '

1t is interesting to re

49. On the 18th January I tried the same
Working train with fixed brake-power over diled experiment on an oiled rail, the train being made
rail. - .up as follows :— - < )

1 enginé..
8 Gbhat brakes.

- 4 low-sided wagons. ] - B t
2 cotton wagons (with Mr. Bell’s sell-acting brake attached.) } mpty.

Weight of engine 49 tons, of train 64 tons; total 113 tons.

In order to be certain as to the state of therail, I made two experiments, 77 and 78,
which showed the coefficient of friction to be 55 and 3%; the rail was therefore the most

slippery that I had yet experienced. This being the case, and to guard against all chance of

accident, all the vebicles of the train were braked (the wheels of the four low-sided wagons

being spragged), and the engine allowed to run free (as 3 carriage) on to the vil; but when
steam was shut off a
worked on to the oiled rail.

The Ghat brakes were then taken off, and the train again started with about 30 per cent.
brake-power, the éngine running freely in front. A speed of 10 to 12 miles an hour was
then kept up to the end of the incline of 1 in 40, and on to ¢he 11in 50; but after running
some length "on this gradient, as the speed began to increase, another brake was applied (33
per cent.), which brought down the speed too Jow, and was therefore again taken off. We,
therefore; worked the train with the former 30 per cent. brake-power, which maintained it
at a nearly uniform speed, until we were pulled up by running on to the sanded rail, -

50. 1t would appear from this experiment that, with greaf care, the incline may be,

worked with safety under very trying circumstances, but that it is of the utmost importance
that the slichtest increase of speed should be at once checked ; for this purpose there must
be available brake-power, and it is this which strikes me as the weak point in the present
working of the Ghit, that there is no brake-power to spare. " As the carriages do not sustain
themselves, all the work is thrown on to the incline brakes; if these and the engine prove
insufficient, there is only the rear main line brake (which is not ordinarily used), and the
use of sand to fall back upon; when every vehicle of the train is braked, and the arrange-
ments for sanding are in good working order, all is done that can be done; and if the
. train runs away under these circumstances (supposing that thereis no carelessness), the
conclusion is, as remarked by Mr. Mosse, regarding. the Mauritius incline, that the gradient
is.too steep. On the Indian inclines, however, we have not yet reached this point, for the
available brake-power is not more than 60 to 70 per cent., and much can yet be done to
secure greater safety. ‘ : . .

51, I may mention that, after the train had been worked down over the oiled rail, as
it was necessary to return to Lanowlee without delay, we tested the power of the engine
in working it back over the same incline. Though the engine was working at first on
sanded rail, the wheels had been so thoroughly oiled, she experienced great difficulty in
starting : once started, however, she was able, with 120 Ibs. pressure of steam, to push the
Yoad up at the rate of 2 miles an hour, at which rate the train was worked for some 5 or

600 yards on the 1 in 40, when to relieve the engine, the sand was brought into use; this .

acted like magic, and after a few revolutions the engine pushed the train at the rate of
20 miles an hour, up to the end of the oiled rail with perfect ease. - When the rail is damp
or oxled,d the sand, of course, adheres to the rail more readily, and its efficiency is much
lucreased. ) : : :

the train pulled up almost immediately, a certain portion of it not having
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52. On th? damp* rail the action of sand is very variable. I will now refer to the
Sand, different experiments that were made upon the

use of sand; but it should be remarked that it -

as difﬁcult tO i ye llllmhel‘ Of exp 1 ~8, whe 1 l;‘le ()’l etl rail was once s "\(le(l
w C 0. )talll a. la’ el_'lllle]lls as, I ‘ L »
the llllll‘ was SpOllt fO! hl!thel‘ experiments that mor ni & {
ne. In th w o
' I > e fOllO lna table the results

Berore |DistaNce
No. oF EX- DEvsg:IlZ?é)znor liﬁ:viag- APPLYING RUN AFTER .
X NT. BRAKE, |aAPPLYING! Co- 3 g
PERIMENT VEHICLES, PERCENT, M[LEspéR BEAKE, 0-EFFICIENT OF ADHESION.
HOUK. YARDS.

195 D (130%35 | 225 1,540 | Less than oo ... -2

. 1s
198 Train of 200 40 28125 528 { =%
r  tons, includ-4 | ’ v

, ing engine. . ;

- 199 ) 50 | 246 380 LCogi}iaratwely dryi 1
) . 127

200 |- U 50 fesres| sz ) ,L 1

. - 107

105. : : [ 35 | 8103 1,370 | Sand on soaped rail ... _l

. it 12

, g [ ] .

125 ‘ 33 | 3214 710 | ,, on oil eee L
: 9

100 35 [ 3333 | 692 , ondryral .. L
] 89

3 TIncline ) ‘

101 L brakes. < 3+ | 30 7181 , !
10 ‘ : e L

102 . : 34 36- 800 ” ); C» . 1
. 91
103 ’ ~ 34 | 36 9601 L, - . s v L
101

0+ |J L 84 | 36 27994 . . . e
- . 15
157 2 brakes. 50 | 367 | 887 L, . e
» 4 . . “ 9

226 to229) 3 brakes. . 66 120to31 252 | , onsteel ral ... W‘,

It will thus be seen that there is not any advantage in some instances in using sand on

‘the damp rail, and that in experiment 104 it was apparently of no use at all.

