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ABSTRACT

One objective of this project was to obtain experimental
model data to describe the lengthwise vertical wave bending mo-
ment distribution within the midship half length of a normally
loaded Mariner type cargo ship in regular head and following
waves having wave height/wave length ratios between 0,05 and
0.11;a second loading conditions was also examined. A second
objective was todetermine whether the moments tend to reachan
upper limit as wave height increases.

A 1/96 scale model was cut to form six segments which
were jointed by an aluminum beam. The beam was straingaged
to measure bending moments at the hull cuts at stations 5, 7-1/2,
10, 12-1/2 and 15.

Within practical operational limits for the Mariner type
ship, maximum wave bending moments in high regular waves oc-
cur inthe region from amidships to .125L aft of amidships. Hog-
ging and sagging moment at any section were generally propor-
tional to wave height up to a wave height/wave length ratic of
0.11, the steepest wave that could be generated.
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INTRODUCTION

1t has becn recognized that major progress
would be made in the practice of ship design if
the maximum longitudinal bending moments exX-
pericnced by ships could be cstablished. Ef-
forts to achicve this cnd arc being made on the-
oretical lines, and by way of full scalc investi-
gations and model tests.,

The need of knowing maximum bending mo-
ments directly impliecs investigations in extreme
waves irrespective of the method of investiga-
tion. Before the test reported here, the David-
son Laboratory completed tosts on a tanker, de-
stroyer and a Mariner class ship and its variants
in steep waves™ . The tests concluded that
within practical operational and design imits
for commercial ships no dramatic upper limit of
wave bending momenis at midship is to be ex-
pectad as wave steopness increases up to a
value of about 1/9. Since this conclusion was
limited to midship bending moment only and it
was known that the maximum moments under
coertain circumstances could occur elsewhere it
was recommended thal the investigations should
be extended to examine the longitudinal distri-
bution of moments in extreme waves. The out-
come of this thinking was the experiment re-
ported herc.

The modol selected was that of the original
Mariner with one loading variant {Cargo amid-
ship case) tested previcusly and it was also to
be tested in escentially the same wave program
as the previous cxperiment. The purpose of in-
vestigating the cargo amidship case was to study
the elfcct of appreciably reducing the longitudi-
nal gyradius on bending moments. The model
was multi-segmented and held together by a flex-
ure beam, {Figs.1-3). The beam was strain
gaged at stations 5, 7~1/2, 10, 12-1/2and 15
to measure bending moments.

The tests were performed in regular waves
where the wave length to ship length ratios
ranged from 0.75 to 1.75% and the wave heightto
wave length ratios ranged from 0.05 to 0.11.
The model with normal weight distribution was
tested with forward speed, zero speed and drift
specd in hoad seas, and with [orward speed in
tollowing seas. In the cargo amidship case the
model was tested with zero speed in head scas.

A comprehensive background on Lhe use of
scaled model tosts to investigate bending mo=
ment can be found in International Shipbuilding
Progress’ .

FIGS. i and 2.

PHOTOGRAPHS OF MODLL
2681-1 (NORMAL WEIGHT DISTRIBUTION) AT
ZLRO SPEED IN WAVLS OF , - 1.25,

h

T 0.0
X

DESCRIPTION OF THE EXPERIMENT

Model., The tests were conducted on a
65-in. {1/96 scale) six-segment fiberglass
model of the original Mariner, first with normal
welght distribution, and then with cargo amid-
ship. The Mariner model and its variant are
designated modcls 2681-1 and 2681-2 regpec~
tively. TFigure 3 shows the body plan and
model layout. Tables 1 and 2 contein the model
characteristics and segment properties respec-—
tively. The hull was cut at stations 5, 7-1/2,
10, 12-1/2 and 15. The scgments were joined
together by an aluminum flexure beam, that was
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FIG. 3. MODEL DRAWING

bolted to aluminum plates imbedded in the seg-
ment bottoms. The hull cuts were 1/8 in. wide
and sealed with 0,008 in. thick rubber fixed to
the hull with electric insulation tape. An ac-
cordian fold was put into the sealing rubber to
insure that it did not contribute to the hull stiff-
ness.

The model was completely decked over ex-
cept for a small hatch in the segment between
stations 10 and 12-1,/2 necessary to accommo-
date the towing gear and strain gage wiring.

Figure 4 is the structural beam drawing.
The beam had six flexure sections located cen-
trally about the hull cuts where the moments
were measured. The flexures were 4 in. long,
1-1/2 in. wide and 1.04 in. deep at stations
7-1/2, 10 and 12-1/2, and 0.95 in. deep at
stations 5 and 15, The beam moment of inertia
was made larger than the inertia cobtained by
scaling the prototype inertia as the fifth power
of the scale ratio, This was done so that the
fundamental vibration frequency of the model
would be appreciably larger than the encounter
frequency and hence less likely to be a scurce
of noise in the bending moment record.

The model weight distributions are given in
Fig. 5. In order to obtain the weight distribu-

| t ] L. . S
J

ticn for model 2681 -1 the normal weight distri-
bution of the ship was divided into six parts
corresponding to the six segments of the model.
The weight, longitudinal center of gravity and
the moments of inertia for each part were calcu-
lated and reduced to model scale. It was pos-
sible to ballast each segment to its required
weight and LCG but the moment of inertia was
somewhat larger than required. In Table 2 the
ratio [ actual is given for each segment. The

I required
influence of the excess segment inertias on the
overall inertia of the model was negligible. The
weight of the towing gear located in the seg-
ment immediately aft of amidships was consid-
ered as part of the ballast weight. Inthe weight
variation case the model (2681-2) was ballasted
with as small a longitudinal gyradius as possible.

