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END AND SIDE LAUNGHING OF MARINE VESSELS

PREFACE

The following symbols are used throughout the text of this thesis:

Al = area of end of launching cradle entering water, sq. ft.

A2 = wetted surface of ship and cradle after flotation, sq. ft.

A4 = pressure area of hull entering water, sq. ft.

As = area of side or end of ship entering water, sq. ft.

A
w

= projected area of side or end against wind, sq. ft.
2

a = acceleration, ft/sec.

B = buoyancy in long tons

BM = height of metacenter above KB, ft.

E = energy, ft. lb.

f = coefficient of friction

F = force or load in long tons

F.
J

g

= jacking force in long tons

= 32.2 ft. /sec. 2

GM = metacentric height or height of metacenter above VCG, ft.

He = horizontal resistance coefficient

Hf = horizontal resistance in long tons

hx = horizontal lever of VCG at quay edge, ft.

It = transverse moment of inertia of ship's hull, ft. 4

radius of gyration about ship's transverse center, ft.

K1 = constant (1400 to 1800)

K2 = constant (20)

radius of gyration about pivot point, such as quay edge, ft.

Ks drag coefficient



KB =

K. E. =

KM =

LCG =

height of center of buoyancy above base line, ft.

kinetic energy, ft. lb.

height of metacenter above base line, ft.

distance in ft. from pivot point to VCG

longitudinal center of gravity, ft.

distance above ways of VCG in initial condition, ft.

moment in ft. tons

W = weight of ship and cradle in long tons

average pressure on ground ways, tons per sq. ft.

P. E. = potential energy, ft. lb.

distance down ways, ft.

time in seconds

draft in ft.

Uh

V =

Ve
=

V r =

V
w

=

VCG =

X =

X1

horizontal velocity in ft. /sec.

velocity of ship, ft. /sec.

velocity of ship at end of ways, ft. /sec.

resultant velocity of horizontal and vertical fall, ft. /sec.

velocity of wind, ft. /sec.

vertical center of gravity, ft.

horizontal distance of travel of VCG, ft..

initial horizontal distance of travel of VCG, ft.

vertical distance of fall of VCG, ft.

2
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TABLE OF SYMBOLS (continued)

a = angle of slope of ways

0 = heel angle or angle of list
2 2

0 = d O/dt , angular acceleration, rad. /sec. 2

0 =
o

heel angle at instant of impact with water, in degrees

0o angular velocity in degrees per second

Or heel angle at pivot point, degrees in radius

(I) = angle between L and vertical line through VCG in initial
condition

'T = 20% of beam if A4> = 50% of static wetted surface

cr = sine component and constant of heel angles

32. 2 GM/K2

Y
= 32.2p Vr

2 IA
4

/2WK

4) = 0
o

in radians

P = mass density of water

A = displacement to water line in cu. ft.
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INTRODUCTION

The launching of large marine vessels involves moving the ship

from its building position to its afloat condition. This operation is

of great importance since it is the final phase of the ship's construc-

tion. It is also of potential danger due to possible injury to the

workmen as well as structural damage to the vessel.

The launching of any ship of major proportions consists of

transferring its weight from the building supports to the launching

skids-1 and of releasing the skids into the water at the proper

moment. This series of events, which occurs as the ship slides into

the water, can be predicted and analyzed in advance.

The object of this dissertation is three-fold: first, to review

several successful techniques of launching and to describe the

problems involved; second, to derive and explain the calculations

needed for assuring a successful launching; and third, to propose

several computer programs which improve the accuracy as well as

shorten the time of these computations.

Two methods are commonly used to launch ships: end and side

launching (a third technique employing a graving or drydock, will not

1/See glossary of terms.
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be discussed here). In the first method, the ship enters the water by

the stern while in the second it enters the water sideways. As to

which of the two techniques is used by the shipbuilder depends upon

location of his property, size of area for construction and launching,

and dimensions of the ship.

The author has participated in many launchings at the

Gunderson shipyard on the Willamette River in Portland, Oregon

(now a subsidiary of FMC Corp. ), where both end and side launching

ways are used. Because of the location along the bank of the river,

larger vessels (300 ft. to 600 ft. ) have to be constructed on the side

launching facility, which is the largest presently in existence on the

Pacific Coast.

A search of the literature reveals relatively few references on

the subject of end and side launching of ships. This fact and the

author's interest and background in the area of ship launchings has

led to the completion of this project. Data recorded from a recent

side launching of a 360 ft. by 80 ft. by 27 ft. oil cargo barge

(weighing approximately 2100 short tons at time of launching) are

used to illustrate the techniques and procedures necessary for the

successful launching of a vessel. Calculations were checked by

recording the launching with a motion picture camera. Good agree-

ment was found between the calculated and experimentally recorded

results.
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This dissertation presents a review of all available material

from American sources on the side launching method and also an

outline of the procedure to be followed and calculations to be made

for a successful side launching of a vessel. Computer programs

which-have been used in the calculations for the launching of the

vessel mentioned above are included. These programs were written

specifically for the launching of ships by the side ways method

although some can be used for end launching computations.



Figure 1. 360 ft. Barge on Side Launching Ways

Figure 2. Launching Cradle and Barge Entering Water



Figure 3. 360 ft. Barge Leaving Launching Cradle

Figure 4. 360 ft. Lat.inched Barge Overcoming Water Resistance
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END AND SIDE LAUNCHING

Historical knowledge of boats and ships come from Egypt,

where as early as 4000 B. C. boats were far advanced above the

primitive forms of rafts and floating logs. Unfortunately none of

their ,shipbuilding techniques are recorded. It is believed that the

Egyptians built their boats along the banks of the River Nile and then

waited for spring floods to float them from the building supports.

Then as the ships became larger in dimensions and heavier, ship-

building ways evolved. Shipbuilding ways consist of two parts: the

ground ways and directly above and in contact with the ship the

sliding ways. Both the ground ways and sliding ways are usually

made of heavy timbers. The ground ways are supported by piling

where the ways continue out into the water and also for distance back

from the water edge where soil conditions dictate. Some shipyards

construct ground ways of reinforced concrete with a facing of wood

or steel for the sliding ways. For end ways there are two parallel

structures and the distance between the two is called the spread of

the ways with a dimension center to center of about one third the

beam of the ships to be constructed. The outer end of the ways,

which is under the water surface, is built low enough to assist in

floating the vessel from the sliding ways. For side ways the only

limit to the number of ground ways and sliding ways is the length of
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the vessel; however it is common practice to use 25 or 30 ft. centers

for the side launching ways. For a cross section of typical way

construction see Fig. 5 (page 13).

Where the river or other water area is wide and there is also

ample ground space, the building ways are usually at right angles to

the water's edge. The ship then slides into the water stern first;

this is called end launching. If there is insufficient room for

launching the vessel in this manner, the ways are built at an angle or

even parallel to the water. This is known as side launching. Ship-

yards on the Great Lakes and on the Mississippi River have used side

launching ways for many years. On the Pacific Coast end launching

ways are predominant (except at the Gunderson yard in Portland).

The sliding ways are often referred to as the launching skids

or cradle and the launching operation consists primarily of transfer-

ring the weight of the vessel from the building blocks to the sliding

ways and allowing both the ship and these sliding timbers to move

down the ground ways into the water. It is usually in the final 48

hours of construction that the ship is wedged up from the building

blocks (or supports) in order to remove all obstructions between the

ways that would prevent movement. At the same time the weight of

the vessel is transferred to the launching skids.

Up to the point of the ship's immersion, the conditions for side

launching or for end launching are essentially the same.
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Construction of the vessel proceeds along the same lines; keel blocks

and cribbing timbers are used to support the hull during this period.

However, from the point of launching through immersion, consider-

able differences exist in the conditions between end and side

launching.

End launching will be considered first. In Fig. 5, the usual

end launching arrangement is shown as well as some of the terms

peculiar to this method. The ship's weight is concentrated along two

parallel lines or ways with a spread between centers of approxi-

mately one-third the beam of the ship to be constructed. Of timber

or concrete construction these two parallel ways support the ship's

weight during the launching operation. With the total load of the

ship concentrated at these two points of support unusual demands are

placed upon the strength of the ship's hull. This same condition does

not occur again during the life of the vessel. In addition the ground

ways must be of ample strength to support the concentrated loads

that occur as the vessel passes over the end and into its floating

position in the water. Usually the vessel is launched with the stern

end entering the water first. Some vessels have been end launched

bow first, but this procedure is not common. Bow launching would

only be used where the location of the longitudinal center of gravity

is relatively far aft, or where the lines of the vessel are such that

favorable buoyancy moments result from bow first launching.
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When the outer end of the sliding ways (launching skids) enters

the water, buoyancy forces immediately begin to act on the ship's

hull and the timber in the skids. If the buoyancy of the hull is

insufficient, the ship will remain on the sliding ways until deeper

water is reached. During this period of the launching operation, it

is anticipated that helpful buoyancy will relieve the loading on the

underwater ground ways. Should the buoyancy force be insufficient

at this time, not only heavy loading of the ground ways takes place

but also a dangerous concentrated load on the hull of the ship occurs

as it passes the end of the underwater ground ways. This is

illustrated in Fig. 5. The usual practice in this instance is either

to lengthen the underwater ways or to use internal shoring in the

ship's structure to prevent injury to the hull. Either process is

expensive and is avoided if possible by waiting for more favorable

water conditions at time of launch.

As the stern of the vessel moves down the ways and out into

the water, the buoyancy forces increase until sufficient to lift the

stern. As the stern rises, the ship pivots about the forward end of

the sliding ways, which is called the forepoppet. See Fig. 5. This

part of the launching skids is designed to carry the load thrown upon

it by the pivoting action. For the short time interval during which

this occurs, the load is distributed over an area sufficient to avoid

excessive pressure on the launching lubricant and in turn upon the
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ground ways.

In addition to favorable buoyancy usually found at the stern of

any vessel, there is also another advantage of stern first launching

in that more water resistance is developed at the stern compared

with the bow. However, in many shipyards where end launching is

used, checking arrangements must also be used to stop the vessel

short of the opposite side of the launching area or of running aground

in shallow water.

Side launching will be considered next. Fig. 6 shows the usual

side launching arrangement. Similar to the end ways, at time of

launch the vessel is supported by ground ways. On top of these are

the sliding skids which carry the vessel into the water. The ground

ways are of timber or reinforced concrete construction and are

spread on 25 to 30 ft. centers throughout the full length of the ship.

They may or may not be used for construction supports. In some

shipyards using side launching facilities, the hull is constructed in

a separate area and then laterally moved to the side launching

ground ways. Where the hull is of sufficient longitudinal strength,

such as a heavy framed barge, the launching skids may be on 50 or

60 ft. centers. The width or beam of the vessel to be launched on

side ways usually dictates the length of the ground ways. For

reasons explained later, the slope of the ground ways may also be

much greater than for end ways. The underwater portion must also
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be much greater than for end ways. The underwater portion must

also be of sufficient length to provide sufficient depth of water for

floating the vessel. However, the actual length of the underwater

ways is not critical as in the case of the end ways, since tipping at

the way end can be allowed in low water conditions. In fact, drop

off at the end of the ways is common in side launchings, whereas this

condition would be disastrous in end launchings.

As there are more end launching ways in use than side ways,

the advantages of the former will be cited next. Since there are

normally two ground ways and correspondingly two sliding ways, the

construction costs are less when compared with the side ways. The

releasing mechanism for the sliding ways is simpler to build and

therefore less expensive. The slope of the end ways is usually much

less than side ways; therefore there is no problem of stability as

the vessel enters the water. In side launchings, tipping occurs and

in the case of a hull with a high vertical center of gravity, the

tipping at launch may be such as to create a condition of dangerous

stability. Jutting appendages along the side of the hull can be a

liability in side launchings whereas in end launchings this does not

present a problem. Support of the hull in end launching can be con-

tinuous along the two parallel sides. For a side launching the

supports are located at bulkheads or heavy frames, and this requires

more preparation at time of launch with consequently additional labor.
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The disadvantages of the end ways are primarily two significant

factors. First, the length of the ground ways must extend back from

the water's edge a distance equivalent to the length of the ship and

must also extend out into the water a similar distance. This re-

quires both land and water areas unencumbered by other structures.

