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SOME EXPERIENCES WITH A DRAGLINE EXCAVATOR,
By R. P. HADOW, M. Inst, C, E.

Objest of ti.e paper—General Conditions—Special Conditions—The condi-
tions examined—Moathly Outturn—Examination of Monthly Ouattorn—Finish-
ing off the work —Lessons to bz leamt—Cost—Conclusion.

Object of the paper.

" This paper is not intended to be a description of dragline excavators
nor does 1t contain any advice to those about to purchase such plant ;
the object aimed at 1s to detail the actual cost of working an excavator
in one particular case in order that others may be in the position of
knowing what their own costs may be in such work. An attempt
is made to indicate the amount of success and failure attained,
and how particular conditions affect the work, in order to obviate the
expensive necessity of buying this experience : in short, the object of
the paper 1s to put in the possession of others the experience gained in
order that when occasion arises they may be saved some doubtful guesses
as to estimates of cost, be able to anticipate difficulties before they arise
and in particular be in a position to visualize how any special conditions
will affect costs, methods of working, etc. It is, therefore, assumed
that the members of the Congress are acquainted with the dragline ex-
‘cavator and have a general idea of how it works ; many must have seen
them working or have read descriptive articles in technical periodicals
dealing with the excavator in general.

It may be at once admitted that the costs are not given in the detail
originally intended : it would no doubt have been interesting to have
had full details of the staff, amounts of coal, oil, water, etc., used daily :
it is, however, not possible to give these figures for reasons detailed later,
and it is further doubtful whether such details would have been of very
much practical usz. These figures must vary greatly with the conditions
of working, and experience shows that it would be unwise to generalize
about them ; it is probably best to indicate what conditions govern
the details, and this, together with the information gleaned from the
makers’ figures and technical papers, will be the best information for
t[:;e basis of calculations and enable the engineer to draw his own conclu-
sions.

General conditions.

The excavator in question is a Class 24 Bucyrus dragline excavator
which arrived at the end of April 1923, was erected and working at R. D.
30,000 of the Main Line of the Bikaner Canal by July and finished at
R. D. 83,000 at the end of March 1924. - This excavator was provided
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with a bucket containing 3} cubic vards for work with a 100 feet jib,
and another bucket of 4} cubic yards capacity for work with the jib short-
ened to 85 feet : the latter combination was used throughout. The canal
has a bed width of 52 feet, side slopes one to one ; the digging varied
from about 41 feet to about 11 feet and 1s generally about 73 feet deep ;
the balancing depth varied from 677 feet in R. D. 30,000 to 75, 000 to
5%5 feet in R. D.-75, 000 to 83,000. The earth excavated is mosﬂy

sandy and httle could be called hard.

Special conditions.

«  As the canal is to be lined eventually, it is necessary that the bed
and slopes should be dressed accurately. The water-supply was abun-
dant and sweet in the upper reaches of the digging but became more
and rhore difficult to obtain from surface wells : the supply obtained from
tube wells was unfit for human use and for boilers, and eventually a
return had to be made to good water from the original source. As
a metre gauge track was being laid along the canal from the tail of the
Main Line upwards, part of the track was sent round by rail and laid down
along the canal from the site where the excavator started, so that con-
nection was kept up by rail with the coal and water supply and with the
workshops. A skilled erector, supplied by the makers, arrived with the
excavator ; erection was done under his supervision, and he trained
the operators, otherwise all the stafl was obtained in India.

Toany one who has had to make arrangements for dragline work,
it will be evident that some of the general and special conditions make
for good progress at cheap rates, whilst others influence the outturn in
thz opposite direction, It Is proposed to go into these in some detail,
Becaiios it i3 helievad that the conditions under which:the work fs-done
have a very great influence on the success or failure of the operation
and because, when the employment of an excavator for any work is under
consideration, it is necessary to go carefully into the conditions under
which it will work and which will be different in almost all cases. No
greater mistake could be made that to assume that, because an excavator
has done well or the reverse on certain work, 1t will do the same when
conditions are entirely different.

The conditions examined.

Bearing in mind the fact that a dragline excavator gives the best
outturn when the swing of the jib is reduced to a minimum, say about
sixty degrees, and that the deeper the digging the cheaper the rate of
excavation per unit (because the time lost in moving is less) and provided
that the jib is long enough to enable the spoil to be deposited com-
fortably, it will be observed that the canal is small and the digging is
moderate ; further, that in the reach where it worked it was sometimes
above and sometimes below balancing depth, thus leading to frequent
changes of section in the spoil. - It follows from this that the excavator
had to be moved many times a day, thus losing digging time, and that
the frequent changes of section from those where there was a bank only
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to those where there was a little spoil deposited at a lower level than
the bank and finally to those where adrain had to be left between the
bank and hicher spoil, all worry the operator, who has plenty to do in
digging correctly without considering the section of the spoil bank ;
and moreover an operator not fully trained dumps the earth so inaccu-
rately that a considerable amount of hand labour has to he employed
subsequently to correct his errors. As an example, in one reach it was
found possible to tell the operators to consider only the spoil bank and
to dump all the earth excavated on one side in that spoil bank only
without making any patrol road ; the result was more progress and a
better spoil bank.. ' :