APPARATUS

The experiment was conducted in the
Davidson Laboratory Tank No. 3 (300 ft x 12 ft
x 5.5 ft).

The model was attached to a towing appa-
ratus which gave the model freedom to pitch,
heave and surve (+6 ft) but restrained the mod-
el in roll, yaw and sway. The apparatus con=-
sisted of a main carriage attached to the towing
cable. The model was connected by a heave
mast to a subcarriage on the rail. The towing
mast was permitted only vertical transitory mo-
tion guided by ball bearing rellers, and the sub-
carriage had only fore and aft translation mo -
tion. The model was attached to the bottom of
the heave mast by pivots with an athwartghip
axis which allowed the model to pitch while
restraining it in roll.

The model was run at forward speed by ap-
plying a known towing force to the subcarriage
by falling weights at the end of a string lead
over a pulley system fixed to the maincarriage.
The main carriage speed, controlled by a hand
servo was matched with the model speed. The
towing weights were disconnected electrically
at the end of the run and the model slowed
down of its own accord.

The recording run length was about four
model lengths over which the model moved with
constant speed. A continuocus speed record was
obtained by a tachometer and roller, fixed be-
tween the model subcarriage and the main tank
rail. The average speed was obtained by
measuring the time elapsed between two points
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TABLE 1. MODEL CHARACTERISTICS
Model Number 2681-1 2681-2
Prototype Mariner Mariner
Vieight Distribution Design Cargo |
Ship LBP, Ft. 520,0 520.0
Model Chardcreristics
Scale 1:96 1:96
Length on 20 Staticas, Inches 65 65
Beam, Inches 9.5 9.5
Draft, Inches 3.47 3.47
B/H 2.72 2,72
Cy Q.61 0.61
Cg 0.98 0.98
a7 (L/100)° 140 140
1CB, % Station Length from X .44 Aft 1.42 Afce
Gyradius, % Station Length 24,3 19.5
TABLE 2. SEGMENT PROPERTIE3S
Model 2681-1 _Model 2681-2_
Segment Wt. G I about I lctgal wt. pre I abtout
lbs. From @i Seg, LCG I req'd ibs, From i seg. LGG
ing. 1b. in? ins. lb. in
1 8.04 23.29F les 1.17 5.33 22.75F 157
2 6,50 11.95F 38 1.23 4,32 12.06F 35
3 8,17  3.99F 45 1.10 10.63 2.81F 83
4 8.34 3,91A 53 1.32 18,22 3.87A ill
5 7.49 12.31A 39 1.08 4.45 12.00A 37
) 9.84 22.18A 168 1.04 53.45 22.78A 163
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20 ft apart.

The wave probe was of the resistancetype,
2 ft long, and designed for use in a + 6 in.
wave amplitude range. The probe was linear
over the wave amplitude range covered in the
tast. The static calibration data points devi-
ated less than one percent of the range of cali-

1.08" at STN 7-1/2, 10 and 12-1/2
0.95'" at STN 5 and 15

bration from a straight line plot. The probe was
located 13 ft 6 in. forward of the null surge po-
sition of the model.

Bending moments were determined from
bending strains measured by SR-4 A-19-type
strain gages. The moments in the beam were
measured at stations 5, 7-1/2, 10, 12-1/2 and
15, the locations of the hull cuts. Typical
layout of the gages on the flexure at each
measuring station is given in the sketch that
follows:

Geges, T.

A = 1.04" at STH 7k, 10 and 124
B = 0.95" at STH 5 and 15

The four gages together formed a full
Wheatstone Bridge circuit registering bending
strains only.
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Before installing the beam in the model, it
was calibrated statically by applying known mo-
ments by loading the beam with concentrated
weights. Each set of gages proved to have lin-
ear outputs and there was no indication of metal
hysteresis.

In order to minimize high frequency noise
in the bending moment record, electronic pas-
sive filters were introduced in the electrical
circuit between the carrier amplifiers and vigi-
corders., The filters performance curve is given
in Fig. 6. A filter was introduced in the wave
circuit also to avoid phase errors in the phase
difference between the wave and the moments.

The outputs of the strain gages and wave
wire were amplified by Sanborn Preamplifiers,
model 3500-1100 with a carrier frequency of
2400 and 4.5 volts rms. The outputs of ampli-
fiers after passing through the filters were re~
corded by two visicorders, model 1108,
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TEST PROGRAM

Since this preject was an extension of the
investigations of midship bending moments by
Dalzell! its test program was followed for this
project. The outline of the test program ap-
pears in Table 3. The outline contains the list
of model conditions of heading and speed com-
binations and the regular waves in which the
models were tested, Zero speed in following
seas was not considered because in the previ-
ous project it was learned that the midship bend-
ing moments during zero speed in hoth head and
following seas are quite similar.

Ratios of nominal wave length to model
length covered by the program were 0.75, 1,00,
1,25,1.50 and 1.75, The ratios of nominal
wave height to wave length covered were 0.05,
0.07, 0.09, 0.10 and 0.11. Inwaves of A/L ~
1.75, the capacity of the wave maker limited
the wave height to h/A ~ 0.9,

The test program table refers to speed as
forward, zerc or drift speed but the actual speed
in terms of Froude number appears at the head
of the data curves.