"53. Experiments 101, 102, 103 and 104 were carried out consecutively on the same
morning ; the fog-signals were placed at the same point in each experiment; and as the
vVehicles, therefore, ran braked over the same section of the line in each instance, it was to
have been expected that—the rail being roughened by the sand used—the vehicles would
have been pulled up in a shorter length each time, and the co-efficient of adhesion have been
larger. It was mot so, however, the co-efficient was greatest in the second experiment ;
in the third experiment the co-efficient was less than in the second, and the vehicles ran

* Experiments were made in the early morning at 6 and 6-30 A. a0, s0 that the rail was not actually dry.



..

(17) / V]

In reversing the engine and applying the brake, the friction obtained from an average of
eleven experiments was 55 OF "0914 of the weight, and the three experiments made on the
catch-siding show a co-efficient of i%; if para. 19 be referred to, it will be seen that
there is very little diﬁ'erence. in the result of the experiments on the brakes and on the engine.
In both instances, the experiments on the contrary incline of the catch-siding show a less
adhes:op than those carried out on the descending line ; and the bad effect of skidding the
wheels is also very apparent (compare experiments 241 and 246 with other experiments).

(16 )

160 yards further ; and in the fourth the co-efficient was as low as 15> and the brakes were
not pulled up until they had run 2,794 yards. There was no doubt about the sand-boxes
and pipes being in good order, for I stood on _the foot-board of the brake, and watched the
sand being steadily delivered on to the rail, close to the wheel : it seemed, _however, to
produce no effect. In the experiments also that were made with the heavy train the adhe-
sion was not always increased by sand; experiments 196 aad 197, where no sand was used,
giving better results than some of the other experiments, On the oiled rail its effects are
very appareat, for the co-efficient of adhesion was thereby at once reduced from i to & ;
though it may be noted that, on the same morning, on which this experiment was tried,—the
s oiled rail having been freely sanded from the two sand-boxes of the leading brake,—when
b the engine of the mail train (ascending incline) arrived at this part of the line, it was quite
A ’ e unable to move:1 itshload, 1amd it was f(zluild neces(i
. . __ . - sary to re-sand the rails from a san -lorry, an
Resistance of gravity 160&0 8,960 seny:i a second engine down from Lanowlee to
' 40 assist. If on this latter occasion the use of sand

}ggg on oil had developed an adhesion of ¢, the engine
¥

A i FOam by b

-Beyond these points, I do not consider that I am called to go into the further question

of the proper system of working the Ghits. Whatever system of brake-power be adopted,

" it ig essential, as laid down by Mr. Hawkshaw regarding brake-power in general, that it
-shall be equally under the command of the engine-driver and guard : both should, if possible,
have an independent command of the power by which a train may be stopped. If the

suggestions made in Mr, Berkley’s report of using Clark’s new continuous brake be carried

out, and prove successful, the whole difficulty is met; but if they are not successful, it is

very . probable that, by increasing the number of compound Ghit brake carriages, and attach«

ing a self-acting brake to all but first class carriages, safety in the fature working of the

. Ghit may always be relied on. L -

o

Resistance of load 110 x 14

» of engine  50x25 would have been able to move the train, for the

Total resistance ... 11,750 resistances amounted to 11,750 Ibs., and ith-the

- = weight of the engine to 12,444 Ibs. (see para. 56

as to tractive power) ; but it is evident that, for the ascending train, the co-efficient was less . v )
‘ than this. - | . . . : ‘

9%. There can, I think, be no doubt as to the advantage to be derived from the use
of sand on a damp rail: experience has demonstrated this all over the world : but it is
of great importance that the sand-pipes should work ags closely to the rail as possible, as
in running round curves, owing to the swaying motion of the vehicle, the sand is often
thrown eclear of the rail, or very little is deposited. The sand-pipes used on the Ghat brakes
undoubtedly deliver well on to the rail, but not having a flexible end, they are apt to be
twisted by any imperfection in the permanent-way, and then, of course, become perfectly .
useless. . . o

55. As the co-efficient of adhesion is generally considered to be less on the ¢ 4

Steelmmil steel-rail, I carried out experiments 231 to
“ratls 240; from these it will be seen that the co-effi- ’ : Jj'

cient varied from _§7 to 710, which is a decidedly smaller co-efficient than on the ordinary %
rail.  When sand was used, the co-efficient varied from % to 1 the average being 7y The
Y. {0}

subject, however, is not of much importance, for whatever brake-power be eventually
provided to meet an extremely slippery condition of the ordinary rail, will be sufficient, to
allow for the slight loss of adhesion that there is on the steel-rail. - S
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56. Regarding the rolling friction of the engine, the experimeuts, 241 to 264, show
Rolling friction of enct that this is greater than what is generally esti-
otling friction of engine. mated. TIn 24 experiments (241 to 264) the

friction varies from 101Ta tol of the weight; 21 of these results are derived from experi-

ments made on the descending line, the engine being allowed to run as a carriage, and
the remaining three from experiments in the catch-siding. The former give an average
resistance of 286 Ths. per ton, the latter of 23 thg. : everything, of course, depends on the -
description of the engine and 1ts condition. . The engines esperimented on were the 8-wheel
coupled tank engines used on the Bhore Ghit—diameter of wheels 48 inches, of cylinder 18
inches, length of stroke 24 inches. As the friction appeared rather large, I endeavoured to : K
test it approximately by the load of Ghit engines, that a Ghat engine would draw on the . ' ;
*level. The pressure of steam was 120 1bs, and _the weight of the engine 49 tons; its : ' - » A ’

traction power would therefore be w = 19,440 Ibs.
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Traction power . ioh
then, load an engine will drag = Resistance in Ihs, > 07 Weight,
per ton. *
Traction power
or resistance = Load 4 weight
of engine, , ' 4

oA fvmre @ mh il

It was found that the engine could drag 14 Gh4t engines, weichine altogether 560 ‘ ' \

at the rate of § to 2 of a mile an hour, I'have no doubs the engtine would have done mtgx::, ' 7