It is possible to make use of shorter ground ways by building a long

vessel in two parts and then joining them in a dry dock or even

afloat, (a technique for doing this has been developed in Japan but is

not discussed in this paper). Second, the slope must be limited to

1 in. in 12 in. or less in order to avoid high bending moments on the

hull as it slides down the ways and into the position of being both

afloat at the stern and still resting on the ways at the bow. This

disadvantage is discussed in more detail in the following section.

The primary advantage of side launching lies in the fact that

the slope of the ground ways can be as much as twice that of the end

ways. This conserves land area and thereby makes it possible to

build larger vessels. The only other significant advantage is that the

ship may be dropped for a short distance which would be desirable

for low water conditions. On the Mississippi River where water

levels fluctuate widely, the side ways overcome this problem.

For additional information on ship launching facilities, both

end and side, see references 3 and 5 in the bibliography.
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Figure 6. Details of Side Launching Ways
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STABILITY AND STRENGTH AT LAUNCHING

Since newly constructed ships are launched at a draft which is

small compared to their final light load draft, they will have in

general a low center of buoyancy and a high metacenter. This latter

term is defined as the constant intersection of two vertical lines,

one through the center of buoyancy and the other through the center

of gravity. (Fig. 7). Since the relationship of the metacenter to the

vertical center of gravity (VCG) is an important indication of

stability, consideration should be given to these factors prior to

launching. Stability in end launchings will be discussed first. As

the ship enters the water an upward force equal to the weight of the

vessel minus the buoyancy of the immersed portion of the hull begins

to change the position of the center of gravity relative to the meta-

center. If the new position of the VCG becomes higher than the

metacenter, while the ship is moving down the launching ways, it has

negative stability and must be supported by the launching cradle.

Comstock (4, p. 779) states that it is good launching practice to have

a positive virtual metacentric height of at least one foot. This

means that in relation to the base of the vessel the metacenter should

be higher than the VCG by at least 12 in. Should the launching cal-

culations indicate that this is not the case, ballasting of the ship's

bottom tanks is recommended in order to lower the VCG. With the
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=GM

BM =

BM =

Height of Metacenter (M) above G

Height of (M) above (B), center of buoyancy

It /4
4 = displacement to water line in cu. ft.

It = 2/3 SL-y3dx
o

L = length of vessel at water line

GZ = length of righting arm = GM sin iti

(i) = angle of list

KM = height of metacenter (M) above base

KB = height of (B) above base

KG = height of VCG above base

Figure 7. Transverse Metacentric Height
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exception of unusually light vessels, stability in end launchings is not

a serious problem, since the ship can be supported by the launching

cradle in an upright position until it is very nearly afloat in a level

condition.

In the case of side ways launchings, stability is of prime con-

sideration and will be the next subject. As the vessel slides down the

ground ways in side launching, it is subjected not only to buoyancy

forces but also to the resistance of the water along the full length of

the hull which occurs from the keel up to the floating water line as

the vessel enters the water. The general and overall effect is to

produce a roll or heeling of the vessel, the maximum angle of which

may approach a dangerous condition of stability. Referring to Fig. 7

on metacentric height the distance from the VCG to point "M"

(metacenter) is noted GM. This is an important index of the

transverse stability of a vessel.

The experiments of Doust and McDonald (5) indicate that the

GM of any ship can be used as a common parameter to measure the

dynamic stability of a vessel launched from side ways. The investi-

gations recorded in (5) also revealed the following:

1. Metacentric heights with GM below 8 ft. are in the dan-

gerous range for side launchings. The vessel is approaching the

"point of no return", at which the righting moment is never of

sufficient magnitude to restore the vessel to the upright condition.
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The general effect of an increase in metacentric height is to reduce

maximum angle of roll from 0. 2 to 1. 25 degrees per ft. of GM

change.

2. An increase in way end velocity of 1 ft. per second de-

creases angle of roll outboard from 0. 5 to 1. 0 degrees and angle of

roll inboard from 0.3 to 0. 6 degrees. With GM at 8. 5 ft. or lower,

velocity variations have no significant effects.

3. Decrease in depth of water combined with increase in

static drop at quay edge increases angle of roll outboard on the order

of 2. 5 degrees per ft. of change. The angle of roll inboard varies

irregularly between 0. 35 and 8. 0 degrees per ft. of change depending

on way end velocity and metacentric height.

4. For vessels fitted with bilge keels there is a general

reduction in the return or inboard roll angle and an increase in out-

ward roll angle.

5. Vessels of normal form up to 450 tons of displacement can

be launched in water as shallow as 15. 25 ft.

6. Where the static drop at the quay edge is likely to exceed

25% of the water depth, impact pressures on the side of the hull can

be as high as 16 psi. This would require temporary internal

strengthening of the hull.

The above conclusions were reached by the authors on the

basis of the following parameters:
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1. Water depths up to 15. 25 ft.

2. GM from 8. 45 to 13. 24 ft.

3. Way end velocities of 6 to 13 ft. /sec.

As is also true for end launching, an improvement in the

metacentric height above the VCG can be temporarily made at the

time of launching by ballasting the bottom tanks of the hull with

water. Heavy weights such as concrete blocks or pig iron can also

be used but water is most economically handled. Since the GM

distance is an important factor in side launching computations, it

will be discussed in Chapter 5.

The bending stresses experienced by a ship during launching

may turn out to be the greatest to which the ship is subjected during

its life time. Required strength of the ship's hull for end launching

will be covered first followed by the same requirements for the side

ways launching. In moving down end ways, it is apparent that a

vessel will pass through a condition where it is supported by the

water at the stern and by the ground ways at the bow. At this point

the girder strength of the hull is tested with both hogging and sagging

stresses. Hogging occurs when the ship's stern is beyond the end

of the underwater ways and is also resisting tipping due to the fact

that the buoyancy forces are not equal to the ship's weight. In

sagging the reverse of hogging occurs since at the point that

buoyancy equalizes the weight of the stern the vessel's hull becomes
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a girder spanning a distance from the floating position of the stern to

the bow which is still resting on the ground ways. In general ship

design, the strength of the hull is more than adequate to provide for

the reversal of stresses that occur during end launching. However,

for a vessel with a high length to depth ratio or unusual side open-

ings that might affect the girder strength of the hull, it is important

to investigate bending stresses prior to launching. For further

discussion on this subject see (4, p. 779).

An important strength consideration in end launchings is the

loading of both the forward and aft poppets. These are the names

of the ends of the sliding ways or launching skids which are neces-

sarily more complex than the remainder of the skids in order to

support the bow and stern. Referring to Fig. 5, the fore poppet

supports the bow and the aft poppet the stern. The loading of the

fore poppet is more critical than the aft poppet since the maximum

load occurs during the launching operation. This load is the differ-

ence between the stern buoyancy and the weight of the ship. Under

usual conditions this is estimated at 20 to 25% of the ship's weight.

(4, p. 773) Typical construction details of the fore and aft poppets

are shown in Figs. 8 and 9. To assist in reducing both hogging and

sagging stresses, the fore poppet has rocker sliding surfaces to

allow pivoting. In the design of this part of the launching cradle, it

is recommended (4, p. 774) that the maximum pressure be limited
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to 12 tons per sq. ft. This is a higher loading than recommended

for the lubricant on the rocker sliding surfaces and would normally

force out the grease. However, the duration of pivoting is only a

few seconds so that binding of the two surfaces rarely happens.

Another design of fore poppet construction involves the use of

wood crushing strips of white pine or other soft wood (4, p. 745-6).

An important strength consideration in the fore poppet design is

attachment to the hull at the bow of the ship. Since this part of the

vessel may have a variety of shapes, ingenious design is sometimes

required to hold the poppet firmly in place and to assist in holding

the vessel upright at the same time providing easy removal. When

the ship is free of the ways and floating in the water, the fore poppet

as well as the aft poppet should fall away sufficiently so that they

may be pulled clear of the hull. If this does not happen, the ship

must be taken to the nearest dry dock for removal of the poppets.

The usual remedy is to add enough weight to the poppets so that they

will tend to sink.

Fig. 9 shows a typical design of the aft poppet and also the

force diagram that must be considered in selecting timbers to sup-

port the stern of the vessel. A pivoting design is not required.

Internal shoring of the hull at the poppets is sometimes required.

However every effort is made in building the launching cradle to

locate the poppets at bulkheads or heavy frames. If it is not
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possible to take advantage of the ship's framing, then internal

shoring must be used and provision made for easy removal after the

ship is afloat.

In side ways launching, hogging and sagging stresses do not

occur since the hull can be amply supported throughout the travel

down the ground ways. Strength considerations are therefore limited

to any areas of the ship's hull which would be of questionable lateral

strength when subjected to either drop off at the quay edge or simply

the resisting force of the water along one side of the vessel.

Appendages fastened to the side of the hull should be investigated

even though they may be on the opposite side from launching. This

is because of the roll back that always occurs in side launching.

The roll back could damage the appendage if there was not sufficient

clearance at the quay edge or if the appendage was rolled under the

water surface.
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RELEASING AND STARTING ARRANGEMENTS

Several designs are used in holding and then releasing a vessel for

launching from either end or side ways. The load upon the holding

device, whatever it may be, is the same for either method of

launching. It is expressed by:-2/

F = W sin a - fWcos,a

In determining the size of the holding pieces and their fasten-

ings, f is ordinarily set to zero, which provides some safety factor

over and above the working stress in the steel used. The design of

the releasing device must be done carefully to guard against pre-

mature release due to failure of some part.

There is usually no difficulty in starting to move the ship if the

launching cradle is resting on newly greased surfaces. However, in

the case of extremely cold weather or if the grease is not newly

applied, the initial coefficient of friction may be extremely high

preventing movement down the ways. To effect a satisfactory start,

jacks are often used to move the vessel. Steam pipes along the

grotind ways are also resorted to in order to warm up the greased

surfaces prior to launch.

2/See Table of Symbols, p. 1
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No definite rule can be given for the force that the jacks must

exert to overcome sticking of a vessel on the ways at the start of a

launch. In the case where sticking does occur, observation of the

jacking force may be recorded. This information can be used in the

expression:

fWcosa= Wcosa - Wsina

The value of f so found is then used in future calculations in

determing jacking capacities. Obviously the structure backing up

the jacks must be compatible with the calculations.

In the case of end launching ways, the holding device can be

simply made sole plates which are fastened to ground ways at one

end and to sliding ways at the opposite end (see Fig. 10, p. 31 ). At

the start of the launch the two plates are cut simultaneously with

burning torches. This method is generally used for lighter ships

and barges. When sole plates are used, it is on the basis that the

sliding ways are of one piece or securely connected together to

prevent their premature separation at time of launch.

In larger vessels it is common practice to use mechanical

releasing devices which are located near the mid-length of the

sliding ways. These releasing devices are of several ingenious

designs, some of which are described by Comstock (4, p. 771-773).

In side launchings the use of mechanical triggers for holding

and releasing is a necessary requirement. The number of triggers
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and locations as well as their design are determined from size and

weight of vessel. There may be as many as 12 or more triggers for

a side launching which are connected together for simultaneous re-

leasing. Many ingenious designs have been developed for the

triggers and their respective holding devices as well as for the

simultaneous release of the sliding ways. It is also considered good

practice to apply a jacking force against the vessel just prior to its

release. This is done to tighten up all trigger lines and/or linkage

involved so that there will be symmetrical starting of the ends of the

vessel. A typical side launch trigger is shown by Comstock (4,

p. 785) and also by Fahey (6, p. 88).

