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SECTION O

0.0 GENERAL
0.1 INTRODUCTION

With the ever-increasing use of containers for military cargo
and with modern containerships not being self-sustaining, the U. :.
Naval Civil Engineering Laboratory has established the need for an
Expeditionary Logistic Facility (ELF). Th=2 ELF system is to provide
for the establishment ¢f port facilities to handle not only containers
but all types of cargo from all types of ships where no port facility
exists. The ELF must be portable and must be capable of erection in
a short time frame.

0.2 OBJECTIVES

The purpose of the present study has been to develop the pre-
liminary design of a concept originally suggested by Eness Research &
Development Corporation to iusure that it could meet the requirements
of the ELF system.

0.3 ORGANIZATION

In the development of thz preliminary design of this ELF system,
the design of the crane features has been undertaken by Eness Research
& Deveiopment Corporation and the design of the supporting platform
has Leen the responsibility of the J. J. Henry Company, Inc. Close
liaison between the two companies has led to an orderly development
of the design,
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SECTION 1

1. {dULL

1.0 GENERAL

The platform for the crane is essentially a barge., 1In this
concept, however, the hull is split down the middle so that when the

facility has reached the advanced base port, the hulls can be separated

tc provide a broad, stable platform for the crane.

Since the general and specific requirements for constructing and

outfitting a barge are defined in the Rules ¢ the American Bureau of
Shipping and the regulations of the U, S, Coast Guard, we will only
describe the features which are peculiar to this concept,

1.1 DIMENSIONS

The minimum dimensions of length and beam of the hull are de-
termined by the geometry cf the crane structure. As shown on the
General Arrangement, Figure 1-1 in the sea condition of transport mode,
the crane structure is lowered and the hulls are together,
the center of gravity and makes for greater stability. Also, with the
hulls together, resistance for towing or propulsion are decreased.

This lowers

The minimum depth of the hull is prescribed by the A.B.S. Rules
which call for a depth not less than one-fifteenth of the length.

Since the huil serves only as a platform for the crane, minimum
dimensions were held in order to keep hull costs down.

The principal dimensions selected are as follows:

Length on load waterline

330'-0"
Beam (hulls together) 60'-0"
Depth of hull 27'-Q"
Draft, design 14'-Q"
Light Ship weight, no ballast or fuel 2760 tons

1.2 LINES

The lines as developed and as shown in Figure 1-2 were based on
the design of an ocean-going barge for which we had mondel test data,

After making a preliminary weight estimate we found that a
reduced block would give adequate displacement. The lines were there-
fore made finer which reduced hull resistance thus improving speed.

Before finalizing the lines for the prototype we would consider
it impcrative to prove the lines by model testing.

The hydrostatic characteristics or curves of form are given in
Figure 1-3,
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1.3 ARRANGEMENTS

The compartmentation of the hull is dictated primarily by the
needs for suppor:iing structure for the crane posts. Also, the require-
ments for subdivision, tankage, auxiliary machinery and quarters must
be considered,

1.4 SUBDIVISION

Although it is not yet a requirement of the regulatory bodies
or the U, §., Coast Guard for this type of vessel, it is considered
desirable to have at least a one compartment standard of subdivision
for this vessel, This means that any one compartment can be flooded
and the vessel will maintain its stabllity without excessive list
or trim,

Figure 1-4 shows the surmary of lamaged stability calculations
indicating that this hull is satisfactory with adequate stability re-
maining with any hold damaged.

1.5 STABILITY

Unlike cargo ships which may have many different conditions of
loading and, consequently, a variety of stability conditions, we have
here basically two conditions to consider. The first, or at-sea
condition, is the condition of the facility while enroute to its
destination, For this condition the two hulls are brought together
and the upper crane structure is lowered to the deck, Figures 1-3A,
1-5B, and 1-5C show the stability for this condition at three possible
drafts.

In the working condition with the hulls spread apart, the
transverse stability is increased. With the crane raised and the hook
load added, however, the combined center of gravity is raised and the
stability is slightly reduced, however, since the GM is so large the
effect is negligible. Figures 1-6A, 1-6B, and 1-6C illustrate this
condition at three possible operating drafts.

i.6 STRUCTURE

The design of the basic hull structure is based on the Rules of
the American Bureau of Shipping. Special consideration has been given
to seating the crane kingposts so that imposed loads are properly
distributed in the hulls,

Drawing 5834-2, Figure 1-7, Scantling Plan shows the basic
structural requirements of the hulls,

As a verification of the structure or scantlings, the American
furcau of Shipplng requires a still water bending moment calculation.
Figures 1-8A, 1-8B, and }1-8C show the bending moment and shear forces
at three different drafts,.  Figure 1-9 sihuws the calculation of the
section modulus of the barge hull and Figure 1-10 gives the calculation
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vf che sectiuvn modulus required by the A.B.5. The saction as designed
is satisfactory.

1.7 PiPING SYSTEMS

1.7.1 GENERAL

All piping systems would be required to meet the requirements
of the Americar Bureau of Shipping and the U. §. Coast Guard.

1.7.2 S1LGE AND BALLASY SYSTEM

A pumping system witk associated piping is required which
is capable of drainiag all compartments aad lo fil1 or empty ballast

tanrc used tn correct list or trim of the vessel. Two pumps are re-
quired Iin each hull.

x.7.3 YENT, SOUNDING AKD OVERFLWW PIPES

All taoks are to be fitted with vent pipes and overflow pipes.

All Tanks and all hold compartmentc which are not at all
times accessible are to be fitted with sounding dipes.

1...4 FiEL OIL PIFINS SYSTEMS

A piping and pumping system is to be provided which will per-
mit filliog the fuel tanks frow a convemient locaticn on deck and then

transferring the fuel to the diesel generators and to the propulsion
units if fitted.

1.7.5 FEZSH AND SALT WATER SYSTEMS

A fresh vater tank installed in accordance with the require-
ments of the U. S. Public Health Service would hoid water for drinking,

wacning and cooking purposes. A pressure tank system is used to trans-
fer froe the stcrage tank to the outlets.

A saltwvater system, taking water from one or more sea
chests, would suppiy water for engine cooling and sanitary purposes.
Mocern practice on cormercial vessels is to use freshwater for
sanitary needs but, since we have ro ready source of steam to operate
a distilling planc, we would call for saltwater for this purpose.

A general service pump which could serve as one r.f the
bi_ge and ballsst pumps would be used for this service.

1.8 ELECTRICAL SYSTEMS

1.8.1 POWER FOR CRANE

Two sets of diesel-generators of about 250 KW each in the
barge supply power for the operation of the crane. One set is ade-
Guate for normal operation and the other provides 100 percent standby.

1-4
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These generators would also supply power for the anchor
windlasses, the constant tension winches and the crane lifting winches,
From the switchboards in the diesel-generator room, cables carrying
power tc the cranes would be led under deck and then up one of the
kingposts.

1.8.2 POWER FOR THE BARGE

One diesel-generator of about 75 KW weculd supply power
requirements of the barge. In the event of failure, power could be
taken from either of the crane generator sets.

Switchboard in diesel-generator room would distribute
power to:

Lighting, including navigation ights.
Power for service pumps.

Air conditicning and ventilation/heating.
Galley ranges and appliances.
Communication equipment.

1.9 MOORING AND ANCHORING

Windlasses, anchors and chain are to be provided in each hull
to suit A.B.S. requirements: One anchor is sufficient to hold the
barge. Both anchors would le used when transferring to lighterage ’
offshore to insure sufficient holding power for both the facility and
the lighterage.

Constant tension winches are provided to secure to a pier,
another vessel or to lighterage. The winches are arranged tc be led
to either side of the separated hulls,

1.10 FENDERING

Shock-absorbirg fenders are to be provided all around each hull

to protect the facility from other vessels either outboard or between
the hulls,

1,11 SECURING THE HULLS

In the transport mode with the hulls together, the hulls are
secured by hydraulically operated pins acting in fender-shaped pieces
at the centerline as shown on Figure 1-11. The securing lugs are
wedge-shaped to adjust for any misalignment when the hulls are brought
together,

Also shown on Figure 1-11 is the T-shaped slot in the hulls to
accommodate the cross connecting members, shown on the Eness drawings,
which hold the separated hulls together.
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1,12 MANNING AND QUARTERS

The U, §. Coast Guard, which has jurisdiction over manning of
vessels, has no definite rules on the manning of a vessel such as this
facility but considers each case individually.

The crane specifications indicate a need for a minimum of two
crane operators plus a maintenance electrician and a maintenance
mechanic, Since this is a small facility with basically two modes of
operations, the at-sea mode and the operating mode, it is believed that
the crew could be acssigned dual duties. Our estimate of required
ranning, using arbitrary designations is as follows:

Captain 1
Mates 2
Seamen 6
Machinists 3
Electricians 2

Total 14

Since we were advised that the crew would be military we have
prcvided two-man roors except for the upper ratings. The quarters
would be insulated and sheathed and provided with metal furniture,

Mess room, galley, reefer and dry stores space are provided. Provision
is made for venting, heating, and air-conditioning the quarters.

1.13 SAFETY EQUIPMENT

As required by the U, S. Coast Guard, the facility would be pro-
vided with one diesel-propelled work/life boat and inflatabie life
rafts and other lifesaving gear as required.

Fire stations tied into the ship's salt water systems and
portable extinguishers are to be provided.

1.14 PROPULSION

In the original concept by Eness, the crane is mounted on a
towed barge. Since the Naval Civil Engineering Laboratory (NCEL) was
also interested in a self-propelled facility we have also investi-
gated the possibility of using Murray and Tregurtha type outboard
units which involve minimum changes in thc basic design,

Figure 1-12 shows a curve of Effective Horsepower (EHP) versus
speed in knots for the hull.

Figure 1-13 shows two curves of horsepower (BHP of tuy) versus
speed, one for barge with skege and one for barge without skegs but
with twe 1000 HP outboard units which arc used for self-propulsion or
to supplument the tugs and control the barge. No skees would be
fitted on the barge with nropulsion units as the units could be
sterred to overcome yawing.
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From these curves we find that the self-propelled version with
no ascistance from a tug would have a <peed of about 10 ¥nots.

We found little published data on speed and horsepower of tugs.
We have, therefore, constructed a series of curves for a range of tug
sizes and horsepower based on pablished data to determine the size of
tuge necessary to tow the facility at various speeds. These are given
in Figures 1-14A through 1-14H.

From Figure 1-13 we find that to achieve a speed of 14 knots a
tug of abcut 10,000 HP is required. If propulsion units on the facility
are also used, tne same speed of 14 knots could be obtained with a tug
of about 6000 HP. The reason for this is that the Lkull resistance is
reduced with no skegs and, of course, the added thrust from the
outbocards. : :

We would recommend that the facility be fitted with the out-
board units, not only because of improved twwing speed, but aiso
because we believe they would be useful for positioning the facility
at the site.

1.15 TRANSPORT MCoE

For the novement of the facility to its destination, it is
important that a decisicn be made whether the barge is to be towed oaly
or if it is to Have some degree of self-propulsion. If it is only to
be towed, it will ba necessary to fit skegs to give the tow directional
stability. As noted in Article 1.14 (PROPULSIOR) we have recoamended
propulsion units eveo if towed, to eliminate the added resistance of
the skegs and to supplement the tug. :

Because of its fine entrance and lines, and its wide beam, the
burge can be expected to perform well at sea. Of course, the normal
precautions of reducing speed and heading into the seas wculd be
recommended at higher sea states.

With the crane lowered to the deck for the transport mode there
is ample transverse stability. If rolling does start at higher sea
states, 1t is recommended that ballast in the form of seawater be
purped into *wo or more of the hull tanks tc reduce the transverse
metacenter or GM and thus increase the roll veriod. With too large a
GM there is danger of quick snap rolls which would be uncomfortabie
for the crew and possibly dangerous to the equipment.

1.16 OPERATING MODE

With the hulls spread apart and the crane ready for operation,
the transverze metacenter is quite large and heeling due to transfer
of loads is small,

The facility can be used to straddle a finger pier, can be

moored alongside a pier, or can be anchored in a river or in open
water,

1-7
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From a stability standpoint there are no problems as the sea
state increases. The difficulties are in the crane structure and in
the cross tles. This is fully discussed in Section 2 on the crane,.
Beam seas would, of ccurse, tend to push tne hulls together, especially
if the barge is moored alongside a pler. This is »Insidered in the
crane design and provisioa ic made for cross members at the bottom
of the karge. Head seas or quartering seas tend to rack the crane
structure and this is considered in the crane design, up to the limits
prescribed in the crane design calculations. - At higher sea states it
is recommended that the crane be lower=d and the barge haives brought
together so that the facility could ride out the storm at anchor.

In this condition we believe the barge could survive very heavy
weather.
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SECTION 2

2.0 CRANE

2.1 GENERAL DESCRIPTION OF CRANE

~  The crane consists of several basic components; these include
a4 trolley which houses the hoist and transverse propelling machinery
and supports a control cab on each of two (2) sides, extensible booms
which move transversely owver the ship, dock or lighters and serve as
supports for the trolley, and a bridge frame which completes the crane
unit by supporting the extensible booms. The crane unit is supported
at two (2) points by wheeled assemblies which permit horizontal and
vertical pivoting; rack and pinion drives are provided to move the
crane along the fore and aft links. The ends of the fore and aft links
are integrally connezted to collars which are able to move vertically
on the kingposts. Additionally, there are transverse links which are
pinned to the collars and serve to maintain the transverse distances
required by acting as a system of parallel links, The collar, as
already noted, serves as a means of raising the system along the king-
posts and alsc houses mechanical locks to maintain the desired eleva-
tion and to relieve the load from the crane hoist tackles. Four
collars are provided, one for each kingpost. The kingpnosts provide a
means of supporting and raising and lowering the crane unit and also
serve to take out the various loads resulting from sea motion.