. but the strain on it was so great, from trying the experiments both on dry and on an oiled
rail, that it was not considered advisable to continue the experiment.  Allowine however

that the load was 600 tons, the resistance of the engines dragged was 7;3%’ or a&,)ut 30 Ibs.’

per ton, and the adhesion sli: The oiling the rail made no difference, except that more time

was taken to move the load ; the wheels slipped, and burnt up the oil; the engine thep

moved forward slightly, stopped again, and so on, until the distance wag accomplished,
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Experiments on Brake-power carried out on y
i ) BEFORE BRAKRS WERE APPLIED.
L. £ Vehicl i Brake-
Efp‘::lx)::ng. Descnpt{g:hit::le&e ‘9% | State of Rail. po:e?t? * Distance run, I;I?;ght S-?eed iel:' - !
: yads. LRl | bour,
i L ,
‘.’ B
"1to .6 6 | Lorry, weighing with | Dry All 650 | 4886 ] 264
load 1,712 1bs. dia-
_meter of wheels. -
7to 12 6|  Ditto .| Do. Do. 650 [ 4886 | 2566 i ‘*"’v ‘
13to 17 5 Ditto .| Greased with | Do. .. 650 48-86 26 ! ]
cocoanut oil., '
18to 24 7|  Ditto .| Do. . | Do. 528 396 2368 ‘
25 to 34 10 Ditto ... { Do. Do. 594 4455 2466 ] j
35to 38 4 Ditto .| Do. Do. 594 44-55 2466 . R
89 1|Ghat Incline Brake|Damp ... | Do 660 | 495 | 257 ‘
weighing 10 tons ‘
3 cwt. 1 gr.
39t0 45 7 Ditto .| Dry Deo. 660 | 495 | 2879
1
46 1 Ditto- .| Damp Do. " ... ‘ 3375 b o=
_ Kicked overIncline. ‘
46 to 49 4 Ditto .| Dry . | Do. 3443 3
50 to 53. 4 Ditto . | Do. Do. 660 495 2812 :
54t0 59 6|  Ditto .| Do. .. | Do, Kicked over Incline. | 3375
' 1
60 1| Ditto Damp ... | Do 660 | 493 | 327 i
61-1 Ditto ..1 Do. Do. 1,056 | 792 409 4
]
62 1 Ditto .{ Dry Do. 616 { 462 321 J
p
63 1 Ditto .| Do. Do. 638 | 4783 | 380 o]
64to 66 3|Ghat and Main Line| Do, Do. 660 | 495 | 207 N
Brakes" weighing k
T.C. Q T. C. Q, :
. 10 2 2and 6121, R
67t0 69 3|  Ditto .| Do. .| Do. 660 | 495 | 207 | . N )r ‘
70 1}2 Incline Brakes ...| Do, Do. Kicked over Incline.| 36 A § -
71 1|  Ditto .| Damp Do 660 | 495 | s103| 1
il
72 1|  Ditto .. | Do. Do. 990 | 7425 | 34 iy
: o
78 111 Incline Brake ...{Oiled rail ... | Do. 660 | 495 | 327 i
3 ‘j
74 1| Ditto .| Do. Do. 1056 | 792 | 409 3
731 Ditto .| Do. we | Do. ... | 409 ;
‘ Kicked overIncline, %
76 1 Ditto .| Do. . | Do. ‘ . 42:8 1'*5

v yapnai s 33,
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Gradients of 1 in 40 and 1 in 350 on the Bhore Ghdt.

. APTER BRAKES WERR

APPLIED,
ng Friction of Brak Date of Experi
ietd riction o 3 ate of Experi.
DistanAce run, g%igl:t nc;::n, . &e, e ment, P Rzmng
yarda. . feet. ’

87 6525 7—;—3 a—-]a" 8th December | Wheels skidded.

56} | 4237 o L 8th  do. Do. not skidded. .
344 |-258 _7‘; ﬁ 9th do. Do. skidded on oiled rail.
288 | 216 1 1 10th  do. | Do g