In side launchings a good workable bearing pressure is 2 short

tons per sq. ft. of launching cradle bearing area. Some yards

favor 3 tons per sq. ft. as a minimum, Fahey (6, p. 105). If less

than 2 tons per sq. ft. , it is recommended that either the declivity

of the ways be increased (which would be expensive) or the pressure

be increased by removing one of the launching cradles.

It has been found by Fahey (6, p. 94) that the coefficient of

friction tends to vary inversely with the square root of the bearing

pressure.
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FACTORS AFFECTING LAUNCHING CALCULATIONS

The important factors affecting launching calculations are the

slope of the ground ways, the height of the water above the quay edge,

coefficient of friction between sliding ways or launching cradle and

ground ways, height of launching cradle above ground ways, meta-

centric height of launched hull, and resistance of water to hull entry.

These variables apply to either side or end launching. The factors

that can be determined with consistent accuracy prior to launch time

are the slope of the ground ways, the height of the water and the

height of the launching cradle. The remaining variables are more

difficult to determine and require careful calculations.

Peculiar to end launching only is the position of the vessel in

respect to the ground ways. At the ship's bow, the keel should be at

a sufficient height above the ground ways to allow for the dip of the

vessel's forefoot as it passes the end of the ways. This dip occurs

during pivoting of the vessel at the quay edge and may be as much as

3 ft. for a 600 ft. hull. The stern of the vessel should be placed as

far outboard as possible, consistent with the water elevation or work

to be done around the stern. Most authorities agree that for end

launchings the slope of the keel should not parallel the ground ways,

but should be 1/16 in. per ft. less (4, p. 762). In a 600 ft. hull this

would place the stern approximately 3 ft. out of parallel, which is
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within reasonable limits.

The stern of the vessel is placed as near the water's edge as

practical to reduce the velocity down the launching ways. The energy

available for producing this velocity is expressed by

E
3/Wa ds

g

E will be a minimum if "s" is as small as possible and the velocity

will then also be a minimum, although the available energy must be

sufficient to overcome any frictional resistance.

In both end and side launching ways the slope of the ground

ways must be large enough to prevent sticking of vessels on the ways.

Typical declivities for end launching ways are from 9/16 in. to 1 in.

per ft. of length; for side launching ways declivities vary from 1 in. to

2 in. The slopes for side launching ways are greater than those for

end launching ways because of property limitations that dictate the

choice of launching methods. For either case motion down the ways

requires that:

and

F =- WSin a-4/

Sin a
= tan a > fCos a

3/See Table of Symbols, p. 2 and 3.

/See Table of Symbols, p. 2 and 3.
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for example, if f = 0. 05 and the slope is 11/16 in. per ft. , then

tan a = . 0573. This means that the starting force is approximately

0. 75% of the ship's weight.

Values to be used for the coefficient of friction can be found in

the bibliography references. Due to the variables of materials used,

temperatures, pressure and method of application, they are not

precise. Most shipyards either have their own composition for the

lubricant or rely on a name brand such as Texaco. The method of

application also varies from yard to yard. In some, the grease is

applied as soon as the keel plates are laid for a new vessel and re-

mains untouched until the time of launching. If the weather is cold

at that time, some form of steam heat is applied to warm up the

grease. Where the grease is applied early in the construction,

grease irons are recommended. These are used to prevent the

launching cradle from resting on the lubricant during vessel con-

struction and are generally flat steel bars about 10 ft. apart. They

are removed at the same time that all other construction timbers

under the hull bottom are taken out. If the grease has been on the

launching ways for some time, jacking of the vessel for a few feet

down the ways may be anticipated. This, of course, increases the

temperature of the grease thereby lowering its coefficient of friction

so that the vessel will continue to move.

If there is some question as to a value of the coefficient of
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friction to use in the computations, Comstock (4, p. 766) suggests

the following expression:

f = K2 /(g+ 100) NT

where K2 20, a friction constant

t = temperature of grease on day of launching
g

p = average pressure in tons per sq. ft. of launching
cradle including weight of vessel.

This coefficient is satisfactory as an estimate of the initial

friction. Once the vessel has started to move down the ways, the co-

efficient decreases to . 04 or even below . 01. As will be found in Table, 7,

each shipyard determines coefficients which are considered satis-

factory for their respective ways and/or time of year.

In lieu of the conventional grease-lubricant system of launch-

ing, some shipyards use steel balls to reduce friction. This is a

proprietary method covered by Japanese shipyard patents, and is

briefly described by Comstock (4, p. 766).

As the vessel moves down the ways and before it enters the

water, the total resistance is the sum of friction and checking

arrangements such as chain drags or water resistant masks. Chain

drags, masks, rope stops, etc. are only used if the vessel is being

launched into a narrow water basin. These methods of reducing

launching velocities are costly and are avoided if possible (4,

p. 726-770).
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Once the vessel begins to enter the water, the variable force

of the water's resistance is added to the frictional resistance of the

lubricant. Separation of these two forces is difficult and uncertain

for end launchings. In side launchings, there is more reason to

rely on estimates of water resistance since a larger surface (the

full length of the ship) is moving into the water at right angles to the

direction of travel. This water resistance is estimated from:

Hf = A
s

V
2/K (9), Bartlett (3) has determined the following expres-

sion for the same horizontal resistance:

Hf = (. 63A
1

+ 004A2)/2240 + A V
2 /K

In end launchings, Bartlett's expression will also give a reasonable

estimate of the resisting force. Since buoyancy will have a greater

effect in end launchings on Hf values, Comstock (4) has proposed

the following: He = B 2/3 /C. This results in a coefficient which

can be added to the coefficient of friction to determine total resisting

forces as the vessel slides into the water. Hf results in long tons

which can be used for determining a moment either about the VCG

of the vessel or about the end of the ways.

Not pertinent to the launching calculations is the camber that

is usually found in most end ways. This camber is built into the

underwater portion of the ground ways. It is a vertical curve pro-

portional to the radius of curvature of a parabola. Comstock (4,

p. 260-1) gives a detailed discussion of cambered ways. The
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advantages are: (1) to reduce pressure on quay edge at time of

launching; (2) to provide deeper water over the entire length of the

underwater ground ways.

In summary of factors affecting launching calculations, the

fixed constants which can be accurately determined are the slope of

the ways and the height of water above the quay edge. The variables

are coefficient of friction and water resistance.
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THEORETICAL CONSIDERATIONS OF SIDE LAUNCHING

Four separate stages are considered in the side launching of

any vessel:

1. From the instant the vessel is at rest at the top of the ways

until the VCG has passed over the quay edge the motion is considered

to be accelerating. This may not be true if there is a strong wind

or high water over the ways that could impede progress down the

sliding ways.

2. When the VCG passes over the quay edge, vertical motion

as well as horizontal motion is in effect. The tipping of the hull

occurs unimpeded until buoyancy of the water begins to take effect.

3. Hull is tipping at way ends and is becoming immersed

along outboard side in water.

4. Hull is clear of end of ways and is immersing to maximum

angle of list. After maximum angle of roll or list is determined, no

further investigation is necessary since the roll back to normal

position occurs in the form of a damped sine wave of diminishing

amplitude.

D. J. Doust and E. MacDonald (5) do not consider stage three

of the above list as a part of the side launching motion that is of

significance. This is probably true for vessels whose launch

support structure is of narrow width. However, in the case of
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barges there can be as much as 30 ft. to 40 ft. of sliding ways

passing over the quay edge after VCG has moved beyond this point.

Case 1

The four stages of motion are illustrated in Figs. 12,13,14

and 15. In Fig. 12, case 1, the vessel is accelerating down the ways

and its motion on the ground ways is best analyzed by means of the

standard energy equations. The potential energy is WY and kinetic

energy is WVe2/2g. 5/ Energy lost in overcoming friction between

the sliding (launching cradle) and the ground ways is an estimate

based on the standard integral:

Elost - fW cos a ds

In the case of wind resistance the energy lost can be

expressed by:
2

Elost = SS A
w

V
w

ds
0

Equating potential energy to kinetic energy, results in:

WV e
WY +Ss fW cos a ds Elost

2g

Since the wind is usually disregarded, the equation reduces to the

following:

/See Table of Symbols, p. 1.
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and
V

e
= Ni2g(Y - fs cosa) q2gY(1 f cot a)

Case 2
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The second stage occurs when the VCG passes the quay edge.

(Figs. 12 and 13) Tipping begins as soon as the VCG clears this

point, since the launching cradle is no longer supported by the

ground ways. The tipping considered in case 2 is that which occurs

before the ship's bottom enters the water. Dependent upon the

height of the water above the quay edge, the launching cradle may

or may not be in the water. It is usually an open structure en-

countering negligible water resistance and is not considered to effect

way end velocity. However, if the velocity at the end of the ways is

of the order of 30 ft. per second or more, the launching cradle will

upon striking the water cause it to foam and boil, reducing its

buoyancy.

In analyzing the motion that occurs in case 2, Taggart (10)

uses the following equations of motion:

2X = g(a - t + 2Lit + xl

Y = m+ Xa - L(cos - 0 sin (4)+ a 0 cos (1)+ a sin 0)

NL sin (0 + cp. -a) + fNL cos (0+ - a) = WK2e
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from which

0 =
gL [ f cos ( - a) + sin (4) - a)] t2
2K

See illustration below.

Another analysis is given by Doust and MacDonald (5). They

consider the vessel to slide an amount x down the ways, past the

position when the VCG is over the quay edge, and then through an

angle Or about the pivoting point. The horizontal motion of the

VCG is:

h = (x - mtan a) cos(O +a) + m sin(6r + a)

See illustration on page 43.

For this part of the motion, hx = f(x, Or), where x and Or are

functions which vary with time. The horizontal velocity of the VCG
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V66

*8-4r1L

is then Uh which is

dhx ahx dx a hx der 6/ and
,dt ax dt 8Or dt

dx de
U = cos (0 + [ m cos(Or + a ) + (m tan a - x) sin(O + a)]

rdt dt r

When t = 0, dx/dt = V , and 0 = 0, since the vessel is still on the
e r

ways. Hence Uh = Ve
cos a

The vertical drop of the VCG =

m sec a - m cos (or + a) + (x - m tan a) sin (er + a)

If V is the vertical velocity, then
dx der

V = sin (e +a)+a) + a-- [msin(er+a)+(x-mtana)cos(0 +a)]
at

See Table of Symbols, p. 1.
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The above equations for horizontal and vertical velocities are

applicable between the limits Or = 0 and Or = 0 , where 0 is the heel

angle of the vessel at the instant of impact on the water surface.

When t = 0, dx/dt = Ve,
and Or = 0; then V = V

e
sin a. The resultant

velocity of the VCG is Vr and is = 2 + V2. It then follows that

V =
2

+ 02 L

, m2 2,+ (x - m tan a) + 2xern
r

The rotating moment is given by Wh , together with moment due to

the frictional force which may be assumed to act parallel to the

sliding ways. This moment is about the VCG of the vessel and is

W [ (x - m tan a) cos (Or + a) + m sin (0 + a)] + W[ us cos(Or + a)m] ,

then

W[(x - m tan a) cos (Or + a) + (sin (Or + a) + us cos (Or + a)]

2
- WK

Then d 0/dt2
= -Mg /WK

o

The two methods proposed in (5) and (10) arrive at a rotating

moment which by integration can be used to determine the angle of

heel. However, Taggart (10) has proposed an integral for 0 using

the angles It. and a. The latter is constant while the former would

change as the vessel moves beyond the quay edge.
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Case 3

When the heel angle about the quay edge is great enough to

cause the outboard edge of the hull to enter the water, case 3 is

analyzed (Fig. 14). Taggart (10) expresses this motion as follows:

NL sin (0 + (4) - a) + fNL cos (0 + cf) a) - M = WKo/g de2/dt2

where M is the combined moment of the buoyancy and broadside hull

resistance of the water. The horizontal resisting moment is ex-

pressed by Bartlett (3) as follows:

Hf = (0. 63A1 + . 004A2)/2240 + As
V

2 /1400

The moment of this force is taken about the VCG of the vessel

with the lever arm measured from an estimated centroid. This

force is considered constant for the duration of the launching period

in which it would be most effective. Taggart (10) considers only

A
s
V2/1400 as being the significant resisting force in his analysis.