It has been stated that the lining to be laid subsequently on the
bed and on the slopes to a vertical depth of nine feet needed accurate
cutting of the slopes and bed ; this was so much s> that it was consider-
ed advisable to allow the operators under training to dig only to within
one foot of the eventual bed, and later to within six inches of it, when
they became more expert. The slopes were roughly removed by the
bucket, and then correctly cut by hand labour when the remainder of the
earth was removed from the bed: it will be evident to all that such
hand work 1s the most expensive form of earthwork. Had the canal
not to be lined, it 1s believed that the excavator could have dug, when
the operators became more expert, with sufficient accuracy to make
further handwork in the bed unnecessary, and very little to be done to
the slopes. It is believed that a great amount of care and expense is
generally wasted on the accurate cutting of side slopes, often to be left
to be damaged by rain for vears before the canal is opened and in the
sure and certain knowledge that after the canal has been opened for a
year the side slopes will not retain the shightest resemblance to the care-
fully cut slopes at the time of excavation. ey

An abundant supply of good water, is, of course, a necessity where .
steam is employed. Bad water affected the outturn of the excavator
to an extraordinary extent as will be related later. It 1s unlikely that
water will be available along any alignment without carrying in some
places, and in this case it was fortunate that it was possible, without
increasing the cost of excavation in any way, to lay a metre gauge track
alongside the canal and thereby arrange for coal and eventually water, .
simply at the cost of haulage.

The expert erector was invaluable in the process of erection
and in training the operators ; but the process of training operators is -
a fairly expensive one as the outturn is comparatively small to begin -
with, and the digging and dumping of the spoil inaccurate. There is
evidence to show that the operators were getting more outturn and doing
better work as they became more expert, although this is to some extent
hidden by other factors. e

Summing up, it may be said that whilst the canal section suited
the excavator, the digging was shallow for a maximum outturn at cheap.
rates ; the accuracy in cutting the bed and side slopes to the correct
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sections necessary for the purpose of lining told against a large outturn ;
the bad water was against a good outturn and undoubtedly hard on the
engine and boiler ; the existence of a metre gauge track alongside made
the bringing up of coal and water as easy as possible; and finally
the training of the operators was in excellent hands. How far these
advantages and disadvantages cancel each other, it is impossible tossay.

Monthly outturn.
The statement below gives details of the monthly outturn :—
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July .. | 10,35,165 . 10,35,165 | 31 - 26 | 89,000 87| 84
Angust -. | 20,61,484 ' 30,96,649 ; 3] . 24 86,000 | 180 87
September .. | 21,40,179 52,36%28 | 30 ; 25 | 85,000 | 148 | @9
October .. | 20,36,087 | 72,772,805 31 ! 26 78,000 169 83
November .. | 16,95,183 | 890,68,078 | 30 | 221 | 75000 | 135 | 80
December .. | 17,23,341 106,091,419} 31 | 204 | 84,000 | 140 -1
January .. | 23,50,653 130,12,072 | 3! 251 | 92,000 | 234 | 99
February .. | 17,30,676 147,72,748 | 20 | 211 | 80,000 | 205 | 11-8
March -- | 25,17,571 IlT?,B@,EIB 28 224 | 112,000 | 218 I 8-6

Any one who reads to the end of this paper will notice that, in dealing
with costs, the total output 1s taken as 170,54,049 cubic feet, the difference
is explained by the fact that this latter figure is accurately calculated
from cross-sections of the work taken before it was completed by hand,
the former figure is based on daily measurements of the uncompleted
work and is necessarily a little inaccurate, The difference is not material
and not worth the trouble of distributing it over each month’s work.

The number of working days in column 3 needs explanation. The
excavator did not work on Sundays, when the engine was overhauled,
the boiler washed out and petty repairs and adjustments carried out :
this is treated as a non-working day and is left out of account. Simi-
larly such holidays or religious festivals when it was necessary to give
leave to the labour or operators are not counted as working days. All
other days, with the particular exceptions noted below, are counted as
working days, whether the excavator actually worked or not, even if
heavy rain stopped work, or a break down occurred, or, as often happen-
ed at the beginning, there was a failure in coal or water-supply, as such
stoppages are due to inefficiency and must be counted in to obtain a
true idea of the efficiency of the working of the excavator,
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There were, however, days which are not counted in when the exca-
vator did not dig ; these were the days when the excavator was passing
over parts of the canal which were purposely left undug for reasons
connected with the lining to be done afterwards. This 1s not a normal
condition and would scarcely apply elsewhere, so such days are omitted
entirely from the count of working days. The number of working
days so calculated is 2134 out of a possible 272.

