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ABSTRACT 

This raport summarizes experimental research to investigate 

the possibility of a physical upper limit on midship bending moments 

being reached in regular waves of height significantly less than the 

theoretical upper limit of stability for progressive waves (h/X = 1/7). 

The experiments included variation of ship type, of distribu- 

tion of loading and of freeboard as model parameters. The ship types 

investigated were a modern cargo vessel, a large tanker, and a mod- 

ern destroyer. Each model was tested at various speeds in regular 

head and following waves of several different lengths and of a wide 

range of heights. 

No significant upper limit of bending moment was found. 

However, the study establishes more firmly the grossly linear de- 

pendence of midship bending moment on wave height, even for ex- 

treme wave heights which may be encountered in service. These 

findings strengthened the case for determining design wave bend- 

ing moments on the basis of statistical analyses of ocean waves 

and/or resulting bending moments. 
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INTRODUCTION 

Knowledge for design purposes of extreme 
wave bending moments on ship hulls in irregu- 
lar storm seas is restricted to a relatively lim- 
ited number of full scale ship observations. 
Efforts are currently being made toward deter- 
mining design wave bending moments on the 
basis of statistical analyses of full scale and 
modal data,  an approach which requires consid- 
erable expenditure of time and funds. 

A possible alternate approach was detailed 
in Ref.  1 .   This approach involves the use of 
models in very steep tank wavas to determine 
if a physical upper limit on wave bending mo- 
ments exists.   An abbreviated pilot study em- 
ploying this approach was conducted,  and the 
results (reported in Ref.  1) indicated that lim- 
iting bending moments might be reached in reg- 
ular waves of a height significantly less than 
the theoretical upper limit of stability for pro- 
gressive waves. 

The present investigation was initiated to 
see if the indications cited in the pilot study 
would apply more generally.   The program in- 
cluded a broad variation of wave lengths, 
wave heights,  and ship types,  and included in- 
vestigations of the effects of radical altera- 
tions of  {reeboard   and weight distributions in 
one ship type.   A moderate variation of model 
speed in head and following waves was also 
included in the program. 

The methods used and the results obtained 
in this study are contained in Refs. Z and 3. 
This report constitutes a summary of the mate- 
rial in those references. 

MODELS AND TECHNIQUES 

A relatively full account of test technique 
is contained in Refs. 2 and 3.   The general 
methods followed those developed at the David- 
son Laboratory and elsewhere over the last ten 
years.   All test work was conducted in DL 
Tank No. 3 (300' x 12' x 6") in which only the 
head and following wave cases are possible. 
The significant difference between the present 
and the past experimental work was in the 
steepness of the waves employed. 

Figure 1 illustrates the severity of the test 
conditions.   The pictures are selected frames 
from two motion picture sequences.   Each col- 
umn of pictures is from the same sequence and 

Ml iM 

SI'KKD:    ZERO SI'KED:    •' KNOTS 

FIG.  I.   MARINER (MODEL 2251A-VI) 
WAVE LENGTH: I .2SL -- WAVE HEIGHT/ 
LENGTH: 1/9 HEAD SEAS 

shows the model at intervals of about one-fifth 
the wave encounter cycle in waves of height 
about equal to one-ninth the wave length.    Fig- 
ure 2 indicates schematically the tank test set- 
up and the method of towing and restraining the 
model to motion in a single plane.   Figure 3 il- 
lustrates the method of connecting the two 
halves of the model with a moment balance. 

The selection of particular ships to model 
was based or: the philosophy that they must re- 
present good current practice in design and be 
of a type likely to appear in quantity in the 
future.   Three investigations involving changes 
in model parameters were carried out: 

1 .   Variation of weight distribution in one ship 
type 

2.   Variation of freeboard in the same ship type 
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FIG. 2.   SCHEMATIC OF TOWING APPARATUS. 

