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ABSTRACT

Experiments were conducted in waves and calm water to
evaluate the performance of several platforms made up of
pontoon barges for offloading RO/RO ships in support of Assault
Operations where port facilities are not available. A
ferry/causeway consisting of three barges in line was attached
to each plitform. The experiments were conducted in sea and
swell with and without current and measurements obtained of the
platform motions and the mooring forces. The mooring forces or
drag of the platform in current without waves was also
measured. The results of the experiments in waves and calm
water are presented in graphs and tables in the report. The
platform configuration designed for the SS GREAT LAND CLASS
appeared to be superior to the ocher platforms examined.
However, relative motion between the barges and the mooring
forces were large, significant values of 10 degrees and 150
KIPS, respectively (single amplitude), when waves and current
were coming abeam to the platform/causeway system.

ADMINISTRATIVE INFORMATION

This work was funded by the Naval Facility Engineering Command under the

Container Offloading and Transfer System Program, CNO Project No. 299, Program

' Element 63719N, Work Unit No. 1-1190-155-22.

INTRODUCTION

Present Department of Defense planning for logistical support necessary to

sustain major contingency operations such as Amphibious Assault Operations

Landings and Logistic Over-the-Shore evolutions, relies upon the utilization

of U.S. Flag commercial shipping. Assault Follow-On Echelon equipment which

consists of vehicles or equipment ultimately intended to be carried on

vehicles is ideally suited for transport on RO/RO ships. However, loading and

6, unloading of RO/RO vehicles is normally carried out at pier facilities;

*i whereas, Amphibious Assault operations or other contingency operations will

most likely be conducted over undeveloped beaches where port facilities are

not available. Consequently, there is a need for a special facility or system

to offload vehicles from RO/RO ships at undeveloped assault beaches.

"A system presently under consideration for offloading RO/RO ships offshore

"consists of a transportable ramp and a platform made up of interconnecting

barges or causeway sections which can readily be transported to the scene of

action. Vehicles are driven off the ship onto the platform via the ramp and

onto a string of barges (causeway), one of which is self-propelled, which

I1



ferry the equipment to shore. Figure 1 is an artist sketch of a possible

scenario of such a system for the stern offloading of the RO/RO ship SS GREAT

LAND.

The system was developed for calm water operations, however, the structure

was designed for Sea State 2-3 with a current of 2 knots. In order to be able

*i to more precisely define the operational envelope of such offloading systems

and to anticipate any problem that may occur in waves or current, model

- experiments were conducted in the Harold E. Saunders Maneuvering and

Seakeeping Facility at the David W. Taylor Naval Ship Research and Development

Center. Several platform configurations were examined in various sea, swell

and current conditions to determine the optimum configuration for the most

efficient utilization of the available pontoons and equipment. The results of

these experiments are summarized in tables and figures in this report.

DESCRIPTION OF MODEL AND INSTRUMENTATION

The full-scale barges which make up the platform and/or ferry are 90 feet

long and 21 feet wide. Other barge characteristics are listed in Table 1.

The barges are assembled from watertight cans or pontoons made of 3/16 inch

thick steel with nominal planform dimensions of 5 feet by 7 feet and a nominal

depth of 5 feet. Three rows of 15 cans each are bolted together to form the

standard barge.

Nine 1/15 scale model barges were constructed out of i/4 inch plywood as

fully assembled units, i.e., no attempt was made to scale the individual cans

*• since this would have been very costly and would not have significantly

altered the results. A 1/15 scale ratio was selected to accommodate the wave

generation capabilities of the facility while minimizing model construction

cost and facilitating model handling during the experiments. Figure 2 is a

"-* sketch of the barge model.

The full-scale barges are interconnected to form the platform or

causeway/ferry using special flexible connectors (flexors). In the model

experiments the barges were interconnected using simple door hinges. The

hinge line was located to provide a 1 in. (25.4 m) separation between the

model barges which closely corresponds to the equivalent full-scale (0.4 m)

and allows at least 15 degrees of relative motion between barges. The models

were capable of being hinged together side-by-side or end-to-end to form any

desirable platform configuration. Each barge was ballasted to the conditions

2
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listed in Table 1. The radii of gyration and center of gravity were

"calculated assuming that the weight was uniformly distributed on the surface

area of the individual cans or pontoons. Additional ballasting was requirad

after the barges were assembled into a platform to represent the weight of the

ramp and supporting plate plus an X!I battle tank, dunnage and fender weight.

Four different platform configurations were examined during these

experiments and are referred to ap configurationd 1 through 4. Configuration

I corresponds to that considered for the port stern offloading of the SS MAINE

CLASS. Configuration 2 corresponds to that for both the stern and side

offloading of the SS GREAT LAND CLASS and, configurations 3 and 4 are somewhat .

extreme exploratory variants of configuration 2. Association of a particular

configuration with a specific ship class is used only to facilitate

identification and may not necessarily be the configuration that will be

eventually utilized.

Configuration 1 for the stern port offloading of the SS MAINE CLASS

consisted of four barges connected side-by-side representing the platform and
three barges in line representing the ferry as shown in Figure 3. Figure 4 is

a photograph of the model platform in the test facility. Ballasting for this

configuration was in accordance with specifications presented by J. J. Henry

Company, Inc., Drawing 1969-00-7 dated 5 May 1981. This drawing indicates

that the lower end of the stern ramp is in contact with the platform at a

distance approximately one--third of the barge length from the forward end

(closest to the ship) with equal weight on the inner two barges. The load at

this point was taken to be the sum of the weights of balf of the ship's stern

ramp, 185,000 lb (83,900 kg), the XMI tank, 134,0O0 lb (60,800 kg), and the

supporting plate, 21,000 lb (9,500 kg). To approximate this loading, weights

were placed on the model platform so that the required load was divided

equally between the two center barges with the resulting force acting at a

distance of one-third of the craft length from the forward end. The weight of
6.

the external attachment (heave staff) used to restrain the transverse motion

of the platform was duly compensated for in the above ballasting. An

additional weight was placed at approximately two-thirds of the length from

the forward end on the platform barge in line with the causeway to model the

weight of the driveway dunnage, 8,000 lb (3,600 kg).

3
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The platform configuration for the stern and side offloading of the 88

GREAT LAND CLASS (configuration 2) consisted of six barges arranged three

abreast and two in line with three additioval barges representing the ferry/

cae•'away trailing behind the center as shown in Figure 5. A photograph of the

platform model is shown in Figure 6. Ballasting for this configuration was

specified in accordance with J. J. Henry Company, Inc., Drawing 1969-0O-9

dated 12 May 1981. According to this drawing, the lower end of the ramp rests

on the center barge in the second row of barges at a distance of approximately

one-third of the barge length from the forward end (closest to the ship). The

load at this point was taken to be the sun of the weights of half the light

weight ramp, 57,500 lb (26,100 kg), the X•fl tank, 134,000 lb (60,800 kg),

platform dunnage, 5,000 lb (2,300 kg), and a steel plate. 3,600 lb (1,600 kg).

The ballasting took into account the weight of the heave staff. An additional

weight equivalent to 11,200 lb (5,080 kg) full-scale was placed at a point

* two-thirds of the barge length from the forward end to represent the driveway

* dunnage weight. Weights were also placed at the forward edge of the barges

closest to the ship to represent the weight of the fenders (equivalent to

11,000 lb (4,990 kg) full-scale per barge).

Configuration 3 and 4 were derived by rwmoving barges from configuration

2. No changes were made in the ballasting of the remaining barges. Sketches

and photographs of these configurations are shown in Figures 7 through 10.

A gimballed heave staff tnat permitted freedom in pitch, heave, and roll

and restraint in yaw, surge, and sway was attached to one of the barge models

*,. making up the platform near the center of the barge. The platform was towed

by the heave staff to simulate the effects of current. Pitch, heave and roll

motinn of this barge were measured by potentiometer type transducers mounted

on the heave staff. DTNSRDC designed block gages were also attached to the

heave staff to measure mooring forces and moments required to restrain the

platform and ferry/causeway system in waves and current. Three additional

potentiometer type gages were mounted on hinges to measure relative angular

motion between the barges. The location of these gages varied with the

"platform configuration as shown on the corresponding sketches in Figures 3, 5,

7, and 9. Wave height was measured by an ultrasonic transceiver mounted ahead

of the model at a position dependent upon the configuration being tested and

located to minimize the undesired measurement of waves generated by

4
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diffraction or deflection of incipient waves from the causeway or waves

generated by the motion of the causeway.

Data were recorded on an Interdata Model 70 digital eomputer for on line

and otZ line processing. The data were sampled at a rate of 30 samples per

second after being passed through a four pole low pass Butterworth filter with

a 6 Ha cutoff frequency. Sanborn recorders were used to visually monitor the

data during the experiments.

EXPERIMENTAL PROGRAM AND PROCEDURES

The performance of the various platform/causeway configurations was

examined in a variety of sea, swell and current conditions. Three different

"wave making programs -were utilised to generate long crested irregular waves

corresponding to full-scale sea conditions with significant wave heights of 2 1/2,

4 and 6 feet (0.76, 1.22 and 1.83 meters). Figure 11 shows representative wave

spectra measured during the experiments converted to full-scale values. All

values in this report, unless otherwise specified, refer to the equivalent

full-scale.

