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Ultimate Life
It is worthy of note that although these slips were all intended to

meet temporary operational requirements only, a number of them have
been in use continuously since 1944 for the slipping of mine-sweepers and
other craft.

The Paper is accompanied by eleven sheets of drawings, from which
the folding Plates and the Figures in the text have been prepared.

Discussion

The Authors introduced the Paper with the aid of a series of lantern
slides.

The Chairman suggested that the discussion should deal with the
question of whether, in building permanent slipways, quite different lines
should be followed from those adopted under the stress of war, when
economy of man-power and of materials was vital.
. Mr John Palmer asked for more information on the reasons for using
sideways-slips at certain sites. Where there was a big tidal range it would he
possible to get the construction done above low-water level, but he did not
understand the reference made in the Paper to doing the slipping in
shallower water. There was a certain draught under the bow of a
vessel, and if 2 feet were allowed under that for damage, that gave the
depth of water to which it was necessary to go out. If a slid were built
it meant having, instead of a width of 20 feet, a structure 60 to 80 feet
in width, and he thought that that would be much more expensive than
the ordinary end-on slipways.

Mention was made in the Paper of the system of pre-assembling the
steelwork above water level. That method had been used at the two
slipways at Lowestoft shown in Figs 5; first the upper half of the steelwork
had been assembled and dropped into place, and then the lower half of the
steelwork had been assembled and skidded out down the slipway over
the upper half and also dropped into place. It was undoubtedly much
the quickest method of doing the job.

He thought that the side traversing scheme shown in Figs 5 had been
a success. The difficulty had been the actual traversing. Two hand
winches had been used and any unevenness in operating them had caused
the sideways traversing cradles to rack. Although Figs 5 showed four
vessels on t.hat slipway :tlTllngement, in actual pract.ice there would be six
up at olle time if necessal')', as there woultl be two on the slipways, which
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20 DISCUSSION ON THE DESIGN AND CONSTRUCTION

were not shown on the drawing. It was probably fair to say that the
equivalent of six slipways had been obtained for the price of three.

He did not think that the Authors intended to say, as the wording in
the Paper might be held to imply, that it was of little consequence whether
one used cofferdams or did the work by divers; he did not think that it
had been intended to say that quite so broadly. The 1,200-ton slipway
mentioned in the Paper was probably the one which had been built for
trawler repairs at Harwich, of which all the under-water portion had been
built inside a full-tide cofferdam. The dam was between 300 and 400 feet
in length, with two cross-walls to split it up; otherwise the total length of
the wall would have been too great. He believed that they had driven six
tapered piles to correct the verticality ofthe sheet piling during thr driving.
That slipway could not have been built by divers; it had had to he done
in a cofferdam. He suggested that there were certain sites where the
use of a dam was necessary, though no doubt there were others where
divers were more economical.

He was glad that Mr Grove now agreed that dolphins and walkways
were necessary. There were many places where slipways had been used
without dolphins, but he could not believe that the naval officers in charge
had approved.

Collapsible cradles obviously saved a great deal of money allo time in
the construction of the slipways. The Authors admitted that the chains
gave a great deal of trouble, and for a permanent structure some form of
rollapsible tubular link connecting the carriages was nced('d. Had thn
Authors tried such a design?

The curved slipways were very interesting. He had had to design onr
once and had come to the same conclusion as the Authors, namely that it
was necessary to have a constant radius of curvature. Had the cradle also
to be designed to a curvature? It was stated in the Paper that somp.
had been in use and had been satisfactory. Were they still in use, and, if
so, where could they be seen?

Mr R. W. Bishop said that his remarks would be based on eight slip­
ways, with which he had been concerned, constructed by the Admiralty
in the non-tidal waters of the Mediterranean during the last war; of those
he would refer in particular to three.

One had been built at Bougie, a small port on the Algerian coast, prim­
arily for the servicing of 450-ton flat-bottomed landing craft taking part
in the Sicilian invasion. The gauge of the slipway was 24 feet and F.B.
rails were carried on mass-concrete longitudinal sleeper walls extending
above and below water level. The design of the cradle was exactly as
shown in Figs 2 of the Paper and the centre rollers were carried on up­
turned F.B. rails with their bulb heads buried in the concrete. After the
slipway had been completed, several landing craft (L.C.T.'s) were slipped
satisfactorily but a heavy air raid had then occurred and it became neces­
sary to slip a sinking L.C.!. which had been badly damaged. Although the
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OF SOME SLIPWAYS UP TO 1,200 TONS 21

DOrmal dead weight of that craft was of the order of 250 tons, it was prob­
ably increased to nearer 400 tons by its waterlogged condition and, due
&0 the profile of the hull, that load was largely concentrated along the

l.entre-line of the slipway. The heavy point sue load caused a permanent
'-aet in the first cradle and the centre rails of the slipway were forced down
·moo the concrete. As the craft was drawn further up the slipway, the whole
~the load was carried on the centre bogies and further damage was caused.
i' A big disadvantage with the telescopic cradle had been the knotting of
-the chains. The Authors had stated that that often occurred, but Mr
.Bishop would say that it invariably occurred. Considerable trouble had
'also been experienced with the petrol winches; those drove the winding
'drums through chains which were continually snapping, owing to the snatch
in the sheaves to which the Authors had referred. Replacements had not
'been easy to obtain and for that reason, and those above, the slipway
eventually had to be abandoned.