The buoyancy force is computed for the volume below the

waterline and will depend upon the height of the water above the quay

edge at time of launch. As shown in Fig. 14, the buoyancy lever

arm is measured from the center of buoyancy to the center of the

ship. For a rectangular shaped hull such as a barge, the centroid

is easily determined; however for a vessel with rounded or curved

bottom, the center of buoyancy must be found from detailed compu-

tations (5, p. 24-9). Taggart assumes both the buoyancy and
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horizontal resisting forces to be constant during the launching.

However this is not true for buoyancy, since higher water elevations

above the quay edge reduce the heel angle and lower water levels

increase the heel angle.

From the expression noted on page 45, Taggart (10) derives

the following equation to find the heel angle for case 3.

= AgLt/2K0 - CO2/A

where A = M/WL + [f cos (4) - a) + sin (41. - a)]

C = [f cos ((l) - a) + sin (cl) - a)]

in which M is the combined value of buoyancy and resisting moments

upon water entry, 02 is the heel angle carried over from case 2,

and t is the elapsed time in 0.1 seconds. All other terms are the

same as previously noted.

Doust and MacDonald (5) omit the analysis of case 3 as

visualized by Taggart. This omission is valid for vessels of narrow

beam; however for hulls of wide beam such as barges, the tipping

about the quay edge would be occurring before the hull of the

launched vessel struck the water.

Case 4

The hull is now clear of the launching ways and is supported

entirely by the water. Taggart's analysis is given by the expression:
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0 = (-g/WK2) Mt/2 + 03t + 03

where -M is considered to be the moment resisting entry

into the water and is assumed constant through the remaining time

of motion through the water (Fig. 15). The time (t) in 0.1 seconds

is for case 4 only.

Doust and MacDonald (5) in a different approach analyze the

motion of the vessel by considering impact of an equivalent cylinder

with the water. In a rigorous mathematical analysis they arrive at

35
()max = R - .61 + .38(P/y )

when t = 100 ( - )/4.6.1N/ + 3. sp

where R and LP are constants found from:

0o = R sin LP -35/. 61 t .38(13/(y)

and 0 = (R/100)4(6.1 y + 3.8(3) cos (Nib. 1 y + 3. 813(t/100)+4J)

where
R = 32.2 GM/K 2

"1/ = 32.2 pV TA4 /2WK
2

r

According to their experiments and observations, the values of A4

and T can be estimated from the static wetted surface of the hull, in

that the magnitude of the lever 'T is approximately 20% of the beam

if the effective area under pressure is 50% or more of the static

wetted surface. Doust and MacDonald (5) also make use of the GM

in the launching calculations whereas Taggart does not.
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There are several methods for determining the location of the

transverse metacenter and the height of the GM. An approximate

method is found in (4, p. 73) using coefficient charts. These charts

are reasonably accurate for the indicated hull shapes. If greater

accuracy is desired, conventional methods that are quite tedious will

have to be used (4, p. 23). The author's computer program 7 will

greatly shorten the time of making these calculations. (Page 89)

When the vessel is completely waterborne, rotation is con-

sidered about its own centroid in place of the quay edge. This

means the radius of gyration, Ko, should be as accurate as possible.

Unfortunately this is a tedious computation involving unit weights and

moments for each component of the vessel. After launching, Ko can

be found from the expression: Ko = T4G1V1/1. 108, where T is the

time in seconds for unresisted roll of ship. Since the Ko is desired

prior to launching, this foregoing method is not practical, unless

there are several vessels under construction of identical dimensions.

Therefore the radius of gyration is usually estimated as a percentage

of the beam or length. From 39% to 48% of the beam is often used

(9).

It is sometimes desirable to plot a trace of the VCG of the

launched vessel as it passes beyond the quay edge (Fig. 16). This

is done by extending a line equal to the height of the VCG above the

ways and parallel to the slope. Then for each heel angle, distance
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"L" and horizontal advance, the new position of the VCG is plotted

using the information found in the foregoing case studies. While

there are other variables affecting the actual position, this gives

reasonable results.
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Case 2
Hull Tipping at Way End

Case 3
Hull Tipping at Way End

and Entering. Water
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Case 4
Hull Clears Way End

Figure 12. Four Stages of Motion Down Ways
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Case 3
X = Horizontal distance VCG moves beyond way ends
Y = Vertical distance VCG drops relative to initial position
W = Weight of hull and launching cradle
L = Pivot distance (VCG to quay edge)
(1) = initial angle between L and t before tipping
A. = displacement of hull entering water

Figure 14. Case 3--Hull Tipping and Entering Water

C = center of buoyancy lever arm
about VCG

0 = M/WL + f cos(-4 4-4 sin(cp. - )]gLT
2Ko

[fcos(c0-a)+ sin( -a)] 0?
A

*See Table of Symbols, Page 1



Y = vertical dist. from initial position of VCG
M= W- Hf - CA - Vf = net moment
As = area of side entering water
Ab = area of bottom entering water
Ve = Ni2gY (1 f cot a)
Uh = Ve cog a
Hf = As Uh /1400

Vf = Ab (Ve sin a)2/1400

A = displacement or buoyancy
C = lever arm of A about VCG
0 = Heel angle
0 = Scd20/dt2 = -Mg/WK2

-g Mt
WK-2) 03t + 03 03 and 03 are from

Case 3
Figure 15. Case 4 - Hull Clear of Ways and Fully Waterborne
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COMPUTER PROGRAMS FOR SIDE LAUNCHING COMPUTATIONS

The timing, magnitude and direction of events occurring

during the side launching of a vessel can be predicted with reason-

able accuracy using one of three methods: computations, model

testing and comparison or evaluation of data from previously

launched vessels. Of these three methods, model testing is the

most expensive and time consuming. Comparison with other data is

the least expensive, but also of questionable reliability since it

occurs seldom that two vessels are identical at time of launch even

though they may be of the same design. This is due to the variation

in the construction stage which affects the launching weight. The

other important variable which could be of major proportions is the

height of the water relative to the quay edge.

The use of launching calculations has always been considered

acceptable and, as a matter of fact, is a requirement of many ship-

building contracts. It does, however, require long and tedious

computations. With the advent of the computer, the time needed for

this work is no longer a serious objection, especially in view of the

improved accuracy. With the computer it is also possible to vary

the basic assumptions and then repeat the computations. This is a

decided advantage since conditions at time of launch such as weight

of vessel and level of water may not be known until a few days before
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actual launching time.

The computer programs which follow were developed by the

author in "Basic" language for use on the General Electric time

sharing computer. Each program is described in sufficient detail

and with the exception of "POLFIT" can be converted into

"FORTRAN" machine language if this is preferred. The "POLFIT"

program uses a proprietary program developed by General Electric

and is therefore not described in detail.

The basis for all launching computations is an estimate of the

probable weight, the LCG, the VCG, and the GM. For side

launchings the longitudinal position of the center of gravity (LCG)

is an important factor in the location of the vessel on the ways.

Ideally the LCG should be located at the center of equally spaced

side launching ground ways. If it cannot be located at the center,

further computations are required in order to determine the extent

of the unbalanced moment. The purpose is to explore the tendency

of the vessel to slide unevenly down the ways and to take correction,

if necessary, of installing ballast in the vessel thereby adjusting

the LCG to a more favorable position.

The metacentric height (GM) and the VCG are governing factors

in the stability of a vessel. These factors (W, LCG, VCG and GM)-7/

7/See Table of Symbols, p. 1.



are essentially constants for any particular vessel and should be

determined as early in the construction period as possible. Since

considerable variation of launching weight may be anticipated, a

revision of the values for these constants may also be expected

shortly before final completion of the launching computations.

The following list of computer programs performs the

necessary calculations for the side launching of a ship:

Program Title

1 Weight, LCG and VCG Determination

2 Displacement and LCB

3 Metacentric Height, GM

4 Heel Angle at Quay Edge (Taggart's Method)

5 Heel Angle at Quay Edge with Hull Entering Water
(Taggart's Method)
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6 Heel Angle with Hull Waterborne (Taggart's Method)

7 Heel Angle at Quay Edge with Author's Changes

8 Angular Acceleration, d 0/dt 2, with Hull
Waterborne (Author's Method)

9 Heel Angle with Hull Waterborne (Author's Method)

A brief description of the first six computer programs follows.

The input and output data are specified, and any variations which

may be made are given. The last three programs contain modifica-

tions and improvements to Programs 4, 5, and 6. Each change or

modification is discussed in detail based on the author's observation
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of an actual side launch of a 360 ft. barge. A complete listing of

each program is given in Appendix II.

Program 1 - Weight, LCG, VCG Determination

This program determines the total weight, the LCG and the

VCG of any vessel. The input data (lines 140, 150, etc. ) is in sets

of three, consisting of the weight of a component or a segment of the

vessel and its respective VCG and LCG lever arms. The lever arm

is in feet and the weight in tons. This data is taken from the

accepted weight estimate for the design of the vessel. The number

of sets of data must also be entered (line 140) and this will depend

upon the degree to which the vessel has been itemized in the weight

estimate. This program has been run and checked with 7 sets of

data; a typical vessel would have as many as 180 sets. The line

statements "REM" are for printing of information relative to the

program and can be omitted at any time which would usually be the

case in a re-run. The output statement is line 130 and will result

in values to five decimal places or less, if desired.

Program 2 - Displacement and LCB

This program is for the determination of displacement in tons

of any vessel at any water line or draft, and also the corresponding

longitudinal position of the center of buoyancy relative to midship.
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The input data, lines 300, 310, etc., are cross-sectional areas in

square feet taken at each station or frame of the vessel. In the

program used by the author, 31 cross-sectional areas are used;

however this is not a limiting number. The computations are done

according to Simpson's rule for finding volumes of irregular shaped

objects. The output, lines 160 and 230 are described in the "REM"

statements.

Program 3 - Metacentric Height, GM

This program is used for find GM, BM, KB, and KM (see

table of symbols), of which the GM is used in side launching compu-

tations. The input data, lines 410 and 420, are half- breadths (one

half of the width of the ship) in feet taken at each station or frame.

In the detail of the program that follows, 17 half-breadths are used;

however this is not a limiting number. Simpson's rule is included

in this program and is used to determine the transverse moment of

inertia as well as area of the waterplane. It would not be necessary

to use this program to find the transverse moment of inertia for a

hull with parallel sides, such as a barge. In this instance it would

be found from the following expression:

I = Lb3/12

where L = length at waterline in feet

b = breadth at waterline in feet
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Constant values for T, S, VCG and A are also input data, lines 230,

390, 400 and 402. The output will be values described in the "REM"

statements and lines 230, 390, 400, 401 and 402.