Examination of the monthly outturn.

The monthly outturn varies from ten to twenty-five lakhs of cubic
fect of earth work ; an explanation of this is desirable and interesting
as showing how the various working conditions above alluded to affect
the outturn.

The excavator actually commenced to work on the 25th June, but
for the few days of this month the expert erector alone worked, testing
all parts and getting every thing in trim for actually starting excavation :
the period of working before st of July does not therefore appear in the
statement. In July two operators were under training and the crector
of necessity did a good deal of work himself. The excavator worked for
eight hours a day only, and the outturn per working day 1s, it appears,
a bit flattering owing to the fact that the erector was doing a lot of work
himself. The metre gauge track, mentioned above, had not arrived and
so a make-shift had to be made with tramway track, an expensive and
unsatisfactory arrangement.

From 1st August, the excavator worked for 16 hours & day and
almost exactly doubled the total outturn, whilst the outturn per working
day is more than doubled. The number of working days 1s reduced by
three, over and above the usual weekly over-haul, on account of the
delay caused in taking the excavator across an old inundation canal, in
flow at the time.

During September, when the progress was much as in August
the operators were both ill at one time or another and work was carried
on with difficulty during a fever epidemic. Up till the end of this month,
the supply of coal and water was run up on the tramway, which, as the
lead grew longer, gave a large amount of trouble and stoppages were
frequent. The number of working days are normal except for one
entire day due to a failure in the water-supply. The consumption of
coal per lakh of cubic feet excavated shows an astomshing drop from what
was seen to be the normal fizures of the preceding months, and no ex-
planation of this is forthcoming.

Early in October, a third operator was put under training and the
working hours extended from 16 to 18 hours daily. The outturn
showed a drop from September, although there was one more working
day in the month. The water-supply was moved to a nearer source
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during the month but continued to give much trouble until the metre
gauge connection was made about the middle of the month. With the
third operator in training and with the longer working hours it was ex-
pected that the progress would rise steadily from about 20 lakhs cubic
feet upwards.

The outturn per working day in November shows much the same
figure as for October, and it is to be noted that in November work was
carried on for the first time without the expert, who after October only
paid periodical visits. Two and a half non-working days were occupied
in crossing the Sukha Nalla, where the excavator had to cross on a high
“ made " bank and for safety’s sake work was only done in day light.
Coal consumption continued to be normal, but difficulty was experienced
with breakdown of pumps for the water-supply. The record day's
outturn of 1,40,364 cubic feet was done during the month.

December shows a slight improvement in outturn over November,
but owing to the few working days the progress is still below that of
August to October. Five Sundays, two and a half days for the Christ-
mas holidays, and moving the excavator over a lensth of one thousand
feet undug, account for the abnormal number of non-working days.
So far, progress was not altogether as satisfactory as had been hoped :
circumstances, in the shape of an abnormal number of non-working days,
conspired to keep the progress short of what had been obtained with
shorter hours, and even the progress per working day was not what it
had been, though to a certain extent the earlier figures are flattering,
the expert being responsible for some of the outturn. :

January with a good number of working days showed a welcome
return to a good outturn : the month’s progress and the outturn per work-
ing day was the best to date, showing that the operators were improving,
in spite of one entire working day lost in scraping the deposit off the
crown plate of the fire-box. The increase in the consumption of coal
was enormous, and was directly traceable to one or two bad truck loads,
for the last eight days of the month consumed an average of 10} tons
a day, whereas the consumption of the preceding 23 days only amounted
to 64 tons. During the month the source of water supply was moved
to a tubewell put down at R. D. 63,000 it was ascertained that the
water was brackish and expert advice had been obtained as to the * dope
required to make it fit for boiler consumption. This treatment was
not a success, as the boiler * primed " badly. Another trouble was
that if “ priming "’ occurred or bad coal was used, causing the fire-box
door to be opened frequently, the engine swinging round continuously
at a high level drew in cold air and caused the boiler tubes to leak.

February had fewer working days, owing to the excavator having to
move over two lung lengths without digging and also to the fewer days
in the month, The monthly outturn was again short of hopes and the
outturn per working day showed a disappointing drop. This is almost
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‘entirely attributable to trouble with the water from the tubewell above
mentioned. The treatment was given a prolonged trial and the
amount of " dope ' even trebled, but it proved quite useless, The
boiler “ primed " so badly that it was necessary to “‘ blow off” for
12 minutes in every hour, so that the water consumption went up from
12,000 gallons daily to 20,000 gallons : steam could not be maintained
though the coal consumption went up heavily, in spite of the use of picked
coal. In the end, the supply from the tubewell had to be dropped and
a return made to the surface well nearly 7% miles away. The moral
needs no pointing. ' .