214
372 279 7;——.5 _513_ 11th do. Do. not skidded on oiled roil,
242 | 1815 e 1 11th  do. Do. skidded on do.
18
396 297 ,2_213 13th do. Do.” do. early morning ran
190 14-23 Q% 1_&171 13th | do. Do. skidded.
443 33925 o 1%77 13th do. Do. do. éarly morning ron,
241 18075 % 13th  do. Do. da.
127 | 9525 1 1 13th  do. | Do. ot skidded.
89 108
179 13:425 .- ulTs 13th do. Do.  do.
200 15 l—lﬁ _]% 5th J anuary. | Early morning run.
908 | 5844 ey = 5t do. | Do o
171 | 128 .y Lo 118th  do,
. 1 1
168 | 126 | L L 18th  do.
153 | 1147 & L 14th December. | Not skidding.
132 99 1 1 14th do. Skidding.
) 108 ; ) .
220 | 165 - 3rd January.| Do.
‘264 19'8 ilIT l_;_ 12th do. Do. early morning run.
A% 1 < Do. do. - do.
. 4§6 3645 %‘ = 12th do. 0. 0. o.
363 | 27225 L = 5th  do. ) Railolled from point of appli-
s21 | 30075 | 1 i 5th  do.
: 36 7
671 | 5016 L 5th  do.
627 4700 _1;. 5th do.
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Experiments on Brake-power carried out on y /g Gradients of 1 in 40 and 1 in 50 on the Blore Ghdt— (continued).
: - W AFTER BRAKES WERE -
BrroRE BRAEKES WERE APPLIED. . g 3 APPLIED, '
Prake- é ) g?lilngg, Friction of Brakes, | Date of Experi- REMARES
Number of | Description oflVehicle or | State of Rail. | powerper Dist o | Heisht Sp(}‘ed eir“ i Distam:l run,’ ’fi‘;;g':"’ &e. &e. ment. -
Experiments. Vehicles. cent. 18 ““cg ru fullen, miie P £ yards. fee b.’
yards. feet. hour. 1
§
: ) e 1,100 759 L L 18th Januar Immediately after th
1 |1 Incline Brake ... | Oiled rail ... | All 616 | 462 | 321 . o , 13 D : TN expericents ‘train with
7 ’ ' : : S 1,562 | 103 95 ! 1 18th  do e nclime e iy orked
738 1 Ditto Do. Do. 638 4785 30 ’ <] ’ . * 41T &7 ) ﬂgeénﬁzgfrttoxﬁ:ufgu&
25 | 80 'I‘,;" ‘ 299 | 995 R 1 23rd December o
79and 80 2 |3 Incline Brakes...| Do. Do. 638 4785 v ‘1 L 1
‘ D Do 660 | 495 | 8214 T 385 | 23875 | 1 23rd o,
1 Dtto (X2 0. . . N l %
o l : 16 98 591 4425 L 2 22nd  do. )
82 1 Ditto Soaped Do. 220 | 16 ] - 9 % _
83. . - o . Do, 352 1 - 264 2093 95 7123 L;J‘Li 1_13 22nd do. }Rail re-soaped after each run,
r 3 . - 9
84 1 Ditto Deo. Do. , 638 4785 3103 ' 185 | 13-873 ];2, 315 22nd  do. )
: 2 b 1,848 1 Less than 1 |15th  do. |Earl ing run ; veloe:
85 1| Ditto Rl damp... | 33&66 | 600 | 495 | 327 - | e then g s e Sy
i . rate of about 22 miles an
- . hour ; as speed then showed
: " no diminution, another brake
3 a8 put t 1,3
‘ »‘ ::ﬁdg:lai;";m?led ugoigagdfs,
:g yards.
’ :‘ )
: *1915 ~% on L. o
. . vy ess than i 1 15th  do.,  |® Speed diminished i
86and 87 2|  Ditto . Do. 33 & 66 { 23,08} o o both cases to a very  lom
R less than 2 ;peed of 4 to 5 miles an
« our ; train would
" > i npé::b::ir:ozabl? dis:'::cel,mslo}
T 2n e was applied.
85 2 . 1 '
88 1| Ditto ... | Dry 33 108| 1485 | 18 } 228 1 171 ! i 17th  do.
.4 - .
8 1| Ditto. .| Do. 33 900 | 165 | 1875 ; 2591 195 5 L 17th  do.
‘ : : ; 688 | 1 RS -
90 1 Ditto Do. 33 264 | . 198 2093 51'18 3 o3 17th do.
91 1 Ditto Do. .| 33 40| 3% 2812 o 1214 | ga74 L L 17th -+ do.
" 0a. : s 690 : 1 1 -
92and93 2|  Ditto Do. .| 383 440 | 33 29 4 513 o .y 17th © do.
. 85 Tk 488 . A 1
94 1 Ditto . | Rail slightly 33 264 | 198 1985 » : 366 5 T | 21st do.
damp. ‘ d
1
94 1096 3| Ditto Dry | = 264 | 198 | 198 o 3331 24075 | 3 2Ust o | Tl cleaned by run 04
’ ‘ e 4 '8 < ‘ Co - ~
97 t0 99 3| Ditto Do. 33 418 | 8135 | 2547 {;\ 340 | 40'5 iy L 21st - do.
. Q% : { 92 . : 1 :
100 1| Ditto . | Dry rail sand-|{ 35 638 | 4785 | 3333 ; 692 | 5142 | L L3 220 do. 7
: ed. L 1
N 4
. 495 30 g 718 | 5298 L 2 20th  January
101 1 Ditto Do. ... 34 660 l 5 = L ot o -
: ‘ 36 5 - 800 | 579 1 20th do. one g::ke.to 4 whecs o
102 1 Ditto Do. 34 “ . ! Wi 2 .
103 .1 Ditto Do. 34 jKickedoverIncline- 36 [ 960 | 675 o1 20th  do.
. . . 1
104 1| Ditto Do. .| 3% L 36 r 2,79+ 11908 % 20tk do. |
[4 N
. . - d Lrd 9. 1 <
105 1 Ditto Soaped rail| 35 638 | 4785} 3103 H 1,370 | 921 & <3 22ndDecember
sanded, ) 5 -

;;?’fi- "‘rr"w 4&, YW e
e

P S Ty
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Exrperiments on Brake-power carried out on

