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RELATIVE MOTION BETWEEN LCU AND MARINER MODELS
IN A SEAWAY

Martin A. Abkowitz

N
’

program of model seakeeping tests was carried out in the MIT

Ship Model Towing Tank for the purpose of estimating the relative motion

between the deck of an LCU and the top end of a cargo boom on a Mariner

ship during a typical offshore unloading situation. A five foot long

Mariner model , scale 1 to 96 (1/8 i nch = 1 foot), was ava i lable at the
Tank and the LCU model was built to this scale. Tests were carried out —

in scaled sea states 3 and 4 which were simulated by irregular seas of

the Pierson-Moskowitz spectra representing fully developed seas of wind

speeds of 15 knots and 18 knots resPectivelY.
~S\

In each of the two sea states , tests were carried out wi th the

models at zero forward speed oriented as follows.

Beam Seas

Series 1 - LCU to leewa ’d of Mariner

Series 2 - LCU to wi ndward of Mariner

Quartering Seas (45 0 heading to waves)

Series 3 - LCU to leeward of Mariner —.
- .-——-

Series 4 - LCIJ to windward of Mariner ITII
bc l,.1-, ~~~~

Head Seas

Series 5 - LCU to starboard of Mari ner ~~~~~~~~~~~
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Instrumentation and Measurements

The key measurement to be made during the model tests was the

relative motion between the deck of the LCU and the top of the boom , in

-
, . unload ing pos iti on, on the Mar iner ship, while the models were free to

heave, roll, and pitch but were cons trained i n sway, surge, and yaw.

Originally, when the tests were proposed , we thought that some simp le

mechanical transducer could be devised to measure the relative motion.

However , at the necessary scal i ng, the LCU model weight was limi ted to

less than one pound, precluding the use of a mechanical transducer for

relative motion measurement. It became necessary to devise , des ign, and

construct an electronic transducer requiri ng an element of very small

• weight to b2 located on the LCU model . The instrument designed and built

a consisted of (1) an electrical spark generator located on the LCV model ,

with an electrical system off the model for generating a high voltage

spark at the rate of about one hundred a second , (2) a miniature

sensitive microphone located on the Mari ner model at the scaled position

of the top of the boom, (3) electronic equipment which measured the time

elapsed for the spark sound to reach the microphone (measurement made

100 tImes per second) and converting this time in a relati ve distance

between the two, and (4) electronic equipment for digitally displaying ,

• graphically recording, and inputing on tape the relative motion. The

Instrument as developed after much effort worked very well.

Two wave measurement probes were used. One was located on the

windward side of the model s (between the wave generator and the models)

• -. -- ---
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and one close by the models on the leeward side (between the models and

the beach). The wave probe on the windward side can indicate the very

complex wave system which excites the ICU (when on the windward side),

made up of the combination of the oncoming wave , the reflected wave off

of the Mariner, the radiating damping wave of the Mariner mot ion, and

the reflected wave of the LCU damping off the Mariner. Measurement by

the wave probe on the lee side is a good indicator of the breakwater

effect of the Mariner hull (i.e. masking effect). The leeward probe was

placed about 1 foot from the model s in order to effectively measure the

wave system transmitted through the Mariner . The probe on the windward

side was placed 23.5 feet from the models (a good distance) in order to

help ind icate how long an irregular wave sample could be obta ined

without being contami nated by the waves which were reflected from and

radiated from the models being rereflected by the wave generator reaching

the mode l again. This procedure assures that the excitation on the models

comes only from an oncomi ng far field wave system of a given spectrum.

Figures 1 and 2 show the relative position of the models in the test

setup, the simulated full scale loading condi tions , key dimensions ,

centers of gravity, metacentric height (GM), and radii of gyration (k, x

refers to rol l and y to pitch axes). The top of the boom is 85 feet above

the LCU centerline.

I
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Tes t Resul ts

The data obtained during the test consisted of water surface el eva-

t ion measureme nts at the loca ti ons of the w indward and leeward wave

• probes and the measurement of the distance between the LCLJ center deck

and the top of the Mariner cargo boom. These data were taken for each

of the two sea states and each of the five relative orientations of the

models. The waves were also measured when there were no models in the

tank in order to establish the wave spectra being generated - n the tank.

With the models present, the generated spectra canno t be measured because

of wave reflec ti on effec ts.

The measured data was then spectral analyzed to gi ve the wave and

motion response spectra , and from the spectra the values of the root mean
square and signifi cant response (average of the 1/3 highest) were calcu-

lated. The spectra and the calculated R.M.S. and significant values are

given in Tables 1 to 34.

Figures 3 through 7 g ive the wave relat i ve motion spectra for the

two sea states according to the followi ng schedule which also indicates

the test rwmbers used to identify the data tabula ted in Tables 1 to 34.