March was the last month during which the excavator worked on
the Bikaner Canal, and work was closed down on the 28th after 221
working days. The digging was normal, but the operators were now
trained and the water-supply good and well organized though brought
from a distance of 8 miles. The daily progress was remarkably steady,
rarely falling below a lakh cubic feet on a full day’s work. Given reason-
able conditions, this shows what the excavator can do.

The total quantity excavated was 1,72,90,319 cubic feet in 2131
working days, giving an average of 80,000 cubic feet per working day,
including the month of 8 hour day and the time spent on training three
operators, It would appear that the average outturn per working day of
18 hours with trained operators should he at least 90,000 cubic feet. and
the average monthly outturn about 23 lakhs cubic feet. :

Finishing off the work.

The excavator left the canal roughly excavated and the spoil and
patrol banks roughly thrown up. How roughly this was, was not at once
recognized as the dressing and completion of the canal and banks was
not undertaken until about 5 miles had been dug. Detailed cross sections
showed that the excavator had left 25 per cent. of the total amount still
to be excavated and that the spoil and patrol banks had been very roughly
thrown up, so that much hand work would be necessary to bring it to
the true section, This was disappointing as it will be at once realized
that such hand work is expensive, particularly in the bed and side slopes,
where the work amounts to dressing coupled, usually, with a big lift,
This result is attributable principally to inexpertness on the part of the
operators, together with the frequent changes in section entailed by the
digging being so much in and out of ** balancing depth,” and the rather
natural tendency on the part of operators to go for progress in outturn
without paying sufficient regard to accurate dumping of the spoil. It
will always be a difficult point for any one to decide as to how far the time
of the excavator should be wasted on accurate digging so as to leave
as little as possible for hand labour, and it is a decision which must
be made separately in each case with due regard to the quality of the

dressing required,
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Lessons to be learnt,

There are many lessons to be learnt from the experience gai ned and
the more important are enumerated below :—

(a) The type of excavator must fit the work it is to do, due regard
being paid to the height and width of spoil bank : this being
fixed, the excavator will pay best in the deeper digging,
where its outturn is, if anything, better than in shallower
digging, whilst hand labour is more expensive.

(b)) Trained operators are highly desirable : training operators
is expensive both in lack of cutturn and in indifferent work.
All operators should be competent -mechanics.

(¢) Good water and coal are essential.

(d) A nice balance has to be struck, bearing in mind the quality
of the fimish desired for the excavation, between decreasing
the outturn of the excavator by attemplting accurate cutting
of the bed and sides of the canal and leaving a large quantity
of excavation to be done by hand labour on a roughly dug
section.

(e) As corollary to (d), dressing of the canal and completion of
the spoil and banks should follow as rapidly as possible on
the excavation, so that it can be ascertained what the cost
of completion is and the method of working adjusted if
necessary.

(f) A dragline excavator cannot be planted down anywhere and
expected to work efficiently without arrangements for a good
and regular supply of coal, water and stores ; it is also essential
that a workshop be within easy reach for repairs.

(¢) The excavator must be worked as continuously as possible ;
the working hours should not be less than sixteen, preferably
eighteen hours a day. One day a week must be set aside for
washout and general overhaul, but every other non-working
day should be viewed as a regretable incident.

(h) The employment of one excavator for digging a length of
a canal i1s a mistake ; a proecramme should be made out to
employ a number ﬂf them and move them from canal to

~canal 1n accordance with the programme. This will prove

more economical in working, in the number of operators
employed, in the supply of spare parts kept and in the employ-
ment of a competent mechanical engineer to supervise the
work. It should be the latter's duty to watch the accuracy
of the digging and dumping, and to complete the carthwork,
the entire operation being in one pair of hands.
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Costs.

It was intended to give in this paper the monthly running costs in the
-same way as they have been reported month by month, so that the effect
of the outturn or consumption of coal, etc., could be shown on the cost :
but owing to a variety of reasons so many adjustments have been made
subsequently and charges debited in one month which really relate to
the work of another that the costs quoted in the monthly report are far
from accurate. It has therefore been decided to discuss the costs of
the whole work instead of the monthly cost : it is, however, possible to
show with accuracy the cost of the work separately from R. D, 30,000
to R. D. 75,000 and from R. D. 75,000 to R. D. 83, 316, as it so happens
that they are different estimates ; and this separation serves to show in
marked relief the improvement of the working towards the end when the
operators were trained and the organization running smoothly, As
regards monthly costs, 1t 1s Interesting to note that the running cost of
the excavator in February was Rs. 6'2 per thousand cubic feet, whilst
that in March was Rs. 41 per thousand cubic feet—the difference
between a poor and a good month’s work.

The general abstract for the two reaches mentioned above is :—

Dasi. %2000 1. 0. o

Labour . . | 17,350 2,058
Coal s . | 32,966 5,949
Other stores i o o 6,078 i 679
Spare parts - - s 4,766 | 526
Watc_rwsuppfjf .. . | 7,029 1,013
Workshop repairs .. - 3,006 715
Non-working days = .. o 9,169 930
Warm clothing for labour .. - 113
Tram line i . L 4,681

Towl & } 85,158 | 11,870
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The heavy cost of non-working days shows the necessity for avoiding
as much of this unproductive expenditure as is possible.