The drift speed need qualification. For

TABLE 3. TEST PROGRAM
Model Zbbl~|
Bumber of Wave Heights
Wave Leagth ___ .75 1,00 1.25 1,50 1,75 2.00
Model Length
Heading Epsed
1807 Rorward 5 5 5 5 3
180" 0 5 5 5 5 3
180° Drife 5 5 5 5 3
e Forward 5 5 5 3
Model 2681-2
— Kuwber of Wave Heighes
Wave Lengeh 7% 1.00 1.25 1.50 1,75

Hodel Length

Heading Spsed

180° Porward 3

180° 0 3 5 [ 5

cach wave length the speed aimed at was the
speed at which the model was run in the previ-
ous investigation! by Dalzell. Dalzell estab-
lished the drift speed for all waves of same
length as the speed at which the model drifts
astern in the highest wave associated with the
particular wave length. In lower waves that
speed was maintained by applying reverse
thrust on the model.

The model with cargo amidships (2681-2)
was tested with zero speed in head seas (four
wave lengths) and forward speed in head seas
(one wave length) only. The program for model
2681 -2 had to be curtailed due to an anticipated
shortage in the funds.

DATA REDUCTION

The magnitude of wave heights and bendirg
moments for each model run were obtained by
averaging the data recorded for 20 it of model
travel. In the case of zero speed the averaging
was performed for 20 cycles of the time history.
In other cases the number of cycles depended
on the model speed, as follows:

Cycles
Head Seas, forward speed 10-20
Head Seas, drift speed 10-15
Pollowing Seas, forward speed 5-10

For waves measurements were made of the
double amplitudes. For bending moments meas-—
urements were made of the maxima of both hog
and sag moments from still water zero. These
moments were exclusive of high frequency
noise and whipping moments. Electronic
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filters rejected all the high frequency noise ex-
cept the 24 cps noise introduced by the funda-
mental mode vibration of the beam. Even in
this case the filters allowed conly about 16 per-
cent of the noise to go through and this much
was smoothed out by eye when analyzing the
record. It should be noted that the 24 cps
noise was recorded only at forward speed in
very high head seas. Samples of the oscillo-
graph records of bending moments are given in
Figs. 7 and 8.

All the data were non-dimensionalized in
the process of data reduction. The wave
heights were non-dimensionalized by dividing
them by wave lengths and presented as wave
steepness. Bending moment was converted to
the non-dimensional coefficient p by dividing
them by the gquantity pgl®B where pg is the
weight density of water, L is the model leagth
and B is the maximum model beam.

DATA PRESENTATION

The basic data is presented in the form of
two graphs for each cambination of medel head-
ing, speed and wave length, A. One of the
graphs gives the curves of bending moment

coefficients, and = moment/
FILsan;{ r'Lhog ¢

pgL®B) variation along the hull length for con-
stant wave steepness h/x. The other graphs
give the By and My variation with wave steep-

ness at each of the five stations where meas~
urements were made. These graphs appear in
Figs. 9-54.

It is necessary 1o bear in mind that Mg and

F refer to dynamic bending moments and that

the origin of the graphs is the still water, zero-
speed bending moments.

Figure 55 shows the location of bending
moment maxima along the hull length during each
different condition of heading, speed and wave
length. The values of maxima for constant h/X
of 0.0%, 0.07 and 0.09 appear in Figs. 56, 57,
and 58 respectively.

For an overall view of bending moments
trend with wave height, all the data points of
sach test station are plotted on a single graph
of p. vs. h/\ (Figs. 59=-63). Four different sym-
pols are used to distinquish between data for
the four basic heading and speed conditions.
Two envelopes are drawn to the scatter of the

data, one includes all the data and one excludes
data of the head-seas forward-speed case.

ANALYSIS AND DISCUSSION

The data analysis and discugsion is pre-
sented in twa steps. In the first step, each
case of heading and speed is considered sep-—
arately and in the second step, an attempt is
made to compare these cases.

in view of the limited data for the modet
with cargo amidships, the discussion of it and
its comparison with the normal weight distribu-
tion model is presented briefly.

The measured moments are dynamic mo-
ments. The still water bending moment cosf~
ficienis for the normal weight distribution con-
ditions are:

7-1/2 5
.00043 .00029

Station 15
Hog .00022

12-1/2 10-({)
.00040 .00047

The calculated static wave moments at mid-
ship in the standard L/20wave are 0.00078 sag
and ,00059 hog.

NORMAL WEIGHT DISTRIBUTION MODEL 2681-1

Head Seas, Forward Speed, Figs. 9-18.

in the head-seas forward speed case the
Froude number was maintained between 0.13
and 0.14 in all waves. Interms of full-scale,
this range is 9.2 to 10.7 knots.

The maximum sagging moments are located
between Stations 8 and 9 in the higher waves
(h/x > .07) while in lower waves (h/x < .07)
they are located around station 10. The maxi-
mum hogging moments are located in the station
11-1/2 - 12-1/2 region, exceptin X = 1,00L
and 1.25L waves.

1n waves of 1.00L and 1.25L for h/x > .07
hogging moments larger than at station 12-1/2
are developed at station 5 (Fig, 11, 13}, Con-
cutrently sagging moments at station 5 are large
also, amounting to 60-70 percent of the peak
moments neaar amidships. During thege test
rungs a large keel emergence of up to 30 per-
cent of the model length was observed and ex-
amination of the bending moment oscillograms
showed evidence of fiexure beam vibration {Fig.
7). Although accelerations were not recorded,
the evidence of beam vibration on the moment

(Manuscript continued on pg.19)



1

L]
e o
chpmont™y |
.
. S
™~
50 ~
F——
/AP 963
05|
\.J{@=
- T;'.'}m.if

Al aslzth

Tﬁ
=
%_
o |

/_;.’.‘r”
=
1

A1

oo SRR,
|
tl
WA
+ 1
o T T ll
157
I

MODEL, Z&4
LENCTH 1251 . MODEL ke AOING

wayk

] R = 1

LS T
g § 0§ 8

g g -1
= E g 5 5

Ed irf
og
g
S
£
S
¥
N
il l=
g
g Y
N
-
¥ oak
=N
B
<z
3
o
I
3
z
Ed

FIG.