Program 4 Heel Angle at Quay Edge

This program is for the determination of the heel angle at the

quay edge, as illustrated in Fig. 13 for case 2. The hull is tipping

at the quay edge pivot point but due to its height above the water, it

is not entering along the outboard side. The horizontal velocity "X",

which is also the advance of the VCG beyond the quay edge, is deter-

mined from the following:

X = Uh = Cos a i2gY(1 - f Cot a)

The heel angle "0" is then found using Taggart's (10) integral

of 0 = 16. I L [f Cos (4, - a) + Sin (cl) a)] t2. This program will

find a heel angle for each 0.1 second of advance of the hull beyond

the quay edge pivot point. These values are then used to determine

at which angle the vessel will enter the water along the outboard

edge. A computer program has not been written for this determina-

tion. It is simply a matter of plotting on graph paper the hull shape

and the list angles with the base line representing the height of water

at the quay edge. The heel angle so selected is then used in

computer Program 5 to find the effect of buoyancy and water
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resistance upon list angles for case 3.

The input data for Program 4 are values of "X" (see lines 100,

120 and 210). The output is in lines 170 and 180 and includes values

for "p" and "L", which may be used to check the accuracy of the

program. In Table 2 the results are listed for using this program

on the sample barge computations. Both "X" as computed from the

above listed expression and "X" as observed have been used in the

sample 360 ft. barge side launching computations.

Program 5 - Heel Angle at Quay Edge with Hull Entering Water

This program also uses Taggart's (10) analysis to determine

heel angle. From Fig. 14 for case 3, the vessel is tipping at the

quay edge with the outboard side entering the water. The input data

consists of a heel angle selected from the results of Program 4,

which is "Y" in line 140, and "X", which is the horizontal advance

of the VCG of the vessel for each 0.1 second. As explained in the

previous program, the horizontal velocity determines the values of

"X" to enter in the input data. For both cases 2 and 3, Taggart (10)

assumes the horizontal velocity to remain unchanged. The constants

entered into this program are also the same as used in the previous

program, namely "f", coefficient of friction, "A", slope of ways

in radians, "H", height of VCG above ways, "K", radius of gyration,

and "W", weight of ship. The output gives the heel angles in degrees
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for each 0.1 second entered into the program. Lines 210 and 215 of

the output also include values for "L", distance from quay edge to

VCG, and "D", a numerical value in the program. These output

results may be omitted after the initial run of the program for

checking. Referring to lines 120 and 170 Taggart (10) uses a

constant value for the combined resisting moment of water entry for

the time interval selected in line 130. This particular analysis is

open to argument and is discussed by the author on page 66 and conclusion.

Program 6 - Heel Angle with Hull Waterborne

This program determines the maximum heel angle of the vessel

during side launching. From Fig. 15 for case 4, the vessel is en-

tirely clear of the ground ways and is floating in the water although

still in dynamic motion resulting from the velocity of the side launch.

Taggart's (10) method of analysis is used, and the input data lines

110 and 160 consist of "M", explained in line 30 and "A" (line 80).

The latter value is taken from the results of the previous program,

and "M", as recommended by Taggart are selected constant values

for each 0.1 second of time investigated. All of the other constants

are the same as used in the previous programs with the exception of

the value for "X". This is the heel angle selected from the pre-

ceding program and is an average of two heel angles that occurred

following the vessel clearing the quay edge. The output is (line 140)
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simply the heel angles for each 0.1 second. The results will show

an increasing value to a maximum and then a steady decrease. The

significant result and the goal of the computer programs is to find

the maximum heel angle and the probable time of its occurrence

after launching.

Program 7 - Heel Angle at Quay Edge Modified

In the side launching of a 360 ft. tank barge, motion picture

cameras were used to observe and record the inclinometer (heel

angle movements) as well as the motion of the barge down the

launching ways. Tables 1 through 5 list both observed and computed

data, and Table 6 lists the particular dimensions and constants of

the barge. Reviewing the computed and observed data, the following

conclusions are reached.

Referring to Table 1, the observed values for the coefficient

of friction compared with the calculated values are within reasonable

limits up to the point of the barge entering the water. The wide

variation of f at this stage of the side launching indicates that

additional study and observation should be made. Referring to Table

7 and comparing the coefficient of friction for the 6. 0 second time

interval after launch, the value of . 044 observed by R. A. Stearns

in the side launching of LST's compares very well with the same

value found by the author.
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In Table 2 for case 2 of the side launching sequence, the heel

angles were calculated with computer Program 4. Comparing these

values with the observed data shown in the same table, indicates that

they are within close agreement on the basis of the total horizontal

distance (X). In regard to the total elapsed time, the lower launching

velocity and higher coefficient of friction used in the computations

has resulted in a . 72 second difference in the total elapsed time

(from launch) for each heel angle. In Taggart's (10) method,

angles are found up to the point at which the vessel has cleared the

quay edge. As is also shown in Table 2, the change in the coefficient

of friction of . 03 to . 006 does not greatly affect the heel angle values.

However the time difference remains at 0.72 seconds. Taggart (10)

has also used a constant value for "M". This appears to introduce

an additional error. He has probably considered the water to be

sufficiently broken up by the launching cradle, thereby losing its

buoyancy, in order to assume a constant for "M". From the

author's observations, "M" is a variable due to the changing buoy-

ancy force as the vessel enters the water. This is especially the

case for wide beam hulls, which are found in most barges. There-

fore, if "M" is increased as the vessel plunges deeper into the

water, the heel angles as computed will be larger and more accurate.

Program 7 (the author's modification of Program 5) treats "K" and

"M" as variables. The value for "K" changes because the corrected
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radius of gyration should be about the pivot point at the quay edge.

This is done by adding into "K", the changing values of "L" as the

hull advances into the water.

Table 8 shows the results of using this program for the

sample 360 ft. barge computation. Included also is the use of the

corrected heel angle as determined in the previous discussion for

case 2.

The input data for this program is the same as for Program 5

with the exception that "M" is read as a variable. This "M" is the

combined resisting moment of buoyancy and horizontal resistance

for each 0.1 second. The output values are also the same, but may

also include values for "K" if desired.

Program 8 - Angular Acceleration

Program 9 - Heel Angle with Hull Waterborne

When the side launched hull clears the way end and is entirely

supported by the water, the analysis to find the maximum heel angle

becomes more difficult. At this point Taggart's (10) method intro-

duces two constants which are difficult to check accurately. These

are the heel angle at the instant the vessel clears the quay edge and

becomes waterborne and the angular velocity in degrees per second.

In reviewing the results of this method in which both the heel angle

and angular velocity were taken from the results for case 3, the
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maximum heel angle is not within reasonable limits of the observed

data and the time at which it occurs is considerably different.

Doust and MacDonald (5) in their analysis state that emax occurs

when t = 100 (ir/2 ) /'I6. ly - 3.8P . In solving this expression for

the sample 360 ft. barge launching, the time is surprisingly close to

the observed time for maximum heel angle. Taggart's method of

finding the maximum heel angle may apply to hulls with more curved

surfaces than the conventional barge. The author did not have any

reliable data which could be used to check out this conclusion. The

author also found that Taggart's assumption of constant moment for

water resistance would not apply to the side launching of barges. As

shown in Table 4, constant moments for water resistance introduce

considerable error in the final results. As shown in Table 9, it is

necessary to enter decreasing values of the moment, "M", which

would be true of any wide beam vessel such as a barge. The lever

-arm of the buoyancy force about the VCG would be large at first and

then decreases as the vessel approaches stable equilibrium in the water.

Both references (5) and (10) are in agreement that the expres-

sion d 20/dt 2 = -M/(W/g)K 2 contains only one significant variable

"M", which is the summation of moments opposing entry into the

water. Using this as the basis for proposing another method for

analyzing case 4, the author has developed computer Programs 8

and 9 and in addition uses the General Electric POLFIT program to
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find maximum heel angle and time of occurrence.

Using summation of moments due to buoyancy, horizontal re-

sistance and vertical forces, values of d2 0/dt2 are found for each

0. 1 second after the vessel has slid off the ground ways, until "M"

approaches zero. This is done in Program 8 and can be as detailed

as is necessary to compute reasonable values for the moments of

buoyancy and other forces. When the vessel has left the ground

ways, it has an angular velocity about its own center of gravity.

This is increased due to the horizontal resistance of the water which

is also acting about the same center of gravity. These moments,

which are changing rapidly, are estimates, but using the dimensions

and constants of the vessel including the GM, reasonable computa-

tions may be made.

The values of d2 0/dt2, which are called "Z", are entered into

the POLFIT program as "Y" values along with time in successive

intervals of 0. 1 second as the "X" values. The computer then fits

by trial and error the "X" and "Y" points into a polynomial curve by

the least squares method. The degree of the polynomial selected

usually is in the order of 4 or 5, and the output of the program are

coefficients for the following expression:

Y = A + BT + CT
2

+ DT
3

+ ET
4 (4th degree polynomial)

The same program will also print an index of determination (see

Table 10), which if close to 1. 0 indicates a very close fit of the input
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data points to the computed curve. If desired, this program will

also print out the coordinates of the curve for numerical comparison.

The time data must be entered in decimals of a second.

To use the polynomial found in the POLFIT program, the first

and second integrals are found. The first integral, dO/dt, will be of

the form AT + BT 2/ 2 + CT 3/3 + DT
4/4, etc., and is the angular

velocity. The second integral is 0, or degrees of list, and is of the

form AT 2/ 2 + BT 3/3 + CT4/ 4 + DT
5/5, etc. The computer pro-

grams that follow are for finding values of d 20/dt to use in the

G. E. POLFIT program and then to solve the resulting polynomials.

The input data for Program 8 consists of "C", which is the

lever arm of buoyancy about the VCG, "V", which is horizontal

velocity, and "X", vertical velocity. This data is taken from the

dimensions and constants of the vessel to be launched. It is entered

for each 0. 1 second. The output data are values o f d 0/dt 2 for each

0. 1 second.

The integration of the polynomials from the POLFIT program

is accomplished by Program 9. It solves for dO/dt and 0, and also

determines the time (in tenths of a second) at which the two curves

intersect. This time value is added to the elapsed time at the in-

stant the side launched hull clears the quay edge. This total time

is then used to determine the maximum list angle; and this angle is

read from the computed values of 0, or from the curve if plotted.
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If desired the General Electric computer program PLOTTO could

be incorporated into Program 9. It would then plot a curve of e

versus time in 0. 1 seconds and also do the same for the values of

dO/dt and d
20/dt2. Since these curves are not essential in deter-

mining the maximum list angle, the author has not used the PLOTTO

program. The results of Programs 8 and 9 for the sample barge

computations are given in Tables 9 and 10.
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CONCLUSION

In 1943, Palmeri (9) stated, "No rigorous attempt that I know

of has ever been made to establish once and forever what tie binds

together the optimum values of all the elements of a perfect side

launching. " Since that time there have been only two significant

contributions on side launching computations: Taggart (10) in 1944

and Doust and MacDonald (5) in 1957. Comstock (4), whose work in

1967 is now considered the most recent, is one of the widely

recognized authorities in the field of naval architecture; even he

continues to reference the above listed authors for side launching

calculations. The material presented in this dissertation is there-

fore an important addition to the technical literature on this subject.

In the same article, Palmeri (9) said, "Especially important is the

investigation of the longitudinal location of the VCG (or LCG) of the

ship in relation to the center of pressure of the ways. " Comstock

(4, p. 799-805) describes in a very limited discussion some

FORTRAN programs which could be used for finding the LCG and

VCG. A complete set of computer programs for the side launching

of ships has been included in this thesis. Although these programs

have been written for use on the General Electric Time-Sharing

computer, they may easily be converted to FORTRAN or similar

machine language for use on other makes. The last three programs
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(Nos. 7, 8 and 9) present a major change to Taggart's (10) method

of computing maximum heel angle and time of occurrence. The

results agree favorably with observed data from an actual side

launching. (see Tables 4 and 9). This improvement has been made

by considering the resultant moment due to buoyancy, horizontal

and vertical resisting forces of the water as a variable of decreasing

magnitude, whereas Taggart (10) assumes that these forces remain

constant. The variable resultant moment is computed from the

dimensions and constants of the launched vessel. The author's

proposed change in these computations also includes the use of the

GM of the vessel, which has been omitted by Taggart.