The actual outturn from careful measurements and the rate per
thousand cubic feet for these two reaches is—

R. D. 30,000 to R. D. 75,000 142,67,122 c.ft. @ Rs. 6 7.
R.D. 75,000 to R. D. 83,316 27,86,927 cft. @ Rs. 427,.

Taking the work as a wf}ale, the outturn is 170,54,049 cubic feet
and the cost of excavation is Rs. 57 per thousand; this latter rate
disguises_the improvement shown at the end of the working.

This is, of course, only half the piclure, it is necessary to ascer-
tain what the completed work cost and then compareit with what
hand labour would have cost in order to see how far the excavator proved
an economic success. 1 he statement below gives the cost of the com:
pleted work i—

_ | D, R.D,
Detail. - 30,000 75,000 Total
to 75,000. | to 83,316. | work.

.|
194,97,964; 34,46,901 229,44,865
Total cost of work done, Rs. | 1,46,786 20,?90] 1,66,976

Ciapenthonmnd vibie foe By, 1 73 5.9! 5
| |

Total quantity of work done, cubic |

The figures sufficiently demonstrate the improvement in the working
of the excavator in the second estimate as compared with the first. [t
is, of course, unknown what hand labour would actually have cost, and
it can only be estimated in the ordinary way at the rates which have proved
sufficient in similar work. For the reaches in question the rates work
out to Rs. 7-11-0 and Rs. 7-10-0 per thousand cubic feet respectively
for the first and second reaches or about 6 annas per thousand
cubic feet more than the running costs of the excavator.

Depreciation.
The above satisfactory result is as it would appear on the books if the
method of accounting at present in force in the Department be adopted.
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It is not a true method of measuring the cost and the depreciation
of the plant should be included to arrive at a fair comparison. The rate
of depreciation tentatively laid down for these excavatorsis 16 per cent.
per annum, which does appear to érr on the low side. It is unfortunate
that, at the time of writing some 15 months after arrival, the cost of the
excavator in Indian currency is not known, as the debits received from
the India Office are so muddled as to be obviously incorrect. The
cost of the excavator in dollars has however been ascertained and con-
verted into rupees at what appears to beabout the right rate of exchange,
and thefreight, ete., are known, so that the igure now adopted, Rs. 2,30,000,
is not likely to be far from the final one. This gives a rate of deprecia-
tion of Rs. 3,066 per mensem. Adopting this figure, and adding the
depreciation for the appropriate number .of months to the estimates,

the following results are obtained — -

I Total
| Total cost | , cost Rate
Reach, Quantity | excluding | Depre- mqud:- including
done c.ft. | deprecia- | ciation. 1 g \deprecia~
ton. BRIl ton.
tion. _
Rs. Rs. Rs. | Rs.
R. D. 30,000 to | |
BB 75000 . |94,9?,%4i 1,46,786] 24,105| 1,70,891 88
R. D. 75,000 to
R.D. 83316 34,46,9G]| 20,09 3,192 23301 68
[
Whole work R. D. E; '
30,000toR.D. 83,316 229,44,865‘ 1,66,895 27,29?_] 1,94,192 85

Takine depreciation into account, the unit cost of the whole earth-
work done works out to be about thirteen annas per thousand cubic fect
more than what 1t would have cost by hand labour, which goes to show
that the excavation of the whole reach in question by machinery cost
about Rs. 18,645 more than if it had been done by hand. Further, the
results on the second estimate indicate that, with trained operators and
a complete and satisfactory organization for the supply of coal and water,
the cost.including depreciation should have been in the neighbourhood
of Rs. 7 per thousand cubic fect and the work would have exhibited a
saving at eleven annas a thousand cubic feet or about Rs. 16,500.
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Conclusion.

It appears that, suppusmg !abaur is sufficient to meet requirements,
which it is notorious that it is not, such excavators can, if conditions are
reasonably good, compete :;u::(:f:s;s;fl.lll;:,ir with hand Iabour Mechanical
means have improved and the wage of the labourer has risen to such an
extent that, whilst adverse conditions may make the use of mechanical
means more expensive than hand labour, favourable conditions may
throw the balance of cost in the opposite direction. In the case in
question,; lack of experience coupled with the necessity of training the
staff and some other unfavourable conditions have shown that it is at
least possible to compete with hand labour. If the experience so gain-
ed enables other excavators to beat hand labour in cost, the object of

this paper will have been achieved.