The material presented herein describes the basic design of
two (2) cranes, each having particular advantages and disadvantages
which will be discussed in detail. Design Nos. 1 and 2 have the same
basic kingposts, fore and aft links, transverse links and hoist
machinery but differ in the extensible boom arrangement. Design No. 1
has two (2) extensible booms which are extended and set to each side
of the desired outreach. In comparison, Design No. 2 has one exten-
sible boom which moves transversely concurrent with the trolley; the
trolley travels twice as far as the boom. The trclley of Design No. 1
is propelled by traction along the extensible boom and its motion is
independent of the motion of the buom, The trolley of Design No. 2 is
propelled by four (4) fixed lengths of wire rope each of which have one
end attached to the trolley, then led through a sheave on the extensible
boom ¢nd and then have the ovther end attachi:d to the bridge structure.
Design No. 1 is depicted on Eness Dwg. No. 71031-3 and Design No. 2 i
depicted on Eness Dwg. No. 71031-13,

2.2 GENERAL PERFORMANCE CHARACTERISTICS

The crane is capable of projectiany trausversely over the hatch
of a container ship, roli~on/roll-off ship, and geucral break-bulk tvpe
of carpo ship 80 as to spot aver the load peint and transfer 1 rade <wach
as containers, military vebloles, and palleticsed cargo te Henters,
docks of causeways, as may be required, The carge path §s geacraliy
as indicated on Eness Dwr, No. 710311, which shows a distance of
6 tect & fnches from the undersfdeof the container tothe wateviine., [he
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maximum outreach is 96 feet and the transverse span is 342 feet between
extreme hoist points. A 44,000 pound load can be lifted, transferred,
and deposited between these points in less than five (5) minutes. For
the purpose of handling military vehicles weighing 70,000 pounds, the
crane is capable of an outreach of 70 feet and a transverse space of
290 feet.

The following criteria has been used in establishing the
concept:

Hoist - 44,000 pounds at 115 FPM

Transverse Travel - Up 1 degree incline at 400 FPM

Boom Extension (Design No. 1) - Up 1 degree incline at 50 FPM
Fore and Aft Travel - Up 1/2 degree incline at 70 FPM

The hoist and transverse travel speeds are dictated by the
requirement for 20 containers per hour through the average path. The
boom speed for Design No, 1 is arbitrary and can be increased or de-
creased; however, the boom speed for Design No, 2 must be related to
the trolley speed required to handle the 20 containers per hour, The
fore and aft travel speed is also =zrbitrary and may be varied with
subsequent change in horsepower of the drive machinery. The fore and
aft travel is 76 feet from center to center of the containers and will
permit serving four (4) 20 feet cells without shifting the barge re-
lative to the container ship. The hoisting of the crane to operational
position is accomplished with four (4) 50 HP winches; the rate of
hoisting 1s predicated on the structural design and the maximum
sea state at which operations will take place.

Review of the sea state data as defined by W. A, McEwen and
A. H. Lewis, Vine and Volkmaun, Wilbur Marks and Pierson-Moskowitz
indicates that Marks is in agreement with McEwen and Lewis, Vine
and Volkmann are also in good agreement for sea states less than
three (3) but rely upon the "average wave height" for the "equivalent
wave length", Comparing Pierson-Moskowitz wave heights and wave
lengths with corresponding values given by Marks, the "significant
wave height" of the former exceeds the "average 1/10 highest" for
sea states less than high four (4), but, at low five (5), they are
comparable with Marks' "significant wave height'". At mid sea state
six (6) the "significant wave height" of Pierson-Moskowitz becomes
sl.ghtly less than Mariks' for the respective wave length and decreases
turther as sea states increase, For the purpose of the crane designs
discussed hwreafter, the cffect of sea state is predicated upon Marks
and Mcbwen and Lewis. Figure 2-1 presents a plot of wave length

Cversus Sea state; Fipure 2«2 shows significant wave height plotted

aalnst wave length, In order to relate the design to a common
refvtence, wave fengtn will be used and from Figure 2-2 corrcspounding
waze hefphts can be determined., When wave heights and lengths are-
ruoun, the design can be related to the desired source of reference
tar sed state.
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-3 COMPONENTS

Eness Dwg. No., 71031-12 shows the crane of Design No, 1 in the
stowed condition and identifies the varicus components which comprise
the assembly. Further, the drawings which detail the various components
are also given for r2ady reference. Design No. 2 is very similar to
Design MNo. 1; Dwg. No. 71031-13 illustrates the areas of difference
between the two (2) designs.

2.3.1 TROLLEY

The trolley consists of an enclosure which houses the hoist
equipment and travels transversely on the extensible boom, On each end
of the trolley is a control cak, In operation, the cab most convenient
for viewing may be used. The controls in each cab will be tied to~
gether; however, it will not be possible to arbitrarily override an
active c¢ontrol by remote control unless a change in selection is made.

The main support structure will be ASTM A441 low alloy steel;
the remaining structure will be aluminum, Where aluminum and steel
are in contact, effective means of isolation will be required., Various
- compounds and tapes are available for this purpose.

The troliieys for Design Nos. 1 and 2 differ in that Design
No. 1 has incorpcrated, within the trolley, the propulsion equipment
to move the trolley transversely, while Design No. 2 does not require
this type of equipment.

2.3.2 TROLLEY DRIYC

The two (2) designs presenced herein differ in the trolley
drive. Design No, 1 has an independent trolley drive which is illus-
trated on Eness Dwg. No, 71031-4; this drive consists of two (2) motors
and reducers driving high traction, solid rubber industrial tires such
as General size 10 1/2 x 6 x 5, having a friction coefficient of 0.5
when wet to 0.85 when dry. Fach motor, fitted to a reducer, has a
disc~type brake; in the event of a motor failure, release of the brake
will permit ope~ation at a reduced rate.

The trolley weight, including the hoist machinery, cab,
controls and spreader is estimated *to be 40,000 pounds for Design No. 1
with drive machinery, and 32,000 pounds for Design No. 2 without drive
equipment. The total design load for Design No. 1 is 110,000 pounds,
while for Design No. 2 it is 102,000 pounds. The traction force re-
quired to move the trolley will depend upon the list and the wind
force. A sustained list of 1 degree will be used. The wind force, Fw,
is a function of the wind velocity, V, in knots and the exposed surface
area, A = 170 square feet as follows:

Fy = 0.004 Av2  (U. S. Navy General Specifications)

The force due co list Fy = T; x Sin (1 degree)

2-9




The force due to rolling contact, where R = {" for a 12"
adiameter wheel is FR = TL %X 94%22

= | o+
The total force is FT Fw + FL FR

Assuming a mechanical drive efficlency of 0.6, the
horsepower is:
Fp x 400

HP =
33,000 x 0.6

Based upon appropriate wind velocities for wave lengths of
20, 40, 71, 99, and 160 feet, the total forces and horsepowers are
plotted on Figure 2-3. On the basis of this information, two (2) 25 HP
1750 RPM motors were selected; each of these is coupled to a Falk GHB
2050 reducer having a 2.76: 1 speed ratio. Further reduction is
accomplished through a chain drive having a ratio of 4:1. The trans-
versing drive will have two (2) speeds, full and one-quarte~.

Manufacturer's data on the traction wheel indicates a
maximum load of 2200 pounds per wheel with footprint of 10.4 square
inches, To satisfy the maximum required transverse force of 2350

pounds from two (2) traction wheels, the required friction coefficient
will be:

The required friction should be satisfied since contact is
made on the underside of the extensible boom so that there is a high
probability that it will be dry.

The trolley drive for Design No. 2 is covered in the
discussion of the extensible boom for that design.

2.3.3 MAIN HOIST DRIVE

The main hoist drives are located in the trolley and con-
sist of two (2) each of motors, gear reducers and drums. The hoisting
is accomplished by using a pair of 3/4 inch 6 x 37 high strength wire
ropes with double part reeving to sheaves at the four (4) points
of the spreader. In the event that one (1) motor fails, the operation
may countinue at a reduced rate provided the brake is set on the in-
operative motor.

The distance over which a container will move through its
average path, for the purpose of the time cycle, {s taken as the sum
of the mean maximum vertical and horizontal dlstances., Mean maximum
vertical distances of 54 feet over the vessel and 70 fect over the
lighter or dock and a lhiorizontal distance of 170 feet were used.
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Tables IA a2nd IB indicate the breakdown of each element of
tae cycie time sta-ting with the hoist in the ship, depositing tk: load
on the dock and returning to the start. The hoist and lowering speeds
are derived from Figure 2-4 using two parts in the hoist.

The ideal cycle time is one which can be obtained under
ideal conditions such as in o~ sea state of one. It should be noted
thet twenty~-four (24) contairers of 44,000 pounds can be handled in
one (1) hour. ~This quantity, when reduced to twenty (20) to meet
requiresents, allows approximately 15 percent of each hour for operator
break or change. The manning discussed on page requires two (2)
operators for each eight (8) hours of operation so that fatigue should
not be a problem. Also recommerded is a training period for the
operators. In the training, sufficient experience must be had before
the operator is permitted to encounter actual operations.

Relacive to degradation of perfcrmance as affected by sea
states, there is considerable variance with respect to cycle time, so
that pavameters are difficult to establish. Based upon present exper-
ience, one can say that the ideal cycle time can be related to sea
state as shown in Figurc 2-4A and is obtained during a sea state of
zero {0) to one (1). )

TABLE IA. BREAKDOWN OF IDEAL. CYCLE TIME FOR CONTAINER
HANDLING (44,000 POUNDS)

Ship to Shore

Operation Time (sec.)
Hook On 4
Accelération (heist) . 3
Hoist 28
Dwell 1
Acceleration (transversing) 3
Travel (transverse) 25
Braking 4
Dwell 1
Acceleration (lower) 1
Lower ) 26
Brake 2
Unhook 1

99
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TABLE IA. BREAKDOWN OF {DEAL CYCLE TIME FOR CONTAINER
HANDLING (44,000 POUNDS) (con't)

Shore to Ship (empty spreader) Time (sec.)
Acceleration (hoist) 2
Hoist 7
Dwell 1
Acceleration (transversing) 2
Travel (transverse) 25
Braking 2
Dwell 1
Accelecation (lower) 1
Lower 9

50

Total time = 2 1/2 minutes = 24 containers per hour.

TABLE IB. BREAKDOWN OF IDEAL CYCLE TIME FOR VERICLE
HANDLING (70,000 POUNDS)

Ship to Shore

Operation Time (sec.)
Hook On 20
Acceleration (hoist) 3
Hoist 39
Dwell 1
Acceieration (transversing) 3
Travel (transverse) 37
Braking 5
Dwell 1
Acceleration (lower) 1
! 2-13
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TABLE IB.  BREAKDOWN OF IDEAL CYCiLZ TIME FOR VEMICLE
HANDLING (70,000 POUNDS) (con't)

Cperation Time (sec.)
Lower ; 35
- Braking 3 -
Unhook .
] 156
Shore to Ship (empty spreader E%%
)

Total time = 3 1/2 minutes = 17 vehicles per hour.

The following calculations establish the minimum horse-
power for the hoist drive:

Horsepower, HP = (Live Load + Spreader) , Speed (Per Motor)
~ 33,000 x .7 x 2

For Containers: HP = 94,000 x 115 = 135 HP each Motor
33,000 x .7 x 2

80,000 x 83
33,000 x .7 x 2

As the container operation takes primary considevatien,
selection of 150 HP motors will provide more than adequate margin for
safety and reliability.

For military vehicles: HP =

= 144 HP each Motor

Motors are rated 150 HP at 850 RPM, courled through a G. E.
Brake A 104 to a Falk YB 2100 reducer with a ratio of 13:95. The drive
will be a stepless type.

2.3.4 EXTENSIBLE BOOM. The booms of the two (2) designs
differ in concept and operation. The basic structure and strengzti. are
the same and are of ASTM A441 - low alloy steel. See 2.10 for dis-
cussion on material.

2.3.4.1 DESIGN NC, 1. The boom structures are of the box girder
typ» with top and bottom plates acting as flanges extending beyond ezch
side of the web plates which serve as a means of supporting trackways
for the trolley as well as for its wheel supports and guides. The
booms are shown on Eness Dwg. No, 71031-3, Sheets 1 and 2. Referring

to this drawing, it will be observed that the starboard boom is
narrower than the vort boom and is arranged for support from wheclis
attached to a bridge wnich spans the fore and aft iinks between Li.c
kingposts, The port boom has a similar but opposite configuration an
is wider so that the starboard boom rests within the port boow when
both are retracted. As shown in elevation 1-A, che trolley travels

2-14
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along the lower flanges of the booms, while the upper flanges are used
for suppcrt of the boom. Support of the boom 1s accomplished on wheels
on the outboard extremities of the bridge structure which are shown

in Section 2-A of Sheet 2 of referenced drawing. 7The inboard extremi=-
ties or the booms are also supported in the vertical direction by
additional wheels on the cross structure of the bridge shown in Section
2-B of Sheet 2 of referenced drawing., Each boom can be extended to one
side of the centerline so that the trolley can travel transversely

342 feet with ransfer taking place in the area of boom overlap at the
centerline, Each boom has individual extension machinery permitting
any desired extension up to the maximum on any one side or on both
sides,

2.3.4.2 DESIGN NO. 2. The boom for this design is similar to
the port boom of Design No. 1 except that it is closed oa both ends.
The top and bottom plates also extend beyond the webs and serve as a
means of supporting trackways for the trolley and its wheel supports.
The arrangement of this boom is shown on Eness Dwg. No. 71031-13,
Sheets 1 and 2. On this drawing, the boom is shown extended to one
side; movement of the boom to the opposite side also causes the trolley
* 1 move simultaneously to that side. Support for the boom is also
crom wheels located on the cross structures of the bridge. The boom
has two {2) sets of extension machinery which will permit operation
in event of a motor failure if the couplings are released.