Additional comparisons to actual side launchings, which the

author plans to do, are needed to further substantiate these modifi-

cations. Because of the importance of the resultant moment of the

water entry forces in the final determination of the maximum heel

angle and time of occurrence, the moments and magnitude of these

forces should be measured experimentally on some actual side

launchings in order to establish a relationship with the dimensions

and constants of the vessel. To the best of the author's knowledge,

this has never been done using the latest techniques in instrumenta-

tion.

The photographs taken of the sample launching (Figs. 1 -4) show

that spray and foam produced first by the launching cradle and then
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by the side of the hull entering the water are considerable. The

effect of the reduced density of the water due to spray and foam on

the buoyancy forces is an important variable which has not been con-

sidered in these calculations. Doust and MacDonald (5) have included

a term for water density in some of their computations but do not

suggest any method of determining same.

The computer programs and calculations presented in this

thesis greatly facilitate and improve side launching calculations for

marine vessels. If and when further test data of actual launchings

become available, they will undoubtedly contribute to additional

refinements and modifications of these computations. The programs

have been listed in sufficient detail with sufficient explanation so

that they can be readily changed or enlarged.

For the engineer who is required to make similar computations

this thesis will be a valuable reference. For the author it has

already become a reference and one to which hopefully he plans to

add supplements and appendices which will make it even more

valuable.
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Appendage
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Beam

Bulkhead

Camber

Chain drags

Cribbing

Declivity

Draft
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APPENDIX I

GLOSSARY OF TERMS AND ABBREVIATIONS

timber supports of launching cradle that
support stern

objects external to the hull and usually below
the waterline

reference line through the lowest point of the
hull and parallel to waterline

width of ship

a subdividing wall in ship's structure either
transverse or longitudinal

convex shape of part or structure such as
ship's dock or launching ways

lengths of chain used to impede progress of
ship moving down launching ways

timbers laid at right angles to form crib- -
used to support heavy loads

slope of ground ways, usually expressed in
inches per foot

distance in feet from water surface to base line

Draft, light load draft when vessel is free of cargo

Forefoot lowest point below water of ship's bow

Fore poppet timber supports of launching cradle that
support bow

Frame a principal structure transverse member of
the ship's hull

GM metacentric height
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Graving dock a dry dock for construction or repair of vessels

Grease irons

Ground ways

short pieces of steel plate used to separate
sliding ways and ground ways until time of
launching

permanent timber or concrete construction in
parallel rows extending from above water sur-
face to below water surface for purpose of
launching ships

Hogging longitudinal bending of ship's hull in convex
curve

KCB vertical center of buoyancy

Keel low point of ship's bottom at center line

Keel, bilge vertical plates or timbers fastened to bottom
plating near edge of hull

Launching cradle timbers framed to support vessel during
launching

Launching skids the portion of launching cradle that slides on
ground way timbers

LCG longitudinal center of gravity

Long ton 2240 pounds and based on equivalent weight of
35 cu. ft. of sea water

Metacenter point of intersection of two vertical lines, one
(transverse) through VCG and other through KCB

Pitch movement of ship about its LCG

Radius of A
or a distance such that, if the area of a

gyration section were concentrated at a point at that
distance from an axis of reference, the
moment of inertia would be the same as that
obtained by considering the entire area with
respect to the same axis
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Ribband guide timber on either sliding ways or ground
ways to prevent lateral movement

Righting moment

Roll

Rope stops

lever arm of VCG about KCB

movement of ship about its VCG

used for same purpose as chain drags except
that they are expected to break under load
whereas the chains drag along the ground ways

Sagging longitudinal bending of ship's hull in concave
curve with low point at ship's longitudinal cente r

Short ton

Sliding ways

Sole plate

Station

2000 pounds

another name for launching cradle

a steel plate holding launching cradle, which
is cut to release ship and cradle at launching

dividing points between the forward perpendic-
ular and aft perpendicular used for lofting the
lines of the hull and numbered consecutively
with 0 at the forward perpendicular. Frames
are often located at the stations

VCG vertical center of gravity of ship

Vertical curve mathematically describes the camber required

Virtual GM estimated metacentric height

Waterplane the area bounded by the hull lines at a given
draft

Water resistant
masks

a temporary structure fastened to ship's stern
to impede progress through water at time of
launching
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APPENDIX II

COMPUTER PROGRAMS

Computer Program 1

1 REM PROGR NAME - #68LJ1

2 REM A = DATA CONSTANT FOR DISTANCE IN FT OF UNIT
WEIGHT FROM FWD. PERPENDICULAR

3 REM B = DATA CONSTANT FOR DISTANCE IN FT OF UNIT
WEIGHT ABOVE BASE LINE

4 REM N = UNIT WEIGHT IN TONS

5 REM Z = TOTAL NUMBER OF UNITS USED IN TOTAL
WEIGHT OF VESSEL

6 REM W = TOTAL WEIGHT OF VESSEL IN TONS

7 REM VCG = VERTICAL CENTER OF GRAVITY

8 REM LCG = LONGITUDINAL CENTER OF GRAVITY

10 READ Z

20 LET W = 0

30 LET M = 0

40 LET P = 0

50 FOR I = 1 to Z

60 READ N, A, B

70 LET W = W + N

80 LETM=M+N*A

90 LETP=P+N*B

100 NEXT I
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Computer Program 1 (Continued)

110 LET X1 = M/W

120 LET Y 1 = P/W

130 PRINT "WT="; W, "VCG="; Xl, "LCG="; Y1

140 DATA

150 DATA

160 DATA

170 DATA

999 END
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Computer Program 2

10 REM PROGRAM - E68LJ2

11 REM A = AREA OF HALF SECTION AT EACH FRAME OR
STATION, SQ. FT.

12 REM S1 = SUMMATION OF A, SQ. FT.

13 REM L = DISPLACEMENT IN CU. FT.

14 REM DISPL. = 46, CONVERTED TO TONS

15 REM MI = MOMENT OF AREAS FWD OF CENTER LINE OF
VESSEL

16 REM M2 = MOMENT OF AREAS AFT OF CENTER LINE OF
VESSEL

17 REM LCB = LONGITUDINAL CENTER OF BUOYANCY

18 REM DATA = AREA CONSTANTS FOR EACH FRAME OR
STATION TAKEN FROM LINES OF VESSEL
FOR SELECTED DRAFT

20 DIM A (31), N (31)

30 FOR I = 1 to 31

40 READ A(I)

50 LET N(1) = A(1)* O. 5

60 LET N(2) = A(2) * 2.

70 LET N(3) = A(3) * 1.5

75 LET N(31) = A(31) * 1.

80 FOR I = 4 to 30 STEP 2

90 LET N(I) = A(I) * 4

100 NEXT I
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Computer Program 2 (Continued)

110 FOR I = 5 to 29 STEP 2

120 LET N(I) = A(I) * 2

130 NEXT I

140 FOR I = 1 to 31

150 LET Si = S1 + N(I)

155 NEXT I

160 PRINT "Sl="; Si, "Displ="; Si *10/96

170 FOR X = 15 to 1 STEP 1

180 LET M1 =M1 + N (16-X)* X

190 NEXT X

200 PRINT "Ml="; MI

210 FOR Y = I to 15

220 LET M2 = M2 + N (15 + Y) * Y

225 NEXT Y

230 PRINT "M2="; M2, "LCB="; (M2-M1) * 10/S1

300 DATA

310 DATA

320 DATA

330 DATA

340 DATA

350 DATA

999 END
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Computer Program 3

10 REM PROGR - E68LJ3

11 REM Fl = SUMMATION OF TRANSVERSE MOMENT OF
INERTIA FOR EACH STATION

12 REM BM = Fl * 4/9*SO.

13 REM S = DISTANCE BETWEEN STATIONS IN FT.

14 REM = DISPLACEMENT IN CU. FT.

15 REM F2 = SUMMATION OF HALF AREAS FOR EACH
STATION

16 REM AWP = F2 * 4/3 * S = AREA OF WATERPLANE AT T

17 REM T = DRAFT IN FT.

18 REM KB = CENTER OF BUOYANCY, FT. ABOVE BASE LINE

19 REM KM = METACENTRIC HEIGHT, FT. ABOVE BASE LINE

20 DIM A(30), N(30), X(30), K(30)

21 REM GM = METACENTRIC HEIGHT, FT. ABOVE VCG

22 REM DATA = HALF OF WIDTH OR BEAM OF VESSEL AT
EACH STATION

30 FOR I = 1 to 17

40 READ A(I)

50 LET N(I) = A(I)'P3

60 NEXT I

80 LET X(1) = N(1)* . 25

90 LET X(2) = N(2) * 1

100 LET X(3) = N(3) * . 75
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Computer Program 3 (Continued)

110 FOR I = 4 to 14 STEP 2

120 LET X(I) = N(I) * 2

130 NEXT I

140 FOR I = 5 to 13 STEP 2

150 LET X(I) = N(I) *1

160 NEXT I

170 LET X(15) = N(15) * .75

180 LET X(16) = N(16) * 1

190 LET X(17) = N(17) * .25

200 FOR I = 1 to 17

210 LET FI = SI + X(I)

220 NEXT I

230 PRINT "FI="; FI, "BM="; (FI * 4/9 * S)/A

240 LET K(1) = A(1) . 25

250 LET K(2) = A(2) 1

260 LET K(3) = A(3) . 75

270 FOR I = 4 to 14 STEP 2

280 LET K(I) = A(I) * 2

290 NEXT I

300 FOR I = 5 to 13 STEP 2

310 LET K(I) = A(I) * 1
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320

Computer Program 3 (Continued)

NEXT I

330 LET K(15) = A(15) * . 75

340 LET K(16) = A(16) * 1

350 LET K(17) = A(17) . 25

360 FOR I = 1 to 17

370 LET S = S + K(I)

380 NEXT I

390 PRINT "S="; S, "AWP3.5"= ;F2 * 4/3 * S

400 PRINT "KB="; T * ((F2/(F2 +A /T)))

401 PRINT "KM =" ;;(BM + KB)

402 PRINT "GM="; (BM + KB - VCG)

410 DATA

420 DATA

999 END
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Computer Program 4

10 REM PROGR E68LJ4

20 REM T = TIME IN 0. 1 SEC.

30 REM L = DISTANCE FROM PIVOT POINT TO VCG IN FT.

40 REM K = CONSTANT DETERMINED FROM SHIP
PARTICULARS OR WAYS

50 REM Kcg = RADIUS OF GYRATION ABOUT VCG = K

60 REM D = DEGREES OF HEEL ANGLE

70 REM H = HEIGHT OF VCG ABOVE WAYS = K

80 REM A = a = SLOPE OF WAYS IN RADIANS

90 REM F = f = COEFFICIENT OF FRICTION = K

100 REM X = HORIZONTAL DISTANCE OF VCG FROM PIVOT
POINT

1 1 0 FORT = 0.1 TO 1. 0 STEP 0.1

120 READ X

130 LET P = H - (A * X)

135 LET B = ATN (X/P)

140 LET L = SQR (Pt 2 + X+2)

150 LET Y = (16. 1 *L /K) (F*COS (B - A)) + SIN (B - A) * Tt2

160 LET D = Y/. 0175

170 PRINT "P", "L", "DEG"

180 PRINT P, L, D

190 NEXT T
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Computer Program 4 (Continued)

210 DATA

999 END

For results of running this program for example of 360 ft.

barge, see Table 2 for Case 2.
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Computer Program 5