Acknowledgment is due to the monthly reports compiled from time
to time by Messrs. A. W. M. Jesson, C. E. Jefferis, and James L. Roy,
Executive Engincers, from which the shove figures have been taken.
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DISCUSSION,

The discussions on p';}pé‘f& No. 91 and No. 92 were taken together,

Mr. HockNEY introducing his paper stated he wished to make it
clear that the object of the paper was to give those members who were in-
terested in excavation, and, no doubt, the majority of those present were,
a general idea of the principles and method of working of the single
bucket excavator. No reference had been made to the design of excavat-
ing machinery for the obvious reason that the majority of those present
were civil engineers. :

- MR. D. ]. Morris, in the absence of Mr. R. P. Hadow, read a written
mtroductory note by the author who remarked that a question very
often asked of those in charge of mechanical excavators was—what did the
carthwork cost® It had been the author’s endeavours in his paper to
shew that such a question could not be answered 1n a few words, any
more than if one were asked—how much petrol did a motor car con-
sume ? The answer to the latter question as everyone realised, depended
on the car, the work it was required to do, the kind of petrol used and
whether the driver was good, bad or indifferent. In a similar way, the
costper unit of outturn of an excavator depended on many conditions and
the paper indicated 1n one particular case with one class of machine, what
conditions influenced the cost, so that the cost perunit under other condi-
tions, might be estimated with some accuracy. It was hoped also that the
paper would extract from the many others who had charge of dragline
excavators, details of their costs and conditions governing them, so that
such fizures and details might be available for general use instcad of
being buried in files.

Another (and more intelligent) question sometimes asked was— how
did the cost of your dragline work compared with the cost of hand labour?
In this paper, the comparison was drawn and the conclusions arrived
at by the writer werc given—that the costs were so close that good or bad
conditions on elther side would tip the scale for or against mechanical
excavators. Some knowledge of the experience of others in this direc-
tion was highly desirable.

It was to be noted that since the paper had been written, rules had
been made enabling the depreciation of certain plant in use on the Sut-
lej Valley Project to be written off from time to time against the works
estimates, thus allowing something like true cosis to be exhibited in
accounts.

Mg. H, W. NictoLsoN said he had five dragline machines of 3 types
on the Suleimanki Weir Construction Works and preferred the largest
size htted with caterpillars.

On page 6, Mr. Hockney stated that the caterpillar machire could be
turned in practically its own length. This was correct only as far as
the machines fitted with two caterpillar tracks were concerned and not
those fitted with four tracks. He considered the oil-driven machines
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would be much more useful in the Punjab, as compared with those operat-
ed by coal fuel as coal was very expensiveand difficult to handle and store,
while oil fuel, on the other hand, was casily handled and stored, besides
which, th21e was much l=ss risk of losses by theft with oil.

Another point was that in order to get good results with draghines, .
good opzrators were essential.

~ The figures of cost given in Mr, Hadow's paper were very good and
shewed that good supervision had been maintained. At Suleimanki,
owing to the varying conditions of work, the cost figures of draglines
could not bs accurately fixad. Qas excavator, for example, had been
engazed in digging a big drain for river dnfﬂrsmn works. Before the
drain was dug, water level was at ground level, whereas after its comple-
tion, water level had been lowered, to a sufficient extent to enable the
whole of a chinnel to be excavated in the dry. The excavator had pad
for itself in doing this job alone.

MR. J. P. Guxn remarked that he had in his chaige two 8 cubic yard.
machines and ons 5 cubic yard maichine. The cost of the excavation.
viried enormously with the quality of the spoil. In sandy soil, for
example, it was not possible to get a full bucket load as the sand would not
stay. - H:ea1:12red that a slightly damp clayey soil was the hest for good
progress and 1t was passible to k2ep the buckets absolutely full or even
overfull in such cases.

Another guestion which seriously affected cost of work was the
deplh of the cut, as when excavaling com parat[ve]y shallow cuts, werk
was dz=layed by the nsed for continually moving forward.

H: fully endorssd Mr. Nicholson’s remarks as to the need of first
class opsrators : a poor opzrator in his experience had very serious effects
on the wnrkmg costs Immcdlatei}'.

MRg. A FerriE said that as Islam Weir, where he had been since April
1924, the work of the dragline excavators had been carried out under
diffculties. Firstly, the heat was very great and malania prevalent so that
half of the op=rators and firemen were always sick and the remainder
not full} fit. Secondly, as at Suleimanki, the excavators were not on
continuous work but digging ho]es here and there and dodging around
spoil heaps.

There were two No. 60 Ruston machines. One of these was dis-
mantled in October 1924 and the other was in course of dismantling,
The original under-carriages were unsatisfactory and the makers had
supphed new under-carriages with continuous rouer bearings. This was
a great improvement.

The second machine in course of dismantling had been fitted with a
new under-carriage in November and had given an outturn at Islam of
about 25,000 cubic feet per diem, in average soil, working four shifts
of six huurs: including stoppages for coaling and repairs.
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A No. 6 Ruston machine had recently been obtained for use on well
sinking. -It had an excellent two rope grab and was very successful,
wells 14 feet by 14 feet being sunk in wet sand and clay to a depth of
about 15 feet at the rate of one well in seven hours’ working.