BEPORE BRAKES WERE APPLIED,
£ Vehicl i
b £ Descripti icle or H . . .
Experiments. | Vebics | S0 OB | PR s ran,| Tt | Speed in
yards. ?'eee t?’ houg.
106 1|3 Incline Brakes ... | Soaped .. 33 198§ 1485 18
1070109 3 Ditto " Do. 33 220 | 165 | 1873
110 1 Ditto Do. ‘33 964 | 198 | 2093
11 1 Ditto Do. .| 33 08| 231 | 2195
112 1 Ditto Deo. . 33 352 | 264 22:50
i
113 1 Ditto Do. 33 896 | 297.1 2432
14&115 2 Ditto Do. . 33 440 | 3% 2647
116 1 Ditto Do. 33 484 ] 363 | 9812
* 117 1 Ditto we| Do.. 33 528 | 3896 29
118 1 Ditto Do. 33 572 | 429 30-
119 1 Ditto w.| Do. 33 616 | 462 31'3
120 1 Ditto  ..| Do, .. 33 660 | 495 | 313
121 1 Ditto Do. ) 35 638 | 4785 |. 821
122 1|3 Incline Brakes| Do. 36 . 330 2475 1 225
N T. C.Q.
weight 30 8 0.
123 1|(5empty vehicles| Do.  ..| 36 396 | 297 | 2571
- T. C. Q.
weight 25 11 0 &
124 1( 3 Incline Brakes. |Oiled 33 - 63 4785 33:33
125 1 Ditto Oiled & sand| 33 638 |~ 4785 | 3214
to leading
brake.
. T. C. Q. .
126&127 2|5 Wagons 2511 0 | Oiled 36- 616 | 462 30-00
/ and 3 Brakes : ‘
T. C. Q. .
30 15 2.
‘ T. C. Q. : ‘
128 1] (3 Brakes 30 5 0 Damp, first 48 616 462 277
and 6 Wagons| runin morn- ‘ ,
T. C. Q. ing up lane
33 13 0. damp, |
120 1|; _ Ditto Do, 48 836 | . 5214 | 30
130 1 Ditto Rail now 438 616 462 29-
- drier on _
down line.
181 1|{ Ditto Do._ 48 Lo12 | 759 | 3913
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Gradients of 1 in 40 and 1 in 50 on the. Bhore Ghdt—(continued).

( 23 )
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AFPTER BRAKERS WERE

REMARKS,

B T

N LY

R Ak e ¢,

WU

Velocity of train was bronght
down to 4 to 6 milesan hour,
but brake-power would not
pull up the train, which wounld
only have stopped on the 1 in
330 at Khandalla,

Experiments tried on a dif-
I ferent day to 121 ; result
_exactly the'same, obliged to
.put on 3rd brake to avoid
running on sand.

Velocity of train brought down
to 8 or 9 miles an hour;
pulled up by 14 chains of

. sanded rail.

First morning run; clean rail.

Vechicles braked on a fresh
length of rail.

APPLIED,
Rolling . .
friction, | Friction of Brakes, | Date of Experi-
Distance run, |Height fall-| . &e. ment.
yards, en, feet.
490 | 3675 2 S 1 18th December
148} 13
253 18975 1?19 ﬁla‘ 18th . do.
238 | 1785 1 1 18th do.
o 1537 8 .
. 1
280 21-00 1_;2 Ty 18th do.
o= 1
347 | 26025 ﬁ—l 87 18th do.
494 3705 113 1—("—1 18th do.
- 1 1 .
533 | 39975 &3 57 18th do.
557 | 41775 | L i 18th  do.
699 | 5184 i + 18th  do.
753 | 5508 | L 5 18th  do.
1 i
934 | 6594 & T 18th  do.
- . 1 1
More 863 618 1iad 9 18th dO.
than 1,900 1 Less than 1. | 20th do.
144 i 14A
* Do. 1,900 2 | Do’ Loloand  do. |
) 26 16
Do. 1,900 .1_;_4 Do. é& 22nd.  do.
L Do. L 123rd do.
180 14 ‘
710 | 52+ L 1 using sand [ 23rd = do.
1 . onoil. ;

Mean 832 { 5983 s - 3rd January |’
1,302 § 8804 910 ElTs 17th do.
1\,069 7753 %3 ]:7 17th . do.

e [ 1 ‘
337 | 25275 17)13—-0 % 17th do.
893 | 576 L 1 17th do.
1223 183

Down rail had been ran over
by goods train in early .
mornin'g.
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Ezxperiments on Brake power carried out on

BEFORE BRAKES WERE APPLIED.

Speed i
Distance run, 'Height fall- IE;Z( p:‘
yords. en, foet. hour.

Brake-
Number of Descnptmn of Vehicle of | giate of Rail. pow:r epel'
Experiments. Vehicles. cent.
132 1] 2 Incline Brakes ... Damp; ‘eh" 4975
cles braked
on a fresh
length  of
rail each
time.
133 1 Ditto .| Do. 4975
13¢ 1 Ditto ... | Do. 4975
135 1 Ditto ... | Do. 50
136t0138 3 Ditto. ...| Do. 50
139 1 Ditto ...| Do. 50
140 '1 Ditto ...| Do. 50
141 1 Ditto ...t Do 50
142 1 Ditto . {Damp, 1strun 50
143& 144 2 Ditto .. [Drier 50
" 145to147 3|  Ditto e {Dry .| 50
148& 149 2 Ditto ... | Do. 50
150 1) (i Soaped 55
151 1 ‘ Tramconalstma Do. 55
‘ of 3 Inchne
152 1 Brakes and 5 | | Do. |t b5
| wagons.
153 1 T. C. Q 4| Do. oo 55
Brakes 30 8 0
154 1| Empty wagons Deo. 55
I T. CQ
155 1 l 20 11 0 || Do. . 53
156 1) U Do. 55
157 1|2 Brakes .. Dry, withsand, . 50
158 112 Do. W.and X. ’ Oiled 50
weight 20 tons.
159 1| Train consistiﬂo of Do, - 54}
T.C.Q | - )
3 Brakes 3013 2&
T. C. Qi
5 Wagons 20 11 0
150 &161 2 Ditto ... | Do. 541
162 1|  Ditto ... | Do. 541
1631) L2 Ghiat  Incline
Biakes, weighing > Dew i 5
164 1} 10 touns each, b} " Tall"“ 50