11

F1G.
BENDING MOMENTS VARIATION ALONG THE MODEL LENGTH

FIG.

FIGS. 9, 11, 13.

180~

AL

]

NGTH _1.25L  WODEL WE4DING

Lo agdi-

MODE

WAVELE

SPEED, ¥A QL 4

MOOEL

14

FIG.

12

FIG.
BENDING MOMENTS VARIATION WITH WAVE HEIGHT

10

F1G.

F1Gs. 10,

14.

12,



M

Ha

My

=

woueL, 2egi-!

waveLENGTH _1.50L | mobeL Heaoive 180 -

MODEL SPEED, vi/pL = -14=-1h

oo |—

aoief- -

amy|

apie

aansf—--

vagel— .

0004

aa0?

9004

ooos

TFIGS

FIG, i5

. 15, 17, 19. BENDING

_9_

MODEL, 2681l MODEL, 2edi- !
WAVELENGTH 14750 | MODEL HESDING 180 * waviLengtn_0.75L | woDeL weaping 189+
MOBEL SPELD, wifgl »o13e.1b MODEL SFETD, wifgl e, 0
o
| | L]
Lo |
v - Il'” R N JE omal .
P i
[ERTES (R N i - B L2 B [ -
oo L, omef—--
< i
ooan| ——
anas o005
co0a 0w |-
ouop
u o
00z oo |-
aoe oo
000 ! Lnee
= I =
:i- LLLL] e d- 800a p—
YT S Cde e L [ VAR PORD DU
ool — - L amz [ —
o

FIG, 17 FIG, 19

MGOMENTS VARIATION ALONG THE MODEL LENGTH

WonEL, 26611 MODEL, ZeBi-1 wobeL. 2edi- |
WavELENGTH _1:50L | wonec  weaping 180 - waveLENGTH 1o 7SL | waDEL  mEADmG 180 - wavELEwGta _0:25L | mopeL  wEamivg 180
WODEL SPEED, wAAL v 1214 MODEL SPEED, wi/gl »-12ell WOUEL SPEED, VAL 9
ome I L EEEE
oo = N ooie| L] —
T -1, L —. .
oo fp-STH 212 A4— e .
STH 19
oz, At ooz ooz
.{" our
Y - * b - °
a4 F, A
s/ / i Ve 1
s o00n
o - :;_ |x pruagif s o
5 - ” “Ta L3
=1 X e STH 12-1 i -l LR -
i =T L BUR o008 ”
/ N s 15 Vs /] STM pelf2
s & . sTh k-1 A3 "
o004 T
- - AT
0sai = -
n 4 "
: oe 3 0z va 26 s w1 PR 3
o
] kTH 5
| . i . STH
asoz W LY om N
»z I EIR LEShTY SIS
3 [t S el L ‘\“ STN 2-12
g T T os0s M Sl
STH D
ooae 2008 a00e
:‘t -
ooow (] L
a0 2om
Bz o oonz
Bqid - oA

FIG. 16.

FIGS, 16, 18, 20. BENDING

FiG. 18. FIG, 20

MOMENTS VARIATION WITH WAVE HEIGHT




B,

Fu

FIGS. 21, 23, 25,

F

IS

WODEL, Zgppi~ 1
WAVELENGTH 1,00k, MODEL WESDING 1D *
MOBEC SPELD, vA/FL o_ @

o
susf. { -
Dmo[r‘ i
ooaf— | —
[ETY S
ooon |-
¥
4006 -
-
g
[ e e
o802
-
a
—— |
ooz} -
AN
5|
oooa|.—1
B
Vi
oooe [—
ogon[— —
ot o g
.mu'_}-
otve - N R

FIG, 21

HOOEL. 200120
WAVELENGTH _1.00L , MODEL HEADING 180 «
WODEL SPEED, ei/fgle_0

a0 R S—

N RN
oo
|ELE] 3
| : J&
T =172
woos| | Al
Lt g Z _A-FTR S
£ .
Wk & O
|
T
ST,
sz 04 g5 03 g2 T
T
| I i
Tx *
PN ¥
ca0s A‘L S~ ATy Bruog

A

cE 3
r/"
I
243

172

—

FIG. 22

FIGS. 22, 24, 26.

-10-~

MODEL, 258i- | MODEL, _2E81-1
wavE EnGts 125k | WMODEL HEaoikG 18D - WAVELENGTH_1.50L | MODEL wWEADmG 168 +
MODEL  SPEED, wA/pL - D MOOEL SPEED, vi/QL »__ 0

oo |-

oo f ..

aanr

aae

[N

voos

o000z

aoge

ado6

D)

aoanl ...

zom

F1G, 23 FIG, 25

BENDING MOMENTS VARIATION ALONG THE MQDEL LENGTH

MODEL, 2881- 1 wooeL, zée-
WAVELENGTH _B.2§L . WODEL MEADING 100 * weveLews T3 “hoorL weaoine 1%
MOOEL SPEED, AL +_ O WODEL SPEED, «fgL s T
oo oaoﬁrf 7
oo | — j - %_1_4_}
oora]—. —_ — oonaf— ﬁr_ [ ’;
.
NRRRREN n - L
K 5TH N2-174 ! ERETED
,.’d stuls i
:L" AT Ry ._.’: ~ STR 15
onow p ’/é' i ooon ,/'_ i
4
- ':11 . aone ___;‘_‘_:’_754_‘ STH 1A
Ly
sons ! ol STH
¥ g —I=
-
G ]
P A ST I ar as e w_ n %
T
N Pt N
oot W s 1 4 p
3 ] 3 d .
iy 1) stw1-1/z oote A LT s l
Ll ~ AN
P =N ~
o0 aweh STHIID 0o |~ ~wlsry 1
L= =
i sTH(12-1/ 4 o
— oot .