The next slipway was built at Maddalena, in the Straits of Bonifacio, and
that was probably the most suitable type of extemporized structure for the
slipping of small craft in occupied ports under war-time conditions. It
'had a 15-foot-gauge double track, a gradient of 1 in 15, and was designed
to handle any vessel of up to 150 tons. First, a rubble bank was tipped
below water and the track was prefabricated above water in 60-foot
sections, the rails being bolted down to a heavy timber framework. The
sections were then floated out and sunk into position with kentledge.
The track was lined-up by means of a piano wire, stretched from top to
bottom of the slipway, and levelled with an ordinary instrument-a
chainman in a diving suit holding the staff under water. By that means,
it was found possible to work well within the limits for line and level
recommended by the Authors. In preference to a petrol winch, a steam
winch, appropriated from the Italian Dockyard, had been used and that,
with its greater flexibility, had proved entirely satisfactory. Special
attention was given to the lubrication of the cradle wheels, and a back-haul,
although provided, was found to be unnecessary. The whole job was
carried out in 8 weeks by a team of Naval divers who had had little previous
experience of that type of work and, although Mr Bishop had not remained
in Maddalena to see the slipway in operation for any length of time, he had
heard, later, that fifty-nine vessels had been slipped, without incident, in
the first month.

It was interesting to observe that, whilst British engineers struggled to
build slipways in the various occupied ports, invariably in the face of con­
siderable difficulties, the Americans made use of small floating docks
composed of steel cellular units which they could assemble themselves.
The advantage of their method was that when the floating docks were no
longer required in one port they could be towed to another and be ready
for immediate use again. It raised the interesting question as to whether
the British were altogether wise, in war-time, to construct slipways in
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22 DISCUSSION ON THE DESIGN AND CONSTRUCTION

occupied ports for small vessels when floating docks would serve the same
purpose and have the great advantage of mobility.

Fig. 15 showed another slipway built at Leghorn for the servicing .of
mine-sweepers of up to 500 tons. A novel feature was the incorporation
of a travelling sheave-block carried on a timber sledge-an Italian idea­
which reduced the length of the hauling wire. When the cradle was right
down in the water, at the extreme end of its travel, a single wire connected
the cradle to the sheave-block, above water. After the cradle had been
pulled up a certain distance, hauling was stopped, the travelling sheave­
block dragged back down the slope, and a shorter wire substituted. That
operation had to be repeated several times before the vessel was clear of
the water, and all that meant a longer time for slipping but the advantage
was two fold: first, it saved a considerable length of wire which was {'x­
tremely expensive and difficult to obtain and secondly, as the travelling
sheave was in the same plane as the sag in the hauling wire, the danger
of the wire jumping off the sheave and jamming in the block-which
often occurred when the lower sheave was incorporated in the cradle in
a horizontal position-was obviated.

Mr G. W. Rooke remarked that the wisdom of building slipways for
craft of more than 1,000 tons appeared to be open to serious doubt. In
order to deal with those larger ships a very long structure was required,
the cradle was long and heavy, and the suing load was high; cost increased
very rapidly. A slip had once been considered-he believed for the coast
of Africa-for a destroyer. A tonnage of approximately 2,000 had been
quoted, and the structure had looked as if it would be quite uneconomic.
Mr Bishop's description of what the Americans did had interested him
because it seemed that something on those lines would be more suitable
in any future emergency.

Mr Rooke requested the Authors' comments on sideways slipping.
Presumably one of the reasons for it in some places was that the river was
not wide enough to launch a craft end-on. He had recently seen a photo­
graph of an American submarine of about 2,000 tons which had been COD­

structed and slipped sideways. In the north of England trawlers and barg('~

were built in side slips at a number of yards. He had also seen photo­
graphs of destroyers complete with super-structure and funnels which
had been slipped in that way, but end-on seemed to be more usual. What
were the Authors opinions on the comparative merits of the two methods?

When dealing with haulage, the Authors gave a pull of 7! tons at the
winch and up to 5 : 1 part rope pulley systems. Would not that mean a
30-ton pull on the anchor block? Could the Authors say what friction
coefficient had been used to determine the pull required to haul ships up the
slipway?