660 | 493 | 30

o i "
924 | 693 | 373
900 | 6501 | 3214
814 | 6043 | 333
814 | 6048 | 3¢

660 49'5 3214
242 1815 | 1837
264 198 2045
286 | - 2145 21-68
198 1485 | 176

- 242 1813 ¢ 20
286 2145 | 18

330 | 2475 | 225
396 | 297 | 2368
528 | 306 | 2647

628 | 471. | 29

Kicked over Incline.| 367

616 | 402 3i

462 | 3465 |1 2647
462 | 3463 | 2571
616 | 462 | 293

3461 {
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Gradients of 1 ia 40 and 1 in 50 on the Bhore Ghdt—(continued).

) U

APTER BRAEES WERE

APPLIRD. ,
Rolli
friZti:::E Friction of Brakes, | Date of Experi-
Distance run, |Height fall- &e. ‘ ment. 'Bm‘“z“.
yardg, en, feet.
= 1
1,694 |11385 102 5—1——1,‘ 11th January
) caox | <1
1,851 |125:625 12435 % 111th  do.
‘ 1
l‘)' .? —_—
1,146 | 6222 | @3 a5 11th  do.
. 1
. 2,646 13663 104 7 2—:—2 14th do. Skidding.
Lrd - 1 ‘
Mean 877 5389 TR _l_ 14th d +{ Not skidding, but rail cleaned
; . 162 0. by previous run.
{1848 23 ’
2,630 4 1823 205 Srd  do.
1
1729 (11655 | s 1
7 1655 | @3 X 3rd do.
- . X
970 | 681 v - 23rd December
1650 (11035 | m 117
,00 99 132 i%‘i 17th  do.
- 15375 1
203 375 | i i 17th  do,
148 | 11825 | @r ‘
4 325 | 1t o 17th  do.
yow o 1 ) . ’
330 2475 160 ae 17th  do. Tried Dot skidding, bot brakes
s 1 ‘ would not act.
143 10725 138 ﬁlﬁ 20th do. First run in morning.
10-
130 2 L o 20th  do.
159 | 11-925 Elo‘ _1_13_ 20th do. Velocity in this experiment
iy 1" 158 ) ) o rather doubtful.
b5 J % 98 20th dO.
- . 1
176 | 132 1 s 20th  do.
B By HY
223 | 16725 | 1. i 20th  do.
9.9mx 1
297 22:275 | 9%6 03 20th  do.
8 025 ! d
387 29025 - 3rd January . | Witheand rear brake skidded
:nt"l; sanded ; front runmning
eet.

3 l%a_ Indeterminate, 93rd December Rail ;va's only oiled for 1,012
but much less Yas st%::n;gﬁe(zil“:;ceéymg
than + chains of sanded rail.