2.3.5 EXTENSIBLE BOOM DRIVES

This drive differs for Design Nos. 1 and 2. The power
required for the drives will, in part, depend upon the list encountered
in the various sea states which is affected by the wave length. The
variation of list with wave length is shown on Figure 2-5, Listing,
due to wave motion, will be for short duration and can be absorbed
by the motor overload capacity for wave lengths up to 70 feet if the
design is based upon a sustained list of one (1) degree.

2.3.5.1 DESIGN NO. 1, The drive for each boom consists of

two (2) sets of racks and pinions drives driven through a gear reducer
by an electric motor having a disc-type brake. The boom drives are
located on the bridge cross structure.

Figure 2-5A indicates the horsepower required for
various degrees of list. The typical calculations for 1 degree list
in Appendix A indicates 15 HP. Based upon usual Navy practice, thris
horsepower will be adequate for lists up to 2 1/3 degrees which is in
excess of sea state 3.

Each of the two (2) boom drives shall consist of a
15 HP 1200 RPM motor coupled to a Falk Y2 reducer, size 2050, with a
47:08 ratio. Each motor is to be fitted with a Sterus disc brake,
Model 1-087-081-X, Style £7000 (Cap. = 85 feet - pounds).
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BN DESIGX Xd. 2. The drive for this boom also cemsists
vi a rave »a each girder drivena by a pinice throwgh a gear reduwcer anw
motor Lav.ug a disc-type brake.

Figure 1-3A indicates that 250 MP will be swuitable
vacer a peruissible cverload for lists wp to shout 2 3/& degrees
which is also in excess of sea state 3.

Two (2) 115 HP 1200 BPM snors are selected. They are
eaca coupled to a Faik Y2 reducer, size 2100, witk a 47:08 ratio.
Further, each motor is 1o be fitted with a G. E. brake, A 1Ca.

2.3.0 SRIDGE

The bridges shewn oo Emess dug. Nos. 7.031-3 ané 7103113
ar Dosign Nos. } ané 2, respectively, ars structura’l;, the same >ut
iffer In the nuzher of uareel supports. Structuraliy, rbhe bridge
s a fram of b xed girger ccestruction having two () maia tracsverse
Te2Der5 Zaintained parallel to each osther b= a cross stTucture at the
cenier ané at each emc. The center cross sivecture suprorts the
wieels and machinerry for the boiw propulsioe; the end cross structures

upport the wheels for the boom as it is extended bevond the Darge.
(I} intermediate rFross structures are fitted with wertical aad
izonial pivers which serve as the interfiace betweern the bridge ad
&

o 2 )

HEs R
b K
0

tne fore and aft links detween the kingposts. The purpose cf the pivets
is o permiz articclazion when separating the Sarge hulls and to pre—
vext anv cistorticn e the bridge im ¢vent of a difierence ie pitching

Dot ion detween the bargze hulic.
2.3.7 BRIDGE SEPPORT_AND DRIVE

The bridge, showm oan Eness Dug. Xo. 7133i-%, is supported
ar each enc on the flanges of the fore anc af: links by a power driven
trolievy-tepe unit which has uwhecls for swport cf tle load from the
bridze ané a pinion vaich enrages 3 rack on each fore and aft iimk.
Tha power rejguired for these drives will ia part depend upon the trim
to be encourtered. 3ased upor wave length, the trim that may be ex-
pected varies; however, it cleselyr fcllows the curve indicated ia
Figure 2-6. For the durpose of povering, « sus”aiced trim of 0.5
Cezrees will be usci. The for: ané aft zrawel is poss ble uaéer ic-d
at the rate of 79 FPY¥ secause of this s=mail tria.

Maxime loaé or & - 20 wheels = 550K.
Force, FR, due to roliing comiact is determived 2s folicws:

Foo= 230 x 100 x 2205 - 2253
i0

Forve, F[, IC OVeTICCTr a& .9 Jelree tria:
F. = 330 = 1000 = 087 = 39205

T ozaral = 41154
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The total drive efficiency, f, is assumed to be 0.6,

therefore, required HP = %%36‘_70_6_ = 14,7, Hence, select a 15 HP,
X .
two (2) speed, 1200 RPM motor coupled to a Falk worm reducer, AU 800,

having a ratio of 30:1.

Inasmuch as the maximum trim of 1/2 degree exists at wave
lengths above 150 feet (Figure 2-6) the 15 HP is more than adequate.

2.3.8 FORE AND AFT LINKS

The fore and aft links are box type girders, each integral
with and extending between two (2) elevating collars on the kingposts
as shown on Eness Dwg, No. 71051-6, Sheets 1 and 2, The top and
bottom plates of the girders extend beyond the web plates and the
bottom plate supports the bridge support machinery. The collars
extend beyond the kingposts to provide pivots for the transverse
links., Each end of each fore and aft link in way of the collar has
a sliding lock which retracts to permit changing the elevation of the
links; once at the desired position, the locks are again extended so
as to support the full load of the crane and links. The collar is
arranged with shoe type slide bearings and moves vertically along a
guide bar on the kingposts. Attached to the collar is a wire rope
tackle which raises and lowers the fore and aft links; the wire rope
leads are led down the inside of the kingposts to four (4) winches
in the hold of the barge. The winches have split drums to accept
the ends of each tackle which is endlessly rove through the sheaves
and hoisting blocks shown on the above referenced plans. The total “
weight of the system is predicated upon the design operating sea ?'
state and corresponding wave length. The winches contemplated are
50 horsepower, so that the elevating speed will vary with the operating
sea state selected.

The mavimum travel for the system is 84 feet along the
kingposts. Depending upon the structure selected for the respective
wave length, the hoist time will vary between 16 and 42 minutes, as
shown on” Figure 2-7.

2.3.9 TRANSVERSE LINKS

The traasverse links attach to the <ollars at the ends of
ti:e fore and aft links and serve to maintain the parallel aspects of
the two (2) hulls. These members are box-type girders following the
tvpe oI constructicen of the fore and aft links., Eness Dwg. No.
71031 -6, Sheets 1 and 2, shows the typical end fittings, pivots, and
1ocks. These links can be of various strengths, as discussed in the
section onr structural design, to account for the effects of wave
action. The after link contains the separation machinery.

2.3.18 K1NGPOSTS
The kingposts are round tubular vertical members which

sunporl the system and serve to be a medium through which the hulls
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are sepiTited. Depeandcal on the expected wave action, varfous strengths
23y e >uiit into these »xosts, as will be discussed in the section en
aydrodynamic coasiderations.

2.3.11 SEPARATION MACHINERY

Tae separatioa of the twe (2) hulls is accomplished with
the crace svstea in its lowvered position; Eaess Dug. Xo. 71031-7 shows
tae mackinery which causes the two (2) hulls to come together as wvell
as to separate. The operation is accomplished by means of diagonal
cabies between oppocite pairs of pivots of the transverse link. By
reducing the length oi one cable and increasing the length of the
other, the parallelograa formed by the iinks is opened and closed.
The separation drive provides a positive displacement to one diagonal
through a roller chain whick ieads to the cable on the stardoard side;
e other end of the chain is secured to the cable which leads to the
por: side. This cable is led to a floating take-up before it is led
over the port sheave. 3cth cables ride iz floating sheaves vhose
positions are retained by springs such that wvhen the tension exczeds
the preset lirit, the action causes the sheave to move and in turm
actuates a limit switch. If the tension in the starboard wire is ex-
cessive, the starboard switch reverses the seraration drive to parout
until the starboard sheave is restored to the proper location. -If the
tension im the port cadble is excessive, the port switch will cause the
{loating take-up to move to port until there is sufficient slack in the
cabie. ¥nen the starbcard cable becomes slack er the tension is recuced
dclow the preset value, slackoess actuates the starbozrd switch so tharx
the separaticn drive wi?l naul in until the sheave is restored to ite
proper posi.iu:... If siackness occurs in the port cable, the porit switch
will energize the floating drive so that it will move tc the starboard
side taking up the slack uatil the floatingz sheave is restored to its
proper position; it this time, floating take-up will be de-energized.

The power required to separare the twvo (2) hulls wil
require an inmitial ferce to break the hulls from their lands. If
both h:'ls are properly bzllasted very little force will be required.
However, if mot properiy btallasted, or if a lag or sag has developed,
considerable force mav be required to start separation. It is antici-
pated trhat hydraulic jacks may be required to start the hulls when
separating and draw thexz together. The forces involvad to perfore
the reraining operatioxn involves the forces to move ore hull in a
current assumed to be four (4) knots. Separation is accomplishsd a:c
a speed requiring five (5) minutes for ccmplete separation. Once
separated, several concitioas coulé be ercountered. These are:

1. Both hulls at anchor neading into the wind
and sea and tied alongside th: ship being
served.

2. Moored to finger pier witi: ship being served

alcoag offshore side I= protected waters. I
wind tends to move the ship iato the barge,
cress truss between hills must be used,
Relor o cesign of truss.

bt




3. Tied alongside of the ship being served
and headed into the wind and sea with
lighters tied alongside or in~between,

Condition 1, This condition would not impose any serious
problem on the diagonal cables unless anchors dragged so that one
would be more effective than the other. This condition would be
corrected by operating the windlass until parallel orientation with
the ship served has been achieved.

Condition 2. This condition imposes a problem relative to
the strength of the truss since the truss would have to have strength
to withstand the wind forces cn the ship being served. Various trusses
to withstand such forces are discussed under the truss,

Condition 3. This condition will impose forces on the hulls
which will be transmitted to the diagonals. For this condition, a
four (4) knot sea is assumed, the drag from one hull and any lighters
secured, will provide criteria for strength of the diagonals.

Caiculations for separation forces for the various condi-
tions are shown in Appendix B.

In separating the hulls, the cable betwzen the aft starboard
kingpost and the forward port kingpost are subject to maximum load and
dictate the minimum size required to start the separation., It has been
found that the tension in the cable is 7.96 times the broadside force
at the center of pressure of the moving hull, The broadside wind force
is the predominating force, as shown in Table I of Appendix B. The
safety factors are plotted against wave length for three (3) wire
sizes in Figure 2-8,

Once in the separated position, the diagonal cables will be
capable of fore and aft forces without the aid of the pin lock at the
transverse hinge points. Assuming a 1 1/4 inch wire rope which pro-
vides ample safety factor for 60 foot waves, the cable is capable of
a safe tensile load of 40,000 pounds. Under this load, the maximum
safe fore and aft force on the outboard hull that could be encountered
is 28,000 pounds. The force from a 4 knot current generating a drag
on the hull plus the wind load at 24 MPH will be 1383 pounds + 1880
pounds or a total of 2363 pounds. There is ample reserve to tie at
least six (6) LCM-8 and six (6) Larc LX to this hull with an allowance
for any pretensioning.

The force required to separate the hulls, assuming minimum
wind of about 10 knots, will be approximately 20,000 pounds in the
diagonal cable. The total take-up in the stressed diagonal i1s sixty-
three (63) feet. The operation has been assumed to take five (5)
minutes,

Hp = 20,000 x 63 = 10.9 HP
33,000 x .7 x 5

2-25
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For this condition, the assuamption is that the wind is broadside vith
no protection and that the hull is encountering resistance. After
initial start, the tension in the diagonal cable ceduces rapidly as
shown in Figure 2-9. 1In selecting a 10 HP motor, the tension could
be increased to about 30,000 pounds. This overload will not damage
any component.

Assuming the maximum tension in the opposing diagonal as
unity, the transverse force in closing the hulls will vary as shown
on Figure 2-9 as TSI. Based upon generating 20,000 pounds in TSI,
the force available at closing will be 13,800 pounds at start and
19,600 pounds at the end of the motion.

The drive selected uses a 10 HP, 1750 RPM motor coupled to
a Falk worm reducer Model AVD, size 14, having a 490:1 ratio, mounted
as shown on Eness Dwg. No. 71G31-7,

The 10 HP motor will be adequate for winds encountered in
a mid sea state of 2. Based upon usual Navy permissible overload, this
motor could be used where 15 HP may be necessary, which would be at
the beginning of sea state 3. It should be kept in mind that the
horsepower calculated used maximum forces at the start of motion.
The variation in time will be nii based on load variations unless a
DC drive is used in lieu of AC.

2.3.12 CORNER PIVOT LOCKS

In addition to the diagonal cables, each corner pivot has a
lock shown on Eness Dwg. No, 71031-6, Sheets 1 and 2.