There seemed to be a tendency to regard an anchor block as a large mass
of concrete, and, where there was a heavy pull, simply to select a hlock
of large dimensions, chosen without due consideration. That should not
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OF SOME SLIPWAYS UP TO 1,200 TONS 23

'be the ca:;c, for it was, after all, equivalent to a retaining wall under the
worst possible conditions, because the lateral thrust was right at the top
and a broad base was needed to resist overturning. A deep block gave
good resistance against forward movement, but increased the overturning
moment. Mr Rooke preferred a proportionately shallow block with
its sides tapering slightly outwards from front to back.

In one of the slipways described in the Paper the block was 10 feet by
10 feet by 5 feet deep. That was quite a good size and would take quite a
heavy pull. At the time when the work described in the Paper had been
done side tapering was not employed, but he thought that it was well
worth doing; it did not cost any more and it greatly increased the resis­
tance to forward movement of the block.

Mr Palmer had commented on the value of dams, and suggested that
the statement in the Paper on the subject was not intended to be taken
literally. Mr Rooke agreed with him, and thought that it was undoubtedly
cheaper in the long run to use a dam, but whether it was cheaper from the
point of view of first cost he was not certain.

It had been disappointing to find that the collapsible cradles had given
so much trouble, but no doubt that had been or could be overcome.

On p. 14 of the Paper there was a reference to the down-haul. Down­
hauls were always apt to give trouble, but the Authors said that hauling
wires had parted, presumably in one or two cases. He expressed surprise,
because those wires had a factor of safety of about 6 : 1.

:Mr P. R. Robinson said that his experience of slipways of the kind
in.question had been confined largely to the Mediterranean. To all intents
and purposes the Mediterranean was a tideless sea, and the problem of
constructing slips in such waters was rather different from the problem in
Great Britain. The methods used, and probably the design also, had to be
adjusted to suit the conditions encountered. For example, it was necessary
to build almost the whole of the slip, except the part at the very top,
either by divers or inside a cofferdam; one did not have the advantage of
any tide at all.

It was very doubtful whether a cofferdam was really justifiable, and it
certainly was not justifiable under the conditions of which he was speaking.
The construction of a slip by divers did not present any very great difficulty.
Mr Bishop had given an instance of a slip which had been successfully
constructed by divers, and, although he had not mentioned the tolerances,
Mr Robinson thought that they had been 1 inch, or approximately so.
Where a number of slips had to be constructed by divers, it would probably
be found that the first went rather badly and the rest went quite well.
There were some things which divers could do under water much better
than other things: for instance, he had never found that concrete laid by
tremie pipe was much' good when done by divers; it was better to use
bagged concrete.
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24 DISCUSSION ON THE DESIGN AND CONSTRUCTION

One point about the Mediterranean which was of interest was the "ery
great use which was made of slips there and the almost light-hearted way
in which vessels were slipped. He remembered an instance in which
several M.L.'s had been slipped on something hardly more than two
timber baulks on the sand with a few cross-spacers, and that had been done
quite successfully. Generally speaking, slips were used very much more in
the Mediterranean than they were in Britain. Mention had been made
of the fact that at one time the Admiralty had been considering the design
of a destroyer slip. Such a slip was actually being built in Leghorn or
Genoa, but it had not been finished when he had knowledge of it.

On the question of the load on slips, the specified loading of 300 or
400 tons, or whatever it might be, should allow for the weight of the
vessel in its damaged condition. In operational circumstances it was
necessary to take account of that; the craft to be repaired might be
badly damaged and, waterlogged, and the load of water in the vessel plus
the weight of the vessel itself might be considerably more than the weight
for which the slip had been designed. Moreover, it was not possible to
adjust the trim of damaged vessels to the same extent as was possible
with undamaged ones, and there was a possibility of getting the point of
sue in a different position from that which it would be in if the ship had
not been damaged. A damaged vessel had more draught than an undam­
aged one, and therefore, if a tolerance of 2 feet were to be allowed under­
neath it, it would probably be necessary to take the slip further down, into
rather deeper water, to take care of the damage.

Most of the slips mentioned in the Paper had been constructed in Great
Britain. The problem was rather different, as one or two speakers had
pointed out, where it was necessary to construct them in what might be
called mobile operational areas, where repair facilities had to be constructed
at bases which might advance 300 or 400 miles every 2 or 3 months,
and where repair facilities were required for vessels within a reasonable
distance. In such cases, it was often impossible to drive piles, and even
to import steelwork for a slipway, so that the design which was adopted
had to be such that it could be made up on the site as far as possible. He
did not think that the designs shown in the Paper were particularly well
adapted for those operational uses; they were not elastic enough. More­
over, owing to the fact that possibly, and indeed probably, mostly un­
skilled labour had to be used, with perhaps a nucleus of one or two skilled
officers, and to the fact that the material would be anything available,
he thought that the working stresses which should be adopted in the design
of slipways and cradles in such conditions should be less than those shown
in the Paper.