10 REM PROGR E68LJ5

20 REM T = TIME IN 0. 1 SEC.

30 REM L = DISTANCE FROM PIVOT POINT TO VCG IN FT.

40 REM K = CONSTANT DETERMINED FROM SHIP
PARTICULARS OR CASE 2

50 REM K2cg
= RADIUS OF GYRATION ABOUT VCG = K

70 REM H = HEIGHT OF VCG ABOVE WAYS = K

80 REM A = a = SLOPE OF WAYS IN RADIANS

90 REM F = f = COEFFICIENT OF FRICTION = K

100 REM Y = HEEL ANGLE FROM CASE 2 = K

110 REM X = HORIZONTAL DISTANCE OF VCG FROM PIVOT
POINT

115 REM W = WEIGHT OF SHIP AND CRADLE = K

120 REM M = COMBINED RESISTING MOMENT OF BUOYANCY
AND HORIZ. FORCES = K

130 FOR T = 0. 1 to 0. 5 STEP 0. 1

140 READ Y, X

150 LET P = H - (A*X)

155 LET B = ATN(X/P)

160 LET L = SQR (Pt + X12)

170 LET D = M/(W*L) + (F*(COS(B - A)) + SIN (B - A)

180 LET E = F*(COS(B - A) + SIN (B - A)

190 LET Z = D*16. l*L*T/Kcg - E*(Y*. 0175)/D
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Computer Program 5 (Continued)

200 LET N = Z/. 0175

210 PRINT "L", "DEG", "D"

215 PRINT L, N, D

220 NEXT T

230 DATA

999 END

For results of running this program for example of 360 ft.

barge, see Table 3 for Case 3.
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Computer Program 6

10 REM PROG E68LJ6

20 REM T = TIME IN 0. 1 SEC.

30 REM M = COMBINED RESISTING MOMENT OF BUOYANCY
AND HORIZONTAL FORCES = DECREASING
CONSTANT

40 REM D = DEGREES OF HEEL ANGLE FOR CASE 4

50 REM W = WEIGHT OF SHIP AND CRADLE = K

60 REM K = CONSTANT DETERMINED FROM CASE 3 OR FROM
SHIP PARTICULARS

70 REM X = HEEL ANGLE = E

80 REM A = ANGULAR VELOCITY IN DEGREE PER SECOND = K

90 REM Kcg = RADIUS OF GYRATION ABOUT VCG = K

100 FOR T = 0. 1 TO 1. 3 STEP 0. 1

110 READ M, A

120 LET Z = -32. 2/W * Ecg

130 1_,ETD=(Z*M*T 2/. 0175)+A*T+X

140 PRINT "DEG="; D

150 NEXT T

160 DATA

999 END

For results of running this program for example of 360 ft.

barge, see Table 4 for Case 4.
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Computer Program 7

10 REM PROGR E68LJ7

20 REM T = TIME IN 0. 1 SECONDS

30 REM L = DISTANCE FROM PIVOT POINT TO VCG, FT.

40 REM Kl = RADIUS OF GYRATION ABOUT PIVOT POINT

50 REM H = HEIGHT OF VCG ABOVE WAYS = K

60 REM K = CONSTANTS FROM SHIP PARTICULARS

70 REM A = a = SLOPE OF WAYS IN RADIANS

80 REM B = BEAM OF VESSEL LAUNCHED = K

90 REM F = f = COEFFICIENT OF FRICTION = K

100 REM Y = HEEL ANGLE FROM CASE 2 = K

110 REM X = HORIZONTAL DISTANCE OF VCG FROM PIVOT
POINT

120 REM W = WEIGHT OF SHIP AND CRADLE = K

130 REM M = COMBINED RESISTING MOMENT OF BUOYANCY
AND HORIZONTAL FORCES OF WATER FOR EACH
0. 1 SECOND

140 FOR T = 0. 1 TO O. 5 STEP 0. 1

150 READ Y, X, M

160 LET P = H - (A * X)

165 LET B = ATN (X/P)

170 LET L = SQR (Pf2 + X42)

180 LET K1 = (0. 48*B) 2 + L 2

190 LET D = M/(W*L) + (F*(COS(B - A)) + SIN (B - A)
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Computer Program 7 (Continued)

200 LET E = F*(COS (B - A)) + SIN (B - A)

210 LET Z = D*16. 1*L*T/K1 - E*(Y*. 0175)/D

220 LET N = Z/. 0175

230 PRINT "L", "Kl", "DEG"

240 PRINT L, Kl, N

250 DATA

999 END
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Computer Program 8

10 REM PROGR E68LJ8

20 REM Al = WETTED AREA OF SIDE OF HULL RESISTING
WATER ENTRY

30 REM AZ = WETTED AREA OF BOTTOM OF HULL
RESISTING WATER ENTRY

40 REM B = BUOYANCY IN TONS, A CONSTANT

50 REM C = LEVER ARM OF B ABOUT VCG IN FT.

60 REM H = HORIZONTAL RESISTING MOMENT IN FT. TONS

70 REM V = HORIZONTAL VELOCITY IN FT. PER SECOND

80 REM K = RADIUS OF GYRATION, A CONSTANT

90 REM G = METACENTRIC HEIGHT, A CONSTANT

100 REM M = SUMMATION OF MOMENTS

110 REM X = VERTICAL VELOCITY IN FT. PER SECOND

120 REM F = VERTICAL RESISTING MOMENT IN FT. TONS

130 REM Y = BUOYANCY MOMENT IN FT. TONS

140 REM Z = d26/dt2 = Mg/W(K2
+ G)

150 REM T = TIME IN 0. 1 SECONDS

160 FOR T = 0.1 TO 1. 2 STEP 0.1

170 READ C, V, X

180 LET Y = B C

190 LET F = A2 * X+2/1400

200 LET H = Al * V42/1400
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Computer Program 8 (Continued)

210 LETM=Y-H+F

220 LET Z = M * 32.2/ W * (102 + G)

230 NEXT T

240 PRINT "Z"; Z

250 DATA

999 END
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Computer Program 9

10 REM PROGRAM E68LJ9

20 REM N = 0 = HEEL ANGLE IN RADIANS

30 REM Z = N CONVERTED INTO DEGREES

40 REM A, B, C, D, E ARE COEFFICIENTS FROM G. E.
PROGRAM POLFIT

50 REM Y = d 20/dt2

60 REM X = de/dt

70 REM T = TIME IN 0. 1 SECONDS

80 FOR T = 0. 1 TO 1. 3 STEP 0. 01

90 LET Y = A + B*T/1 + C*T/42/2 + D*T3/3 + E*T44/4

100 LET X = AT + B*Tt2/2 + c*M3/ 3 + D *T+4/4 + E*T1h5/5

110 LET N = A*Tt2/2 + B *T43/3 + C*T$4/4 + D*T45/5 + E*T+6/6

120 LET Z = N/. 0175

130 IF Y = X THEN 200

140 PRINT "Y="; Y, "X="; X, "DEG="; Z

150 NEXT T

200 PRINT "T="; T

210 GO TO 150

999 END



APPENDIX III

TABLE 1. --Case 1 - -Hull Moving Down Ways Until Tipping Commences

Computed Values of f and Uh

Elapsed Time in Seconds 2. 0 4. 0 6.0 7.0 8. 00 8. 05

Coef. of Friction (f) . 064 . 054 . 044 . 034 . 030 . 030

a in Radians . 1563 . 1563 . 1563 . 1563 . 1563 . 156

(a - f) . 0923 . 1023 . 1123 . 1223 . 1263 . 126

X" =,. g (a - f) 2. 97 3. 23 3. 61 3. 93 4. 16 4. 16

Uh = g (a - f) t ft/sec 5. 94 12. 92 21. 66 27. 51 33. 28 33. 50

X = g (a - f) t2/2 ft. 5.94 25. 84 65. 10 96.3 133. 12 134. 9

Y = Xa . 93 4. 04 10. 18 15. 05 20. 80 21. 04



TABLE 1. Continued

Observed Values of f and V
e

Elapsed Time in Seconds 2. 0 4. 0 6.0 7.0 7. 33 7. 43

Coef. of Friction (f) . 079 . 064 . 044 . 024 . 006 . 006

a in Radians . 1563 . 1563 . 1563 . 1563 . 1563 . 156

(a - f) . 077 . 092 . 112 . 132 . 150 . 150

X" = g (a - f) 2. 48 2. 96 3. 61 4. 28 4. 83 4. 83

Uh = g (a - f) t ft/sec 4.96 11.84 21.66 29. 96 35.4 35. 9

X = g (a - f) t2/2
ft 4. 96 23. 68 65. 10 104. 95 130. 0 135. 0

Y = Xa . 72 3. 70 10. 18 16. 38 20. 00 20. 9

Observed V
e

9.50 17. 0 26. 50 32.5 36. 1 37. 2

a = Slope of ways
2X" = Horizontal acceleration of VCG (ft/ sec )

Uh = Horizontal velocity of VCG (ft/sec)
X = Horizontal distance to VCG (ft)
Y = Vertical distance to VCG from ref. line (ft)
V

e
= Velocity on Ways

g = 32. 2 ft/ sect



Table 2. Case 2 - Hull Tipping at Way End and Above Water Surface (See Computer Program 4)

Total Elapsed Time

H = g(a-f)t/2, ft. -a/

Y = Ha, ft.
x

X ft.

K = .48B

L ft.
2
K

0 degrees

Results in table are computed from f = . 03, X = 3. 4, t = 0. 1 sec.

8. 15 8.25 8.35 8.45 8.55 8.65 8.75 8.85 8.95 9.05

138. 3 141. 7 145. 1 148.4 151.9 155.3 158.7 162. 1 165. 5 168. 9

21.6 22. 1 22. 7 23.2 23. 8 24. 4 24.9 25.3 25. 8 26. 5

3. 4 6. 8 10.2 13.6 17.0 20. 4 23. 8 27.2 30.6 34.0

38.4 38. 4 38.4 38.4 38.4 38.4 38. 4 38.4 38.4 38.4

19. 76 20. 12 21.04 22.46 24. 29 26.44 28. 84 31.43 34.18 37.04

1475 1475 1475 1475 1475 1475 1475 1475 1475 1475

.045 . 109 . 440 1. 12 2. 29 4.07 6.61 9. 98 14. 38 20. 17

Results in table below are based on observed values of f = 006, X = 3. 7, t = 0. 1 sec.

Total Elapsed Time 7. 43 7. 53 7. 63 7. 73 7. 83 7. 93 8.03 8. 13 8.23. 8. 33

Hx = g(a,-f )t/2, ft. 138. 7 141. 4 145. 1 148.8 151. 5 155. 2 158.9 162.6 166.3 170.0

Y = H
x
a ft. 21.7 22. 1 22.7 23.2 23.7 24.3 24. 8 25. 3 25. 9 26. 5

X ft. 3.7 7. 4 11. 1 14. 8 18. 5 22.2 25.9 29.6 33. 3 37.0

K = . 48B ft. 38.4 38.4 38.4 38.4 38.4 38.4 38.4 38.4 38. 4 38. 4

L ft. 19. 77 20.24 21.37 23.06 25. 20 27.68 30. 42 33. 36 36. 44 39.64
2

K 1425 1475 1475 1475 1475 1475 1475 1475 1475 1475

0 degrees .048 . 122 . 463 1. 20 2. 46 4. 37 7.09 10. 77 15. 53 21. 50

a/ See Table of Symbols, p. 1.