Swell was simulated by monochromatic waves with wave lengths equivalent to I

full-scale values of 75, 180, 270, and 540 feet (23, 54, 82 and 164 meters).

The equivalent wave heights were 2.5 feet (1.76 meters) for the 75 and 1.80

foot wave lengths and 5 feet (1.5 meters) for the 270 and 540 foot wave

lengths. Current was simulated by towing the platform with the heave staff at

speeds corresponding to either 2 or 4 knots (full-scale).

Several different angles of wave heading and current relative to the

platform were examined. The direction of the current relative to the platform

was determined by assuming that the ship would be anchored with a single point

moor and would align itself like a weather vane in the current. The

orientation of the platform to the current under the above assumption depended

upon its orientation to the ship, i.e., stern or side offloading. The waveve

and current directions examined for the various platform configurations are

illustrated in Figures 12 through 15.

The presence of the Re/RO ship hull was not included in these experiments

* because a suitably scaled model of the immense size and displacement required

did not exist and was too costly and impractical to construct. This is not 0

considered a serious omission since the motions of the ship are negligible in
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most of the wave conditions examined, with the possible exception of roll

excitation in beam swell; and, the dynamics of the system is dependent

primarily upon the motion* of the platform/causeway system. However, the ship'

can influence the motion of the platform by acting as a barrier or reflector

of the waves. As a gross first order approximation, a simple barrier or wave

reflector made up of sheets of marine plywood was placed along side of the

platform to simulate the effect of the ship's hull for some of the wave

conditions exomined. These conditions are indicated in the same figures

showing the wave and current direction by a heavy line. The plywood barrier

was submerged to a depth equivalent of 28 feet (8.5 meters) full-scale which

corresponds to the draft of a typical P.0/RO ship. For the stern offloading

condition where the plywood was used as a barrier, the width corresponded to

105 feet (32 meters) full-scale which is the approximate beam of a .0/1R0

ship. In the side offloading conditions where the plywood acted as a wave

reflector, the width corresponded to approximately 255 feet (78 meters) which

was the maximum length that could be fastened to the carriage without major

rigging problems.

Experiments were conducted in random seas for platform configuration I at

two different heading angles relative to the wave direction (referred to as

configurations 1A and 1B) with significant wave heights of 2 1/2, 4 and 6 feet

and in currents of 0, 2 and 4 knots. Experiments were also conducted in three

different swell conditions represented by monochromatic waves with wave

lengths of 180, 270 and 540 feet. An additional swell condition corresponding

to a 75 foot wave length was examined for configuration lB. Platform

configuration 2 was examined at two different wave heading angles
(configurations 2A and 2B) simulating stern offloading conditions in random

seas with significant wave heights of 2.5 and 4 feet and in swell conditions

with wave lengths of 180, 270 and 540 feet for 0, 2 and 4 knot currents.

Configurations 2C and 2D, representing side offloading conditions at two

different wave headings, were examined in seas with significant wave heights

of 2 1/2, 4, and 6 feet and in swell with wave lengths of 180, 270 and 540

feet for currents of 0 and 2 knots. Configurations 3 and 4 which were derived

by removing barges from configuration 2 in the side offloading condition were

examined at one heading angle relative to the waves in seas with significant

w&ve heights of 2 1/2 and 4 feet and in swell corresponding to wave lenghts of

6
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75, 180, 270 and 540 feet with currents of 0 and 2 knots. A 4 knot current

was included in the 180 foot swell condition for configuration 3.

Calm water experiments were also conducted to determine the drag forces or

mooring forces in current of the various plwtform/causeway configurntions. In

all, six configurations were examined; three in head current and three in beam

current. Configurations 1 and 2 were examined in head current and

configurations 2, 3, and 4 were examined in beam current. In addition, the

platform for configuration 1 was tested without the causeway/ferry attached.

The principal characteristics of the various platform configurations as tested

in current are presented in Tables 2 through 7. A detailed description of the

method employed to extrapolate model drag data to full-scale is given in the

appendix.

PRESENTATION AND DISCUSSION OF EXPERIMENTAL RESULTS

RESULTS IN WAVES

The results from the experiments in waves are presented in Tables 8

through 23 and in Figures 16 through 35. The tables present, for the random

wave conditions, the average of the 1/3 highest amplitudes (significant

values) of heave, roll, pitch, relative angular mntion, surge force, sway

force and yaw moment. For swell conditions, the waves and responses were both

sinusoidal and the tables present the amplitudes of the resulting sinusoidai

motions, forces and moments at wave frequency. The random sea results are

also plotted in figures showing the variation of the significant values of

amplitude with respect to current velocity or significant wave height. It

should be noted that significant wave height by convention is twice the

significant wave amplitude. It should also be noted that the forces and

moments in the tables and figures are only the oscillatory components and that

the contributions resulting from the current and second order wave forces

(drift forces) must be added to obtain the total values.

Tables 8 and 9 present the data results for platform configuration 1A in

sea and swell, respectively. The random sea results are also plotted in

Figures 16 through 18. As expected, the motions and forces in random waves

for this configuration as in all configurations examined increased with

increasing wave height. Also, as can be seen in the figures, the pitch and

heave motions are not significantly affected by the current velocity, but the
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roll motion and relative motions show an increasing trend with increasing

current velocity. When in swell represented by long wave lengths, the

platform tended to contour the free surface. In the shorter wave length (180

feet) the motions were influenced by the dynamical properties of the

platform. This observed performance in swell was generally consistent for all

of the platform configurations examined. During the experiments with

configuration IA, it was observed that waves were breaking and spilling over

the deck and in the higher sea states water splashed up over the deck from the

space between the barges. This may present a problem to men and equipment on

the platform and ferry/causeway. This condition was possibly aggravated by

"the buoyancy support of the causeway/ferry section which tilted the platform

down into the waves. The full-scale platform will probably receive some

protection from the presence of the ship for this wave heading, but it may not

be enough to eliminate the problem completely.

The corresponding results for configuration 1B are presented in Tables 10

and 11 and in Figures 19 through 21. In general the trends with respect to

current are very similar to those of configuration 1A. The pitch motion

decreased and the roll and relative motions increased when compared to the

previous condition. This is consistent with the change in wave heading

relative to the platform. Water over the deck appeared to be more severe than

in the previous condition and the ship is not expected to afford as much

protection from the waves.

Experimental results for configurations 2A and 2B representing stern

offloading conditions for the SS GREAT LAND CLASS are presented in Tables 12

through 15 and in Figures 22 through 27. Examination of these data shows that

current has little effect upon the responses of platform configuration 2A;

whereas, platform configuration 2B shows a definite increase with increasing

current velocity. Configuration 2A experiments incorporated a plywood barrier

to simulate the ship's effect upon the waves. The diffraction pattern about

the plywood resulted in small waves impacting the side of the platform and

causeway/ferry sections producing significant side loads and moments. The

diffraction pattern appeared to be much more severe than that which would be

expected behind the full-scale ship and it is believed that the side forces

and moments measured are exaggerated.

Data for platform configuration 2C and configuration 2D representing side

offloading conditions for the SS GREAT LAND CLASS are presented in Tables 16

8



through 19 and in Figures 28 through 31. For configuration 2C the heave, roll

and corresponding relative motions appear to be large and may present problems

in maintaining ramp contact with the platform end insuring vehicle side

traction. For configuration 2D which represents a change in wave heading

angle of 45 degrees the pitch motion and the corresponding relative motion are

large and similar problems may exist. The moments required to restrain the

platform/causeway in these side offloading conditions exceeded the capacity of

the gages when runs were made with current. Consequently, force and moment

data as reported in the tables for these conditions contain some error due to

the occasionah saturation of the gages and clipping of the peak amplitudes.

In those cases where clipping occurred more than 10 percent of the time the

force and moment data are not reported. Platform configuration 2C did not

experience water over the deck, but some wetness was observed for

configuration 2D on a few occasions.

The results for configurations 3 and 4 are presented in Tables 20 through

23 and in Figures 32 through 35. These configurations were obtained by

removing barges from (configuration 2D). A noticeable difference in

performance of these platform configurations and the parent platform

configuration 2D was the increase in deck wetness as barges were removed from

the platform.

Configuration 4 was extremely wet in all sea conditions and in very short

wave lengths (swell). Removing barges from the platform increased its sinkage

making it more susceptible to deck wetness. In general, the wetness depends

upon the freeboard presented by the platform to the oncoming waves. In this

regard the loaded ferry/causeway system will probably experience difficulties

in waves much sooner than the platform and will be the governing factor for

safe offloading operations.

RESULTS IN CALM WATER

The resistance or mooring forces acting on the various platform/causeway

configurations in calm water with current are presented in Tables 24 through

29 and in Figures 36 through 41. The drag force indicated in these tables

corresponds to the force along the surge axis which is defined as parallel to

the longitudinal axes of the barges making up the platform. With this

definition, the maximum resistance acts along the sway axis in beam current.

The tables also include the yaw moments, center of effort, and the static

94g



displacement@ recorded on the motion measuring gages. Heave is measured

positive upward and relative angular motions between the barges are positive

when the corresponding barges form a V shape.

Examination of the data in the tables and figures do not reveal any

unusual results. The resistance or mooring forces and moments in beam

current, as might be expected, are relatively large and a major portion of the

drag can be attributed to the causeway/ferry being attached to the platform

broad side to the current. Consideration should be given to the use of

warping tugs to oppose the current forces and moments acting on the causeway/

ferry which would reduce the mooring line forces required to restrain the

platform.