Appendix C indicates the loads and stremgth of these pins.
These pins will be 6 feet in diameter. Although adequate to take the
entire load, they will share the loads to some degree with the
diagonals.

2.3.13 SEPARATION TRUSS

The wave action on the hulls due to the various sea states
exerts forces on the hull below the waterline. There is a choice as
to adequate cross structure between the kingposts, however, the struc-
ture becomes considerable in size and weight, so that for sea states
which have a wave length greater than 60 feet, the structure is con-
sidered to be impractica’., In order to transfer forces from one hull
to the other, several designs for separation trusses have been investi-
gated covering wave lengths up to 160 feet, The truss designs will be
discussed under "Structural Design'.

The trusses are stowed on the underside of the transverse
links as shown on Eness Dwg. No. 71031-8. Both ends of the trusses
form a plate which slides in a "T" slot in the barge hull in a trans-
verse line with the pivot of the transverse links. When brought in
position under the iink, a catch automatically locks the truss in
stowed position. Before the crane is raised, the locks are released

2-27
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and the truss is lowered by winch power. The disconnect is at the
deck level where a stop is made. At this point, the truss rests at
the bottom of the shell. The hoist cable is released at the dis-
connect and the crane is raised to operational position. For handling
the truss, a simple winch with a divided drum is required. The

total travel is approximately 45 feet, where more than half of the
hoist takes place under water., The winch power is estimated at 10 HP
which will either raise or lower the truss in approximately 2 minutes
depending upon the weight of the truss selected.

The recess for the ends of the trusses will have generous
clearances, and siice the trusses are moved with links in the lowered
position, the raicsing and lowering of the trusses should not present
a difficult operation,

2.3.14 SPREADER

The spreader considered in the design is based upon a
commercial spreader for 20-foot containers. In order to handle
military vehicles, the spreader must be fitted with padeyes to accept
slings used in hoisting the vehicles. The spreader must also be
capable of supperting 70,000 pounds. In event that at a later date
it is intended to handle the 40-foot containers, a supplementary
spreader may be added and latched directly to the 20-foot spreader.
Should greater flexibility be required at the start of operatioms,
a commercial spreader of the adjusting type can he obtained. This
spreader is more involved and if 40-foot containers are not contem-
plated, it should not be incorporated in the final design.

2.4 HYDRODYNAMIC CONSIDERATIONS

2.4.1 CRITERIA

Usual criterial in determining hydrodynamic forces on
catamaran hulls is to assume sinusoidal waves both athwartship and
quartering on the two (2) hulls. The two conditions are analyzed
under the premise that maximum loads are encountered when the center
planes cf the two (2) huylls are located at the point of inflexion of
the wave and when the crest of the waves in a quartering sea passes
through the forward quarter length of the starboard centerplane and
through the after quarter length of the port centerplane. Also in
computing heave forces, acceleration of ¢ ,4"g" are used. The fore-
going criteria is used on catamarans which are powered and maintain
their separation using a permanently positioned structure., The
analysis in this report uses the same approach, however, several
modifications are made.

In beam seas the placement ¢ the center planes to the
points of inflection of the wave miy be used in the catamaran appli-
cation covered by thts report, however, it is not considered to be

1. Dinsenbacher, A. L., Marine Technology, Vol. 7, No. 4, Oct. 1970
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the only condition with respect to transverse wave action, As the
ba.ge will normally be secured tn the ship served, transverse forces
are not considered critical because the barge will be heading into

the sea. If the barge is used alongside a wharf with the crane raised
but not in service, and not sheltered from waves and wind, there is a
possibility of encountering forces from waves whose points of inflec-
tion do not fall simultaneously on the center planes, The following
analysis assumes one hull restrained by a wharf while the other hull
is exposed to wave lengths up to 160 feet. The crest for these waves
are placed so that the maximum differential of head between the two (2)
sides of the hull are obtained.

In the condition of quarcering seas, the wave crests at the
fore and aft quarter points of the center plane would not provide the
most severe loading because the hulls, when separated, are staggered,
Such seas would tend to act uniformly on both hulls, therefore, the
analysis in this report assumes the separated ba.ge to be in a direct
heading sea with wave crests located to provide hull displacement out
of phase with each other.

2,4,2 BEAM WAVES

Tre sea characteristics used in this analysis considered
wave lengths up to 180 feet, which fall into sea state 6 as determined
from ¥Figure 2-1, Because it is considered convenient to use wave
lengths, the corresponding significant wave height for each wave
length has been used from Figure 2-2,

As the center to center distance of the barge hulls is 120
feet, two (2) waves of 60 feet will place the center plane of each
hull at the point of inflecticn. The amplitude of the significant wave
height is taken as 3.6 feet, For wave lengths Jess than 60 feet shown
in Figure 2~10, the waves are considered to be acting upon the two (2)
hulls simultaneously and not affected by the wharf to which the barge
is tied. For wave lengths greater than 60 feet the wave has been
placed on the one offshore hull so that the inflection point is at the
center plane and the wave acts independently of the other hull., Iu the
absence of any test data, this is considered to be a conservative
approach. It is believed that the hull adjacent to the whari will have
an interaction with tue wave and tend to break it between the nulls
so that the trcough will not fully develop, and, therefore, the differ-
encial bhead will be somewhat less than used in the calculations of
this report.

Where wave lengths are less than 60 feet, the crest of the
wave i placed ou the evxtreme outboard line of the snell and the
various heads ave determined by locating the elevation of the trough
on the inside Hne of the shell. The head on the cxtreme outboard
side (“r) is detvrmined by adding the wive amplitude to the mean draft

which is 14 feet. The head at the Insfde line of thwe shell is ohiuined

by oadding 16 feet to tue amplitude multiplied by tie sine of the angle

4l this paint on the .ine wave. The cenier of pressurn (Lp) is /3
2-30
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tix ea.. Where the vessel {s not tied o 3 vharf, dynmmic accelera-
tiez 1s 231 comsidered. The barge, vhes alomgside the whari, will have
to absord dvnamic wave forces so that tae deasity of sessster is
muitiplied by 1.4 to ocixaie the force per liseal foot aleoag the

iergtih of the huli; a coestaat (8%.3) is wsed mad the average pressure
is assuaed to bu al the ceater of presswure (c,).

The comfiguratioa is suth that the loungitwdisal ceater of
pCessure could emert its maximon ferce ‘krough cee tramsverse lisk,
vhichk would be alternated to the other tramsverse link if the mooring
vas reversed from one hull to the cther. Therefore, the maxisum hydro~
dxnaxic forces sre assumed to be tramsferred betveen ome set of kimg-
posts tarough the trmsverse limk.

For vave leagths of 50 feer aod lommer, the peiat of
inflection at the ceater plame offess symmerry swch as showm is
Figure 2-11. The differential head is predicated wpos the zlope of
the sire vave at the point of iaflactica. Fur vave leagths wp to
150 fect the wave helgitt iz sack that thw slope of the siwe wvave at
the point of Inflectior lacreases. 3Bevomd IW icet, the vave height
is such that the sicpe cf the vave at ik point of laflectiom de-
creases. Therefore, based uptu Cae established vave beight and vawe
lexgtn reiationskip, the cataaaran hull;s wosld =ot emcowmtar forces
greater thae those Zeweratad by the wawe 130 feer im leagth.

Tigure I-12 inmdicates the awer force {r‘) for eadk foot of darge
lengzh and center of pressure r! o (ke extreme vutboard sheil.
¥or che irside shell these values are indicated as Fy amd ;.

Thwe cer 7 of bouvramcy is asswmed to act throagh the center
plane a* 15 feet frow the side. The kingposts are located 5 feet owi-
beoard ¢. the ceater of bocyascy, iatrodecing am afditiosal somext te
the kingpost and crass structure. Cousidering the eollar for the
liak tr be reasomably rizid to introdice fixity, the momcats at the
collar are determined dy assuming a YOOK wertical loai om each king-
post at 3 =xxeat arm of 3 feet. This waiwe wuld comr cran»

uctures designed for up te S0 foot wawve leagtks. Additiomallyx, 2=
scceieraticn of .4"g" Is assumad. The trarswerse iinks are 125 feet
fraz the neut "2l axis to the base lime.

The momzrt 2* the center of sraz of the tramsverse linok
point "PY an be chraiaed from the felicmviag eaunatiom:

< = = T 3 - 3 37
s =25, UB-G - angl ne

The mocent at the collar peinr "¢ can be obtained by the




b ne o4 e

CEXTER OF PRESSTRE LOTATION XD FORCES
FIGTRE -1

uﬂl

e

phepubutnint
- 4

4 .
- - - . g emm———— - . s

. RS TR - O 2I35T 4 PR e T 7 .

sesu

r._l...-_-‘! - —

¥
!

(Y]

1%




Ty

The moment oo the kingpost at the deck, point "N" can be
sbtained by the fellmvring:

M, = [F; (28-C) - F (2a—cn)] 3102900 x 5.0

Using the values from Figure Z-12, moments can be calculated
seiectiag those combinations for maximum momeats. These valoes have
been plotted agaimst wave length om Figure 2-13. As the magnitude of
the moments are high, the effect of wvind and current being very small
is aegligible.

2.4.3 SEADIRG SEAS

Conditiocas in beading seas have also beer generated vsing
the sinusoidal wvaves. These wvaves are pl:rced so that ome hull is in
equalibriwm and oc an even keel. The effect oa the other hull, by
virtue of its position, would be acted upon by the sane wave flomis,
bovever, the center of bouyancy vill change, subjecting the trans-
verse liaks to torsiom as a resclt of the teadency for the hull to
encounter pitching. Figure 2-14 shous the port hull oa an even keel
vhil: the starboard keel is suljected to &0-foot vaves. It should
be moted that the crest of the wawes introduce an iccrease in bouy-
ancy while the trough preseats a lass. The moments (M) cf each crest
aaé tromgh will provide the unbalanced moment causing pitching. Using
the area (i) of the sine vave above aad below the mean draft and
determiaing the lever irom thke stemn, the mew ceater of bocyascy (Cy)
is established.

P3|

Ji

The area of tke ceater plane (Acy} is the drafr (14 feer)
amitiplied by the length (310 feet).

AC? + 310 feer x 14 feet = 4350 sg. ft.

Acr = 2175 sq. fr.

2
The draft aft (Dy) and forwaré (Dp) are determinei by

distributing the center plame area Acp equally fore and aft of the

2
cener of bouvrancy. Taresz draft, are odtained by the fellowing:

DAT].‘ x C

&S 2175

Z
Dp ¥ M s -5
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The draft forvard and aft vill provide the instantaneous
trim “0".

Tan 06 = DA -DF
20 feet

The variation in trim has been plotted and indicated in
Figure 2-16. The plot indicates that for wave lengths up to 150 feet,
the trim is .3 degrees or less.

A check of the stress due to torsional deflection indicates
very low stress. FPor this stress, a 40-foot wave structure was assumed
having a depth of 96 feet and a width of 36 feet. The web is 5/8 inch
and the minimum thickness of the flange was taken at 2 7/8 inches.
Assuming the .3 degree trim resulted in a torsion deflection of .15
degrees on the transverse links, the maximum stress is less than 700
PSI assuming case 11 of Roarks Fourth Edition, page 196.

The barge, vhen subjected to broadside waves, causes
listing vhen the wave length is such that the distance between center
planes is nut a wmodule of the wave lengths for values less than 120
feet. When vave lengths are 20, 30, 40, 60, and 120 feet, the hulis
are subjected to heaving with no resulting list. Other wave lengths
cause a list which is determined by placing one hull on the crest of
the wvave and determining the location of the center plane of the
other hul!l relative to the wave trough.

The list B may be determined from the following:

TanB-Hn-Cos (12()--%".:360)“1l
WL

Uhere “Il = amplitude of the wave

"L = length of the wave

For wave lengths up to 160 feet, the theoretical lists are
plotted on Figure 2-15. The barge, when used alongside a ship, will
not normally be subjected to those lists while operating. Also, it is
not likely that these lists will appear during normal operations
alongside a pler due to the interaction of craft surrounding the barge.

From the standpoint of hydrodynamics, the barge alongside
a vessel with their bows into hesling seas will be the prevailing con-
dition. A secondary condition will b= one where the barge is secured
to a wharf or causcvay. Uader this condition, there are alternatives
to the placement of the barge.

One altermative would be to have the separated barge
straddle the causeway or finger pier so that one hull separates the
pier froa the ship being served. The barge will be protected and
therefore, wave heights would be insignificant for most cases.
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The second alternative would be to place the separated
barge airngside a wharf between the ship and the wharf. 1In this
particular case, the beam wind on the ship will tend to exert a
closing force on the barge unless the separation trusses are of
sufficient strength. Further discussion will be made under struc-
tural design of trusses.

The third alternative is with the barge tied to the wharf
along a river front and the served ship outside in a current of 4
knots. A large container ship of 880 feet between per endiculars
105.5 feet wide and 34 feet draft will impose a fore and aft force
of approximately 250,000 pounds. Under such a condition, stern and
head lines te the pier should be long so as to not subject the barge
to large closing forces. The head lines of about 30 degrees will
impose approximateiy 125,000 pounds towards closing ard wouléd require
a truss to withstand this force.

2.4.4 OPERATIONAL LIST

Each hull of the barge, when separated, requires approxi-
mately 20 tons to displace the hull 1 inch. Relative to Design No. 1,
with both booms extended equal amounts, the handling of a 44K container
load at 171 feet from the center, will impose a load of 162K (72.2 T)
on the near hull and -78K (-34.9 T) on the far hull. The increased
imeersion of the near huli will be approximately 3.6 inches and the
far hull will 1aise approximately 1.5 inches.