TABLE 3. --Case 3- -Computer Program 5. Hull Tipping at Way End with Outboard Side Entering
Water

Computations based on: f = . 03; D = 2.29 (from case 2); K = . 48B; H = 20 ft. a = . 1563 radians;
M = 6300 ft. tons

Total Elapsed Time 8.55 8.65 8.75 8.85 8.95

X - Horizon. Dist. , ft. 17.0 20.4 23.8 27.2 30.6
L, ft. 24.29 26.44 28.84 31.43 34.18
K2 1475 1475 1475 1475 1475
e, degrees, N* -2.14 -. 86 . 81 2.89 5.38

Computations based on: f = . 006; D = 2.46 (from case 2); (all other constants same as above)
Total Elapsed Time 7.83 7.93 8.03 8.13 8.23

X, ft. 18.5 22.2 25.9 29.6 33.3
L, ft. 25.2 27.7 30.4 33.4 36.4
K2 1475 1475 1475 1475 1475
0, degrees, N* -2.24 -. 85 . 96 3.21 5.91

Observed Values of 0
(Taken with motion picture camera at 24 frames/ sec.

Total Elapsed Time 7.83 7.93 8.03 8.13 8.23

e .75 1.5 2.7 4. 5.

N* is from computer program.



Table 4. Case 4 - Hull Floating in Water and Clear of Way Ends (See Computer Program 6)

Computations based on heel angle X = 5. 37 (from case 3 ), K = . 48B, T = O. 1 sec. , W = 2100 tons

Total Elapsed Time 8. 85 8.95 9.05 9. 15 9.25 9, 35 9.45 9. 55 9.65 9. 75 9. 85 9.95 10. 05

K2, Radius of Gyration 1475 1475 1475 1475 1475 1475 1475 1475 1475 1475 1475 1475 1475

M, Ft. Tons 18000 18000 18000 18000 18000 18000 16000 14000 12000 10000 8000 4000 0

A, Degree /Second 19. 80 19.80 19. 80 19. 80 19. 80 17.30 14. 80 12. 30 9. 80 7. 30 4.80 2. 30 0

0
c,

Degrees 5.47 5.37 5.05 4. 52 3. 81 2. 7- 1. 94 1.22 . 73 .31 . 39

0, Degrees 8 8. 5- 8. 5 9- 9 9. 5 9 8. 5 8 7 6 5 4
0

Computations based on heel angle X = 2.30 (from case 3), K = . 48B, T = 0. 1 sec. W = 2100 tons

Total Elapsed Time 8. 23 8.33 8. 43 8. 53 8, 63 8.73 8. 83 8.93 9.03 9. 13 9. 23 9. 33 9.43
2

K Radius of Gyration 1475 1475 1475 1475 1475 1475 1475 1475 1475 1475 1475 1475 1475

M, Ft. Tons 18000 18000 18000 18000 18000 18000 16000 14000 12000 10000 8000 4000 0

A, Degree/Second 38.40 38.40 38.40 38.40 38.40 16.70 28.40 23.40 18.40 13.40 8.40 3.40 0

0 Degrees 2.58 2.66 1. 81 1.27 .52 -.18 -. 19 -.95 -1. 59 -2.21 -2. 50 -2. 81
c

0
o,

Degrees 5 6 6.5 7- 7+ 8- 8+ 8.5- 8.5 8.7 9 9 9.5

0
c

= Degrees of Heel Angle Computed

0 = Degrees of Heel Angle Observed from Motion Pictures
0



TABLE 5. Observation of Launching Velocity (v), Acceleration (a) and Coefficient of Friction (f),
360 ft. Barge on September 12, 1968.

Distance(s) Camera Frames
in ft. (24 per sec )

Time
Mark
Sec

Total
Sec

Vav
ft/ sec

a
ft /sect

f

0 0 0
10 26 1 1. 1 4. 55 1.05 . 116
20 21 . 9 2. 0 9. 50 2. 50 . 079
30 18 . 75 2. 75 12. 21 2. 48 . 078
40 16 . 66 3. 41 14. 23 2. 53 . 077
50 13 . 54 3. 95 16. 83 2. 83 . 067
60 12 . 50 4. 45 19. 25 3. 09 . 059
70 11 . 46 4. 91 20. 85 3. 11 . 058
80 10 . 42 5. 33 22. 75 3. 23 . 055
90 9 38 5. 71 25. 05 3. 48 . 045

100 9 . 37 6. 08 26. 65 3. 55 . 044
110 9 . 37 6. 45 27. 00 3. 31 . 051
120 9 . 38 6. 83 26. 65 2. 97 . 063
1 23* 3 . 12 6. 95 25. 65 2. 67 . 072
130 4 . 17 7. 12 33. 0 4. 19 . 024
136. 5** 5 21 7. 33 36. 1 4. 78 . 006
140 2 08 7. 41 38. 15 5. 20
150 7 29 7. 58 39.1 5.10
160 7 29 7. 87 34. 45 3. 71
170 32 1.33 9. 20 20.97 1. 29
180 34 1.41 10. 61 7. 3 . 15
190 36 1.50 1 2. 11 6.85 . 12
200 38 1. 58 13. 69 6. 45 . 10

*Water v
av

= vl + v2/2

**Quay Edge

2a = v /2s f = (sin 0 - -1)/cos 0
g
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TABLE 6. 360 Ft. Tank Barge (Dimensions and Constants)

Item Numerical Value

Dimensions:
Length 360 ft.
Beam 80 ft.
Depth 27 ft.

Way Declivity: 1 7/8" in 12 in", 8° 52'50", cos. . 9880572
sin. . 1540877
tan. .1562481
radians .1563

Distance from Hull to Way End: 136. 5 ft.

Horizontal Distance to Way End: 135 ft.

Water over Way Ends at Time of Launch: 2. 5 ft.

Weight of Barge and Cradle: 2100 long tons

VCG above Keel: 13 ft.

VCG above ways including Cradle: 20 ft.

LCG from forward perpendicular: 181.6 ft.

C. of G. of Ways: 0. 0 ft.

Slewing lever: 1. 6 ft.

Slewing moment: 3360 ft. tons

Correcting ballast: None used

KB (center of buoyancy at LWL) 1.8 ft.

GM 160 ft.

No. of side launcing ways: 9

Bearing Area each way: 120 sq. ft.

Total Bearing Area: 1080 sq. ft.
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TABLE 6. Continued.

Item Numerical Value

Static Pressure 2100/1080 = 1.94 tons sq. ft.

Initial coefficient of friction = a/(t - 100) x Nr1-5-1

a = constant 20
t = ambient temperature 60
p = 1.94

f = 20/160 x Nr17(71 = . 090

From observed data f = . 097 average

Wetted Surface at Launching 25,800 sq. ft.



TABLE 7. Observed Coefficients of Friction*

LST No. 1166 1167 1168 1169 1170

Date 11/22/52 4/18/53 11/28/53 8/22/53 5/22/54

Time 2:00 pm 3:30 pm 11:00 am 11:00 am 11:00 am

Weather Rainy Cloudy Clear Clear Clear

Temp. F. 45° 36° 38° 84° 65°

Wind (mph) 15-NW 2-W 1 -S 15-SE 2-NE

Ship Wt. (Long tons) 1830 1920 2125 1760 2005

Quay Edge Distance (ft) 32.6 39.0 41.5 33. 0 39. 5

Velocity Quay Edge (ft/sec) 11.6 12. 1 11.67 11.3 11.82

Time at Quay Edge (sec) 5.15 7. 34 8. 65 6. 1 7. 03

a - Average (ft/sec 2) 2.26 1.65 1.88 1.94 1.97

f . 035 . 052 . 045 . 044 . 043

Grease Used 3/8" thk. 3/8" thk. 3/8" thk. 3/8" thk. 3/8" thk.
Keystone Keystone Keystone Keystone Keystone

* The above information was provided by R. A. Stearns, naval architect at Sturgeon Bay, Wisc. where
he observed the side launching of many vessels. The declivity of the ways was 1 1/4 in. inl ft. which is
"a" in the following expression for finding the average coefficient of friction: f = (Sin a - g) /Cos a.
These values for "f" compare favorably with those observed to date by the author in Portland, Oregon.



TABLE 8. --(Computer Program 7). Hull Tipping at Way End with Outboard Side Entering Water

Computations based on: f = . 03; Heel Angle = 2. 05 °; H = 20 ft. ; a = .
K1 = (. 48B)2 + L2; B = 80 ft.

1563 radians;

Total Elapsed Time 8.55 8.65 8.75 8.85 8.95

X, ft. 17.0 20.4 23.8 27.2 30. 6
L, ft. 24.29 26.44 28.84 31.43 34.18
K1, sq. ft. 2062 2174 2309 2463 2639
M, ft. tons -6300 -7875 -9450 -11025 -12600
0 , degrees 2.05 1.36 .54 -.35 -1.3
0 , degrees 6+ 7 7.5 8 8.2

Computations based on: f = . 006; Heel Angle 3. 62 ° ; (all other constants same as above)

Total Elapsed Time 8.03 8.13 8.23 8.33 8.43

X, ft. 25.9 29.6 33.3 37.0 40.7
L, ft. 30.4 33.4 36.4 39.4 42.6
K1, sq. ft. 2399 2591 2800 3027 3290
M, ft. tons -10000 -11575 -13150 -14725 -16300
ec, degrees 3.86 3.02 2.13 1.22 .3
0o, degrees 2.7 4. 5. 5.5 6.5



Table 9. Hull Floating in Water and Clear of Way Ends (Computer Programs 8 and 9)

Total Elapsed Time 8.08 8. 18 8. 28 8. 38 8.48 8. 58-c/ 8.68 8. 78 8. 88 8. 98 9.08 9. 18

Buoyancy = B 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lever Arm of B = C 30 27. 5 25 22.5 20 17. 5 15 12. 5 10 7. 5 5 2. 5

Al = Area of Side 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000

A2 = Area of Bottom 15000 15000 15000 15000 15000 15000 15000 15000 15000 15000 15000 15000

H = Horiz. Moment 4615 5430 3900 3220 2600 2060 1578 1158 800 290 129 32

F = Vert. Moment 6180 5180 4286 3460 2740 2100 1540 1070 682 582 171 43

V = Horiz. Velocity 36 39 33 30 27 24 21 18 15 9 6 3

X = Vert. Velocity 24 22 20 18 16 14 12 10 8 6 4 2

M = Net Moment 52300 47120 44314 40550 36660 32590 28382 24022 18518 14878 10200 5175

2 2
d 0 /dt .490 .442 .415 .380 .344 .306 .266 .225 .183 .139 .096 .049

0
c

(from POLFIT)-
a/

. 15 . 58 1. 27 2. 19 3. 32 4.66 6. 16 7. 82 9.6 11. 5 13. 4

0 2.8 4 5 6 6.5 7 7.5 8- 8+ 8.5 9- 9
0

0 + 2.920 -b/ 2. 92 3.07 3. 50 4. 19 5.01 6. 24 7. 58 9.08 10. 74 12. 52 14.4 16. 3
c

a/ These are the list angles found from computer program 9.
b/ These are the final computed list angles. The value of 2. 92° is taken from Table 8 and is the initial list angle at the instant the side

launched hull clears the ends of the way.
c/ The total elapsed time to maximum list angle is between 8. 68 and 8. 78 seconds as determined by computer program 9. Therefore the

maximum angle is approximately 8° as computed versus 8. 33° as observed.
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TABLE 10. POLFIT Curve of d2e/dt2 from Table 9.

Computer Program is General Electric POLFIT***

RESULTS

Degree of POLFIT Curve is 5

Index of Determination is . 999868

Term Coefficient

0 . 548

1 . 719

2 1.48

3 - 2. 51

4 1.83

5 . 496

2 2d 0/dt = Y = . 548 - . 719T + 1. 48T
2 - 2. 51T3 + 1. 83T

4
- . 496T

5

de/dt = X = . 548T - . 359T
2 + . 497T

3
- . 628T

4
+ . 366T

5
- . 083T6

= N = . 274T
2

- . 120T3 + 1. 235T
4

- . 126T
5 + . 061T 6

- . 012T
7

0 in degrees = 0 in radians/. 0175