Figure 3 - Beam Seas - LCU to leeward - Tes ts 115, 118

(15 and 18 refer to spectra of wi nd speeds, 15 and 18

knots respectively)

Figure 4 - Beam Seas - LCU to wi ndward - Tests 215, 218
Figure 5 - Quartering Seas (450) — LCU to leeward - Tests 315, 318

-- ~~~~~~~~~~~~ -
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Figure 6 - Quarter i ng Seas - LCU to w indward - T~sts 415, 418

Figure 7 - Head Seas - LCU to starboard - Tes ts 515 , 518

Tests 015 and 018A refer to the case where there are no models in

the tank.

From Figures 3-5, when one compa res w i ndward and leeward wave

measurements , it is obvious that the Mariner has a very severe breakwater

(masking) effect on the oncoming wave system. Also , comparing Figure 3

to Figure 4 and Figure 5 to Figure 6, the relati ve motion res ponse is r
greatly reduced by this masking effect. It is i nteresting to note that

Figure 3 shows a spike response at the Mariner ’s rol l natural frequency

(0.4 rad/sec.). Apparently this frequency is generated by the su~nation

of the various oncomi ng and reflected waves as shown on the windward

wave measurements and the LCU cannot act as a breakwa ter to the muc h

larger Mariner. A s imi lar , smaller s pi ke is observed in Figure 4 at the

Mariner ’s natural rol l frequency. Dur ing the tes ts in beam seas , for

demonstration purposes,a wave was generated with a frequency equal to the

Mariner ’s natural roll frequency and wi th such a small wave height that

It was barely visible. The Mariner rolled excessively, with little LCU

motion , resul ting in a very large rela ti ve motion between boom top and

LCU deck.

Tables 31 and 32 give the significant wave height (double amplitude)

in the tank (without models) for a wi nd speed of 15 knots as 5.06 feet at

the windwa rd probe and 3.52 feet at the l eeward probe. This decrease is
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expected since in a long narrow tank , especially at the higher frequencies

of which the lower sea states are composed , the dissipation of wave energy

• by the tank walls cannot be neglected. One must remember that the dis-

tance between the two probes in the tank is approximately 25 feet with

the leeward probe just one foot from the models. Hence , one es timates

that at the model location a significant wave height of 4 feet was gener-

ated. From Figure 8, which shows the characf’?ristics of fully developed

sea spectra, it is seen that this value of signifi cant wave height

corresponds to a 15 knot wi nd speed sea state. Simi larly, from Tables 33

and 34, a 6.0 foot significant wave height spectrum corresponding to an

18 knot wind speed sea state existed at the models during the tests of the

higher sea state . -

The fol l owing list suimiarizes the data and results given in Tables 1

to 34. Numbers refer to full scale values of double amplitude of the

harmonic response.

Tes t No. Signi f icant Wave Height
ene e in ee (doubl e amplitude)

115 4 3.4
118 6 6.5
215 4 5.6

218 6 10.5
• 315 4 2.8

318 6 4.3

- 

. 
415 4 5.9
418 6 9.6
515 4 3.5
518 6 5.2

i&L.~. - • - • 
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In reading the tables, the followi ng abbreviations should be noted .

• 
— last two digits of test number indicat 9 wi nd speed

- B~D DISPL indicates distance between Boom top to LCU Qeck

- WAVW IND - measurements on the w indward wave probe
• - WAVLEE - measurements on the leeward wave probe

The significant values multipl ied by 1.28 will give the average of

• the 1/10th highest responses; by 1.67 will give the 1/100th highest; and

by 2.64 will give the average of the one millionth highest response.

One can obtain the relative velocity spectra (for boom top-deck

-
~~ motion) by multiplying the displacement spectra by the frequency . From

these new spectra , the statistics of the relative velocity can be readily

computed.
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Additiona l Remarks

In observing the model motions during a tes... even those tests where

the relative motion was small , there was actually large roll motion on

the ICU model when it was on the windward side . Since both the roll axis

and the LCU reference point are on the centerline plane , the LCU roll

motion contributes little to the relative motion being measured . In

di rec t contras t, since the boom top (reference point) is located a large

dis tance from the Mar i ner roll ax i s , rol l motions of the Mariner contri-

bu te greatly to the relative motion.

The breakwater effect of the Mariner on the LCU is tremendous. As

can be seen from the figures , reflected waves play a significant role

in the excitation of the LCU when on the wi ndward side and the masking

effect kills most of the excitation when the LCU is on the leeward side.

It is doubted whether valid estimates of the motion responses could be

predicted by a theory (computer program) which does not take these

effects into account. Also , extreme difficulty can be expected to

properly account for these mask ing effects in a simu lation mathematical

model . The towing tank tests appear to be the only practical approach.

Full scale trials suffer from the forcible acceptance of whatever seaway

happens to exist at the time and are relati vely extremely expensive.
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