1
1065 | 758 L P 3rd January
1
434 32:55 i%_,; s 3rd do.
1
560 49 1—105 s 3rd do.
1 .
834 6114 . 187 12th February
. \ 1 Experiments made by Mr.
LI74 o . o5 19th do. Bell in my absence,
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Experiments on Brake-power carried out on ’ui | ' Gradients of 1in 40 1 in 50 and on the Bhore Ghdt—'continued).
BEFORE BRAKES WERE APPLIED. % Amnﬁﬁiﬁfﬁ. WERE
Brake- , C Rolling
: tion of Vehicl Rail. | power per i Sneed i . o ) rlc'tlon, Friction of Date of Experi-. REMARES,
bl R R e e e ko U
-\ 26 . ' )
165 1 |Incline Brake weigh-Damp, Ist run. 60 660 | 495 o ‘ - 778 56 58 = - | 11th December. .
T. C. Q. ] , .
ing 10 2 2 & Main ; c Brake skidded.
T. C. Q. : - . . E.
Line Brake 6 12 1 ' 1%
: : ' 5 1 28123 o R | 5 1
166 to 170 5 Ditto ...Dampand dry) 60 660 | 495 - , 7 | 358 . o 11th do. J
. 195 | 2900 |* - e 12| oese | . | 2 .| Bail cleaned by previous ex-
171 to 176 6 Ditto = Dy . .. - G0 660 495 ' , i 3 . as - |1th do ;;ﬁ;em;wh 'y previoas ex-
, ' i
. . : w4 ’ 1
177 13 Incline _ Brakes| Damp .| 66| ~ 660 | 495 | 3333 £ 940 | 663 | L 1 (15 do ]
W,I,X—Wd&Ion : K i ;
T. C. Q. - MR . o
total weight 30 9 2 & x ‘ ) [ Tried not skidding.
. DA & s .
178 | Ditto Do, 66 660 49'5 3214 5 4 594 4455 l_;:o i 15th do.
. ‘! ) ,‘} R
179 1|  Ditto -« Dry .| 66 L v | 20044 e 114 8550 .. |- %, |15th do. Skidding; ruil cleaned by ex-
180 1 Ditto .l Do 66 198 1483 | 1764 ] 106 |- 793 = = 15th do. Do. do. do.
, 4 , P | o
181 to 184 4 Ditto «..! Do. o 66. , 220 ' 165 18:37 . { 168 126 1%7 % 15th dO Wheels just revolving.
185 & 186 2 Ditto ...| Do. 166 264 198 | 2043 %f 128 96 Ry o 15th do. Skidded on and off.
187 & 188 2 Ditto ...| Do. .| 66 308 | 231 | 2198 P 112 84 A A 15th do. | skidded.
189 & 190 2 Ditto wiDo. .| 67 |- 440 | 330 | 2647 b 140 1 105 | 1. = |17th do. Do.
191 1 Ditto ... Do. w67 | 660 | 495 | 300 N (285 IT62 | L o 17th  do.. Do.
192 1 Ditto - ../Seaped ..| 66 | .38 4783 3214 E, 286 2045 L o 22nd do. Do.
1931  Ditto  ..[Olled .| € | 633 | 4785 3214 £ 586 | 4395 | 1 W 23rd do. e tion ot oy Fointa of appli-
. TR
X : P e
° . - v ¥ 3 3 A : .
194 1 Ditto - «{Do. .. ' 65 IKicked over Incline...| 4100 :f , 664 498 el o 23rd  do. Do. do.  do
195 1| Train of 200 tons, Dry ...130and 35 . o 295 ry . 1,540 1023 vee Less thun i‘l 4th February. Es:;glio?rikl. brake braked;
including weight ' : F é ) ( \ '
- of engine. L
196 1 Ditto <o Do. o 33 . 225 i 594 4455 a5 4th do. Engine snd. 2 brakes braked
3 . . - no sand.
' ' l , §
1971{  Ditto wlDo. Ll g0 | L L e 3 o 016 | 462 7 #h do. | Engineand 3 brakes braked;
- - . . ::i N ,
. « ) 528 396 - ~
: 198 1 Ditto | Do. . 40 ' ces .I“ 28125 - }i . s 4th do. Engine and 3 brakes braked,
- : F A sand to ergine,
. 1 ' . g : .
: " : : , 380 85 " St 4th do. ngi ;
1L Ditt Do 50 wo|ews T | ' B ° st eagine, i braked
e L ’ Y B B " 5 . L . . i 5 brakes braked ;
200 1 Ditto «.| Do. 50 v 28125 . 332 264 107 b do Esl;i;et?ingiggnaﬁi Smp:irs
. . B K K of wheels.
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Catch-
. On Marx LixB.
. : . Brake-power . iSpoed in mile
. . serinti £ Vehicle £ Rail. . . ) o foot
No. (:!f"eix.pen De@cn(r;r {‘7‘;}1(;0168- State of Ral _per cent Dmta;?s H:;gh: e::.“ ;:}r M:i!nai if\‘;
rum, yaras ’ Incline.
. ve- A (
- 901 1 |2 Ghéat Incline| Dry Nqn;a : V(; 528
Brakes, weigh- hic e; at -
ing 20 ton. lowed to
° run till
theycamz
toa stand. L .
' 34 25
902 1| Ditto  ..|Do.  w.] Do ..} 528 1’
203 1 Ditto ... | Do. .| Do. ... 528
204 1 Ditto Do. w.| Do .| 528 |) L
— Dowx GraT INCLINE.
No. of Experi- | Description of Vehicle] ¢ .. o¢ Rail, Brake-power . ) Speed in mile
¢ ;em:pen or Vehicles. tate of fia per cent. Dl:;?: % Hsifh:'e?tl.l. ;;efrg{(::;aﬁ'z:t
Incline,
205 .1 |1low-sided wagon | Dry N o (| }mile 66 3855
filled with earth, _§
weighing 10 tons. ' £ ’
=
S 9-
. 206 1 ; . Do. 3 3 do. 99 | 4219
ks
207 1 . . Do. . .g § do. 99 4792
c]
g ’
32 58
208 1 Do. e g 1 do. 13 . 586
: 0
209 1 - = 11 do. 165 586
| 3 .
&
210 1 e e e @ | 1} do. | 181 586
. \? a 4 . ! |
o .
211 1 - wee A 28 {1 o} 180 | , 586
g2 .11 - - o
[ ‘
212 1 see e LITY YY) ’ 'ﬁz 1% dG. 212 R 61.36
= ‘
My = R , ‘
- 213 11 .. .. g5 || 2miles| 244 | * 6136
| 7 3 ' .
, 5% .
' . o :
; 214 1 e —g% 5§ do. | -300 586
; 215* 1 |6 low-sided wagons | Catch-siding iCh- 5 do. | . 621 | 17500
; filled with earth,| oiled. g4 - : '
‘ each weighing 10 t0.5 .
: tons. ) B L
' i ]
-

o et
Y SRR TR DRR N
.