In a combined waves and current environment the total mooring force

required to restrain the platform/causeway system is the sum of current forces

and wave forces. The magnitude of the oscillatory wave forces is a

complicated function of the stiffness of the mooring system. In these

experiments the tow system essentially represented a completely rigid mooring

system and the measured forces are much larger than that which will be

experienced by a more realistic elastic mooring system of ropes and cables.

SUbOARY AND CONCLUSIONS

Experiments were conducted in waves and calm water to evaluate the

performance of several platform configurations made up of pontoon barges for

offloading RO/RO ships in support of Assault Operations where port facilities

are not available. Four different platform configurations were examined.

Configuration 1 consisted of four standard pontoon barges interconnected

side-by-side as was originally conceived for the stern offloading of the

SS MAINE CLASS. Configuration 2 consisted of six barges (2 rows - 3 abreast)

which was designed for stern and side offloading of the SS GREAT LAND GLASS

and configurations 3 and 4 were exploratory variants of configuration 2 which

were derived by systematically removing barges (two at a time) from the side

of the platform. A ferry/causeway consisting of three barges in line was

attached to each platform during all experiments in waves. The experiments

were conducted in sea and swell with and without current and measurements

obtained of the platform motions and the mooring forces. Calm water runs were

also made to determine the mooring forces in current without waves.

The results of the calm water experiments have been extrapolated to

10
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full-scale values using the Schoenherr friction line to correct for the

differences in Reynolds number between model and full-scale. A description of

the procedure used to do this is presented in the appendix to this report

along with tables and plots of the data.

The results from the experiments in waves and are also sunmarized on plots

and tables in this report. These data show that the motions of the basic
platform (configurations 1 and 2) in a seaway with a significant wave height

of 2 1/2 feet and current not exceeding 2 knots are relatively small in the

stern offloading conditions examined. In side offloading conditions which

were examined for configuration 2, roll motions of about 6 degrees significant

amplitude and relative motions as much as 10 degrees significant amplitude

were measured when the platform was abeam to the waves (head waves relative to

the ship). This would indicate that the relative motion can exceed 15 degrees
in these conditions. A 45 degree change in wave direction resulted in much

lower roll motion, but pitch motion increased significantly. In swell

conditions represented by monochromatic waves all platforms tended to contour

the free surface in long waves. In short waves (180 feet and less) the
motions were obviously influenced by the dynamical characteristics of the

platform/causeway system. The effect of current on platform behavior in waves
was not significant in most of the conditions examined except for the relative

motion between the platform and the causeway/ferry section which increased
noticeably with increasing current in the stern offloading test conditions in

a seaway.

Wave breaking over the edge of the platform and spilling across the deck

was observed during these experiments which may be a potentially troublesome
problem for both men and equipment on the platforms. Specifically, it was

observed that waves spilled over the deck of configuratiorn 1 for all

conditions examined in irregular waves and became worse as the significant

wave height increased. This condition was possibly aggravated by the buoyancy

support the causeway/ferry section contributed to the platform which tilted

the platform down into the waves. Configuration 2 was essentially dry for all
conditions examined and water over the deck was observed only in a few rare

instances in the highest sea conditions. Removing barges from configuration 2

to form configurations 3 and 4 resulted in a drastic deterioration of wetness

performance with water spilling over the deck in all sea conditions examined.

11



Quon.titative measurements of wetness were not made, but estimates based on

visual observations indicates that water over the deck may exceed a height of

one foot on the full-scale platform. Configuration 4 which simply consisted

of five barges in line was by far the worst configuration with regard to

wetness and should be excluded from any consideration as a viable system for

., operations in waves.

Mooring forces measured for configuration 2 in the side offloading

" position were extremely large in the sea conditions examined. In these

"conditions the maximum Amount of frontal area of the platform/causeway system

was presented to the oncoming waves and current, and it may be necessary to

utilize warping tugs and/or change the orientation of the causeway with

*: respect to the platform to alleviate some of the strain on the platform

"*' mooring lines. Consideration should also be given to the use of a multipoint

,* mooring system to enable the platform to be placed in the lee or protected

side of the ship. This procedure would also be useful in the stern offloading

conditions.

In summary it appears that the platform designed for the SS GREAT LAND

CLASS is superior to all other platforms examined. Relative motions and

mooring forces may present problems when waves are coming from abeam even in

low sea states. The causeway/ferry capability to transit from platform to

shore will most likely be the limiting factor for offloading operations.

12
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TOW POINT
PITCH, HEAVE, ROLL,
SURGE FORCE, SWAY FORCE,
YAW MOMENT

RELATIVE MOTION #1"'%.
RELATIVE MOTION #2i
RELATIVE MOTION #32- -

CAUSEWAY/FERRY ____J

PLATFORM---I
SURGE 'FORCE

Figure 3 - Sketch of Configuration 1

Figure 4 - Photograph of Configuration I
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PITCH, HEAVE, ROLL,
SURGE FORCE, SWAY FORCE,
YAW MOMENT

RELATIVE MOTION #2- PLATFORM

RELATIVE MOTION #1_____

Figure 5 -Sketch of Configuration 2

Figure 6 -Photograph of Configuration 2
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TOW POINT
PITCH, HEAVE, ROLL,
"SURGE FORCE, SWAY FORCE
YAW MOMENT

C---- EWAY/FERRY .. .,I

RELATIVE MOTION #1 • -/ PLATFORM
RELATIVE MOTION #2
RELATIVE MOTION # 33 SURGE FORCE

Figure 7 - Sketch of Configuration 3

40,

Figure 8 - Photograph of Configuration 3
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TOW POINT
PITCH, HEAVE, ROLL,
SURGE FORCE, SWAY FORCE
YAW MOMENT

RELATIVE MOTION 1
RELATIVE MOTION #2 SURGE FORCE
RELATIVE MOTION #3- -

Figure 9 Sketch of Configuration 4

*1?

Figure 10 -Photograph of Configuration 4
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Figure 12- Sea and Swell Condition Examined
for Configuration I
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Figure 13 - Sea and Swell Condit.ion Examined for Configuration 2
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Figure 14 - Sea and Swell Condition Examined
for Configuration 3
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Figure 15 - Sea and Swell Condition Examined
for Configuration 4
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in Combined Sea and Current

41

SN.4 - ' ' " ,' " ' ," ' ,, ' ' . ',• " " ' , " " •• . • ''" - "- . ' '' o .'.- " " ' . " -



- 6

let

rz z 2

2 4 6
SIGNIFICANT WAVE HEIGHT IN FEET

6

H z~ 4

020

So0 
I .. . I...
2 4 6

SIGNIFICANT WAVE HEIGHT IN FEET

!6

S0-.--

S0~ p

2 4 6

SIGNIFICANT WAVE HEIGHT IN FEET

Figure 35 - Configuration 4 Relative Angular Motions in Combined
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Figure 36 - Current Induced Drag Force for "MAINE"
Class Barge Platform Alone (Head Current)
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Figure 37 - Current Induced Drag Force for "MAINE" Class
Barge Platform Configuration 1 (Head Current)
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Figure 38 - Cttrrent Induced Drag Force for "SS GREAT LAND"
Class Barge Platform Configuration 2

(Head Current)
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Configuration 3 (Beam Current)
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Table I - Characteristics of a 3x15 Standard Barge

Length 90 ft (27.4 m)

Beam 21 ft (6.4 m)

Depth 5 ft (1.5 m)

-•raft (unloaded) 20 in. (50.8 cm)

Displacement (unloaded) 67 tons (68,100 kg)

Center of gravity,* KG 2.75 ft (84 cm)

Pitch moutent of inertia* 41,000 tons-ft 2 (3,880,000 kg-m 2)

2 2
Roll moment of inertia* 2,800 tons-ft 2 (1,269,000 kg-m2)

*Computed, see text.
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Table 2 - Full-Scale Model Particulars for "MAINE" Class
Barge Platform Alone (Head Current)

"SCALE RATIO: 15

._.._ FULL SCALE MODEL

M4AXIMUM LENGTH 90.00 FT 6.00 FT
MAXIMUM WIDTH 87.75 FT 5.85 FT
"EFFECTIVE LENGTH* 80.40 FT 5.36 FT
WETTED SURFACE AREA 7758.00 FT2  34.48 FT2

TOW POINT OFFSET:
FROM BOW 3.0 FT AFT
FROM CENTER OF BARGE

PLATFORM .74 FT PORT

* USED FOR REYNOLD'S NUMBER CALCULATION

CURRENT

19.281bs

O.00 237.1 bs-'.-'.,,

TOW POINT 1.83
PITCH, HEAVE, AND ROLL

38.31lbs

RELATIVE MOTION
SENSORS
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Table 3 - Full-Scale Model Particulars for "MAINE" Class
Barge Platform Configuration I (Head Current)

SCALE RATIO: 15

FULL SCALE moDELI _ _ _ __I IJ I

MAXIMUM4 LENGTH 363.75 FT 24.25 FT

MAXIMUM WIDTH 87.75 FT 5.85 FT

EFFECTIVE LENGTH 140.70 FT 9.38 FT

WETTED SURFACE AREA 13869.00 FT2  61.64 FT

TOW POINT OFFSET:

FROM BOW 3.0 FT AFT
FROM CENTER OF BARGE

PLATFORM L .74 FT PORT

*USED FOR REYNOLD'S NUMBER CALCULATION4 /CURRENT
19.281bs

• • 50.SO5Olbs

2.00'
3.00

J- 2.371 bs

T01 POINT I 2 1 .
PITCHHEAVE, AND ROLL

38.311bs RT-LATIVE MOTION
. SENSORS
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Table 4 - Pull-Scale Model Parti.ulars for "$S GREAT LAND"
Class Barge Platform Configuration 2 (Head Current)

SCALE RATIO: 15

FULL SCALE MODEL

IMXIMUM LENGTH 450.00 FT 30.00 FT

MAXIMUM WIDTH 65.50 FT 4.37 FT

EFFECTIVE LENSTh* 241.20 FT 16.08 FT

WETTED SURFACE AREA 15664.7b FT2  70.51 FT2

TOW POINT OFFSET:
FROM BOW 9.0 Fr AFT

FROM CENTER OF BARGE

PLATFORM 0.0 FT

*USED FOR REYNOLD'S NUMBER CALCULATION
CURRENT

• .,3.26 lbs per

22.29 lbs•.'_.