The list, @ = ton 5.1 __ = 13.5 minutes (.22 degrees)
12 x 120

When handling 70K load at 101 i2et from the center, the
lcad on the near hull is 147.5K (66 T) and -37.5K (-1.67 T) om the
far hull. The immersion of the near hull will increase approximately
3.3 inches and the far hull will raise approximately .85 inches.

The list @ = ton 4.15 = 10" (.17 degrees)
12 x 120

Design No. I nas an increased operating list because of the
acving extensible boo=. The container load on the near hull is 3:3K
(330 T; and on the far hull -115.7K (-51.6 T). The list is 23 feet
\.38 degrees). When zandling a 70K load act 101 feet, the load on
t=e near hull is 298.5X (133.5 T) and on the far hull -65.2K (-29.1i 7).
The resultant list is just under 20 feet (.33 degrees). Figur. 2-15
irdicates list with respect to load location.

2.5 MECHANICAL DESIGN

The basis for =zechanical design kas taken into account the vari-
aspects of conventicral cranme design. In a preliminury analvsis,
Zetails cannot o& explored in depth; however, tne design gemerallv
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Engineers. This publication provides the criteria for cranes used in
the commercial marine field.

2.6 STRUCTURAL DESIGN

2.6.1 STRUCTURE

The structure covered by this report used ASTA-A514 or A517
steel having a minimum yield point of 90 KSI and a minimum ultimate
tensile strength of 105 KSI. This material has been used in major
strength components., The analysis has combined many known aspects
of the conditions to which the structure will t exposed. Until actual
experience is encountered, the conservatism or lack of conservatism
will not be known. In general the allowable stress in bending is taken
at 27,000 PSI with allowance made for buckling, where required. The
assumptions used in the study tend to be conservative and therefore
the design is expected to be on the conservative side.

2.6.2 EXTENSIBLE BOOM

The extensible boom has been designed for a 44,000 pound
load at an outreach of 96 feet which permits coverage over container
cells in vessels 105 feet wide. Additionally, the boom can support
a 70,000 pound load at 70 feet. In Design No. 1 and No. 2 the boom
is a boxed section with extending flanges and is 4 feet deep and
20 inches wide. The scantlings have been varied to provide the
lightest structure in keeping with weight considerations. Eness Dwg.
No. 71031-3 indicates the general configuration. Appendix D indicates
the bending moment and shear diagrams, and provides means for the
selection of a section having suitable prope:-ties. It should be noted
that the 70,000 pounds at 70 feet provides the maximum moment on the
structure and the moment diagram illustrates the moment for one member
of the boom.

2.6.3 BRIDGE

Main bridge structure which travels fore and aft on the
fore and aft links provides the support for the wheels on which the
extensible booms ride. It is a boxed section with extended flanges and
is 5 feet deep and 15 inches wide. The structure is composed of two
{(2) boxed members transversely oriented with cross ties for support
of wheels and machin:rv. Appendix E indicates the bending moment and
shear ciagram for one member resulting from a 70,000 pound load at
7CG-foor outreach. As operations can be achieved on either sid:, it
is considered that the most economical structure would be members of
constant properties for the length in lieu of selecting some lighter
strecture where there is a slight reduction in bending moment.
Appendix E indicates possible scantlings, for the purpose of this
report a flange 1 1/8 inches-thick and 3/8 inch-welb will be used.
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2.6,4 FORE_AND AFT LINKS

The fore and aft links supporting the bridge are subject
to loads depending upon the location of the bridge., It is & boxed
section with extending flanges. It measures 6 feet in depth and is
30 inches wide. The reactions, bending moment, and shear diagrams
are indicated in Appendix F, with means to determine the required
section and weight. As the crane moves fore and aft, the scantiings
for these links are considered to be constant in lieu of reducing
scantlings where there is a reduction in bending moment,

2.6.5 TRANSVERSE LINKS

The transverse links which maintain the barge orientation
are affected by the sea states, and therefore vary in design depending
upon the wave lengths for each sea state. Appendix G indicates the
bending moments for various wave lengths including allowance for
structural deadweight. The composite momeant, required section modulus,
and scantlings cre also indicated. The composite moment is a combi-
nation of dead load and live load movements which provide the maximum.
The estimated dead load has been assumed aad found to vary approxi-
mately 1 to 3 percent. The strength of the short wave length members
are in slight excess while the larger wave lengths are slightly
deficient with respect to dead load. Further refinement will be
required during the final design stage. The section property and
weight may be obtained from Appendix-~s F and G.

2.6.6 KINGPOSTS

The kingposts which support the load are subject to varying
loads dependent upon the sea state. Several post designs and diameters
were considered. The designs considered were those of posts having a
cylindrical shell with uniform thickness to withstand the loads, a
cylindrical shell with "T" members inside, and a cylindrical shell
with inside plate doublers on the 2xis of maximum bending. The out-
side post diameters considered are 72, 78, 84, 96, and 108 inches.
Appendix H also has means for determining the properties of kingposts
having a uniform thickness; having a structural "T" added inside; and
properties for kingposts having a flat plate doubler where the thick-
ness of the doubler is the same as the shell. 1In all cases, a 4 x 8"
inch steel bar was considered to contribute to the strength although
it is used primarily as the slide for the collar., The inside doubler
provides Zor a greater efficient structure with weight savings be-
tween 1 to 7 percent. It is considered that the inside doubler pro-
vides maximum strength with respect to weight and as such has been
applied to the design.

Analyzing all situations with respect to column action, the
maximum L/R was found co be 10 based upon the minimum section compris-
ing the kingposts. The selection of scantlings are such that there
is ample margin in the actual stress to cover the low values of direct
compression, The ratio of 10 for L/R will not materially reduce the
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allowabie compressive stress so that these stresses can be combined
directly.

For a comparison of crane loads on kingposts for various
wave lengths see Figure 2-16,

For variations in kingpost weight versus wave length see
Figure 2-17,

2.6.7 SEPARATION TRUSS

For operation in certain sea states, the hulls are required
to have a structure to maintain the separation; two trusses are pro-
vided for this purpose. The sea state and resultant action imposes
varying forces on such a structure which will absorb approximately
95 percent of the hydrodynamic forces. The separation truss is shown
on Eness Dwg., No., 71031-8. It is made up of tubular members. The
forward truss is subject to the higher loading; however, both trusses
are made identical in scantlings as a safety measure, Figure 2-18
shows the variation of truss force with wave length. Appendix J tabu-
lates the various pipe sizes required for chord members for different
wave lengths.

A plot of truss weight vcrsus wave length is presented in
Figure 2-19.

2.7 WEIG:iiS AND CENTERS OF GRAVITY

The weight of crane Design No. 1 had been developed in depth
because it is greater than that of Design No. 2. For the weight of
Design No. 2, corrections will be made to the weight data of Design
No. 1, :

Inasmuch as the weight of the crane without a truss becomes
excessive at the 6u-foot wave length, further strengthening of the
design for the crane for higher wave lengths is considered to be
impractical. Operation of the crane in the higher wave lengths will
be achieved by the selection of appropriate separation trusses.
Tabulations in Tables II and III on the following pages and in Appendix
X indicate the breakcown of weights and cente.s of gravity by component
and wave length for the systems without the separation truss and with
the separation truss. The purpose of these tables is to permit an
evaluation of the various possibilities for discussions to follow.

The weight information has been combined with the component
iocation to establish the center of gravity for wave lengths to 60
ifvet. These centers of gravitizs are independent of the use of the
truss and are taken from the top plane of the fore and aft links; the
vertical center of gravity, with respect to tho barge, can be obtained
by subtracting this center of gravity from the height of the plane
above the selected datum. The center of gravity coordinates versus
wave length are plotted on Figure 2-20,
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CRANE LOADS ON KINGPOST VS WAVE LENGTH
(NO SEPARATION FRUSS BETWEEN HULLS)
70K LIVE LOAD AT 31 FEET FROM BOOM END
DISTANCE, CL BRIDGE TO CL AFT POSTS = 14 FEET

fIGURE 2-16
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WAVE LENGTH
FIGURE 2-19
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‘ TABLE IT. CRANg AND KTINGPOST WEIGHTS (NC SEPARATION TRUSS)
MACHINERY STRUCTURE WEIGHT*
ITEM WEIGHTY 10' wi* 25' WL 40' WL 60' WL
Trolley Machinery 28.0
Trolley Structure 12.0 1z.0 12.0 12,0
Port Boom 115.8 115.8 115.8 115.8
Starboard Boom 113.8 113.8 113.8 113.8
Boom Extending Machinery 15.3
Boom Support Wheels 21.6
Transverse Beam 111,2 111.2 111,2 111.2
Articulated Support Units(2) 13.0
Port Fore and Aft Link 82.3 99.€ 133.,1 213.4
Sta.becard Fore and Aft Link 82.3 99.6 133.1 213.4
Forward Transverse Link 50.7 104.5 209.0 459.0
Aft Transverse Link 50.7 104,5 209.0 459.0
r Hull Separation Machinery 20.4
' Sub-Total, Machinery/Structure 98.3 618.8 761,0 1037.0 1697.6
Sub-Total, Crane Machinery
plus Structure 717.1 859.3 1135.3 1795.9
» Kingpost Structure (4) _ ,
1 and Hoist Tackle (4) 15.4 + 360.0
or 18.4 + 568.0
or 24,3 + 972.0
\ or 38.4 + 1560.0
g Hoist Winch (4), (In Hold) 72.0
» Sub-Total,Machinery/Structure'185.7 1077.1
or 188.7 14272.3
or 194.6 2107.3
or 208.7 3355.9
TOTAL, Machinery/Structures 1262.8 1616.0 3564.6

1 All weights in KIPS
* WL = Wave Length

2301.9




TABLE III. TOTAL WEIGHT OF CRANE, KINGPOSTS, AND SEPARATION .
TRUSSES FOR VARIOUS WAVE LENGTHS )

In the following tabular summary, the weight of a pair of separation
trusses designed for various wave lengths are added to the weight of
the crane and four kingposts designed for wave lenpgths of 10, 25, 40,
and 60 feet,

WL |10' Wave Length [25' Wave Length |40' Wave Length|60' Wave Le _,
ag Crane & C-.ane & Crane & Crane & E
v § Weightof | Post Total | Post Total | Post Total | Post Total ]
h Trusses(2)Weight Weight [leight Weight |Weight Weigh~lheight Weight b
#T. KIps | KIPS  KIPS | KIPS  KIPS | KIPS  KIPS | KIPS  KIPS
5.5 11,0 [1262,8 1273.8|1616.0 1627.0(2301,9 2312,9]3564.,6 3575.6
25 18.8 1281.6 1634.8 2320,7 3583, ¢ o
A
40 34.4 1297.2 165?.4 2336.3 3599.0 ]
]
50 44.8 1307.6 166b. 8 2346,7 3609.4 |
60 88,4 1351.2 1704.4 23903 3653.0 ]
80 110.6 1373.4 1726.6 2412.5 3675.2 P
90 118.6 1381.4 1734.6 2420, 5 3683. 2 2
100 125.0 1587.8 1741.0 | 2426.9 3689.6
110 142,8 1405.6 1758.8 2044,7 3707.4
120 143.4 1406, 2 1759.4 2445.3 3708.0
140 144.6 v o1407.4| ¥ 1760.6 L 2046.5| ¥ 3709.2
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A comparison of the weights of the components which are differ~ ;
en”. in the two (2) designs is presented in Table IV below. The
difference ip weight obtained in going from Design No. 1 v Design
No. 2 is also shown,

TABLE IV. COMPARISON AFFECTING CRANE WEIGHT

COMPONENT DESIGN NO, 1 DESIGN NO. 2 DIFFERENCE J
Fxtensible Boom 229,6K 123.3K -106.3K »
Boom Extending Machinery 15.3K 21,5K + 6.2K
Bocm Support Wheels 21.6K 13.1K - 8.5K
Miscellaneous - 3,7K + 3.7K
TOTAL 226,5K 161.6K =104 ,9K

2.8 OPERATIONS

Both crane designs have the capability of transferring con-
tainers between a container ship -nd dock, causeway, landirg craft,
lighter, or amphibious vehicle as shiown on Eunees Dwg. Nos. 71031-9
and 71031-10. Only Design No. 1 is capable of burtoning break-bulk
cargo as shown on Eness Dwg. No. 71031-11, The preceedirg material
in this report endeavored to illus“rate the many aspects of the crane
and the areas in which certain factors will limit or exterd the -
operations, For the purpose of this report, operation was assumed ’?
to be in a 40-foot wave without the use of the trusses. 4

Operations with lighters, landing craft, etc., will be limited
when the trusses are used. In Appendix L investigation has Leen made
in this regard using the Larc-LX and the LCM-8, Figure 2-21 indicates
the variation of clearance over the separation truss with wave height
for these vessels, Where trim or list develope, the limiting wave
height should be reduced accordingly.