Haz considered that all grease lubrication on caterpillars and other
working parts of excavators and other mechanical plant working in :‘Eai:ld}’
country should be done by the use of grease guns and Enot or similar
fittings.

Punpit MoorL Cuano Suarma remarked that having proceeded on
leave the previous day, he was not able to say very much as to the working
of the dragline excavator .n the Hafizabad Drainage Sub-Division for the
previous 14 months. The working costs for 1924, however, varied from
Rs.6-8 to Rs, 7 per 1,000 cubic feet and were rising gradually as the ma-
chine got older and the E:Xj_‘rftl'l{'htur't" ofl i‘epﬂirﬁ and renewals of Spare
parts was hgh, Subsoll water level in the area was near the surface
and it had been necessary to construct a proper track about 2 feet ahove
ground level and the rate of cxcavation, including cost of track approxi-
mated to Rs. 10 per 1,000 cuhic feet, excluding depreciation charges, or
Rs. 13, including depreciation.

He had found that the cost of excavation hy manual labour in this
arca compared very favourably with that of the excavator, For instance,
a large diversion and deepening work in connection with the Abmedypoer
Kot Nikka drain carried out by manual labour hed cest Rs. § per 1,000
cubic feet, whereas it excavators had been employed, the cost weuld have

been Rs., 15 per 1,000 cubic feet. )
Mg. D. ]J. Morris remarked that he fully agreed witt. Mr, Nicholsen

that 1t was essential to get the best possible cless of men es cpereier on
dragline machinery, as both the cost of diggirg as well es depreciction
charges depended on the outturn. Another vital foctor wes rof 1o ke 5
machines 1dle ; if machines were kept 1dle, depreciation continued. This
introduced the question of spare parts and repairs, Ample speres should
be at hand at all times and a decent workshep available whercky quick
repairs could be effected.

It was important to select the right machine for the right job and
also to organise the job to suit the machine. This was sometimes not
realised, with the result that unsuitable machines were eraployed to do
certain work and consequently-the costs of the work were seriously
affected.

The payment of bonuses to operators had been recently introduced
on the Sutlej Valley Project, whereby each operator was paid a bonus for
excess outturn above a certain fixed limit. The cffect of this new system
was nol known yet, but the speaker felt that it was a step in the right
direction and would lead to improvement in outturn and reductiors in
costs and would also help to ensure that operators would take -care ‘of
their machines, as unless the machinery was kept in good condition,
a bonus could not be earned for any length of time,
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Up to recently cnl}' comparatively large machines varying from 83
cubic yards to 1§ yards bucket capacity had been employed in the Sutle;
Valley Project, but now a start had been made with smaller machines,
one being used for well sinking as instanced by Mr. Ferrie,

Although perhaps at present in India under certain conditions manual
labour could succcssﬁ,l]y compete with machinery in regard to ex-
cavation, the time was coming when owing to rise In cost of labour, it
would be essential to use machinery and the experience being gained
on the Chltlc}' Valley Project with dragline cxcavators would be of
great help in the future,

M. ]. B. G.SwmiTH said a member from Hafizabad by his criticism of
'-'mr]cmc rates in the excavation of drains had un}lappi]y left the i 1mpres~
sion that coolie-labour did the work more cfhaiently and economically
than the dragline excavator. He would hke to point out that the rates
for which work could be done were not the sole criterion, Time was
the most important factor in some cases which had to be reckoned with.
At Sul=imanki, the river was flowing over the area of the Right Under-
sluice Pocket at the end of October 1924, At the end . of November 1924
it was still under water, In February 1925 seven or eight thousand
cubic feet of concrete was being laid in it and in order to do this, the
excavation had to be taken down to 15 feet below the cold weather river
level and at a distance of not more than a couple of chains from the
water edge. This could simply not have been done at all in the time
available with coolie labour and certainly not at the rate of Rs. 15 per
1,000 cubic feet which is what the excavator had cost. Again, on the
Pakpattan main canel, with work geing on not onlv all over the Sutlej
Valley Project butall over the Punjab and in Sindh as well, it would have
been impossible to have followed the programme which had been adopted,
without the dragline excavatars, unless excavation work had been closed
down on the other portions of the Project, and concentrated on this one
canal He left 1t to the audience to ]udgf: what thi$ would have meant
in indirect losses..

Mg. T. M. Bosrock said that when considering working. expenses
of draglines, it was necessary to give them an indirect credit which was
lost sight of. This was that, as all agreed, the price of manual labour
had been kept down by the employment of the dragline excavators 2l
over the Sutlej Valley Project. If it had not been for this, the rates for
labour must have risen. It was a very great asset when a coolie con-
tractor demanded a higher rate, to be able to reply that thc work would
be done with an excavator.