FIG. 24 FIG. 26

BENDING MOMEINTS VARIATION WITH WAVE HEIGHT



-11-

wobeL, zgei- T MODEL, 268i- 1 WODEL, 28 1
WAVELENGTH _E:FSL  MODEL MWEADING 180 ¢ wavELENGTH 1000 saonEy  wEapmg 180 ¢ WAVELENGTH _Y:2fL , MODEL HEADING |80 »
MODEL SPEED, vi/gl GO MODEL SPEED, wifgl »Orift , 410 to - .12 WOOEL, SPEED, v4iAL = Drift, -,
oo
e .
oo aoief—— .
o0z P -— J
. ) - 083
, oo - N - B -
o ke TR { 1
ooy ooon|— -
- ~. ™3,
- RS
e .
oooE oY -
P N s = 0% N = Y
~4 - o N
o004 — = LT o004 = = FF% ®0s0
~ S i o
s N B i
anor - ~
P aravions ~
s P . [ " 3 g " * M
a o °
— L LI 7
00 = o007
Aot R H P 7
- \}.../_ . = -z
004 Vi e f'm o004 7 oooa
.
b = Lont
ool o006
= = =
< oogn, 2+ atoa 1 ooos,
oo 4
Qo
L0

FIG, 27 FiG, 29

FIG, 31

FIGS, 27, 29, 31. BENDING MOMENTS VARIATION ALONG THE MODEL IENGTH

MODEL, o8-l wouLL, RERIC )
WAVELENGTH _1:JBL , MOCEL wEADING 18D =

WavECENGTH_1.D0L | MODEL HEADING 180 -

MODEL, 2Em -7
Wa FLENGTH 125 wWODEL WEADING 180 «

MODEL ZPEED, »/4/gl = 0 WODEL SPEED. wi/pl = 0rifk, = L ca - 12 MODEL SEFED, vA/L »Brify , =11
B0
k sf
TR RES sz
|x sm10 "
. ! " ¥ ST - BEIED
L g 1 At 1 T
Pl 5 ? " —
N1
=7 ;f’/ Pl ’ LA
’ >
o AL erufgi (i “/}" 4 s
Pt T wy P 1=
g STH]S V // T
- ./ -
: ca~os o i % TR R R R o ov o8 an e e %
""’_\ ";:_m' A o . iJls PO e 2 P 7Y
15, * L |
iyl Em T I.\ P9 'R T 5 A
STH §0 a3 \t\ lQ“:‘ ST 15
. e
. . 24008 PR ;nu - sl g A
WX -7 N ETH a1
4 1 N B A
Koo
vt x £
B I

FIGS. 28, 30, 32. BENDING MOMENTS VARIATION WITH WAVE HEIGHT

FIG, 28 FIG., 30

FIG. 32



Hr

My

Fa

woDEL, 2Bl )

WAVELENGTH 1,50L , MOUEL HEADING L8O *

MOOEL SPEED, v4/qL »_Drity, -kl te «,14

o
oG- -
sl oy —— fe—t- —
sl
OB . ‘I_M il i
. Q‘\ hﬁ{' 086
o
BN
287 T
o606 - N 3&
=X
E
Bogs N - 3
“lom .. .;;,,;,._1
STariany -4
o 4
o
onoe|—— L’*‘f* P ooy /LJ
st
s Ty e g
[
RN e i) -
) ] -
Baos e o L\' _1-‘,/ A = Lok
> Pk g

=k Yl 12
IvT . S

FIGS,

33, 35, 37. BENDING

MODEL, 288

wavELENGTH _ 150 | monEL  WEaoing 189 4

MODEL  SPEED, »A/QL » Drift, 0.L1 5o -,16

il
oo
N 1
2:1/2
G
% b1/t
avas
4
* n
Jl_et_os w5 ov a0 w T
_l,  Jedsmg l I
06 H N
\‘E—--:—-a BTN
N RNE
:‘x,_:\, sth o
900n ~—t aIH F1A
1579 st 212
.

FIG. 34

FIGS,

H

Fr

J) g f———1 - '
oo.T— - -—
B <
DOoE f—t
1 g —.Jk_\(:M'.Oﬁ!
' - Anp s T -
aoos f—— i s, - i ool [— -
DR s PR LR \',‘k._r__ = N ]
= T oo = =
3 w} ) +4 s . 3 " 1
Tl 17 Y A ey
p/ e 5 77
NI R A= e
~ SEVAN 7 R oy 7 li_)?-\ -
‘\\‘ E ‘—hrh "ST —F \‘\.\ 1/ :{V/ '?Vm A
o008 |— - Lo N A
F < "!7/ nA o 089
e
g —+ oalz ] ] 1
PTY 2R PIC:. 37
ritg, 32 Dils. {
MOMENTS VARIATION ALCNG THE MODEL LENGTH
NMODEL, 2601} MODEL, 2681- ]

ey

B

-12-

WOREL, 2581-1

WAVELENGTH 2.0 L

. WODEL HEaDING MO v
MODEL SPEED, wi/gL «DAIFT, =.13 ku -.1&

MODEL, 2631-1

wave ENGTH 100 | moDEL wE2DING D ¢
MODEL SPEED, vA/RL »alPz8)