Mr S. R. H. Beard said that the Paper was of considerable interest
to him, as he had had to design and construct two similar slipways in
Trinidad for the Admiralty during the war. The title of the Paper em­
braced slipways up to 1,200 tons capacity, and there seemed to be a general
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OF SOME SLIPWAYS UP TO 1,200 TONS 25

)4ea that that figure was the limiting size for that type of structure.
Ilowever, one of 5,000 tons had been built at Astoria, Oregon, and another
i»f 4,000 tons in Hong Kong, whilst in a Paper 1 read to the Institution
IWO Engineers and Shipbuilders in Scotland, in 1934, Mr W. G. Glover
fhad outlined the building of slipways to take vessels of 10,000 tons.
~ It was not often that a vessel could be slipped in dead calm water, in
which case the sue load could be calculated by taking moments about the
centre of gravity of the vessel. In actual practice, once the bows of the
vessel touched the keel blocks the motion of the water was found to be much
greater than it appeared, and, if it remained calm, some passing craft could
be relied upon to create a surge. Most officers in charge of slipping arrange­
ments experienced a feeling of relief once the vessel ceased to be water­
borne.

In view of the variety of designs mentioned in the Paper, it was some­
what surprising that no mention had been made ofthe horizontal deck type,
which was the universal practice in the D.S.A. It was undoubtedly more
expensive to build the cradle on those lines, but, if a guide pier could be
dispensed with, that type was obviously the safest to adopt, as the craft
could be moored to the cradle stanchions on both sides. Another great
advantage was the provision of side-tracking facilities, as those were
greatly simplified if the vessel was on a level keel.

In that connexion, it was of interest to examine the design of a slipway
constructed by Mr W. G. Glover at Lorient in Brittany, which was illustrated
in the Paper by Mr Glover to which Mr Beard had referred earlier. In
that design use was made of a hemispherical bowl upon which the cradle
rested at the summit of the ways. That could then be tilted until it was
level and revolved like a locomotive turntable and the craft run off into a
siding. By adopting a level cradle, that operation could be very consider­
ably simplified.

Whatever method of construction was adopted would be common to
either type. Sir John Coode 2 had remarked that" Where the range of
tide was small, the only thing that in his opinion would enable an engineer
to lay a satisfactory foundation, and that would warrant a shipowner in
placing a ship on it, would be to construct a dam and lay the foundation
entirely in the dry." At that date steel sheet piling had been unknown,
but, now that it was so readily obtainable, Mr Beard thought that wherever
possible it was far preferable to adopt this type of construction rather than
rely upon divers.

When it came to constructing the slipways in Trinidad, all the divers
had been retained by the Admiralty and other people in Great Britain.

] W. G. Glover, "Marine Slipways: Unusual Developments of an Old System."
Trans. Instn Engrs Shipb. Scot., vol. 78 (1934), p. 153.

I T. B. Lightfoot and J. Thompson, "The Design and Construction of Repairing
Slipways for Ships." Min. Proc. Instn Civ. Engrs, vol. bxii (1882-83, Pt 11), p. 136.
Discussion by Sir John Coode, p. 163.
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He had had the utmost difficulty in gettinl,( men who had even l.he vaguest
idea of diving, and when it came to the actual construction he had had to
train some of them himself.

Mr W. P. S. Cockle observed that t,he selection of sites which could 1)(>
developed quickly with the use of the plant available had indeed bl'en
difficult. Every accessible beach at Portsmouth consisted of a few inches
of gravel overlying clay, with the one exception of an island where the
chalk outcropped. It came up again at the Isle of Wight, but there was
nothing but clay and mud in between. Soft chalk made a good foundat.ion,
but the removal of spoil from around low-water l~vel was difficult, since it
was largely of the consistency of cream.

The beach in question was acceisible by sea, but the hinterland was
waterlogged in winter, and a footbridge had also to be built.

What was the explanation of the decision to use i-inch steel plates and
12-inch-by-12-inch timbers? They were certainly inadequate, and some
other support, such as flat-bottomed rails, would have been better. HI'
understood that the broadside slids were really a development of the
timber grids for sites where the tidal range was insufficient to expose the
bottom of the landing craft, and that the cradles had been designed to fit
such an arrangement. There had also been an idea that the timbers could
be split to allow repairs to be executed to the ships, and so replacements of
those timbers had been carried at the site.

As indicated in the Paper, owing to the counter of the craft no load was
taken by altars 1 and 9, but a greatly increased load on altars 2 and 8.
When a vessel with a broken back was slipped, as stated on p. 16 of
the Paper, those two altars received the entire load. There was in that
case no bad alignment of supports. The timbers were set to gauge. The
cradles had come off the slids. For the explanation of that he would refer
to Figs 3. When the loads were carried on supports 2 and 8, the 40-ton
pulls in line with 3 and 7 had an eccentricity of 16 feet, which was enough
to make the cradle come off the slids. It was Figs 10, Plate 2, howe\'pl',
which were involved and not Figs 11, Plate 2. Figs 11 referred to a
welded channel, but that seemed to be a rolled-steel channel with cleats
welded on at the joints. A partial failure similar to that shown in Fig. 12,
Plate 2, had occurred at Portsmouth, but there had been nothing I'X­

ceptional about the craft being slipped.
Most of those difficulties had been due to inexperience, and were over­

come when the men had had a little practice in carrying out the operation
of slipping.