.3s RELATIVE MOTION
;!:- SENSORS

3.21lb .

TOW POINT .00
PITCHHEAVEAND ROLL--

38.31 lbs T
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N Table 5 - Full-Scale Model Particulars for "SS GREAT LAND"
Class Barge Platform Configuration 2 (Beam Current)

SCALE RATIO: 15

FULL SCALE MODEL

INAXIUM LENGTH 450,00 FT 30.00 FT

IOAXIMUN WIDTH 65.50 FT 4.37 FT

EFFECTIVE LENGTH 37.60 FT 2.52 FT

WETTED SURFACE AREA 16537.50 FT2  73.50 FT2

TOW POINT OFFSET:

FROM BOW 9.0 FT AFT

"I FROM CENTER OF BARGE

PLATFORM T 0.0 FT

*USED FOR REYNOLD'S NUMBER CALCULATIONt
3.261bs per

CURRE 22.291 I

3. RELATIVE MOTION
SENSORS

TOW POINT I
* PITCHHEAVE,AND ROLL 1 2

38.311bs
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Table 6 - Full-Scale Model Particulars for Modified
"SS GREAT LAND" Class Barge Platform

Configuration 3 (Dean Current)

SCALE RATIO: 15

FULL SCALE MODEL

MAXIMUM LENGTH 450.00 FT 30.00 FT

MAXIMUM WIDTH 65.00 FT 4.37 FT
EFFECTIVE LENGTH 29.40 FT 1.96 FT

WETTED SURFACE AREA 12863.26 FT2  57.17 FT2

TOW POINT OFFSET:

FROM DOW 9.0 FT AFT

FROM CENTER OF BARGE
PLATFORM 0.0 FT

USED FOR REYNOLD'S NUNBER CALCULATION

3.26 lbs

S9.00

1:': 22.29 lbs
CURRENT __T

,j_(ELAhIVE NOTION
3.21 lbs " 3.00 SENSORS

TOW POINT "o " -
PITCH, HEAVE, AND ROLL

38.3 lbs
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!1

*. "Table 7 - Full-Scale Model Particulars for Bargo
*!. Train Alone (Beam Current)

SCALE RATIO: 15

FULL SCALE MODEL

MAXIMUM LENGTH 450.00 FT 30.00 FT
MAXIMUM WIDTH 21.00 FT 1.40 FT*

EFFECTIVE LENGTH 21.00 FT 1.40 FT
WETTED SURFACE AREA 9186.75 FT2  40.83 FT2

TOW POINT OFFSET:
FROM BOW 9.0 FT AFT
FROM CENTER OF BARGE

PLATFORM 0.0 FT
,0.0,FT

* USED FOR REYNOLD'S NUMBER CALCULATION
3.26 lbs

3j
22.29 lbs .833

CURRENT . .. t RELATIVE MOTION
S3.21 lbs . SENSORS

2 2.00

TOW POINT
PITCH, HEAVE, AND ROLL

38.31 lbs

55i
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Table 24 - Faired Full-Scale Calm Water Data for "MAINE"
Class Barge Platform Alone (Head Current)

WATER TEMP: Se F P: 1.9905 SLUGS/F. 3  v: 1.27908xlO' 5 FT2/SEC

VELO DRAG SWAY YAW CENTER PITCH HEAVE ROLL REL. REL. REL.
FORCE FORCE MOMENT OF ANGLE DISP. ANGLE MOT.1 MOT.2 MOT.3

FPS LBS LBS FT-LBS EFFORT DEG FT DEG DEG DEG DEG
FT

0.0 0. 0.00 0.00 3.00 - 1.23 .000 2.94 .82 5.64 1.05
.5- 64. .00 844.0 0.00 - 1.23 .000 2.94 .82 5.64 1.05

.1.0- 252. .00 3038.0 0.00 - 1.23 .013 2.94 .82 5.64 1.05
1.5 - 563. .00 6581.0 0.00 - 1.23 .019 2.94 .82 5.64 1.05
2.0 - 994. .00 11391.0 0.00 - 1.24 .031 2.94 .82 5.64 1.05
2.5- 1571. .00 17761.0 0.00 - 1.25 .044 2.94 .82 5.64 1.06
3.0 - 2300. .00 25777.0 0.00 - 1.27 .063 2.94 .82 5.64 1.05
3.5 - 3301. .00 36661.0 0.00 - 1.30 .081 2.94 .82 5.64 1.05

4.0 - 4563. .00 50330.0 0.00 - 1.32 .100 2.95 .82 5.64 1.05
4.5 - 5989. .00 65728.0 0.00 - 1.35 .125 2.95 .82 5.64 1.05
5.0- 7565. .00 82G88.0 0.00 - 1.42 .150 2.95 .82 5.64 1.05
5.5. 9230. .00 100659. 0.00 - 1.50 .181 2.98 .82 5.64 1.05

6.0 -10886.j .00 118420.1 0.00 - 1.57 .213 3.00 .82 5.64 1.05

NOTE: YAW MOMENT MEASURED RELATIVE TO MODEL TOW POINT
CENTER OF EFFORT MEASURED RELATIVE TO CENTER OF BARGE PLATFORM

Multiply foot by 3.048006 E-0l to convert to meter,
Multiply pound-force by 4.448222 E+00 to convert to newton.
Multiply pound force-foot by 1.355818 to convert to newton meter.
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Table 25 - Faired Full-Scale Calm Water Data for "MAINE"
"Class Barge Platform Configuration 1 (Head Current)

WATER TEMP: 59FW 0: 1.9905 SLUGS/FT3  v: 1.279060 /sEC

i "'VELO DRAG SWAY YAW CENTER PITCH HEAVE ROLL REL. RL. RELA

FORCE FORCE MOMENT OF ANGLE DISP. ANGLE MOT. 1 HDT. 2IM"• 3
KTS LBS LBS FT-LBS EFFORT DEG FT DEG DEG DEG DEG

FT

0.0 00 0.0 00 4.55 - 1.28 .000 2.08 2.80 3.15 2.28

.5 - 72 0.0 1125 4.50 - 1.28 .006 2.08 2.80 3.15 2.28
1.0 - *283 0.0 4351 4.25 - 1.28 .013 2.08 2.80 3.15 2.28

1.5 - 632 0.0 9401 3.75 - 1'28 .019 2.08 2.80 3.15 2.28

2.0 - 1119 0.0 16175 3.33 - 1.28 .028 2.08 2.80 3.15 2.28

2.5 - 1732 0.0 24572 2.90 - 1.30 .035 2.08 2.80 3.15 2.28

3.0 - 2588 0.0 35417 2.56 - 1.31 .044 2.08 2.80 3.15 2.28

3.5 - 3763 0.0 49a27 2.01 - 1.35 .056 2.08 2.80 3.15 2.28

4.0 5505.- 45.0 70051 1.60 - 1.38 .070 2.08 2.80 3.15 2.28

4.5 - 7324 - 86.7 90488 1.23 - 1.44 .088 2.08 2.80 3.15 2.28

5.0 - 9342 -173.4 111870 .85 - 1.51 .103 2.08 2.80 3.15 2.28

"5.5 -11484 -260.2 134076 .55 - 1.60 .121 2.15 2.81 3.15 2.28

6.0 -1655 -346.91156418 .331- 1,75 .144 2.25 2.80 3.15 2.28

NOTE: YAW MOtIENT MEASURED RELATIVE TO MOOEL TOW POINT
CENlTER OF EFFORT M1EASURED RELAT. E TO CENTER OF BARGE PLATFORM

Multiply foot by 3.048006 E-01 to convert to meter.
Multiply pound-force by 4.448222 E+O0 to con'ert to newton.
Multiply pound force-foot by 1.355818 E+00 to convert to newton-meter.
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Table 26- Faired Full-Scale Calm Water Dat.4 for
"SS GREAT LAND" Class Barge Platform"

"Conf igura t ion 2
(Head Current)