WAVELENGTH 2,000 |, MODEL MEADING 180 *
MODEL SPEED, vA/AL = DRLFT | .13 ro -.24

WAVELENGTH _ 1:06L  MODEL WEADING _Q_*
MODEL SPEED, wi/pl -.o19=.3)

FIG. 36

ava— oo
* L
aonef—rt - o
o ooz
oo} _x krH 10
- B
4 7
™ B3
o 3 k. LY e
s ve . o [
oon adoe = A
/ . N
ot0s Fi * “/,g' APANY
; oot L
ST T 2 IR - 1.
e mnt o
=S8 Vo
b
o £z £a o8 on  an ap k3 02 o-r 04 on [T %
) —sm 4 e S LI NP Y
0002 A ST
1 T s bl ™=
N
smpbiza B i
< — REEL
R, LN T | STRTRLA
% i} 2 . e
nave [—— L o008 Ly
e bre 12H/2
M i

FIG. 38

34, 36, 38, BENDING MOMENTS VARIATION WITH WAVE HEIGHT




-13-

MODEL, Z6di- | uooEL. gem- T MODEL, o= 1
wavELENGTH =280 wWODEL wEADING__0 wavELEMGTH _1.50L | MODEL HEADING O * WAVELENGTH 1076l | MODEL MFaDING_ 9+
MODEL  SPEED, v/l r_-23-.2% MOOEL SPEED, vA/gL =.21-.18 WODEL SPEED, wA/qL r.21-.1
— aow) - .- - R RS S,
ool —. ool - 1-- —- 4
ooz E ooz S
Ao e
a0 -—p i I oae e B
= == D
- T B LA b o9 - "
A Al ok d. 4 4
ooon — AN - ooon i [YY.Y] -
A FTNL &
L~ /] — I pd
oooe — — & — oo
L0g1=y 4 ~I NS A N.
ooa |- NEE Hh A 050 i WANY ooo4 I augs
= N a7 - r
F;_—:_ RX: ~ )
0002] asaz
. sTations \\ L @ation <] 0
5 B s
. 2y - I } IS R i 1) - il T}
P it V= ¢
. -
o002 e h, = . ? Qsn7|—— A, hA 0 )
S -1 W, € P ¥
N \& Vs -r—._“--»//ﬁ
e 0004 ke s “r
3 y <1
IK ONLAT S g
o008 008 = =, = 0008
= P k! \<u @ =
£ S R W 773 S L
RN 7 BV
W ,
L 4
jj — oo
ome e o0z -

FIG, 39 FIG, 41 FIG. 43

FIGS. 39, 41, 43. BENDING MOMENTS VARIATION ALONG THE MCDEL LENGTH

MODEL, 2681 1 MODEL, 2681- MODEL. 2601-1
WavELENGTH 135l | MOOEL wEADING_D + WAVELENGTH_ 1,301, MODEL WEADING D * WAVELENGTH__L76L . MODEL WEADING_O *
MODEL SPEED, wifgl +_y2¥e B4 MDDEL SPEED, 4L v.21-,25 MODEL SPEED, v/ /gL »221-:2)
com
son
oo ool
o013
sTH H
610
- X " ST "
EY "J £Tn 212 . By ff‘ A
0008 - 1M 1] %
. : TR
b o o A4t FEOR
ooos il W CA B0 M alsre g ST b5
. r Y a
“-‘,m .{’ SIN W32 st p2etd
008 - A i Vl ¥/ ‘o004 T
- vd
asae Ll 3 {,— STHE
= )
L3 -, - L}
N TR S R | 91 ov e oo e a4 o e w2 %
. il o o s s Ip
coor] K] b LT w2 STH §
; ¥ I
- st ..
LS N s b .
[ces acnd = = 0004
o ; ﬁ"‘"‘ A AN - sTH /2
~ fim 114 e sTH P
sa0e - oo0w ] N = ocas
= [N [ T - N RTH =
i o008 i i A STH R2-1/2
~al -
-
e 1%
00N 001t
co

FIG. 40 FIG, 42 FIG. 44

FI(z5. 40, 42, 44. BENDING MOMENTS VARIATION WITH WAVE HEIGHT
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FIGS, 51, 53. BENDING MOMENTS VARIATION ALONG THE MODEL LENGTH
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record suggests that slamming occurred and it is
believed that this may account for the high val~
ues of bending moment.

The highest moments occur in waves of A =
1.25 (Fig. 56-58). Bending moments well inex-
cess of the calculated static wave moments at
amidships in a standard 1L/20 wave were meas-
ured.

The graphs of bending moment vs. h/\ show
that sagging moments are close to heing linear
with wave height for h/x < .09. In l.00L length
waves there i5 a suggestion from the curves that
bending moment peaks may be reached at h/ A ~
.12, byt this is not borne out in other waves.
The slopes of the dynamic hogging moment
curves are small except in 1.00L and 1.25L
waves where glamming is suspected and the mo-

e d A Tar vard [

_- - 3
apldly with increas=

At b b odd - B4 -~
licliL Ar aLdiiyll 4 LIILICdscs

ing wave height.