# N, B.—The line was blocked (except for experiment 215)
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(29 ) e
siding.
Ox CoNTRARY INCLINE OF
CATCH-BIDINGS. Rolling :
) . : friction, Fnction&t:: brakes, Date:li;nié.xperi- REMARKS.
Distance run, { Height gain-
yards. ed, feet.
634)
664 661 1776 T+ cereve st February. Vehicles ran $ill they came to
rest. ,
666
)
O~ CoNTRARY INCLINE
op CATCH-SIDING. | Rolling | Distance up | Height Rolling
fri(:;;ion, Main Line up ° |friction, . .
- t fi Mai - i
Distance | Height |sistancs | catehaiding, | Line, | sistanes | - o P ment FrARES.
run, gained, of air. yards, feet. | of air,
yards. feet.
1,012 30-12 T © 180 / 135 =+5 | Experiment on 5th
January. j
1,068 | 4088 | o] - 264 (198 | 1o Do.
1,094 4720 | 35 291 21825 i+ 6th January.
1,100 | 4869 | 25| 824 243 | iy 5th  do.
1,121 54-78 o5 375 28125 1o 5th  do.
1,126 56-60 TF. 390 2925 | - 45 5th  do. Between the 14 mile and
' i 1} mile on the main
li;xf tl;ere is a length
1,127 | 5696 | .54 | 363 [27225 1p| 6th do. ot fevel of 10 chuins
1,133 59-28 w3 343 261 Ty 5th  do.
1,144 | 6349 | - % |Experiment| o | ... 5th do,
. lost. ’
1,148 6559 7T Ditto. . 6th  do.
‘Whole More | Inde. . e Ran to end of catch-
“ length | than [termin- siding into bank. The
. b ST e
’ 1=
1,276 159-60 : nutes ; three wagons
smashed ; velocity was
taken over a length of
88 yards.

" between 25 and 3 miles, owing to a tunnel being under repair,
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Calck-
Oy MaiN LiNe.
Sumber of | Description of Vebicl s | Brake-power -
é\xl:)':rige:t. escr(:; \?e'hi(::les.e ‘€| State of Rail per cent. Distance | Height pelp ;on:na? )tl'o.:)t
run, yards. | fallen, feet | of Main Line
Incline.
216 1|2 Ghit Incline | Dry Allon .| 528 )
Brakes weigh- :
ing 20 tons. 3
>34 2571
217 1 | Ditto Do. Do. 528
218 1| Ditto e | Do. Do. .| 528 |
219 ° 1| Ditto Do. .. | Do. .. 704 )
220 1 | Ditto Do. Do. .| 1704 :
. - >47'2 304
221 1 | Ditto Do. v.. | Do. e 704 1
222 . 1| Ditto Do. Do. 704 )
223 1|2 Ghat Brakes | Oiled on con- | Brake put| 528 |
Wand H: traryincline.| ontoW
tons. ewt. 50 per ,
W ...10 0 - cent,
H .. 10 2 L34 2647
224 1 | Ditto Do. . | Do, 528 '
225 1 | Ditto Do. Do. 528
226 1 | Ditto Do. Do. 704
|
227 1 | Ditto «« | Do. .. | Do. 704 {4472 30
|
228 1 | Ditto Do. Do. 704 |
229 1| Ditto Do.. .. |Do 836
‘ . ' }57'1 32:14
230 1 | Ditto «e | Do. Do. 836 )
. Steel Rails
) BEFORE BRAKES WERE APPLIED,
Nnmper of Description of Vehicle . Brake-pow —
Experiment. or Vehicles. State of Rgll' ';’Z'e"g‘)t' - Distance Height | Speed in mile
run, yards. | fallen, feet. | per boar.
231 1 | 1InclineBrake, W Steel-rails, 1st | All 2571
morning run, |
232 1,1 Ditte Rail dry ... | Do. 30 -
233 1|1 Ditto Do. ..lDo, 347
234" 1 {1 Ditto Do. .- | Do. 347
235 111 Ditto Deo. v | Do, 3214
236 1|1 Disto Do. e[ Do. 8333
237 1N Do. r 66 660 | 47-19 31-
038 ) 3113 nclin e ' l
rak . " 99.
b “e;s Do. “’ith/ 96 660 ‘ 47-19 29 .
=0 1 ' Sand used to 7 | | Do, { s20d. 66 660 4719 31
wheels,
240 1 Do. j U 66 660 | 47-19 30-

o
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siding.
ON CONTRARY INCLINE OF
CATCH-SIDINGS,
Rolling fric. [ Friction of Date of Experiment. R
Distance run, |Height gained, tion, &e. Brakes, &ec. *p EMARKS.
yards. feet, . :
79)
> 80 1:45 L 2 N )
84 132 j}z~4
77 ) |
1st February.
101" Fosy Tebruary.
99 '00 ;
+107 2 =3 Y
119 12 J
110
181)
4 Vehicle braked on contrary
incline.
. 1
182 33 X S
- 180
186
2787
2nd February.
. 1 1
274 #2173 39 i -
258 ]
334 -
343 43 1 1
352}- ne * ) J
on 1 in 40,
A¥TER BRAKES WERE .
APPLIED. . . .
fR.oltl_iug Fli;c;ll:z:gof Date Ir;fmf‘;;xpel'l' REMARKS.
Distance run, | Height fallen, rievion. )
yards. feet.
. 1 \ Skidding ; ran over ordinary rail,
210 1575 e v 4th January ‘ ;ndlzgakes puton on arriging ;t
steel rails.
15 L | 4th  do. Ditto
210 1575 . L 0 '
251 18:-825 IT 4th do. Ditto
. 1 :
998 171 L f4th  do. Not skidding.
220 165 17 4th . do. Ditto
12" .
’ Front wheel running free; rea
308 231 . > 4th  do. skidding, 8 ’
336 Ry
] ( 153 ] ( Skidding in all cases ; vehicles
250 | I 1 , ran free;‘ entiro(liy3 Oth;'longh
104 [ 40 an cl
252 18-94 e e 1—01,-, 20th  do. J radius. Mean time of run:l?:;
224 . 1 : } 660 yards exactly the same
l 132 L as on straight. .
3 .
108 U & U
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