2.9 COSTS

The cost of the crave, including links, posts, and winches will
be predicated upon the wave length related to the desired sea state,
These costs are summarized in Table V,
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TABLE V. EFFECT OF WAVE LENGTH ON COST OF CRANE

DESIGN NO, 1

Wave Leungth 10' 25" 40' 60'
Machinery $196,000 $196,000 $ 1%6,000 $ 196,000
Crane Structure 320,000 386,000 507,000 801,000
Kingposts 160,000 254,000 434,000 695,000
Winches 80,000 80,000 80,000 80,000
Hoist Tackle 15,000 18,000 23,000 36,000
Total Cost $771,000 $934,000 $1,240,000 $1,808,000
(no truss)

DESIGN NO, 2
Wave Length 10’ 25" 40" 60"

Total Cost $723,500  $886,500  $1,197,500  $1,761,500

Considering that the crane designed for the 10-foot wave length
could normally be used with a truss, the cost of the crane using a
truss for a 180 foot wave length will be $842,000 for Design No, 1
and $794,000 for Design No. 2, Should the crane be required to operate
in a fully developed sea state of 3 where the wave length is 70 feet,
the cost for Design No. 1 is $824,000 and $776,000 for Design No. 2.
Costs for various combinations of crane and truss can be determined
using Figure 2-22, which shows a curve of truss cost versus wave
length.

2.10 DISCUSSION

The selection of the crane is dependent upon the wave length
as it relates to sea state. The selection of the various options pre-
sented and the costs illustrated permits one to arrive at the optimum
crane design. '

In summary, Design No. 1 has a greater weight and cost than
Design No. 2. This is primarily “~cause the outreach of Design No. 2
{s obtuined by a single extensibie boom, whereas two (2) boom struc-

- tures are proviasd in Design No. 1. Further, Design No. 1 provides
extension of the boom independent of load, while Design No. 2 requires
both the load and the boum be accelerlted and moved each time a load
is transferred, '

In operation, Destgn No. 1 permits seiective axtension of the
booms, while Design No. 2! does not. A desired outreach can be obiaincd
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for both designs; however, the boom of Design No., 2 will have con-
siderable projection beyond the container except in the case of extreme
outreach, In close operations this feature linits the spotting of the
container.

Design No. 2 requires greater horsepower because of the boom
movement, but the cost of the additional horsepower is not too signifi-
‘cant in the overall cost of the crane.

Design No. 1 will permit extension of the boom on one side co
as to counterbalance the beam on the other side. Design No. 2 does
not provide this feature and, consequently, the system undergoes
greater list than in Ddesign No, 1,

Design No. 1, with the feature of two (2) extensible booms,
provides for the addition of a winch at each end so that burtoning
of break-bulk is readily achieved. The system permits good spotting
over the hatch or over lighters, etc, The addition of a winch in
the trolley for a single hook on Design No. 2 limits the spotting
unless the boom and the troliey are moved., The movement of the boom
to accomplish break-bulk operation will be quite inefficient and will
impose greater acceleration forces to the load. The two (2) winches
of Design No, 1 must be established in the final stage in order that
cortrol can be provided in the cab.

The trolley of Design No. 2 is propelled by a system of wire
rope. As compared to the traction drive, the rope drive would not
permit any loss of motion, as could occur with the traction drive
because of loss of friction. From the standpoint of the operator,
the rope svstem will cause jogging and rough travel, The traction
drive, with hard rubber tires, will react much like a car providing
gradual acceleration and deceleration, resulting in a more cnmfortable
ride to the operator of the crane. With respect to maintenance and
reliability, the direct traction drive offers greater reliability and
maintenance will be less than with the wire rope drive.

While Design No. 1 is approximately 7 percent costlier, the
flexibility with some improvement in operational features appears to
be worth the additional investment. The cost saving feature is the
separating truss. '

Figure 2-23 indicates the wave lengths for the four (4) crane
sizes considered arnd where a truss is required, as vell as the area
where the LCM-8 is restricted in the operation,

The need for the truss between the hulls has been stressed
because of the many circumstances in which closing forces may develop.
The truss is also a means of reducing the design requirements of the
crane, The hydrodynamic considerations as applied to the problem are
belicved to be conservative. A reduction in the design criteria can
only Yo indicated by appropriate testing and verification can only be
vbtained by iustrumentatfon on the protocype.
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The problem of engaging and disengaging containers in a pre-
vailing sea state was not considered a part of the effort required
under this contract., Extensive work has been accomplished in this
area, but an acceptable solution has not as yet been made available.
The major factor affacting the engagement ol the load is the wave
height, The fact that the two (2) hulls of the barge are separated
will do something to suppress the wave. There is the possibility of
designing one of the trusses so that it will act as a barrier to the
heading seas and result in a greater suppression of the wave so that
the operation may be possible in higher sea states than presently
possible. It is recommended that tank tests conducted for verifica-
tion of the hydrodynamic considerations also include a barrier and
study of lighter motions.

The crane design as presented incorporates a number of features
with certain backup equipment which will permit operation in event of
partial failure. This feature is evident ir the hoist, transverse
drive, and the boom extension drive, where twin motors and reducers
have been provided. The dual drives (in the case of the hoist only)
require the brake be set on the inoperative unit so that the opera-
tion may be continued at half its normal speed. With respect to the
transverse drive, the brakes must be released; however, the boom
extension for Design No. 1 would require engagement lugs between
each boom so that one operating drive can move the inoperative boom.
Design No. 2, having two (2) separate drives, requires tae brake be
released on the inoperative drive. 1In event of failure of the fore
and aft drive, the barge may be shifted by a change in settings on
the constant tension winches. Raising the crane would not be possible
in event of a winch failure; however, if raised, the crane can be
lowered without power by releasing the brake on the winch,

Two (2) cabs have been indicated on the trolley. This is
primarily for the purpose of providing maximum visibility of the
operation, The control can be transferred from one cab to another.
In event that dual control is desired, an operator can be stationed
in each cab; each operator will have optimum vision from his side.
A means of communication and signals would be required for dual
operators.

Access to the crane, when in the raised position, is via a
platform on the spread~r. At this platform, a control will be pro-
vided which will ensgbl? *he trcllay Lo traverse as well as raise and
lower the spreader in elevator fashion. When the hulls are separated
the control will provide ¢ means of access between the two {2) hulls.

The operation and scrvicing of the crane will require a minimum
of two (2) cperator. for cach e ght ‘8) hours of operation, For
servicing, a competent electrician and engine maintenance man will
be required. These can be normal shipboard personnel; however, for
operation the selected personnel mus* undergo training in cranc
control. Under normal operation and maintenance, no o.tside support
wil! be required beyond the initial familiavization pe.iod. It is

anticipatad that at least once 3 year the rrane cquipment will underygo
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thorough examination and checkout for all operational aspects as well
as tested under lcad for a check on the mechanical and structural com-

ponents of the crane, Spares will be provided for at least one (1)
year of operation.

The design of the crane follows usual practice and should not
present any problem areas, The transverse links and kingposts have
been analyzed using the present state of the art and modified as
found applicable to the concept. Their design does not present any
problem except as to the sevzrity of the conditions and circumstances
under which operations will take place, There is evidence that the
concept is feasible in sea states approaching 6; however, the engage-
ment or disengagement of containers in lighters or in landing crafts
is quite questionable unless relative motion of the crafts can be
suppressed, In this sea state, the concept might be considered to
have limited success; however, the concept has potential to suppress
the movements so that anticiapted success in a fully developed sea
state of 3 appears to be realistically possible,

As previnusly noted, the steel considered is basically one
which cenforms to ASTM 441, During the detail design steels of lower
and higher strength than ASTM 441 may be justified considering weight
reduction and economics. Also, the availability of new alloys such
as ASTM 572, which 15 replacing ASTM 441, shall be investigated.

Table VI indicates the relative cost and welght savings using ASTM A36
steel as the base.

TABLE VI. COST AND WEIGHT COMPARISON OF ALLOY STEELS

ASTM NO. MATERTAL COST FABRICATION COST WEIGHT
436 1.00 1.00 . 1.00
Ab41 1.30 1.00 .75
A572 1.13 1.00 .75
AS14 - 2.28 2.00 .50

The ASTM 572, which has similar properties to ASTM 441, is the
most economical and may be used in a majority of cases., The high
strength steel A514 has been cousidered for use in areas where weight
is critical. The final selection will depend upon the fabricator's
economics in complying with the specifications.

2.11 RECOMMENDATIONS

Revlew of the findings in this study indicates the following
recommendations:




]. Crane structure should be designed for forces resulting
from a 10 foot wave length with trusses and conform to Design No., 1.

Table VI7 precent. the estimated weight and cost on the recommendecd
system,

TABLE VII., ESTIMATED WEIGHT AND COST

1TEM WEIGHT (LBS.) COST
Crane for 10' Wave Length 1,262,800 $771,000
Truss for 70' Wave Length 51,500 53,000

TOTAL ' 1,314,290 $824,000

2, Trusses to suit various sea states can be provided; however,
operations in a sea state of three (3) having a 70 foot wave length is
the cbject. Therefore, this truss is recommended because it will more
than satisfy the conditions required for the present state of the art
of engaging and disengaging the spreader from the containers. In event
of future improvement in the art and operations in a higher sea state
become possible, the trusses can be replaced with a heavier design.

3. Model tests should be performed which will provide para-

meters for the structural design of the crane and sea keeping
characteristics.

4, While the engagement of the spreader to the container was
not part of the effort covered by this report, it is, nevertheless, a
rec rement for the successful operation, It is recommended that
adaitional work be accomplished in this area. This work should con-
sist of an engineering study employing a spreader that is capable of
being iowered near to but not onto the top of the container. At this
point means should be provided to orient the spreader to the container
so that lowering can be achieved without outside assistance., When the
study nas been accowplished, the design of the spreader should be made
followed by a working model of approximately 1 1,2 inches = 1 foot,
The model should mechanically simulate motion at sea and the spreader
should be remotely controlled.
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SECTION 3

3.0 PROTOTYPE DEVELOPMENT

The first step in the development of a prototype will be the
preparation of contract plans and specifications which will also re-
quire a proyrar of research into known problem areas., Upon completion
of this data, uids can be solicited and contracts awarded so that
const ruction can be undertaken.

3.) RESEARCH

Concusrent with the development of the contract plans and
specifications for the facility we would recommend two model testing
programs; One for the crane features and one for the hull,

2.1.1 CRANE TEST PROGRAM

Using models of a containership hull, barge crane concept
and landing craft, develop wave lengths and heights in accordance with
concept study. Instrument the models to provide data on the effect of

the following conditions for various waves up to a maximum length of
180 feet and height of 15 feet:

Beam Seas

1. Alongside a pier without protection

2. Alongside a pier with containership on the outside
3. Straddling a causeway

Heading Seas

1. Alongside anchored containership

2. Alongside anchored containership with landing craft
secured between barge hulls

3. Alongsidz anchored containership with landing craft
secured between barge hulls with a barrier at one end

Objecrives

1. Determine parameters for the loading on structural
members in various sea states

2, Determine relative notions of barge with containership
and landinyg craft with barge

3. Study problems of pendulétien of loads
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4, Study problems of spreader bar a:tachment and release

5. Study effects of relative motion on off-loading
operations

6. Examine stability in survivability conditions

3.1.2 HULL TEST PROGRAM

Using model of the hull in the at-sea mode, that is with the
hulls together, run towing resistance tests at three drafts to deter-
mine power requirements at speeds up to 20 knots,

Using same model with skegs at various angles determine
best angle to reduce yawing.

Using self~-propelled model check on sea-keeping qualities
by test runs with head seas, quartering seas and fcollowing seas at
various wave hei zhts.

Objective

Determine best hull configuration and skeg alignment
for easy towing and best sea-keeping qualities. Check
stability in survivability conditions.

3.2 CONTRACT PLANS, SPECIFICATIONS AND POST CONTRACT WORK

Contract plans and specifications for the crane and the barge
are to be prepared in sufficien" detail to establish the design fully
and to be able to obtair bids for construction,

Estimates of time and costs for'research, preparation of plans

and specifications, inspection and testing are given in the overall
schedule on Page

3.2.1 PROPOSED WORK FOR DEVELOPMENT OF CRANE FEATURES

1.  Prepare material for subcontracting tank testing,
witness tests, and review report,

2, Relate parameters determined by testing and prepare

contract drawings and specifications of crane ana supports to the deck
of the barge.

3. Review building plans, calculations and instruction
books., '

4, Provide perlodic insprction and witness final testing.
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3.2.2 PROPOSED WORK FOR DEVELOPMENT OF HULL FEATURES

1. Coordinate with model tank on test program, witness
tests and review reports,

2. Prepare contract plans and specifications incorporating
data from crane design and from model test program.

3, Review building plans, calculations and instruction books.
4, Provide periodic inspection and witness final testing.
3.3 COST OF BUILDING PROTOTYPE

Once the pre-contract engineering and testing are completed,
and bids for construction are obtained, construction of the prototype
can proceed.

The estimatéd cost and time to complete are given below for
the crase and the hull;

3.3.1 CRANE COST

As noted in Article 2,9 of Section 2 where the effect of
wave lengths on cost of crane is fully discussed, where a truss to
connect the hulls is not used, the cost of the crane structure and
kingposts goes up rapidly as the wave length increases, It is ot
recommendation trusses be used, in which case the cost of the crane
for a 180 foot wave length is $842,000 for Design No. 1 and $794,000
for Design No. 2.

It is estimated that it would take one year after the
award of contract to build the crane.