He referred to the anchorages for the back-haul, as it affected the
question of factors of safety. The original idea had been a single shean~

attached to the dead-man, and to take the lO-ton pull they had installed
hairpins designed to fail at 30-40 tons. When they had been advised that
a system of blocks would be necessary, those had been replaced by rolled­
steel joist piles with suitably stiffened webs, with a kicker against the end
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'-'of the altar, as it had seemed improbable that the original load would be
finore than doubled. In the event, the Naval Engineering Department had
'installed a 4-part purchase tackle attached to the pile, so that there should
~be no mistake about shifting the load. In the early days it had been ob­
.served that those piles were receiving severe punishment, because it had
been found impossible to defeat a resourceful winch driver, who learnt
that if he held the up-haul on the brake he could start the down-haul
and achieve a pull of 17 tons before the winch stalled, which meant 85
tons on the anchorages as against the original 10. Those figures had been
confirmed with the appropriate department of N.E.D.

In circumstances where it had been possible to cast continuous concrete
walls sufficiently well to bed timbers on top of them, why had it been so
difficult to fix flat-bottomed rails direct to the concrete 1 ,He thought that
the concreting in of forged straps bolted to the webs of the rails which
were themselves supported on square steel plates bedded on mortar or
fibre should be possible. There would be ragbolts to pull the rails down
and straps to locate them. He spoke with experience of a similar job in
locomotive pits.

Mr H. S. Waddington said that he proposed to confine his remarks
chiefly to comparisons between the temporary kinds of slipway described
in the Paper and permanent slipways, in enclosed dock waters, of 500 to
1,080 tons capacity for trawlers up to 170 feet B.P. of which he had had
experience. Those slipways had been built in the dry and had slopes of 1 in
16 and 1 in 14·75. No down-hauls had been provided, and, although a
new cradle on a l-in-16 slope had stuck a little until run in, no difficulty
in operation had been experienced in getting the cradles down by gravity,
either light or loaded. The troubles described in pulling the Admiralty
cradles down would be much reduced if the slips, instead of being built by
divers and in such very bad conditions, had been built in dams, which
would have resulted in tracks truer to line, level, and inclination. He also
suggested that wheels of larger diameter would have given easier running,
being able to ride over track irregularities. Cradles and prams had some
affinity, and fathers knew that prams with large wheels were easier to
push than prams with small wheels. The Authors mentioned wheels
8 inches in diameter for the 1,200-ton slipway, whereas on the slipways
of which he had had experience the wheels were 15 inches for the 1,080-ton
slipway and 13 inches for the 850-ton slipway, and those gave gravity
running.

He agreed with the Authors and with Mr Palmer that, for perma­
nent slipways, construction by divers would rarely if ever be considered,
and dams would be adopted almost automatically. Experience gained on
slipway construction by dams, and on the maintenance by divers of
slipways in use, indicated that the dam, given reasonably suitable ground
conditions, would ensure a job at least as quick as by divers, possibly
quicker, and certainly one very much easier to operate and maintain. He
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was referring there chiefly to slipways which went out to perhaps ~:", ur
30 feet at high water. One slipway, of the construction of which he had
had experience, was in 30 feet of water at the bottom end. It had bel'1\
built in a dam with two cross-walls dividing the dam into three sections.
Although they had a number of blows, the work had been done in about }5
months. That one was for 850 tons.

From the point of view of maintenance, he thought that a collapsible
cradle would be a great nuisance. He much preferred to dredge a pool or
keep a pool dredged at the bottom of the slipway, rather than haye it

collapsible cradle.
On p. 11 of the Paper, the Authors suggested taking the loading frolll

the vessel above the sue region as uniformly distributed. Would not they
advocate takini account of the heavy loading under the engine-room in
many craft, and recommend the addition of, say, 25 per cent. or more to
allow for impact, especially on slipways the gradients of which produced
speedy running into the water 1

On p. 15 they said that the best fastening for flat-bottomed rails was to
spike them to timber. Had any tendency been noticed for the rail to sink
into the timber and curl upwards at the end, possibly drawing the spikes 1
How had the rails behaved which were concreted in half way up the web?

Mr I. G. Croxford said that he had been engaged on the construction
and maintenance of six 350-500 ton slips as dealt with in the Paper.
They were generally similar to the design shown in Figs 7, Plate 1, though
the substructures varied.