WATER TEMP: 59 Fsw P: 1.9905 U/FT v: 1.27908xlO'TIV2/SEC

VELO DRAG SWAY YAW CENTER PITCH HEAVE ROLL REL. REL. REL.
FORCE FORCE "M0ENT OF ANGLE DISP. ANGLE MOT. I MOT.2 MOT.3

FPS LBS LBS FT-LBS EFFORT DEG FT DEG DEG I-DEG DEG

0.0 00 0.0 0.0 0.0 -. 04 .000 0.0 .04 1.48 3.51
.5 62 0.0 0.0 0.0 -.04 -.010 0.0 .04 1.48 3.51

1.0 239 0.0 0.0 0.0 -.05 -. 016 0.0 .04 1.48 3.51
1.5 537 0.0 0.0 0.0 -. 05 -. 008 0.0 .04 1.48 3.51
2.0 935 0.0 0.0 0.0 -. 05 -. 003 0.0 .04 1.48 3.51

2.5 1474 0.0 0.0 0.0 -. 05 .000 0.0 .04 1.48 3.51
3.0 2195 0.0 0.0 0.0 -. 05 .006 0.0 .04 1.48 3.51
3.5 31, 0.0 0.0 -. 03 .010 0.0 .04 1.48 3.51

4.0 44k .0 o.o -. 02 .013 0.0 .04 1.48 3.51
4.5 5941 j0.0 0.0 0.0 -.01 .018 ',o .04 1.48 3.51

5.0 7538 0.0 0.0 .0 .00 .021 0.0 4.4 1.48 3.51
5.5 9286 0.0 0.0 0.0 .04 .028 0.0 . '4 ,As 3.51
6.0 11096 0.0 0.0 0.0 .08 .038 0.0 . 14.48 3.!-1

MOTE: YAW MOMENT MEASURED RELATIVE TO MODEL TOW POINT
CENTER OF EFFORT MEASURED RELATIVE TO CENTER OF BARGE PLATFORM,

Multiply foot by 3.048006 E-01 to convert to meter.
Multiply pound-force by 4.448222 E+00 to convert to newton.
Multiply pound force-foot by 1.355818 E+00 to convert to newton meter.
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Table 27 - Faired Full-Scale Calm Water Data for "SS GREAT LAND"
Class Barge Platform Configuration 2 (Beam Current)

WATER TEMP: 59Fsw p: 1.9905 SLUGS/FT3 v: 1.27908 x 105 /SEC

VELO DRAG SWAY YAW CENTER PITCH HEAVE ROLL REL. REL. REL.
FPS FORCE FORCE MOMENT OF ANGLE DISP. ANGLE MOT.1 MOT.2 MOT.3
* LBS LBS FT-LBS EFFORT DEG FT DEG DEG DEG DEG

FT

.00 00 00 000 166.7 -. 47 .000 .14 3.17 2.49 .97

.25 - .3 195 - 8438 179.2 -,47 .000 .12 3.17 2.49 .97

.50 - 2. 480 - 26784 192.0 -. 47 .001 .09 3.17 2.49 .97

.75 - 5. 974 - 57271 195.0 -. 47 .003 .06 3.17 2.49 .97

1.00 - 13 1664 - 92813 192.0 -. 47 .006 .03 3.17 2.49 .97

"1.25 - 29 2634 -139075 189.0 -. 47 .013 .00 3.17 2.49 .97

1.50 - 58 3979 -198154 186.0 -. 47 .019 -. 03 3.17 2.49 .97

1.75 -103 5693 -266432 183.0 -. 47 .028 -. 06 3.17 2.49 .97

2.00 -174 7829 -358594 182.0 -. 47 .035 -. 09 3.17 2.49 .97

2.25 -279 10513 -470982 181.0 -. 47 .044 -. 13 3.17 2.49 .97

2.50 -413 13750 -609125 180,5 -. 48 .053 -. 17 3.17 2.49 .97

2.75 -577 18059 -790985 180.0 -. 49 .063 -. 21 3.17 2.49 .97

3.00 -791 23848 k039773 179.8 -. 50 .075 -. 25 3.17 2.49 ,97

NOTE: YAW MOMENT MEASURED RELATIVE TO MODEL TOW POINT
CENTER OF EFFORT MEASURED RELATIVE TO BOW OF BARGE TRAIN

Multiply foot by 3.048006 E-01 to convert to meter.
Multiply pound-force by 4.44822 E+O0 to convert to newton.
Multiply pound force-foot by 1.355818 E+00 to convert tc newton-meter.

or
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Table 28 - Faired Full-Scale Calm Water Data for Modified
"SS GREAT LAND" Class Barge Platform

Configuration 3 (Beam Current)

+ FT2
WATER TEM'P: 59 FSW 0: 1.9905 SLUGS/FT3 v: 1.27908 x 10 /SEC

VELO DRAG SWAY YAW CENTER PITCH HEAVE ROLL REL. REL. REL.
FPS FORCE FORCE MOMENT OF ANGLE DISP. ANGLE MOT.1 MOT.2 NO1.3

LBS LBS FT-LBS EFFORT DEG FT DEG DEG DEG DEG
FT

0.00 00 00 000 201.4 -. 70 .000 .34 4.36 3.46 2.U

.25 00 188 -13038 205.6 -. 70 .000 .34 4.37 3.46 2.01

.60 00 462 -36845 216.0 -. 70 .004 .34 4.42 3.46 2.U

.75 44 934 -70003 211.2 -. 70 .006 .34 4.50 3.46 2.3

1.00 57 1603 -114374 207.6 -. 70 .010 .33 4.57 3.46 2.01

1.25 71 2540 -176657 205.8 -. 70 .015 .30 4.66 3.46 2.01

1.50 84 3976 -272952 204.9 -. 70 .023 .27 4.76 3.46 2.03

1.75 105 5668 -386841 204.5 -. 70 .031 .25 4.90 3.45 2.03

2.00 125 7776 -528379 204.2 -. 71 .045 .20 5.02 3.42 2.03

2.25 149 10422 -704531 203.9 -. 72 .063 .15 5.18 3.35 2.03

2460 172 13613 -919558 203.8 -. 73 .081 .06 5.35 3.25 2.03

2.75 196 17867 1205129 203.7 -. 74 .106 -. 02 5.58 3.12 2.03

3.00 219 23586 1588617 203.5 -. 75 .131 -. 15 5.82 2.92 2.03

NOTE: YAW MOMENT MEASURELO RELATIVE TO MODEL TOW POINT

CENTER OF EFFORT MEASURED RELATIVE TO BARGE TRAIN

Multiply foot by 3.048006 E-01 to convert to meter.
Multiply pound-force by 4.44822 E+00 to convert to newton.
Multiply pound force-foot by 1.355818 E+00 to convert to newton-meter.
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Table 29 Paired Full-Scale Calm Water Data for Barge
Train Alone (Beam Current)

WATER TEMP: 59 FSW P: 1.9905 SLUGS/FT3  v: 1.27908 x 10"s F/SEC

VELO DRAG SWAY YAW CENTER PITCH HEAVE ROLL REL. REL. REL.
FPS FORCE FORCE MOMENT OF ANGLE DISP. ANGLE MOT.1 MOT.2 IOT.3

LBS LBS FT-LBS EFFORT DEG FT DEG DEG DEG DEG

0.00 0.00 000 000 227.5 -. 61 .000 .00 -1.09 -. 60 2.34

.25 0.00 185- 16881 227.5 -. 61 .000 .00 -1.09 -. 60 2.34

.50 0.00 453- 41336 227.5 -. 61 .000 .00 -1.09 -. 60 2.34

.75 0.00 915- 83494 227.5 -. 61 .000 .00 -1.09 -. 60 2.34

1.00 0.00 1571- 14335 227.5 -. 61 .006 .00 -1.09 -. 60 2.34

1.26 0.00 2500- 22812 227.5 -. 61 .019 -. 02 -1.09 -. 60 2.34

1.50 0.00 3906- 35642 227.5 -. 61 .034 -. 08 -1.09 -. 60 2.34

1.75 0.00 5574- 50862 227.5 -. 61 .056 -. 15 -1.09 -. 60 2.34

2.00 0.00 7655 69851 227.5 -. 61 .081 -. 22 -1.09 -. 60 2.34

2.25 0.00 10270- 93713 227.5 -. 62 .113 -. 32 -1.09 -. 60 2.34

2.50 0.00 13428 -122530 227.5 -. 63 .144 -. 46 -1.09 -. 60 2.34

2.75 0.00 17644 161001 227.5 -. 65 .188 -. 67 -1.09 -. 60 2.34

1 3.00 0.00 23319 [212785 1 227.5 -. 68 .231 -. 80 -1.09 -. 60 2.36

NOTE: YAW MOMENT MEASURED RELATIVE TO MODEL TOW POINT

CENTER OF EFFORT MEASURED RELATIVE TO BOW OF BARGE TRAIN

Multiply foot by 3.048006 E-01 to convert to meter.
Multiply pound-force by 4.448222 E+00 to convert to newton.
Multiply pound force-foot by 1.355818 E+00 to convert to newton-meter.
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APPENDIX

EXTRAPOLATION OF MODEL CURRENT DRAG TO FUL-SCALE
. rT

Model drag data in current, as simulated by towing in calm water, was extra-
polated to full-scale utilizing Froude scaling and applying a correction for the

difference in skin friction resulting from the corresponding lack of Reynolds

similiarity. The drag data were nondimensionalized and the corrections applied in

coefficient form as follows:

CTS m CTM - FM + CFS + AC FML

where CTS - total full-scale drag coefficient

C - total model drag coefficient

C - model frictional drag coefficient ,

CFS - full-scale frictional drag coefficient

AC - laminar deficit
FML

The total model drag coefficient was derived from the measured values of total

drag obtained during the experiments, i.e.,

PM/' SM M

where P -M total model drag force

PM - density of water (model)

SM - wetted surface (model)

- velocity of current (model)

The wetted surface in the above equation included the bottom of the barges and
the side surfaces comprising the perimeter of the platform causeway system. In the
beam current conditions, only the sides parallel to the current were included. It

was assumed that areas normal to the flow would not contribute to the frictional.
S drag (I). Coefficients for the frictional resistance for both model and full-scale

were computed using the Schoenherr flat plate formulation since the more widely
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used ITTC formulation has a form factor implied in it. The models Reynold's"
6number was well below 10 , this was a region where the ITTC's form factor would

have affected the extrapolated data. Schoenherr flat plate friction is computed

' as follows:

.242 LOglO0 (Rn x CF)

where Rn is the Reynolds number and is defined as

R 'L
nh V

where V- current velocity

L- characteristic length

"V - kinematic viscosity

* The characteristic length was taken as the average length of the platform/

causeway in the direction of the flow. Because of the low model Reynolds number

no turbulence stimulation was attempted, instead a laminar deficit correction was

applied to the frictional resistance for the results obtained in head current. It

was assumed that 30 percent of the length of the forward barges would maintain
5

laminar flow. The 30 percent assumption was based upon a 5 x 10 arc-length

Reynolds number criteria for the lowest simulated current. The laminar deficit

was defined as,

1CFL T (CM -crM)

where CFML is Blasius's exact solution for flat plate laminar flow and is equal to

1.328¢FML=-
n

A laminar deficit correction was not applied in beam current conditions be-

cause it was assumed that the bluff sides and square corners of the barges were

sufficient to induce turbLlent flow (1). Transition was verified on the after

barges in the head current case by comparison of measured and computed incremental

frictional drag of barge platform alone with and without it's train. The suunmation
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of measured barge platform drag and computed added frictional drag of the barge

train was found to be within 4 percent. At a model speed of .44 ft/sec the computed.

drag of platform and train was .10 lbs vs a measured .10 lbs; at 2.49 ft/sec the

computed drag was 2.49 lbs vs a measured 2.50. The total full-scale drag, Rs, was

computed by dimensionalizing the derived total full-scale drag coefficient accord-

ing to

iP
Krs " CTs 2l s
RT T S5 V

where the subscript "s" denotes full-scale values.

For the most part, the Froude number of the configurations tested were below

0.1. Below this is is assumed that the majority of the residual drag is due to

form now wave making resistance. In all cases the residual component was greater

than the computed frictional. Since the major portion of the form drag is due to

the viscous wake, the form drag coefficient will gradually decrease with increased

Reynolds number (3). These expanded results will be conservative over estimates

of actual current induced force.

Forces normal to the current resulting from asymmetry of the platform/causeway

system were scaled directly without corrections for Reynolds effects. However, a

correction was applied to the normal forces measured in beam current for a slight

twisting of the tow strut (about 2 degrees maximum). It was assumed that applica-

tion of cross-flow principle (Homer Reference 2) would be applicable as follows:

R =R cos 3 XYX Y0

RXX R y0(sin cos 2 X)

converting from body axis

yx %/Ry + R cosX

RXX

8xYm m
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so that

R-v 2 + R cos 2 •
x

Ym xm

Ra ÷/7  R2 2YO RYm +RXm

m

since A - 2° and coo2 20 - .9988.
max

R - sway force with twist angleyx

R - sway force with no twist angle

R = measured body axis sway forceYm 
'

R -surge force with twist angle
x.

R surge force with no twist angle

R - measured body axis surge force

m

X - angle of twist

The measured model experimental data and corresponding faired values are pre-

sented in Tables A.1 through A.12 and in Figures A.1 through A.12. The extra-

polated full-scale data are presented in the text.

(1) Hoerner, Fluid Dynamic Drag, published by author, 1958, pages 3-14 section 6
"Drag of Various Types of Plates."

(2) Hoerner, Fluid Dynamic Drag, published by author, 1958, pages 3-11, section 5
"Cross-Flow Principle."

(3) Hughes, G., Friction and Form Resistance in Turbulent Flow; and a proposed
F• Formulation for use in Model and Ship Correlations, RINA, 1954.
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Table A.1 - Model Calm Water Experlmental Table A.2 - Model Faired Calm Water Data
Data for "MAINE" Class Barge Platform for "MAINE" Class Barge Platform

Alone (Head Current) Alone (Head Current)

TEST -ATE: It JAN a TANK TMIA: 68.4 FU WTER TMEW U.4I'"FI .3 1.9367 1UO/ : l.o60IO 3/I

FM VILO Ow IWAY YAW PIT FZ 4F"(AV At U A L. R Eg.." L. VELO W. 0 I S9AY AiW PITCH HEAVE MPLL REL. NIL. I tL.
FORCE FORCE WHE10T AU3GL( DOSP. Aill".if .10.1i NAMT.3 POW PICE W414hiNi AWGL[ OISP. 4,W.LE MOT.I NOT.: NOT. i"NO. FPS LIS LIS 10-L8 1En INl (O6 011 0( IG PAS LIS LBS Ife-LDS M IN 1)0 0( 01•00 0N4F

0.00 0.00 0.00 0.00 , 1.22 0.00 2.94 ." S,14 1.01 0.00 0.000 0.00 0.0 1.213 0.00 1.94 .82 A.6" 1.0
a .44 - .06 .00 .71 -1.24 .01 2.9 .2 6.64 1.01 n22 -. 2m 0.00 .20 1.23 .00 2.14 .62 1.44 1.086

.n .I5 .32 .00 2.01 .1.2S .06 2.94 .41 1.64 1.01 .44 -.061 0.00 12 1.23 .01 2.94 a8 1.44 1.01
30 1.367 - .4 - .01 6.33 ,.1.2 .0 2.4 8l 1.64 1.06 ,a - .171 0.00 1.4 -1.23 .02 .•94 .48 1.64 1.06
U 1.U96 .1.29 .01 10.48 -1.32 .11 1.9 . 11 .41 .0 - .3.3 0.00 2.70 1.24 .03 2.94 .41 1.64 1S

L 1.101 .2.06 101 17.06.1.40 .11 2.971 .6 : .641 -105 .0o . .473 0.00 4.41 *1.26 .04 2.54 .142 S.6 1.0$

NOTE YAW MIENS MEASURED RELATIVE TO HieV9 POST 1.31 - .616 0.00 6.11 *1.27 .05 2.94 .42 6.14 1. 4A
1.63 - .916 0.00 8.69 1.30 .07 2.94 .821 1.64 1.03
1.74 .1.340 0.00 11.93 - 1.32 .0N 2.11 .08 1.64 1.02
1.96 .3.710 0.00 95.8 -1.36 in 30 2.9 M S1.64 1.01
1.15 .2.102 0.00 19.60 - 1.42 .12 2.97 .82 S.64 .96

.40 -2.681 0.00 2•3.6 - 1.050 15 I 2.8 .82 5,44 .9.
2.62 1 -3.114 0.00 1 2R.

1
1 .3 1.7 .17 3.00 .42 5.54 .01

NOTE: YAW WEWNT PEASURID RELATIVE TO HEAVE POST

-o - - - - 0 RE2LATIVE Mear: I
g " P K RELATIVE Purim i 2 . "4

LYOE 4•0 68LATIM[ runaT 3 OL .A

03.0 A. 0 0

0. 1.0 2 .0 2• 2.0*3;Q
,o i .. 1.0 N VEOI -.-- I I. 20' . I. I

.'001.0 2.0 .. i 1,01.l2. .

Figure A.1 - Model Faired Sway Force Figure A.2 - Model Faired Motion Data
and Yaw Moment Data for "MAINE" for "MAINE" Class Barge Platform

Class Barge Platform Alone Alone (Head Current)
(Head Current)
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"Table A.3 - Model Calm Water Experimental Table A.4 - Model Faired Calm Water Data
Data for "MAINE" Class Barge Platform for "MAINE" Class Barge Platform

Configuration 1 (Head Current) Configuration I (Head Current)

ISIT OT1: S JAN 82 TAM TIM4: 6.4"Wq MYEI TEIP: 6.4 W: 1.67 SLUGS/rT, v: 1.02410"|14 ws

W Vl MG I TAr YAW PITUH NEAVI POLL REL. OIL. RIL. VILO OVAG S'AY v" P|UA.Y 0fAVf 4iLL I. L. O IAL.no. FORCEc WEMoe T AIGLE DlSP, AWILI NOT.1 MT.t MT. .3 FORCE M Wr41%1 i ANALL 037. J RI qTeT.I NOT7. 211.3FPS LIS LIS IN-LOS G26 N IN DR Ot(0 K4 CEO F1 LIS LIS 31-LBs OrG IN CEO off DEN 014
0.00 0.00 0,00 0.00 -1.28 0.00 2.00 2.60 3.1S 2.26 0.00 0.000 0.00 0.00 1.28 0.00 2.08 2.80 3.11 2.28