Head Seas, Zero Speed, Figs. 19-28,

In the head sea, zero speed case, the max-
imum sagging moments are located at amidships
except in very long waves or in waves with h/x
< .07 when the maxima are around station12-/2.
For maxima of hogging moments the situation is
reversed where the low, the long and the short
waves have maxima at station 12-1/2 while high
waves of medium length have maxima at mid-
ship. It is significant to note that sagging mo-
ments as far aft as station 15 remain as high as
80%~90% of the maximum.

The maximum moments clearly occur in
waves of A = 1,25L when h/A > .07, but when
h/X < .07, the maximum moments, particularly
hogging moments, vary little with wave length

Ane

between A = 1.00L to A = 1.75L.

Sagging moments in excess of the calculat-
ed midship static wave moment in L/20 waves
were measured in waves with A > .75L and h/A >
.07. 1In the case of hogging moments, the meas-
sured moments remained below the 1/20 static
wave moment in waves of A = 1,001, - 1.25%L and

h/)\ > .09.

Examination of the graphs of bending mo-
ments vs. h/A show that there is no tendency for
sagging moments to attain peaks. Also, the
slope of curves for various stations for constant
wave length is approximately the same.

The preceding description of sagging mo-
ment curves fits the hogging moment curves for

station 10 and 12-1/2 (where the maxima oceur).
Curves for station 5, 7-1/2, and 15 have lower
slopes and in waves of A =1.25L - 1,501, they
tend to flatten out at h/x = .08,

Head Seag, Drift Speed, Figs. 29-36,
The lengthwise distribution of moments have
sagging moment maxima in the region of station
10-11 and hogging moment maxima in the region
of station 11-12-1/2, In A = 1,50L -2,00L
waves, the hogging moment develops two peaks
at stations 7-1/2 and 12-1/2, the latter being
the higher peak. Some indications of this ap-
pear in A < 1,501 waves where the hogging
curves are relatively flat at the maxima.

The highest moment occursin) = 1,251, waves
when b/A > .07 and in A = 1,501, waves when
h/x < .07.

Statically calculated wave moments at amid-
ships in L/20 waves are exceeded by moments
at station 7-1/2, 10, and 12-1/2 in waves of
XA=1,00L ~1,25L and h/\ > .07.

The first order dependence of moments on
wave height is clearly shown by the curves of
u vs. h/A. The change of slopes with h/X is
gradual and there is no clear and consistent
tendency to attain peaks.

Pollowing Seas, Forward Speed, Figs. 37-44,

The Froude number range of 0,19 -0.25 for
these tests corresponds to a full-scale speed
range of 14,6 - 19,2 knots,

The sagging moment maxima are located at
station 10. The moments at station 15 are high
also and in longer waves, their values are of
the same order of magnitude as the moments at
station 10. The only exception to this is in the
data in A = 1.25L wave which do not indicate
any secondary peaks aft. No plausible explane
tion is offered for the different nature of the
curves for A= .25L.

Hogging moments in this case develop two
peaks at stations 7-1/2 and 12-1/2, respec-
tively, as in the case of head sea, drift-speed
case. In this case, the peaks at station 7-1/2
are relatively low.

The maximum sagging moments occur in A =
1.251, waves and the maximum hogging moments
occur in A = 1.50L waves.

The measured sagging moments at station 10
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in waves with h/X > .08 and the measured hog-
ging moments at station 12-1/2 in waves with
h/)\ > .06 exceed the calculated midship static
wave moments in an 1L/20 standard wave.

The curves of bending moments vs. h/\ are
nearly straight lines and by virtue of their shape,
do not indicate any peaks.

Head Seas, Forward Speed - A = 1.25L
Waves only, Figs. 45-46,

The sagging moment maximum drifts from
station 11 in the h/A = .05 waves to station 9
in the h/X = .11 wave. The hogging moment
maxima are located about station 1.

Except in h/A < .05 waves, the measured
bend ding moments weie considerably larger t than
the statically calculated midship wave moments

in L/20 waves.

Head Seas, Zero Speed, Figg. 47-54,

The sagging moment maxima are located
about station 12-1/2 while the hogging moment
maxima are located about station 10.

The highest moments occur in A = 1.25L -

In the region where the maximum moments
occur, the measured moments in the higher
waves exceed the statically calculated wave
moment at amidships in the /20 wave.

Generally, both hog and sag moments are
nearly linear with h/)\ and, consequently, do
not show signs of an upper bound. Slopes of
moments at various stations Ior constant wave
length are approximately the same except at
station 5 where the slope is quite small.

COMPARISONS

Comparison of Data for Various Heading

and Speed Combinations.

Figure 55 shows that the maximum sagging
moments are located in the station §-10 region.
At zero speed, the sagging moment maximum
drifts aft to station 12-1/2 in waves with b/ <
.07, The maximum hogging moments are located
about station 12-1/2, At zero speeds the maxi-
mum drifts forward to midship in waves with
h/)\ < .07.

The lengthwise moment distribution curves,
show that there are two other areas where large
moments occur under certain conditions. In
waves of 1.00L and 1.24L, head seas at forward
speed, large moments were measured at station
5 and, in following seas, large moments were
measured at station 15. Although measurements
were not made beyvond stations 5 and 15, the
slopes of the curves at these stations indicate
that the moments developcd forward and aft of
stations 5 and 15 may possibly be larger than
the maximum moments in the middle body. How-
ever, note that these two speed conditions would
be impossible to realize for the ship in the more
severe sea conditions simulated during the tests.
The installed horsepower of the Mariner is such
that only the conditions of zero-speed and drift
speed could be maintained in the steepest waves.

in both head seas, drift speed and following
seas, forward speed cases where the model is
moving in the same direction as the waves, the
hogging moments develop two peaks located at
station 7-1/2 and 12-1/2. This is much more
pronounced in following seas.