Of the slips with which he had been concerned, three had been entirely
successful, two having been built in cofferdams and on sheltered sites.
Those were, he thought, the two most important factors in success.
Another slip was next to one of those which had worked successfully, and
with that there had been only teething troubles. Those four slips had
other common features in that there was no tidal current across them and
that the craft could be easily handled and very accurately controlled
during slipping.

Two slips, however, had given considerable trouble. They had been
sited, mainly for operational reasons, on the northern shore of a large
inland harbour on the south coast. The site had a southerly aspect.
The centre-lines of the slipways were north and south and there was a
fetch of about one mile in the direction of the prevailing wind. The
slipways were entirely exposed to south-westerly winds and to the chopp~'

seas which were whipped up. A further point was that the harboUl'
had a very flat beach-profile and, in order to limit the slip to an economical
length, a site had been selected where the scour channel came close inshore.
That channel carried a full-tide current of about 6 knots across the bottom
of the slip-a very unfortunate feature from the point of view of con­
struction and of ship-handling when slipping.

On p. 14 the Authors had stated the vertical tolerances aimed at during
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(1on~trll('Lif)n. Mr Croxford'~ own experien('e had becn that tho:;c toler­
ance:; wcre obtainable without difficulty in cofferdams, but he had not
been able to get t inch on line-and-level working under water; if he had
achieved i inch in all directions he had thought himself extremely lucky.
The question of level, however, was not too critical; the factors which
had caused real difficulty were gauge and alignment. The assessment of
gauge and alignment under water involved the use of a weird and wonder­
ful collection of trolleys and gauges as well as divers. For that work large
clearances had to be allowed between the rails and the trolley-wheel
flanges; it was then possible to run the trolley up and down and take
the readings on a horizontal scale, using the vertical wire of a theodolite
operated on shore, and so to get apparent results. But it was not known
whether the sideways float on the trolley had worked in opposition to, or
in the same direction as, the variations in alignment of the rails and
whether the results would be consistent on further runs. It was easy to
get 1 inch of variation. He did not remember what alignment tolerances
he had achieved, but he did remember that those specified had been very
stringent and unworkable. That had made construction times longer
than they would otherwise have been. Could the Authors say what
alignment tolerances had been specified?

In slipping, as had already been stated, the cradles had to start square
and remain square after the load had been taken. As Mr Grove had said,
trouble had been caused by ships taking a swing on the stern after suing.
If the stern swung only 1 foot at a distance of, say, 170 feet from the cradle
section on which the load was borne, friction between the cradle chocks
and the ship would make that section rotate through an angle of 1 in 170
on plan. Assuming that the cradle section had previously been square
and dead on centre-line and that the available flange-clearance and end­
float on the axles amounted to It inch, it seemed to him that that was all
going to be taken up after about 21 feet of travel up the slipway. At
that point a leading flange bound on the rail. All the many failures on
those two difficult slipways had been caused by flanges.

It was possible, he thought, to assess the predictable part of the flange
thrust. A sue load of 150 tons was mentioned in the Paper. If the
weight of the cradle section-7 tons-were added to that and, for moder­
ately dry conditions, a coefficient of friction of 500 lb. per ton were assumed
between the wheels and rails, then the flange thrust would be about
35 tons. It was no wonder that failure occurred. That part of the thrust
was generated by friction between the cradle wheels and rails only.
Another factor was the friction between the cradle blocks and the bottom
of the ship-which was usually covered in rust and barnacles. Thrust
due to that was incalculable, as far as hc was concerned, but he thought it
could be four or five times 35 tons. It would not occur in practice be­
cause the structure would fail before it was reached.

It was necessary to eliminate lack of alignment in the structure and the
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cradle sections and he therefore suggested, as an improvement, the
design shown in Fig. 16. The great objection to the wartime design
was that the essential lateral float-perhaps 3 inches in all-allowed,
on a 4-foot wheelbase, an angular swing of 1 in 16 off centre-line. The
proposed alternative design relied on the depth of rolled-steel sections
for gauge purposes instead of on the accurate positioning of two wing rails
at nominal 24-foot centres. It appeared possible, with that design, to
reduce the total, and, if the side-roller base was increased to 6 feet, the
permissible angular swing would be limited to 1 in 144 off centre-line.
Side thrust would be taken on lubricated axles instead of on flanges which
had borne sideways and downwards on the wing rails, made the cradle
bind, and had hopelessly distorted the beams supporting the rails.

The centre slipway assembly shown would be built up on shore, using
packings to ensure an accurate overall width, and then manoeuvred into
position where it could be lined and levelled by working only on the joints
between sections. Good alignment of the single rigid centre member could
be secured much more easily and quickly than with the two wing rails of the
original design. He thought that the load should be taken almost entirely
on the centre section, in which case neither the alignment, gauge, nor
level of the wing rails would be critical.