FIG. 3.   ARRANGEMENT OF INSTRUMENTATION 
IN A TYPICAL MODEL, 

3.   Two additional different ship types for com- 
parison with the first 

The first ship type chosen as part of all three 
investigations was the Mariner,  Fig. 4, which 
well represents current hi^h-speed, dry-cargo 
ship design.   The second ship type was that of 
a giant tanker,  Fig. ■>, representative of cur- 
rent trends in bulk carrier design.   The third 
ship type chosen was a dettroyer. Fig. 6. 
Two extreme variations of weight distribution 
were carried out on the Mariner model, and one 
variation of freeboard was also carried out on 
this design, Fig. 7.   Table I summarizes the 
characteristics of all models tested, and fig- 

MIMJMNT  MU 

-■>:.-:. 

it    is    M    n    n    n     o    •     •     r     i     s     « 
ton    T*jf   "*■'(■'   Or   i€>SMTS   MB  MAO'HI   TO 
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FIG. 4.   MODEL DRAWING,  BASIC MARINER 
HULL - MODELS 2251A-VI, 2251A-V2,   2251A-V3. 

ures 8a and b show weight distributions employ- 
ed in the models. 

TEST PROGRAM 

A preliminary test indicated that fine cover- 
age of all speeds in head and following waves 
was unnecessary.   In addition, the magnitudes 
of the tow forces involved when the first model 
was towed at high speed in extreme head waves 
indicated that the highest practical Froude 
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FIG. 5.   MODEL DRAWING.  MODEL 2251D 
GIANT TANKER. 
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FJG.   6.   MODEL DRAWING,  MODEL 2130- 
DESTROYER. 
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FIG. 7.    MODEL DRAWING, MODEL 22 51B - 
MARINER WITH INCREASED FREEBOARD. 
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FIG. 8a and b.   WEIGHT DISTRIBUTIONS. 
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TABLE I.   MODEL CHARACTERISTICS. 

y.iiel   Nunber . <'tlA-V-l . . ' 1A-V-. 22: 1 A-V-.> ,.'1P ?.5ir ; i iL             1 

>Mrn Marlner Mariner Mariner 

V.-.r'.rpr   «UK 
Inn. ased 
Freeboard 

Glsr.t 
Tanker De s t rr y e r      | 

j      «eVM   Dlstrlbjtl^n Design Cargo J) Cargo-Ends Design Design Dealgi            j 
."■ '.p   L.i.?. .   Ftft WO.O VO.O 520.0 520.0 B95.C 381.C             j 

j    N ?i;   ■H^A.'T3JIST;CS 

i:iou KIO» KIOI 1:101 1:179 i:67.C9          |l 1     Nominal  Model  Scale 

Length on 20 Statlona.   Inches 60.00 60.» 60.00 60.00 60.00 68.5                 j 
I     Bearr.   Inchea 8.76 8  lb 8.76 8.76 8.85 7.30 

Draft     Inches 3.20 3.20 3.20 3.22 3.26 2.33  F»J 
2.66   Aft         ! 

Msplactmert , Pounds,   P.W. 38.1 38.1 38.1 38.1 52.0 25.1                ! 
i       ?'H 2.7? 2.72 2.72 2.72 2.70 2.92 

rb 
0.61 0.61 0.61 0.61 C.80 0.55 

r« 0.98 0.98 0.98 0.98 0.99 j 
i/  L/100) '.   Design 1H0 IW 110 110 172 62 

fB,   t Station  Length  Prom 1 1.42   Aft J.«0  Aft 1.15  Aft 1.11   Aft 0.32 Pud 3.33 Aft 
i     Oyradlus,   »  Station  Length ?».3 15.9 30.3 21.2 22.7 23.1                   ' 

Natural   Pitching  Period,   S»c. 0.70 0.60 0.80 0.70 0.70 0.60                   |1 

Natural   Heaving  P    lod.   Sec. 0.7^ 0.75 0.80 0.75 0.80 0.65                j 

Natural   Frequency or Vibration,   CPS 16.5 17.2 11.1 16.5 13.7 10.7 

rrteboapds!   Aft,   Inches 
Pud,   Inches 

2.30 
».05 

2.30 
1.05 

2.30 
1.05 

5.18 
5.18 

1.56 
2.52 

1.37                   i 
3.1*              ! 