3.3.2 HULL COST

For preliminary estimating of cost the normal practice in
the marine field is to use up~-to~date costs per ton and apply this
to the estimated weight of the vessel. We have access to current
shipyard bids for barges generally similar to this hull and from these
prices have developed a price per ton which includes steel and the stan-

dard outfit, To this we will add the special items applicable to this
hull, :

Estimated weight 2200 tons @ $1100/ton $2,420,000

54,000

Crane generators and electrical equipment

Installation of kingposts and crane - L 100,000
Total = $2,574,000

Add for self-propelled :
2 Murray & Tregurtha units 330,000
Total = $2,904,000

Prices have been escalating a4t a rate of about 10 percent
per year, :
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3.3.3 DEVELOPMENT TIME AND COST SUMMARY

On Page is a proposed schedule covering all the various
phases for the development of the prototype.

3.4 OPERATING COSTS

Assuming that this 1s a Navy owned facility i: is difficult for
us to assess the operating costs, In commercial operation the biggest
factors are capital costs, insurance and crew costs. This is subject
to further review,

3.5 RECOMMENDATIONS

We believe the concept as developed offers the promise of being
a useful and worthwhl'e facility which meets the demands of the ELF
program. '

It is recommended, therefore, that serious consideration be
given to building a prototype which could prove useful at ports and
facilities not now equipped with container handling capability.
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SCHEDULE FOR BUILDING PROTOTYPE OF ELF MATERIALS HANDLING CONCEPT

-

{ASK TIME ESTIMATED
s, DESCRIPTION FISCAL YEAR 1 ‘ FISCAL YEAR 2 £y, 3 cosT
et bt iy llLllllllJJ!lllLl
) MOUEL TESTING SPECS,
ASD 7,0, M) $ 3,000
1 WITNESS TESTS, REVIEW 25,000
o DATA, COORDINATE WITH
DESILN m
3 REVISE CALCULATIONS 3,000
¢81NG TEST RESULTS  — )
4 PREPARE CONTRACT 15,000
PLANS & SPECIFICATIONS C—
FOR CRARE
5 PREPARE CONTRACT PLANS 29,000
& SPECIFICATIONS FOR | B—
BARGE
6 ASSIST 1% BID a 2,000
ANALYS1S
7 PLAN APPROVAL CRANE E 8,000
CONTRACTORS® DNGS.,
CALES,, ETC,
" PLAN APPROVAL RARGE 10,000
CGNTRACTORS® DNCS. L —
CALCS., ETC.
9 INSPECTION & TESTING \ 5,000
OF CRANE CONSTRUCTION L N
10 INSPECTION & TESTING : 15,000
OF BARGE CONSTRUCTION i o |
1 PREPARE STIDY OF 2,000
SPREADER ENCAGEMENT ]
WITH CONTAINER
12 DES{UN SPREADER D 3,000
13 CONSTRUCT SPREADER 4,U00
HODEL TO VERIFY |-
DESIGN
% CRANE MODEL TEST L:'_'_] 2%, Lou
. - [ Lha" S Gt
19 RARGE MODEL TES, b,
U Sihwipte : ——
i CRAME CUNS PRUA S {Oh 1 3 2 L
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CONTAINER CRANE BARGE

SCANTLING PLAN PROFILES AND DECKS

(SCALE AS NOTED; DWG. NO. 5834-2)
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FIGURE 1-7.
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LONGITUDINAL SECTION MODULUS CALCULATION

SHIPLRANE BARGE TYPE.— . JOB NO.L88£DATE LIRS/ oY .RIM
l.=830%0" 0= 6020" D= 272 0" N DESIGNLO=_____ W SCANTLING MLD=
CO__ASSULIED NEUTRAL AXIS__B. L. ADOVEO.L. LDz _ ) __ _

TYPE CALCULATION CTOP BOTTOM BARE TOTAL) SHEET NO_LOF
MEMBER | scantiing-iN.|a « IN2 |d~FT.ad, FT. N2 [ad g FTRINZ J1s - T, [Ay FTRINE
MN_DK 360x.46 | 165.6| 27.8 | 4554 | 125238 '
2n0_DK 124 x.375 | 46.5| iso | 887 | 15068
SIDE_SHELL 264241 | 1240 | ko | 1985 | 31745 2t | svos
| BILGE RADIYS | S'Rx.657 | S1.91] 1sz f¢. 172, - 128.
BoTTOM SHELL | 3cox .8 ¢8| 08 | 8 ° ‘
LONG. BHD. o bl 157.9 ] .0 2211 | 30952 28 | 10317
[AN. bk, Long, olkord 2432°Tn.360 | /3.3 | 26.5 | 352. | 9340 2 TR
[2u0. pr. Lowt. citope | 242 Tn o0 | 166 | 1no | "mae. | 4218 | 2 | s
Borrom tons eRped e m Ty 404 | 2¢.2 | 20 4. 81 4 2B,
TOTALS 763.4 113.64| 10337 | 21¢8¢6 587

+] 15573

|

232419

adn 12337 s[3.5¢ pq. adgts Te34(/3.50% [37)55,
Y2 1o 23249 o~ _i399ss = _1246¢ Tel84928  rve ?
y» {346 top_r3.54 vortom 'Aa 18739 _ vor (3658  vorrom
ntoumco‘/r oY ( ) ToP 0OT. % OVER/BELOW REQ'D TOoP____ 8OT.
REQUIRCO/HOY ¢ ) 0P, 80T. % OVER/OLLOW REQ’D YoP___8soT.

J.J.HENRY CO.INC. NAVAL ARCHITECTS = MARINE ENGINEERS

SECTION MODULUS CALCULATION
FIGURE 1-9 '
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CRANE BARGE

Longitudinal Strength (ABS 1971 Rules, Section 6)

By Section 6.3: SM=CfB (Cb + .5)
C = 1,00 (type 1)
f = 152
B = 60

Cb =77
SM = 1,00 (152) (60) (.77 + .5) = 11582.4

From still water bending moment calc.,
Max “ending moment = 42000 ton ft.

From Table 6.2, Case 1I

485 xS x SM<M <S x SM
23874 < 42000 < 49225

SMT = SM ‘ SMT (required) = 11582

From Table 6.3, Case I
1000-L
SMB [10000 + 1] SMT = 1,067 SM.r

SMB (required) = 12358

CALCULATION OF REQUIRED SECTION MODULUS
FIGURE 1-10

421




LONGITUDINAL BHDS

_SECTION IN WAY OF
SERARATION TRUSS SLOT

_HYDRAULIC RAM
ECOND
L /ONGITUDINAL BHDS

PROPOSED ALIGNMENT £{QCKING

MECHANISM.
iaarmu SHELL

PROPOSED ALIGNMENT AND LOCKING MECHANISM
FIGURE 1-11
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CONTAINER CRANE BARGE (PRELIMINARY)
NCEL CONTRACT No2899-7i4|

LWL, 330:i0"
BREADTH 600"
DESTH g7-0"
DESIBN DRAPRT 14%0"
MAXIMUM DRAFT, APPROX . 194 0"
DESIGN DISPLACEMENT 5940 LT.
Cp @ 14:0° 0.7%

TRANS OCEAN TUG-BARGE SYSTEMS
CONCEPTUAL STUDY

7000
wm = woee SERIES 6O
eran
ENP (BARE MULL $ APPEND. + TOW LINE REGIST)

SCec

4000
[ 4
w
3
0
i
E EHP (BARE HULL)
&
0
b o

0 i e U] » 1) 1) 7
SPEED IN KNOTS

SPEED VS HP FOR BARGE TUG COMBINATION
| PIGURE 1-12
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TOW BOAT CHARACTER!'STICS
(PRELIMINARY)

NCEL CONTRACT NG2399-7I-1\

TOWING SPEED VS, BHP

BARGE WITH SKESS
(NON - SELF-PROPELLED)

/

BARGR WITHOUT SKEG®

(@ «1000HP OUTBOARD ENCINES)

4

i A -

i L
1 12 13 4 15 \@
TOWING SPEED in XNOTS

TOWING SPEED VS BHP OF TUr
FIGURE 1-13
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HORSEPOWER

=~20000

TOW BOAT FOR 16 KNOT TOWING SPEED

(PRELIMINARY)
NCEL CONTRACT N62899-7i-1)

LENGTH 275-0"
BREADTH 84:2°
DRAPFT 194nYve"
DISPLACEMENT 4364 LT,
Cp 869
Q.mC. (esT.) @

BHP + 2B R._SEA MARGIN

ENP (MoDEL TEST)

"y Y WY | 2 A 2 'y 1

A 6 & o

1 3 4 1 8 ®©
SPERD IN KNOTS

SPEED VS HP - TUG FOR 16 KNOT TOWING
FTIGURE 1-14A
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TOW BOAT FOR 15 KNOT TOWING SPEED

(PRELIMINARY)
NCEL CONTRACT N@G2399-71-11

SPEERD IN KNOTS

LENGTH 245:0"
BREADTH 48:8"
DRAFET 17°9"
DISPLACEMENT 3086LT.
Cp D69
G.RC.(FST)
20000
P
s
b 185000
Yr
W 3
é. BHP_+ 25 SEAMARGIN
gr
o - | 0000
O}
b3
[
- 8OO0
I
2 4 & & 0 2 4w h

SPEED VS HP - TUG FOR 15 KNOT TOWING

FIGURE 1-14B
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TOW BOAT FOR 14 KNOT TOWING SPEED
(PRELIMINARY)
NCEL CONTRACT N62399-71-I

LENGTH 200:0"
BREADOTH 89!
DRAFT 14"
DISPLACEMENT 1@79LY.
Cp. 569
G.PC. (®sT) - @

10000
F

¥

w

; o

0

o

ut s000

m

4

2t EHP (MODEL TEST)

2 4 6 8 10 12 4 e 8 %
SPEED IN KNOTS

SPEED VS HP - TUG FOR 14 KNOT TOWING
' FIGURE 1-14C
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T P

HORSEPCWER

r T000

— 6000

— 5000

- 4000

—3C00

L2000

e L OQO

A

-

TOW BCAT FOR 13 KNOT TOWING SPEED

|

(PRELIMINARY)
NCEL._CONTRACT N@2392-7i-1

LENGTH 17020"
BREADTH 58:¢"
DRAFT 12:4"
DISPLACEMENT 1091 LT,
Cp 5e?
Q.P.c. (gsT) .6

HP + 25 % SEA MARGIN

EHP (MODSL TEST)

AlAlLA;AALA‘A;LLl

4

4

6 8 10 13 4 e 8 %
SPEED IN KNOTS

SPEED VS HP - TUG FOR 13 KNOT TOWING
FIGURE 1-14D
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TOW BOAT FOR 12 KNOT TOWING SPEED
(PRELIMINARY)
NCEL CONTRACT NG2399-71-11

LENGTH 130/0"
BREADTH . 30! 8"
DRART 12t
DISPLACEMENT 768L.T.
Cp 615
[ Q.PC.(EST) )
L 15C0
P
[
1000
m -
w
S
Otf
m
& 5 BHP 4 25 ¥ SEA MARGIN
0
I >
F 500
! EWP (MODEL TEST)
9
A 2 _a A e A e J 2 ' e e __a
3 4 85 e 7 & 9 10 i \2 \3 4 11-3

SPEED IN KNOTS

SPEED VS HP - TUG FOR 12 KNOT TOWING
FIGURE 1-14E
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TOW BOAT FOR 11 KNOT TOWING SPEED
{PRELIMINARY)
NCEL CONTRACT NG2399-71-1

LENGTH 180"
BREADTH 274 1”
ODRAPT NI
DISPLACEMENT 532 .L.7T.
cp ’ Y
a:pc. (EsT) @

3
‘ —1000
4
W
4
8 g BNP + 25 Zu SEA MARGIN
w
0
V@R
)
I
- 800

ENP (MODEL TEST)

A A A A A l A A A A 'y

7?2 8 9 0 12 19 e 15
SPEED IN KNOTS ‘

ot
bFr
*
®

SPEED VS HP - TUG FOR 11 KNOT TOWING
FIGURE 1-14F
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- HORSEPOWER

- |O00

TOW BOAT FOR 10 KNOT TOWING SPEED

(PRELIMINARY)

NCEBL CONTRACT NGRB929-71-)
LENGTNM - X1-2
BREADTH e’
DRAPFPT [ A
DISPLACEMENT B32.L7T.
Cr N -71-
G.PC.(EsT.) &

« 7 8 8 6 W n S TS0

SPEED 1N KNOTS

srm VS HP - TUG FOK 10 KNOT TOWING

FIGURE }- 16('
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HORSEPOWER - BHP

—20000

. Etl 5000

-| 0000

AAAAAAA

TOW BOAT CHARACTERISTICS

(PRELIMINARY)
NCEL CONTRACT NE2399-7\-11

LENGTH VS. BHP

180 200
LWL, IN FEET

HP VS LENGTH FOR TUGS CONSIDERED
FIGURE 1-14H
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SECTION 5

CRANE SUPPORTING DATA AND DRAWINGS

TITLE . PAGE NO.

BOOM STRUCTURE CALCULATIONS

DERIVATION OF SEPARATION FORCES FOR
VARIOUS CONDITIONS

CALCULATIONS OF LOADS ON LOCK PINS

ANALYSIS OF EXTENSIBL: BOOM

ANALYSIS OF TRANSVERSE BEAM

ANALYSIS OF FORE AND AFT LINKS

ANALYSIS OF TRANSVERSE LINKS

ANALYSIS OF KINGPOSTS

ANALYSIS OF SEPARATION TRUSS

DETERMINATION OF CRANE C.G.