The largest moments occur in 1.25L - 1.50L
waves. But, it can be seen in Pigs. 56-58 that,
as the wave height is reduced from h = .10x to

.05 the order of magnitude of maximum moments

in 1.00L - 1.75L waves is the same.

In the highest waves, bending moments are
greater than the statically calculated wave mo-
ments at amidships in a standard L/20 wave.

Generally, dynamic sagging moments are
larger than the hogging moments, but the abso-
lute hogging moments are much larger than the
absolute sagging moments due to a still water
hogging moment.

The curves of moment coefficient versus h/Xx
for all cases, Figs. 10-44, show that at the lo-
cations where the largest moments cccur in
waves Of h/A up to .11, there is no clear ten-
dency for the moments to reach an upper limit.
Only at those points along the hull length where
moments are smalil do they tend to level off.

The rate of change of slope with h/X of these
curves is generally small up to h/x = .09. Stat-~
ing this in another way for first order estimating
purposes, it would be satisfactory to draw
straight lines through the data points in this
region. This seemg even more reasonable when
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taking into consideration an experimental data
scatter range.

Figures 59-63 present all the data collect-
ed at each test station. They help to obtainthe
maxitmum momenis developed at a station in any
wave height in the range of h/A =~ .05 - .

They show that the highest sagging moments
were developed at station 7-1/2 - 10 in the
head sea forward speed condition. If the for—
ward speed is neglected as impractical, then
the highest sagging moments occur at stations
10 and 12-1/2 in drift speed and zero speed
cases, respectively. By far, the largest hog-
ging moments occurred at station 12-1/2 in fol~
lowing seas.

Comparison of Models. The model with
cargo amidships (2681-2) has larger bending
moments than the model with the normal weight
distribution {2681-1). Relative to the maxima
location for Model 2681-1, sagging moment
maxima for 2681 -2 are further aft and hogging
moment maxima are further forward.

Comparison with other investigations. The
investigation reported here is an extension of

the investigation of midship bending moments
by Dalzell' ., Model 2251A-V-1 of Dalzell and
model 2681~1 of this project are both original
Mariners with normal weight distribution and
they were both tested in the same wave condi-
tions. One significant difference beween the
models was that Dalzell's model had a midship
house of appreciable extent whereas this proj-
ect's model had only a small streamlined coam~
ing (See PFig. 1 and 2). Ii should be noted that
these are the only experiments known to the re-
porter in which exireme waves were made.
Wachnik and Schwart2® have performed a very

and Schy performed a very
similar test of a Mariner but in relatively low
waves, A/h = 20, 30, and 40,

Comparison of wave bending moments at

i i ' 1 T4 [P R
tion 10 with Dalzell's midship moment re=

sults show the following:

a. Sagging moments results of Dalzell were
consistently lower than the resulls here.
QOut of 17 comparable sets of results, 6
showed differences of 6 pesrcent or less
and 4 showed differences betweoen 6 and 15
percent, Average deviations in head seas
were 18 percent at forward speed. 13 per-
cent at zero apeed, and 10 percent atdrift
speed. In following seas the average devi-
ation was 10 percent.

b. Dalzell's hogging moment results were gen-
erally higher than the results reporied here.
Of 17 sets of results, 7 showed differences
of 5 percent or less and 4 showed differences
between 6 and 15 percent. Average devia-
tions in head seas were 30 percent at for-
ward speed, 4 percent at zero speed and 8
percent at drift speed. In following seas
the average deviation was 12 percent.

It is seen that there is reasonable agreement
between the two sets of values with the excep-
tion of the data for the head seas, forward
speed case. In all cases a visual comparison
of slope variations of corresponding curves
shows good agreement between the two sets of
results,

The bending moment results in head seas
from this project compare very well with the
DTMB data presented by Wachnik and Schwartz®
in the case of the one nominal h/) ratio of
0.050 common 1o both gets of data. The follow-

ing comparigon is based on results shown in

Fig. 14 of Ref, 3 where A/1, = 1,00, h/x = .047
and the speed is zero.
s T M
Station DTMB DL
5 .0026 L0027
7-1/2 L0057 .0063
10 .0075 L0076
12-1/2 . 0069 L0073
15 .3036 . 0046
CONCLUSIONS

1. Within practical operational limits of
speed in head and following waves for the
Mariner-type ship, maximum wave bending mo-
ments in extreme regular waves occur in the
region from amidships to .125L aft of amidships.

2. Hogging and sagging wave bending mo-
ments are generally proportional to wave height
up to a wave height/wave length ratio of 0,11,
the steepest wave that could be generated.
RECOMMENDATIONS

1, Since only a limited number of tests were
run with the cargo amidship weight distribution,
additional testing should be carried out so that
the effect of weight digtribution on lengthwise
variation of bending moment may be examined
more completely.
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2, The results presented to date have been Shipbuilding Progress, vol. 10, no. 101
based on tests in regular waves of extreme (January 1963).
steepness. It igs desirable to repeat the tests
in realistic irregular waves and compare the re—
sults with those predicted from regular wave
test data.

3. An attempt should be made to explain
why a double reversal appeared in the variation
of hogging wave moment along the length of the
model in certain conditions.

4. It is desirable to check model tests
results against full-scale cbservations. It is
suggested, therefore, that model tests be
planned for a ship for which full-scale bending
moment and motions data are available.
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