* .43 - .001 - .02 .88 -1.29 .0* 2.02 2.89 3.11 -2.2 .11 - .017 .00 .27 - 1.28 .01 2.06 2.00 3.11 2.26
4 .U - .110 .00 .86 -1.34 .0* 2.04 2.30 3.11 2.26 .44 - .100 .00 1.03 iJS .01 1.06 2.,1 3.11 2.26

23 .4 .101 * . SO.4 ..12 .00 2.00 2.80 3.11 2.26 .65 - .211 .00 2.23 - 120 .02 2.08 .80 3.16 2.28
1 : .44 .316 .01 3.62 .1.31 .01 2.04 2.30 3.11 2.23 .17 - .371 .00 61.3 * 1.21 .02 2.06 2.80 3.15 t.26
t0 3.21 - .776 .00 7.92 -1.3$ .04 2.03 2.00 3.1s 2.26 1.06 - .113 .00 1.82 - 1.30 .53 2.00 2.00 3.1 2.281
1 1.21 : ,.87 - .03 0.07 -1.36 .01 2.08 2.80 3.111 1.2 1.31 - .060 .00 8.40 1.31 .04 3.00 2.80 3.11S 2.2
31 1.,4 -. 127 - .03 9.75 .1.37 .03 204 l2.0 3.11 2.28 1.12 -1.217 .00 11.72 1.3S .05 2.00 2.801 .11 2.26
9 1.61 .5.410 - .03 13.81 -1.38 .00 2.06 2.80 3.11 2.26 1.74 .1.710 .01 1I.60 1.36 .06 2.00 2.00 3.15 2.26

14 1.68 .1.16G .00 14.10 -1.39 .00 2.10 2.30 3.11 2.26 3.11 -2.306 .03 21.4S 1.44 .07 2.00 1.4FA 3.11 2.21
12 2.09 -2.581 - .06 213. .346 .08 2.00 2.60 211S 2.28 2.18 -2.25. - .05 26.52 1.51 .-n 2.00 2.80 3,11 2.28
17 2.10 o1.4Yi .03 22.43 -1,40 .11 2.04 2.00 3.1S 2.28 2.40 .3.•64 .08 31.78 .1.40 .10 2.15 2.80 3.11 2.23
24 2.20 2.120 - .08 21.73 -1.53 .tO 2.08 2.00 3.13 2.28 2.1 1.4.250 - .10 37.08 . 1.?S .12 2.,5 ?.N 3.11 ?.2A
IS 2.1 14.007- .07 31.450.169 .11 2.26 2.80 2.15 2.21 ......

----- : VAN MOMNT NIASUREO RELATIVE TO WAK POST
NOh1| YAW IAiT.N[A 0 U5= IRELATIVE TO N[AVE PCIT

. 0- 31- owir 72 a I T
0 YMAV PM~ nti~tvti

LO- - * '"

- - - .,* . ,,---.-'',''-*-1.0 - 2.0 .2-,

S0,0 1.0 2P0 0,0, .

SFigure A.3 - Model Faired Sway Force and Figure A.4 - Model Faired Motion Data for
SYaw Moment: for "MA•INE" Class Barge "MAINE" Class Barge Platform

SPlatform Configuration 1 Configuration 1
- (Head Current) (Head Current)
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Table A.5 - Model Calm Water Experimental Table A.6 - Model Faired Calm Water Data
Data for "SS GREAT LAND" Class Barge for "SS GREAT LAND" Class Barge

Platform Configuration 2 Platform Configuration 2
(Head Current) (Head Current)

TEST OATh 4 Fag of TANK TgNP, 48.4*FF¥ UTi T64P: 66.4*P'F¥ *: 1.917 SLUGS/FT3 v: 1.07462103FT
2/|C

NA VItL NMG SWAT YAM PITCH WEAVE POLL. iAt. RE . NIL. TL0 " SiMY YAW PITCH WEAVE NLL AIL. OIL. WtL.
F041 FOCI HEIrTr ANGLE. CISP. ANGLE HOT.! NOT. 3 N0T. 3 Pauc MCI murNT ANGLE DISP. ANGLE NOT.1 HOT.2 01T.3

0. PS LIS LIS IM-LIS DEC IN DEG 0a EOl maG I LIS LOS IN-LIS K(G IN OrG O(G 0(6 ON

0.00 0.000 0.00 0.00 -. 04 0.000 0.00 .04 1.48 3.51 0.00 .000 .00 .00 . .04 .000 .00 .04 1.48 3.S1
133 .43 - .07 .4.84 9.40 .05 - .018 .02 .04 1.48 3.51 . - .0a", .00 .00 -. 04 -. 006 .00 .O 1.48 3.11
141' .44 - .001 -. 01 .14- .01 - .0060 .. 01 .04 1.48 3.51 .44 - .00 .00 - .06 .. 013 .00 .04 1.48 3.S1
1 0 - 1 .1 2.48 6.46 .. 03 .000..01 .04 1.48 3.61 .0 - .100 .00 .00 - .06 -.0016 .00 .04 1.44 3.11
144 .7 .193 -3.53 7.3 -. 05 -.004 .00 .04 1.48 3.51 .61 - .37 .00 .00 - .04 -00 .00 .04 1.48 3.51
1N 1.26 - .812 -4.81 11.03 .06 .012 .04 .04 1.48 3.31 1.06 - .13 .00 .00 - .04 .000 .00 .04 1.48 3.61
1 1.21 .-24 -1.41 6.19 - .04 .011 .01 .04 1.48 3.61 1.31 - .704 .00 .00 - .04 .001 .00 .04 1.48 3.51
146 2.64 -4.861 -3.06 .12 .05 .035 - .04 .04 1.48 3.61 1.63 -1.009 .00 .00 - .03 .006 .00 .04 1.48 3.61
IV 1.69 -1.467 -2.14 7.36 .01 .018 .02 .04 1.48 3.61 1.74 -1.106 .00 .00 - .02 .010 .00 .04 1.48 3.11
147 .U 2 -2.364 :04 4.50 .03 .020 .02 .04 1.48 3.50 I.11 -1.971 .00 .00 - .01 .014 .00 .04 1.48 3.51
14 2.21 -1.409 .St 4.07 .02 .03S . .01 .04 1.48 3.51 2.18 -2.489 .00 .00 .00 .017 ..00 .04 1.48 3.$1
1in 2.94 -4.835 - .06 7.80 .08 .034 .02 .04 1.48 3.10 2.40 -3.060 .00 .00 .04 .022 .00 .04 1.48 3.61

2.62 -3.632 .00 .00 .08 .030 .00 .04 1.48 3.31
NI!: VNI NlET M.ASUREDO RELATIVE TO HEAVE POST

NOTE: TYAM l@XNT HEASUACO RELATIVE TO HEAVE POST

0 SPN o NLATIVEITIGN~ I ITCH .J ANIN

.a IIATIVI IOTI 2 46 HIT
8 VA " I EATIVE. "ION*3

- - - - 8._ - - - - -- ••- -- .21

0.0 IL6, 2 .-

":.1.-a-. +AifAER+ .0
ST oRTEjLI FE'

.. 0.0 1.0 2. 3."~k | i • • , ("/SIC)

OIOL vaccirf(T /sc

Figure A.5 - Model Faired Sway Force and Figure A.6 - Model Faired Motion Data for
Yaw Moment for "SS GREAT LAND" Class "SS GREAT LAND" Class Barge Platform

Barge Platform Configuration 2 Configuration 2 (Head Current)
(Head Current)
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Table A.8 - Model Faired Calm Water Data
Table A.7 " Model Calm Water Experimental for !SS GREAT LAND" Class Barge

Data for "SS GREAT LAND" Class Barge Platform Configuration 2
Platform Configuration 2 (Beam Current)

(Beam current)

TOP DATE: 10 FES at TANK 1V: 6.1MA TDIP: U.47F *: 1.9367 SLUGS/FT3 v: 1.074610"6 FT/StC

RIMi VELO DRAG SWAY YAN PITCH HEAVE ROLL REL.. MEL. REL. YEW CRAG SWAY VAW PITCH HEAVE POLL REL. REL. MEL.
FORCE FORCE MOHMET AtNlE C19. A•lH.t NOT.I MOT. 2 Mopr, FORCE FORCE MOMENT ANGLE DIOSP. AINGLE MOT.1 NOT.2 MOT.3

NO. FPS LOS LOS ItW-W.• E OEG IN DEi 0EG 0EG DEG FIPS LOS LOS IN-LBS DEG III DEG DEG DEG DEG

.00 .00 .00 .00 -. 47 .000 .14 3.16 2.49 .91 .000 .000 .00 0.0 -. 47 .000 .14 3.17 2.49 .97

261 .43 -. 02 .64 - 0..9 -. 48 .011 -. 05 3.16 3.49 .97 .109 .000 .04 2.0 -. 47 .000 .12 3.1? 2.49 .07

47 .43 .01 .55 - 21.2 -. 48 .017 -.06 3,17 2.49 .97 .210 .000 .15 - 6.3 -. 47 .001 .09 3.17 2.49 .97
n46 .43 -. 02 .86 - 23.3 -. 49 .005 -. 01 3.17 2.49 .97 .327 -. 001 .31 - 13.6 -. 47 .002 .06 3.17 2.49 .97