DETERMINATION OF CLEARANCE BETWEEN LIGHTER
AND SEPARATION TRUSS

TABLES

SEPARATION FORCES, NO SHELTER, BROADSIDE WIND
SEPARATION PORCES, NO SHELTER, HEAD ON WIND
SEFARATION FORCES, WITH SHELTER, BROADSIDE WIND
SIZE OF TRUSS CHORD MEMBERS




DRAWING NO.

71031~-1
71031-2
71031-3

(2 sneets)
71031-4
-71031-5
71031-6

(2 sheets)
71031-7
71031-~8
71031-9

- 71031-10
71031-11
71031-12

71031-13
(2 sheets)

LIST OF ENESS DRAWINGS
TITLE
CONTAINER HANDLING PATH - DESIGN NO, 1 & 2

PRELIMINARY ARRANGEMENT - BARGE CRANE -
DESIGN NO, 2

BOOM CRANE ARRANGEMENT - DESIGN NO, 1

TROLLEY ARRANGEMENT - DESIGN NO, 1

BRIDGE SUPPORT DRIVE & ARRANGEMENT -
DESIGN NO., 1 & 2

KINGPOST FITTINGS & LINK TIES - DESIGN NO.

SEPARATION MACHINERY - DESIGN NO, 1 & 2
SEPARATION TRUSé - DESIGN NO. 1 & 2
CONTAINER OPERATION - DESIG& NO. 1
VEHICLE OPERATION - DESIGN NO, 1

BURTONING OPERATION - DESIGN NO. 1

STOWED CONDITION - DESIGN NO. 1

BOOM CRANE ARRANGEMENT - DESIGN NO. 2

PAGE NO,

1&2




APPENDIX A

BOOM STRUCTURE CALCULATIONS

The total load on the boom structure required to be put in
motion is the weight of the trolley and the boom,

TL-WT+WB

TL = 40K + 116K = 156K

Forcn, FL’ due to list is:

FL = 'I'L 8 Sin (1 degree) = 2730 pounds

Force, F., due to rolling contact is determined by
the wheel diameters and the reactions.

R.R=.82K
Military 61 27"D ' "
Vehicles | *1 / &/ 15D

70K 115. SK? R.L = 307. 8K

40K |
1101<—+, .5 84"
‘._ 87"

. 89K

Containers * ’ ?
40K 115.8k R 288.8K
44K
84K

I-‘R-RLx.OOQ-rvRRx;OOS

= 1000 (307.8 x ,005 x 82 x ,005) = 114 + 54.6 = 168,64

13.5 7.5
= 1000 (288.8 x .005 + 89 x ,005) = 107 + 59.4 = 166.4¢
13.5 7.5
5-3




APPENDIX A - BOOM STRUCTURE. CALCULATIONS {cont'd)

Force, Fg, to overcome bearing friction is determined

from the anti-friction bearings starting from maximum outreach and
assuming 1 percent loss,

Ef = (307.8 + 82) x .01 x 1000 = 38984

Force, F, to overcome & list of 1 degree 18 determined
by the sum of the trolley and boom weights.

FL = (40,000 + 115,800) x ,0175 = 27204

Total Force FT = FR + Ff + FL

FT = |69 + 3898 + 2720 = 67874

HP = 6787 x 50 FPM = 14.7
33,000 x .7

selact 15 HpP

The total load on the boom structure requited to be put
into motion is the weight of the load, trclley and boom:

TL = WL + WT + WB

TLl = 44K + 32K » 123,3K = 199,.3K '1
TL2 = JUK x 32K + 123.3K = 225,3K

The force, FL’ due to list is:

?Ll = 199.3 x 1000 x Sin (1 degree) = 3500#

FLZ = 225.5 x 1000 x Sin {1 degree) = 3940#

Force, FR’ due to rolling contact is determined by the
wheel diameters and reactions on the hnom. In addition, there is a

force required to move the loaded trolley resulting from rolling con-
tact and bearing friction,

Force, Fw, due to wind is assumed to be the maximum as
used for containers handled under Design No. 1.

Fw = 33574




APPENDIX A - BOOM STRUCTURE CALCULATIONS (cont'd)

Rp
12"D |]
, / FR,
S A I SH—»
13
-l R
Y
Wy = 32K
Wy = IK
102K

F= (WT+ WL) x_._ng_+ (WT+WL) 01 + W

F = (102K x ,005 + 102K x .01) x 1000 + 2357 = 3462#

6 (Military
Vehicles)
F = 76K x ,005 + 76K x .01 + 2357 = 3182# (Containers)

6

FRI u JF = 6924# (max.)
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APPENDIX A - BOOM STRUCTURE CALCULATIONS (cont'd)

‘ 61’ 84' _
15"D
27"D = -76,5K

" 1,5"m— RR
W, = 70K
L 123.3k 'R, = 299.8K
W o= 32K

102K

FR, = x ,005 x x .005
R

w

FR, = 1000 (299.8K x ,005 + 76.5 x ,005 = 111 + 51 = 162#
13.5 7.5

Force, F, to overcome bearing friction, 1s found in a
similar manner to that in Design Noi 1:

FF = (299.8 + 76.5) x .01 = 3763#
Total Force FT = FL2 + FRl + RR2 + FF

F,r = 3940 + 6924 + 162 + 3763

FT = 14,789¢#

Based upon a mechanical drive efficiency of .7,
horsepower,

HP = 14,789 x 400 = 256 HP
33,000 x .7




APPENDIX B

DERIVATION OF SEPARATION FORCES FOR VARIOUS CONDITIONS

Moving hull against the sea such as a rudder - following the

equation F = KAV2 = where:

F = normal force on the hull in pounds
A = projected area normal to motion in square feet

K = factor for fineness of lines assumed to be .8
V = velocity of flow by the hull in knots

A = 310 feet x 14 feet = 4350 square feet
V = 90 feet in 5 minutes = 180 feet/..our or .178 knots
F=.8 x 4350 x .1782 = 110 pounds

TABLE I

SEPARATION FORCES, NO SHELTER, BROADSIDE WIND

Broadside Wind Force with no Shelter (FWB) = ,004 av? (u. s. Navy
Specifications)

A = 318" x 14' + 106' x 6' = 5085 square feet

Wind Velocity (Knots) 8.5 12.0 16.0 19.0 24.0

Wave Length (Feet) 20 40 71 99 160
FWB 1465# 28204 5200# 73204 11,700#
TABLE II

SEPARATION FORCES, HEAD ON WIND

Head-on Wind Force (FWH) = ,004 Av2 (U. S. Navy Specifications)

A= 30" x 14" + 30" x 6' = 600 square feet
Wind Velocity (Knots) 8.5 12.0 16.0 19,0 24,0

Wave Length (Feet) 20 40 71 99 160

FWH 174# 3468 615¢# 8674 13834
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APPENDIX B - DERIVATION OF SEPARATION FORCES FOR VARIOUS CONDITIONS
(cont'd)

TABLE III

SEPARATION FORCES WITH SHELTER, BROADSIDE WIND

Broadside Wind Force sheltered by Pier (FWP) = ,004 AV2

A= 318" x 5" + 106' x 6' = 2225 square feet
Wind Velocity (Knots) 8.5 12,0 16,0 19.0 24,0
Wave Length (Feet) 20 40 71 99 160
FWP 6404 1238# 22804 32204 5100 #
1.825
Head~on Hull Drag Force (Fd) = .009 SV (U, S. Navy
Specifications)

S = Wetted Area in square feet

V = 4 Knots

Average Girth = 54 feet
S = 54' x 310' = 16,700 square feet

Drag = .009 x 16,700 x 4823 < 1880 pounds

Drag from one LCM-8
Wetted Area S = 1915 square feet

Drag = ,009 x 1915 x 41'825 = 216 pounds

Drag from one Larc LX
Wetted Area S = 2240 square feet

Drag = .009 x 2240 x 61'825 = 252 pounds

5-8



APPENDIX C

CALCULATIONS OF LOADS ON LOCK PINS

The load on each lock pin is as follows:

- 20,0004
130’
PIVOT ..____l_
LOCK PIN
. 5'
S
130
S= 20K x 3.5 743K

Allowable shear stress = 32,000 x .6 = 19,200 PSI

6 in, dia. pin in double shear 2 x 28.3 sq. in. = 56.6 sq. in.

743,000

Stress = 56,6

= 13,200 PSI ( 19,200 PSI

p-l .T_ 20,000#

130’
LOCK PIN
2.75!

R

PIVOT

- 20k x 130 .
S= 20K x 3.75 945K

945,000

Stresg = 56‘6

= 16,700 PsI < 19,200 PSI




APPENDIX D - ANALYSIS OF EXTENSIBLE BOOM

40K R=2905K

MOMENT DirGEAM
(one HEnBER)

ey

2¢ K’

REQD SEC Mop. §f g :.:j 5 g 'é;]

L\. SHEAR DIAGKAM

163.9 (oue MEMPER )

FREE BODY, SHEAR AND MomENT DIAZRAMS
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APPENDIX E - ANALYSIS OF BRIDGE TRANSVERSE BEAM

19 WS

=)

1" ol

29644 |
1 4
16K |

TRL» 3,9 858K 1 Bo7K

l 22.5%

MOMENT QOIAGRAM
{ONE MEMBER)

// [
32018 K

REQL. SEC MoD 1345

401k
2k LS

SHEAR DIAGRAM
(one nenser)

h“ 37%.6x

FREE BonY, SHEAR ANd MomenT DiAGRAMS
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APPENDIX F - ANALYSIS OF FORE AND AFT LINKS

Per.
(TRANSVERSE
L)

Par (TRANSVERSE

TLINK & SEPAR. MACH.)
FwpD
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APPENDIX G - ANALYSIS OF TRANSVERSE LINKS
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APPENT'IX J

ANALYSIS OF SEPARATION TRUSS

Table IV indicates thLe pipe sizes for the chord members for
different wave lengths; the sizes of the struts and diagonals vary to
suit the loading.

Table IV. Size of Truss Chord Members

Wave Length (Ft.) Chord Diameter (In.)
5.5 " 3.5
25 6
40 8
50 8
60 12
80 14
90 o 14
100 : 14
110 15
120 16
140 16
]
$5-34




APPENDIX K

DETERMINATION OF CRANE C.G.

In order to determine the c.g. of the crane assembly, let us set up the

following coordinate system:

STBD
oy e ——Cb-qr-
|
Note: The crane c.g. will be
determined below for the condi-
+X tion wherein the trolley, booms
— um— - and transverse beam are assumed
FWD AFT
to be geometrically centered
with respect to the X and Y
coordinate axis,
i-+Y
Sy T —— Po———
PORT
UPPER SURFACE OF
$+% FORE 8 AFT LINKS §+2
+ X +Y
= =
)
I P |
] [}
, € KINGPOST >
530 |AFT } 65'
FWD jf ey PORT >
' ]

!
STBD

. l
777 77#77777'7- TI7777777 A7 7777777
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APPENDIX L

. DETERMINATION OF CLEARANCE BETWEEN.
- _ - LIGHTER AND SEPARATION TRUSS

Definition of Pertinent Factors

/,&"‘/ ’ n.‘.
[} " [}

0,
1

L = wave length, ft.

d, = crane hull draft, ft.

iighter dtafF;‘fé.

. h a'vave height, crest to trough, ft.

‘= truss height;‘i;to ¢ at hull attachment, ft.

";Etussjpipe‘diameter at hull attachment, ft.

EEIEarénpe betﬁéen lighter and truss, ft.

Referring to the sketch above,

c= dh - (h+d

Now, d

c=14 - (h + db

where s = h +d, + 0.5d
b P

Considering the lighters LCM~-8

LCM8--8:

LARC-LX:

the clearance is given by the equation ;.f

b + ht + 0.5dp)

ho 14 ft. and ht = 2.? ft.

and LARC-LX, the drafts are gs'foilows;ﬂ:’

db = 5""2" = 5-167'

- A1~ n". “epat
db ,6 7 6.583"

A tabular calculation of clearance for various wave lengths is
presented on the following page.
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APPENDIX L - DETERMINATION OF CLEARANCE BETWEEN LIGHTER AND SEPARATION
TRUSS (con't)

Wave Wave Pipe LCM-8 - LARC-LX

’ Length Height Radius Draft _Suym Clearance Draft _Sum (Clearance
. L ho 054 T4 s c 4 s c

: 5..° 0.2  .167 5,167 5.534  5.966  6.583 6,950 . 4.550
/ 25 1.3 .277 6.744  4.756 8.160  3.340
: 4 2.25 360 7.777 3,123 9.193  2.307
g 50 2.9 .360 8.427  3.073 9.843 1.657
. 60 3.65 .533 |  9.350 2,150 10,766  .734
] 80 5,25 .584 11,001  .499 12,417 -.917
! 90 6.05 .584 11.801  -.301 | 13,217 -1,717
1 10 7.0 .58 | 12.751 -1.251 14.167 -2.667
f 110 7.85  .667 13,684 -2.184 15.100 -3.600
? 120 8.75 .667 | . 14.584 -3.084 16.000 ~4.500
o 10 10.65 667 | 16.484  -4.984 | 17.900 -6.400
; ; Thé pésvitive{'values of 'ciearah&a 4eal¢ulgted above are plotted &against

s U wave height for the LCM~8 and the LARC-LX; negative values of clearance
L - indicate Intexference between lighter and trucs.
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