V.C.O.,   Inches 3.3" 3.1» 3.36 3.39 2.62 1.23                1 

HAL.-   MODa.   FWD SECTION 

«eight,   lbs. 17.9 17.9 17.9 17.9 26.6 11.2 
LCQ   Pud  1  .   Inches 12.10 6.01 15.88 12.10 11.16 12.88 

VM,   Inches 3.32 3.16 3.13 3.31 2.60 1.06                j 

|     Ka.   «  Station   I*nrth/? 26.9 21.8 28.2 26.8 23.2 23.9                | 

1     HALF  M-IDEL,   APT SKCTION 

Height,   lbs. 20.2 20.2 20.2 20.2 25.1 13.9 
ICO  Aft  I  ,   Inches 12.32 6.93 15.72 12.33 11.59 11.56              ll 
VCC,   Inches 3.37 2.86 3.30 3.11 2.65 1.37                | 
K0,  « Ststlon Length/^ 25).5 21.8 32.0 25.5 25.2 25.6                | 

•     • 

I»        • 

number would not be in excess of 0.13.   The 
preliminary test also indicated that the situa- 
tion where the model was drifting helplessly 
astern under the influence of extreme waves 
was a practical case worth investigating. There 
resulted a standard test program for all six 
models.   This program is summarized in Tables 
II and III.   It may be noted from the tables that 
each model was tested in five speed-heading 
combinations in waves of five or six different 
lengths.   As full as possible a coverage of 
wave heights was attempted.   In all, approxi- 
mately 1100 test runs were made, and out of 
these about 600 runs were selected for analysis. 

DATA REDUCTION 

Each run resulted in an oscillograph record 
of midship bending moment, pitch, heave and 
wave elevation. Because of the steepness of 
the waves, only a nominal regularity was ex- 
hibited in the traces and it was necessary to 
average the maximum and minimum excursions 
of a number of cycles to arrive at an estimate 

of moment, motion and wave amplitudes .   The 
averaged measurements were suitably non- 
dimensionalized and grouped according to 
model,  heading,  speed and wave length (about 
120 groups in all).   A mean curve was fitted to 
each set of test points representing the varia- 
tion of moment or motion with wave steepness. 
Figure 9 and Table IV are sample pages for one 
test group from Ret. i,.   All fitted curves were 
terminated before representing an unreasonable 
extrapolation of date. 

It was found in the initial stages of the 
analysis that the moments measured at zero 
speed in head and following seas were nearly 
enough the same that analysis of the zero- 
speed following-sea case could be deferred. 
An analysis of the transient behavior of the 
moment measuring system was performed and 
it was concluded that the amplitudes of moment 
indicated on the records would include little, 
if any, of the effect of sudden impact. 

In order to compress the data,  summary 
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TAELL II.   TEST PROGRAM MARINER MODEL AND VARIATIONS. 

j         Model Z25tA-V2 Hull as Designed 
"Cargo" Moved Amidships 

Heading 
Speed 

ClaasU. .50 

Wave Length/Model Uengtb 

1.00|   1.Z5|   1.50)  l. ,J 

l«0o Zero 5* 5* 5* 5* 4* 
II Forward 4 5* 5 4 

" Drifting b 5* 5 4 
oa 

Zero 5 
1           •• Forward 5 5 <> 4 

1             Mod.W25lA-Vl             """"^'Tn0         v- 1                                                             Design Weight Distribution Model 22511) Radical Increase in Freeboard 
Deaign Weight Distribution          | 

Heading 

Speed 

Classif. .50 

ive L 

.75 

ength 

1.00 

Mode 

1.25 

1 Length 

1.5o|  1.75 Heading 

Speed 
Claaaif. 

Wave Length/Model Length 

.50      .751 1.00   1.25   1.50    1.75 
IbÜ0 Zero 4 6* 7* 8* 8' 3* ISO» Zero 4* c* ?• 

.* 4* 
1      " Forward 4 6 5* 5 6 Forward 4 s* 4 

" Drifting 4 5 5*   1    5 ..4 _ >< Drifting 4 i* 4 

0° Zero 4 6 Ji t       J 0° Zero — — 5 * 
Forward 4    !     7    1    5     i   5      14 ii Forward 5 

Hull as Designed 
Model 2251A-V3            „„          „ %.   '           ^   j 

Cargo"  Moved to Ends 
a. Nu.i bers in th 

good r«.   ■. obta 
uf wave height 
attempted. 

b. Indicates a r 
in the highes 

e blocks indicate the number of 
ined in order to cover the range 
a.    Blanks indicate no runs 

Heading 
Speed 

Classif. 

V 

.so 

/ave 1 

. 75 

.ength 

1. 0L 

/Mode 

1.25 

1 Lenf 

1.50 

th 

1.7 

180° Zero_  
Forward 
jDrifting 

  4* 
4 
4 

5* 

5 
5 

6* 5* ,.  4* 

.   4 
4 i: 

5 
5 

notion picture record of the model 
t »ive 

L 0° _ Zero 
Forward 

  >- 5 
5 

.             5 

'   T^ 
TABLE IL.   TEST PROGRAM  GIANT TANKER AND 
DESTROYER MODELS. 