141 .44 .03 1.56 - 23.9 -. 46 .021 -. 04 3.17 2.49 .97 .416 -. 004 .S3 - 12.0 -. 41 .005 .03 3.17 2.49 .97
262 .6 -. 06 2.42 - 7.4 -. 43 .061 -. 03 3.17 2,49 .97 .64$ .009 .83 - 33.0 -. 47 .010 .00 3.17 2.49 .97
144 .86 .14 .23 - 73.a -. 43 .051 -.02 3.17 2.49 .97 .664 -. 017 1.25 - 47.0 -. 47 .015 -. 03 3.17 2.49 .97
n7 .$6 -. 07 3.2 - 88. -. 45 .060 -. 06 3.17 2.49 .97 .763 -. 031 1.77 -63.2 -. 47 .022 -. 06 3.17 2.49 .97

24 1.217 -. 14 6.43 -223.9 -. 46 .058 -.04 3.17 2.49 .97 .672 -.062 2.42 - OS.0 -. 47 1026 -. 09 3.17 2.49 .J?
M 1.27 -. 29 6.68 -278.0 -. 47 .067 -. 14 3.20 2.49 .47 .*1 -. 013 3.24 -11.6 -. 47 .03$ -. 13 3.17 2.49 .97

248 1.27 -. 20 S.8S -140. , -t46 .064 -. 29 3.2j 2,49 .97 1.090 -.122 4.21 -144.4 .. 48 .042 -. 17 3.17 2.40 .91

261 1.27 -. 11 6,58 -283 . -. 45 .050 .20 3.2. 2.49 ,97 1.199 -. 171 6.50 -187.6 -. 41 0S0 -. 21 3.17 2.49 .97
*S3 1.27 -.21 6.7S -270.7 -. 47 .053 -. 11 3.•E 2.49 .97 1.308 -. 234 7.21 -247.0 -. 50 .060 -. 25 1 3.17 2.49 .97

245 1.70 .S5 17.0 -SOY 6 -. 66 .076 .4R 3), 1.3) .97 NOT[: YAW MOMENT RELATIVE TO HEAVE POST

NOTE YAW MOMENT MEASURED RELATIVE TO HEAVE POST

- - - - S - . Tfj MOTION 1  0 ROLL.1
61MA FORM72 a wu 2MTIO 2 a P2704N

"1.0 6661.471WT P0110T' 9 1O~m3 bt 1(4[aW
".0- -- - 0.3

20 0.0 0.-2Ira

1.0 '-- 0. 0,0

u-~4 .o -0 ---
,T11 DAE __FA

-- 0 , ow., '6.:4'F.4,1

9.0 0.5 1.0 1,5 0.0 0.5 1.0 1.5

wn. W=ITY (VT/S2C) Ii. m LI.OC (FT/58c)

Figu-ce A.1 - Model Faired Drag Force and FiLire A.8 - Model Faired Motion Data for
Yaw Moment for "SS GREAT LAND" Class "SS GREAT LAND" Class Barge Platform

Barge Platform Configuration 2 Configuration 2 (Beam Current)
(Beam Current)
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Table A.9 - Model Calm Water Experimental Table A.10 - Model Faired Calm Water
Data for Modified "SS GREAT LAND" Data for Modified "SS GREAT LAND"

Class Barge Platform Class Barge Platform
Configuration 3 Configuration 3

(Beam Current) (Beam Current)
TIST DAT. 12 no It TANK TOP: 6.rI: SLUGS 3 5 1 SC

INN VILO DRAG SUAY YAW PITCH kFYA0E ROLl. EL. AEL. MEL. VELO a Si•AY YAI PITCH dEAVE POLL NEL. MEL. REL.
U. FPS FORCE FORCE M'aiENT ANGLE Of7. ANGLE MOT.I OT|.2 MOT.3 FPI FORCE FORCE MOMENT ANGLE DISP. ANGLE NOT.1 MOT.2 T1..3

LBS LBS 9IN-LI5 DEG IN S DE DEG DEG KG LIS LIS IN-LOS DEG IN DEG DEG DEC DEG

.3 O .00 .00 .00 -. 70 .000 .34 4.04 3.46 2.03 .O0O .Oo .000 3.1 -. 70 .000 .34 4.37 3.46 2.03j31 .00 .111 3.00 .0 .77 -. 0 .021 .21 5.04 3.46 2.03 .100 .000 .000 - 3.0 -. 70 .000 .34 4.36 3.46 2.03

313 1.16 -. 20 4.725 214. .-2 ..117 .01 1.62 3.03 2.03 .916 .000 .149 - 8.7 -. 70 .003 .34 4.42 3.46 2.03

314 1.69 -. 692 -17.0 -524. -. 92 .167 -. 69 7.30 1.43 2.03 .32? -. 013 .301 - 16.0 -. 70 .O0S .34 4.10 3.46 2.03

MI VIM MI 911963? MASUROD UE.ATIVE TO HgAVE POST .436 -. 017 .S1S - 27.1 -. 70 .008 .33 4.57 3.44 2.03
.641 -. 021 .810 - 41.9 -. 70 .012 .30 4.646 3.46 2.03

.654 -.02S 1.216 - 44.7 -. 10 .018 .27 4.76 3.44 2.03

.163 -. 031 1.734 - 91.7 -. 70 .025 .25 4.90 3.45 2.02

.A71 -. 037 1.313 -125.2 -. 71 .036 .20 1.02 3.41 2.03

.961 -,044 3.172 -.16.0 -. 712 0SO .15 5 18 3.3S 2.03

1.090 -. 0S1 4.133 -218.0 -. 73 .0GS .06 S.3S 3.2S 2.03

1.199 -.016 1.410 -Z85.7 -. 74 .0,1 -. 02 5.58 3.12 2.03

1.308 -. 061 7.106 -316.5 -. 75 .1OS -. 1% S.62 2.92 2.03

NOTE YAW NOMENT MEASURED RELATIVE TO HEAVE POST

-/- - -0 RELATIVE *JTY10N 1 ROU.
a m•ATIoMai 2!TI 0 PITCH

- 2W a RLATiv- mi- 3FAW

3 IV .3

0.0 -m - -0 CALM TE .

I VA4 6NT

-1.0 1.0

0,5 1, 141 40 0o..0"[IST 067El V FSOT

. WEED (PT/sEL) ViL OCITY (rT/sic)

Figure A.9 - Model Faired Drag Force and Figure A.1O - Model Faired Motion Data for
Yaw Moment for Modified "SS GREAT Modified "SS GREAT LAND" Class Barge

LAND" Class Barge Platform Platform Configuration 3
Configuration 3 (Beam Current)
(3eam Current)
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Table A.11 -Model Cairn Water Experimental Table A.12 -Model Faired Calm Water
Data for Barge Train Alone Data for Barge Train Alone

(Beam Current) (Beam Current)

TES CU:IsFI II AN TPII 6.*FW ATNOS TEP: b1.4 FF 0: 1.0367 RL005JT3 VI JAM XIt0 P72tIC

40 IEFORCE OC OETAGEsS NL HT1HTIN P OC OC ____II ___ 0IP A NU MOT. I NOT:* W:
16S LB III -O 1 IN DEC DIG _ Din _ JI Ls LO ___LS E IN 0(A K DEGI DEG_

.001 .000 .000 .0 -. 1 .000 -. It .1.09 -.60 8.4 .000 .000 .OO0 0.0 -.61 .000 .00 -1.009 -. 60 2.M

38 .43 -.031 .4t?7-19.0 -. 1 .010 ..24 .1.09 -.60 2.4 .106 .000 .053 .4.0 -.61 .000 .00 .1.09 -.60 2.24

341 .16 -.166 .107 -66.4 -.63 .060 -.44 .1.09 -. 60 2.34 .216 .000 .141 1 .3 -. 61 .000 .00 -1.09 -.60 2.34

31 6 -. 1141 1.675 -56.5 -.61 .031 -29 41.09 .40 .34 .322 .000 .900 19.6 -.61 .000 .00 .1.09 -.60 1.34

221.. 7 -6311-44 .12 .41 :106 :60 1 4 .436 .000 1.062 4.1 0 -.61 .045 -. 00 .1.09 -.60 2.24

344 1 .27 ::31 4.64SUE IL 61.V 1 -. 66 .1..N 10 4 :5 -4 00 .0 2 2. 46 -36. -.61 .016 -.221 -1.09 -.60 2.34

us .1 -672 11-.0 .53-900 1.9 :60 1.3 641 .000 13101 -224.1 -.61 .090 -.22 .1.M -. 0 2.24
M11.6 .000 4.014 -2060. -.61 .116 -.46s -1.06 -.40 2.34

1.167 .000 .207 .3W 1.6 .. (1 .650 -.67 .1.09 -.60 2.34

1.306 .000 6.946 -51.14.4 _.68 JOS -. 89 .1.09 -.60 2.36

NOTI: VAN MOMENT RELATIVE 10 HEAVE POST

2. 0- - --.
* N"T.411 PCITION 0 WLUI

1hMAIV MOT914WIONa 46 WM

2 1.0 1 '0
AM CALM WATER

-' 0.0 0, 1.0 1.50.0101.
61.~~~~~A wuso fnr OI LOI'nsc

Fiur1.0 1 -6 Moe2ardDa oc n iue 2-MdlFie oinDt

Yaw~~~~~~t Moet oWBreTEra Aln1o ag ri ln
(Beam ~8 Curet1(em.uret

CST ATE "i P_ 8.
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DTNSRDC ISSUES THREE TYPES OF RFPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

"2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPH4ANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.
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