The additional weight of steel would be offset by the fact that the wing
rails would need little support and by the fact that fully telescopic cradles
could be used, thus saving slipway length under water. Chains, or other
ties between cradle sections, should be on the centre-line.

*** Mr A. G. Allnutt recalled that on p. 14 the Authors referred to
trouble with down-haul blocks due to excessive friction. He believed that,
in the design, a value of 0·05 had been used for the coefficient of friction
and efficiencies of 98 per cent. and 95 per cent. in the sheaves and rollers
in asseSBing the pull; allowances had also been made for friction in ropes.
The cradles all had a lot of small wheels and in the adverse operating
conditions there was no doubt that good lubrication was essential;
even so friction was probably higher than the design figures. Lubrication
was not difficult to arrange, because the axles could be drilled and fitted
with Stauffer boxes. However, the yawing of the cradles, with the
resulting tendency of the flanges to bind on the rails, had probably not
been forseen in the design stage, and would be a lot more difficult to cure.
Those friction troubles were aggravated by the use of winches driven by
internal combustion engines through dog clutches. As Mr Bishop had
stated, a flexible drive such as would be provided by a steam winch would
be an advantage, and for a permanent slipway, if it was decided to use an
internal combustion engine, some form of fluid flywheel drive would be
desirable.

Figs 5 showed a slipway for traversing, the traversing cradle being

**. This contribution was submitted in writing.-8Ec. r.e.E.
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carried down the slipway on top of the longitlldinal carriage. With that
arrangement the slipway had to be extended to give sufficient depth of
water beneath the craft to be slipped to allow for the total height of the
two carriages. On a gently sloping beach the extra length of slipway
required might be expensive, and it would then be better to consider
arranging for the traversing carriage to run beneath the longitudinal
cradle in a transverse pit at the top of the slipway.

It seemed to have been generally agreed that the use of cofferdams gave
the best opportunity to provide a first-class job, but at some sites the
presence of sand or ballast would make it difficult to de-water the dam.
Where the grading of the material was suitable, chemical consolidat.ioll
would make that possihle, but that might make the cofferdam 80 expcllsivp
t,hat underwater work would be more economical, particularly a~ the
freedom from mud at such sit~s would make for good diving condition 1<.

The Allthors, in reply, said that Mr Palmer had asked why tlH'.v
used slids. The main reason was that, if they used grids, they were limitcd
very considerably in the time during which it was possible to work under­
neath the ship, whereas with slids the ships could be hauled up and
there would be longer working time. Mr Palmer had questioned the
relative cost of those slids. With three ships hauled up on each slid,
the cost per craft was in the neighbourhood of £6,000, as compared with
£11,000 to £16,000 for a single slipway; those were very rough figures,
and varied considerably according to where the slips were built.

The L.C.M. side-traversing-slip at Lowestoft was an economical way
of providing accommodation for those cra.ft, but a good deal of room was
needed. It was necessary to have rather more special trolleys than were
required for the turntable arrangement.

Mr Palmer also mentioned the question of the development of a link
in place of the chain on the collapsible cradle. In practice the chain had
soon been substituted by a channel, which was much more satisfactory.
A rigid cradle did not give the sa.me stress on the back-haul and the cradle
went down the slip much more easily than a collapsible cradle.

Three or four curved slipways had been built, and it was thought
that they were all still in use; two of them were in Gosport and one in
Poole.

The Authors apologized to Mr Bishop for not mentioning slipways
in the Mediterranean, but the Paper dealt with static slipways rather
than with those used in forward operations. The static slipways dealt
with in the Paper were built in Great Britain as a fixed base, whereas
the floating docks to which Mr Bishop had referred were built more as
mobile slipways.

Mr Rooke had expressed the opinion that dams could be used without
being any more expensive than divers' work. That had been the Authors'
experience; they had built ~everal slipways in dams, and they had not
been any more expensive.
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Mr Robinson had referred to a tolerance of 1 inch. Despite what
;. ·Croxford had said, the Authors did not think that such a fine limit
• 18 that was necessary, because they fully appreciated how difficult it was
'to work to those fine limits under water. On one occasion, when Mr
.Grove had been Assistant Engineer at Hong Kong, he had had to check
the alignment of a slipway in the dockyard; it had been the most uncom­
fortable diving job that he had ever done, because his head had been
under water while his stern had been out of the water most of the time­
a most uncomfortable position. It had been very difficult to get under
the water at all, and checking alignment and levels and so on in those
circumstances had been very difficult. The Mediterranean was probably
an easier plaec in which to dive, because the water was clear and t,herc
was no troublc from mud, as waR the casc in the Thames and in Ports­
mouth harbour.