Model 225ID                            GIANT   TANKER 

Hfidinu 
Speed 

Classif. 

V 

.50 

^ave 1 

. 75 

.ength 

1.00 

/Mode 

1.25 

1 Lonj 

1.50 

th       1 

1.75| 

Ufl". Zero 4 t» b* 
.» 6* 4* 

Forward 4 J4_ 5 
,♦ 5 4     1 

r -   ~ Zero 
. 4_ 5 r* L, 4      1 

i 5 
Forward 5 5 

Model 2130                                 DESTROYER                        I 

Heading 
Speed 

Claaslf. .50 

«/ave Length 

.75   | 1.00 

/Mod« 

1.25 

1 Len 

1.50 

Jth      I 

1   75 
180O 

ro° 

Zero 
Forward 
Drifting 
Zero 

4*        5' 5* 5* 4* 
4 4  _ 

4 
5 

5» 
5 
5 

_5._ 
i. . 
5 
5 

5 
S 
5 

4 

' ~ Forward 

a. Numbers in the blocks indicate the number of good 
runs obtained in order to cover the range of wave 
height     Blanks indicate no runs attempted. 

b. Indicates a motion picture record of the model 
in the highest wave. 

tions for each model,  heading and speed were 
prepared.   Figure 10 is a typical bending mo- 
ment vs. wave steepness plot, one of 24 such 
plots appearing in Refs. 2 and 3.   All bending 
amplitudes are referred to the midship moment 
existing ;n the model afloat in calm water; that 
is, wave bending moments only.   The scale on 
the right of Fig. 10 is compensated for the still- 
water moment for illustrative purposes. 

A.   Differences Between Models 

While not a primary objective, a measure of 
the variation in bending moments from model to 
model was obtained and exhibited in the form 
of cross plots, examples of which are shown in 
Figs.  11 and 12.   (Moments for specific steep- 
nesses plotted on a base of wave length.)   One 
finding in the analysis of differences between 
models was that a particularly important model 
variable is the average moment of model weight 
about amidships.   This influences wave bend- 
ing moments because it appears to be the major 
model variable in the component of moment pro- 
duced by pitch and heave accelerations.   The 
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FIG. 10.   SAMPLE FAIRED L'NE SUMMARY. 

SAMPLE TEST RESULTS ■    ■        i< 

net bending moment is considered to be the 
algebraic sum of the integrated hydrodynamic 
pressures on the hull (here termed "hydrodyna- 
mic moments") and the internal reactions resul- 
ting from the acceleration of the model.   The 
signs of these components are opposite and 
thus if the hydrodynamic moment remains con- 
stant,  a greater mass acceleration moment may 
result in a smaller net bending moment.   The 
test results supported the hypothesis that 
hydrodynamic moments were roughly constant 
since wave bending moments decreased as 
weight was concentrated more towards the ends 
of the model. (Unfortunately,   such action ad- 
versely affected the seakindliness of the mo- 
del.)    Conversely, when weight was moved to- 
ward amidships, moments increased (and sea- 
kindliness was improved).   Figure 12 shows 
the net bending moments and the derived 
"hydrodynamic" moments for the four Mariner- 

type variations.   It demonstrates by virtue of 
the "collapse" of the hydrodynamic moments 
that the primary source of the differences be- 
tween net moments measured in the weight dis- 
tribution investigation was the mass accelera- 
tion moment. 

Some difference in moments was observed 
when freeboard was increased. Sagging mo- 
ments were observed to increase with an in- 
crease in freeboard. 

It was observed that bending moments for 
the three basic ship types increased about in 
order of fullness.   Very large wave hogging 
moments were experienced by the Tanker m^- 
del. 
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TABLE IV.    SAMPLE TEST RESULT TABULATION. 