Another point was that all were gaining experience with these
machines and experience had to be paid for. It might have been more
economical had all excavating machinery been concentrated under one
engineer instead of the machines being distnibuted amongst many exe-
cutive engineers all of whom had to learn about them, and having other
duties to perform, could not always give the necessary time to work the
machines to the best advantage.
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Major E. P. ANDERSON said that up to the time he left the Khyber
Railway, just a year ago, his experience with small steamn shovels practical-
ly confirmed Mr. Hadow's views as to.the comparative cost of work
done by them or by hand labour. He would like to know whether the
dragline excavator described, worked on solid ground, excavating behind
them, or in the bed of the canal, excavating in front of them. The shovels
used on the Khyher Railway were similar in type to that illustrated in
Fig. | of Mr, Hockney's paper, and 1t was found that their use in railway
cuttings was restricted by the fact that the back of the frame fouled the sid=
of the cutting when the shovel swung round.

This ereatly_increased the difficulty of getting the material awav,
than which there was probably no more potent factor in increasing the
cost of work. He considered that for this-kind of work the American
type of railway shovel in which the jib only swings through about 180°
instead of a full circle and is supported on an A frame at one end of the
main frame, carrying the boiler, would have "been more suitable for this

kind of work.

He wished manufacturers would pay more attention to the clima~
tic and other conditions under which such machines had to work.
In the Khyber Railway shovels, for example, .the water tank was
situated immediately below the boiler,

In the hot weather the water got too hot for the . injeciors to lift
and stoppages were frequent as therc was no feed pump. He cured the
trouble by purchasing and fitting small steam donkey pumps. The
physical labour of driving a machine fitted with dog-clutches was so great
that a man of even average physique could not keep it up for long in the
hot weather ; all clutches should be steam driven. If ol was available,
he thought it would be an advantage to use it in an internal com-
bustion engire rather than hurn it under a hoiler. '

He also enquired whether the operators employed on Mr. Hadow's
draglines, were brought out from England or engaged in India.

In the Khyber, good resulis had been got with a Bombay lascar as
operator, who had, he believed, been a ship’s donkeyman or something
of that sort before.  One of the speakers had referred to a new type of
orab used at Islam. This was a matter of interest to all engineers who
had well sinking to do, and he hoped that if anything better than the
old standard patterns was now available, details of it would be published
in the  Proceedings.”

Mr. HocgNey replying to _thf: discussion stated that the method of
operating the dragline was explained fully on page 2.

Mr. Nicholsen’s idea in favour of the biggest dragline on cater-
pillars was quite sound for certain classes of work but did not apply
generally, such as for well sinking work,

He agreed with the remarks of various speakers concerning the need
for good operators and such men were exceedingly scarce in India.
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Tt was not only the actual opération of the machine which mattered,
‘however, but also looking after it and keeping everything n order, and 1n
“this connection the bonus idea mentioned by Mr. Mornis was good.

Major Anderson had mentioned the question of clutches, Present
day machines were fitted with steam clutches and clectrical machines
generally were fitted with compressed air clutches of various types
depending on the makers.  Dog clutches were out of ure. In this
country owing to the low grade coal available as fuel and difheulties
in getting suitable water for steaming purposes, he considered that the
machines of the future would be driven by internal combustion engines.
In-the past there had been difficultics in designing a suitable clutch for
such machines but these had been successfully overceme. It would
mean, however, an entirely different design of machine from the undei=
frame upwards.

Mg. D. J. Mogeis, replying onbehalf of Mr. R. P. Hadow, said that
the point raised by Mr. Bostock of putting all draghne machines in charge
‘of one man had been under consideration and an expert excavating engin~
eer would be put in charge of all the plant shortly. The executive engin-
cers would thus be relieved of a good deal of work which they did net have
time to attend to properly. Major Anderson’s remarks on the difficulties
experienced with a steam shovel in the cuttings of the Khyber Railway
exemplified the speaker’s previous remarks that it was essential to organise
the work to suit the machine. |
H: fully agreed with what had been said by a number of speakers
‘regarding the importance of the personal factor, which, mn this case, meant
the operators. :

The practice on the Sutlej Valley Project had been to get a trained
erector and operator sent out by the manulacturers with the machine,
who erected the machine and trained operators emgloyed 1in India.

They had tried to attract a good typs of man for this work by offering
good pay and had found that the best class of operators were men armed
with a second or third class Board of Trade Marine Engineer’s Certifi-
cate, who had a good practical knowledee of mechanical work end the
stamina to carry on during the severe hot weather months of the yeer.

Tue PresiDENT in closing the discussion said that earlicr speakers
had left the matter in doubt whether they condemned dragline excava-
tors, but he was glad that later speakers had drawn attention to the fact

* that it was not only actual cost of excavation which mattered, but also

-~ the effect of the employment of the machines in keeping down the rates of
mankl.;al labour and in releasing the available manual lebour for other
WOLKS, ; ' N