Mr Robinson hall referred to overloading the slips due to damaged
vessels. That was a point which had caused a good deal of trouble, but
the naval authorities responsible for slipping those craft were no respecters
of slipways and did not bother whether the slip had been designed
for 300 or 600 tons, or whether the ship was hogged or what its condition
was, so that there had been a great deal of trouble from overloading.
Mr Robinson seemed to think that the slipways were useful mainly for
cleaning the bottoms of the vessels, but there had been extensive repairs
to be done to underwater fittings, propellers, etc., and to damage to side
and bottom plating. When the craft had landed on the other side of
the Channel they had often incurred minor damage which could be
repaired on the slipways.

The slipways dealt with in the Paper had never been intended as opera­
tional slipways-that was to say, to be used in a theatre of operations
and to be constructed in double-quick time. The Authors had had many
months in which to build those slipways, which were static; they were
for base repairs, as it were, and not for advanced base repairs.

Mr Beard had raised the question of 1,200 tons being the limit to
which a slipway could be built. The Authors were well aware that slip­
ways could be and had been built to carry much greater loads than that,
and there had been no intention, in the title of the Paper, to infer that
1,200 tons was the limit. It was merely the limit to which the Admiralty
during the war had built the slipways which were described in the
Paper. The Authors did not agree that 18 months was a quick time in
which to build those sIipways, because in the Chatham district, where
the sites were not at all good, ten slipways had been built at different
sites at which work had been started at the end of October 1943, and had
all been ready by April or early May 1944-a period of about 6 months.

The Authors agreed with Mr Waddington that wheels oflarger diameter
would have been a good deal better than those actually employed. No
special allowance for extra weight under the engine-room or for other
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cases of impact had been made. There had been a tendency for the
rail to work into the timber, and a plate had had to be put underneath
to prevent that in certain cases.

In answer to Mr Croxford's point about the amount of longitudinal
tolerance which had been given, there had been insufficient time before
the publication of the discussion for the Authors to obtain that infor­
mation; the tolerances given in the Paper referred both to line and level.

The pull of 30 tons which Mr Rooke had calculated was probably
correct; the Authors believed that Mr Allnutt had answered his question
regarding the friction coefficient. The experience at one site seemed to
cancel the experience at another. One trouble on the down-hauls had
been solved by a tin of grease or a can of oil, and when the wheels werp.
greased all had been well. It was difficult to assess factors of that sort;
in arriving at a coefficient of friction in the design work.

The cradle was the responsibility of the naval architects, as were the
sue loads, whilst the winch was designed by the naval mechanical engineers.

The whole story of the slipways was not as well documented as might
be hoped, since there had not been time during the war to do that. Such
records as existed, however, gave the general impression that dams should
be used, and that the work should and could be carried out just as quickly
in dams, and certainly better. The psychological factor of setting out
to build a few dams, however, when there was a great hurry to construct
slipways was important, because people liked to see something tangible
rather than a dam; but a little time spent in preliminary planning would
have been well repaid.

On the question of loading, it was Mr Little's opinion that if he were
building one slip he would build in a dam, and, having gone to that expense
and trouble, it would pay to be as liberal as possible in the loading allow­
ances. He would design the whole structure to the sue load and not split
it up across the slip in the proportion of 1 : 1 : 1; he would simply take
not less than half the load on each rail. It was not possible to be sure
what the loadings would be. The Authors had not, however, set out to
build only one slip. They had had to work on the basis of what could
only be called mass production of slipways. The winches, cradles, and
the slipways themselves were to be mass-produced, since more than one­
hundred of them had been built. That also meant that there were more
than one-hundred gangs of operators to train in operating the slips, which
was a considerable proposition in itself.

Another impression from the records was that there had been consider­
able teething troubles during trials, but when the slipways had actually
been wanted those teething troubles seemed to disappear. In the opera­
tional work the troubles were far less than had been expected. Many
of the initial troubles had been caused by overloading, and others wen'
due to the inexperience of some operators.

Side slips took up space along the length of the waterfront and end-Oll
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~slips took it up across the line of the waterfront. When collapsible cradles
were not used, the length of an end-on slip for a long ship such as a destroyer
might well be prohibitive and a side slip was the only practical alternative.
Apart from long vessels, however, the choice of side or end-on slips would
normally be governed by whether land were limited along or across the
waterfront. If there were no restrictions in either direction the advantage
would seem to lie with the end-on slip, especially with collapsible cradles.
A difficulty with side-on slips was to get the pulls on the different cradle
sections synchronized.

With the curved slips the same cradles were used as for straight slopes,
but the adjustment for the curve was made in the docking blocks.

Mr Cockle's criticism of the ~-inch-plate support was reasonable and
had furnished another example of cutting design to too fine limits, although,
as Mr Cockle had pointed out, some apparent similar weaknesses were
sometimes due to overstraining effects resulting from inexperienced
operators.

UDE AND PRINTED IN GREAT BRITAI:i BY WILLIA.H CLOWES A:iD SONS, LIHITIm,
LO:iDO:S- AXD BECCLES.
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