Model: 22S1A-VI   -    UMixlamx. 555 

7.ero Wave BcndinR Moment Corresponds to 
a Still Water Mon enl of:       0. 00047 HOG 
1. OL Static Calculations (Non-Dimensional) 

Wave Height 

Uifl 
L/10 

Wave S.it; 

0-00078 
0.001S4 

Wave Hoc 

O.Qfl059 
P.Q9114 

Test Group:      1.1U2125 

Wave Lenuth:        I. 25L 

Heading: IM Degree 

Speed:     0. 12 to 0. 14 

Heave Tuning Factor:    0.90 

Pitch  liming Factor:    0.85 

Bow-up-Pitch Lags Sagging Mon cnt Approx. : 
Up-Heave  Lags Sagging Mon.ent Approx. ; 

A2L. Degrees 
Degrees 

Coefficients of E'.|ii.ition Fitted to Run Averages of An plitude 

Y = >" 

.0110 

-U4_ 

^* H 

.00641 

jim. 

ZQ 

440. 

■ U97. 

JJ^ih. 

.676 

OZU- 
RMS Deviations of Measured An phtudes within Each Run 

(Units consistent with those on plot) 

Run No. 

h/ W 

No.   Cycles 

rn'S Wave  x  10^ 

rms Sac x   10 

rms Hog x  10'1 

rri'S Pitch,   dei 

rms Heave  x   10 

248 

0493 

20 
.28 

Jl_ 
.23 

^J» 

jkL 

255 

,0690 
20 

.43 

Ak. 
.12 

.57 

Ji. 

257 

.0865 

20 
.37 

21 

.25 

.55 

^ÄL 

219 

.104 

14 

.63 

.32 

.31 

.80 

.53 

218 

.11« 

15 

.51 

.68 

.79 

1.20 

.40 

REMARKS;    (1)    Form of Equation:    Y z a(h/> )   + b (h/V   ) N 

(i)       Sagging momeai« la wav«« ab«v«  h/ X ■ . 07 iacraasad by 
forward bottom impacts.    Pult« duratloa baUavod long 
•nough for amplltad« roselutlos withla 10%. 

B.   Trends of Bending Moments With Wave 
Steepness. 

"■■"   V   '.I! 

I .• 

S;   ce it was very difficult to generalize 
abou' trends of moment with wave steepness on 
the basis of the 24 plots similar to Fig. 10, a 
numerical criterion defining the shape of the 
fitted lines was derived.   A graphical illustra- 
tion of this criterion is show in Fig. 13.   The 
families of curves plotted illustrate the shape 
of the curves for various values of the criterion 
V .   Because the criterion was dependent on the 
form of the equation fitted to the test points, 
families of curves are shown for the two most 
widely different equations used.   The y 

criterlo'i was calculated for all test conditions 
and the results were grouped as follows: 

Class (++) 

Class (+) 

Class (0) 

Class ( - ) 

Class ( ~ ) 

y > + . 1 5 

+ . 15 > y > + .05 

+ .05 > y > - .05 

- .0^ > y > - .15 

- .15 > y 

L      • 

>• k'* ."• .'•   '•   "•   "»   ". 

■ ^'» •»'-'-•-•-- 

• .•- .•• .•• > 
■ ■.■..-■■--.. 

.V.V.V 
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FIG. 11 .   CROSS PLOT OF FAIRED MOMENTS AND MOTIONS HEAD SEAS FROUDE NO. 0.0. 
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FIG.  13.   EXAMPLES:   NUMERICAL CLASSIFICA- 
TION OF FITTED CURVES. 

These groups   can be interpreted as follows: 

1 .     Class (++) end (+):   No limiting bending 
moment indicated by data. 

2. Class (0):   Data indicates only small 
departure from straight line. 

3. Class ( - ):   Data indicates limiting mo- 
ment above a steepness of l/9. 

4. Class ( — ):   Data indicates limiting 
moment below wave steepness of 1/9. 

Tabulated results of the classification of trends 
are shown in Tables V, VI, and VII.   The pri- 
mary conclusions of the study were drawn from 
these tables. 

It was noted that the magnitudes of moments 
were about the same for all the speed condi- 
tions except head-sea forward-speed, and that 
the highest moments occurred in the longest 
waves.   Thus for speed conditions other than 
head-sea forward-speed, it was necessary to 
have Class (--) in almost all of the blocks per- 
taining to the longer waves for a model in order 
to conclude that a limiting moment was to be 
expected in wave steepnesses less than l/9. 
This was true in only one case, that of the de- 
stroyer hogging moments.   In all other cases 
such limits as exist are indicated for wave 
steepnesses of 1/9 and much higher. 

It was felt that the head-sea forward-speed 
case could be eliminated for practical reasons 
so that the trends in this case were not consid- 
ered in the formulation of conclusions.    How- 
ever, if the trends for this speed case had been 
considered where moment magnitudes exceeded 
those obtained in the ether speed cases, no 
essential differences in the conclusions would 
have resulted except that the lower limit for 
destroyer hogging moments might not have been 
cited. 

The practical basis of these conclusions 
hinges on the trend of the moments measured in 
the most severe wave lengths.    Limiting trends 
displayed in other wave lengths may have little 
practical significance.   In order to help confirm 
the conclusions obtained, a fresh start on the 
analysis was mada without benefit of fitted 
lines or numerical manipulation.   Every test 
point obtained in any wave condition and at 
all of the four speeds was plotted on a single 
chart for each model.    (Figs. 14 to 19).   The 
only differentiation between points which was 
made was between those for the impractical 
head-sea forward-speed case (solid circles) 
and those for all other speeds (open circles). 

Envelopes to the scatter of points were 
drawn up to a wave steepness of 0.10, exclud- 
ing the points for the head-sea forward-speed 
case.   The envelopes were terminated at h/A = 
0.10 because the long wave lengths which con- 
tribute many of the highest moments are not 
well represented beyond this point.   These en- 
velopes were superimposed in Fig. 20.   It can 
be seen that with the exception of the destroy- 
er hogging   moments, the envelopes of all mo- 
ments measured at practical speeds in all mo- 
dels imply no limit at a wave steepness less 
than 1/9 and most imply no limit below the 
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TABLE V.   CLASSIFICATION OF TRENDS WITH WAVE STEEPNESS OF MOMENT AND MOTIONS. 
WEIGHT DISTRIBUTION INVESTIGATION. 
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theoretical limit of stability (l/7). 

It is interesting to compare these results 
with those of Ref. 4..   The experimental work 
of Ref. 4 was quite different from that reported 
herein in that it dealt with irregular model seas. 
It was similar in two important respects: 

1. The model utilized was the same destroyer 
model used herein. 

2. The severity of the irregular waves of Ref. 
4 was comparable to the seventy of the 
regular waves of this study. 

As in the present results, tho> ,- of Ref. 4 imply 
that midship bending momer^ ranges are rough- 
ly proportional to wave steepness over a very 
large range of steepness.    (No distinction 
could be made in Ref. 4 between hogging and 
sagging moment trends).   It is therefore con- 
sidered likely that the trends of bending mo- 
ment with wave steepness shown herein appro- 
ximate those expected for significant bending 
moment amplitudes in random seas of increas- 

ing severity. 

CONCLUSIONS 

1. It appears on the basis of these studies 
that design wave bending moments are essen- 
tially proportional to wave heights which actu- 
ally may be encountered. 

2. The present study,  by establishing more 
firmly the grossly linear dependence of moments 
on wave heights over a considerable range of 
wave severity, has strengthened the cas^ for 
determining design moments on the ^*....    of sta- 
tistical analyses of sea waves and/or tne re- 
sulting moments. 

3. Within practical operational and design 
limits for ships at either end of the cargo carry- 
ing spectrum,  no significant limit on midship 
wave bending moments in head or following 
waves is to be expected as wave steepness is 
increased up to a value of about 1/9.   The same 
result is obtained for the sagging moments ex- 
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TABLE VI.   CLASSIFICATION OF TRENDS WITH WAVE STEEPNESS OF MOMENT AND MOTIONS. 
FREEBOARD INVESTIGATION. 
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psrienced by the naval type but not for the hog- 
ging moments; in which case an upper wave 
hogging moment limit is suggested at a wave 
steepness of about 1/9. 
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The present study involved itself only with 
midship bending moments for reasons of eco- 
nomy, even though it was known that under cer- 
tain conditions higher wave bending moments 
may develop elsewhere along the ship length. 
It is considered of importance to ascertain if 
the conclusions of this study pertaining to com- 
mercial ship types also hold for moments all 
along the length of the ship.   If similar conclu- 
sions can be drawn for moments elsewhere 
along the length of the ship, no further develop- 
ment of this type of experiment would be recom- 
mended. 
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TABLE VII.   CLASSIFICATION OF TRENDS WITH WAVE STEEPNESS OF MOMENT AND MOTIONS. 
SHIP TYPE INVESTIGATION. 
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