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IMPROVEMENT OF FREEBOARD CONDITIONS ON PONTONS

IN HIGH-VELOCITY FLOW

Model Investigation

SYNOPSIS

Model studies of pontons used in the construction of floating
military bridges were conducted at the Watérways Experiment Station
during 1945-1946 for the Engineer Board, Fort Belvoir, Virginia, The
general purpose of the studies was to develop a ponton bow shape to
increase freeboard on the bow and sides when used with (a) individual
pontons, (b) pontons normally spaced in a bridge (15-ft centers), and
(c) pontons closely spaced in a fully reinforced bridge (7.5-ft centers).
Of particular concern was the improvement of side freeboard conditions
on the M4 ponton when used in a raft or bridge.

A1l tests were conducted on pontons constructed to a scale of
1:15 and located in a flume 4 ft wide with the flow maintained at a
depth equivalent to 20 ft in the prototype. To inVestigate the ex-
pected performance of adjacent pontons in a floating bridge, rafts of
four- and seven-ponton units were constructed and tested in the model,

It was determined from the model study that, while the present M4
ponton performed satisfactorily as a single ponton unit, its performance
in high-velocity flow when used as a support for rafts or bridges was
inadequate. The wave formed by the bow of the pontons, being restricted
to the narrow space between pontons, resulted in a rapid loss of free-.

board in this area. In order to improve conditions when the pontons are
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used in a raft or bridge, it was found necessary to fiatten the rake of
the bow and to increase the frontal area so as to direct a larger percent-
age of the flow under the pontons rather than along the sides., The flat
réke and increased frontal area resulted in full use of the dynamid force
of the stream as a lifting factor. The design providing best freeboard
conditions at the bow and on the sides of pontons in a raft incorporated
a‘scow bow shape and has been designated in this report as the type "B"

scow bow ponton.



PART I: INTRODUCTION

History

1. The use of floating bridges constructed of vessels having a
roadway of beams and planks has long been an important factor in the
ability of an army to successfully move troops and equipment from place
to place. So long as rolling equipment was drawn by animals the weight
of vehicles was limited and consequently the strength required of mili-
tary bridges remained approximately constant until the beginning of the
twentieth century., With the introduction of motor vehicles and tanks,
weights increased rapidly and all bridging standards had to be recon-
sidered. During World War II, further advances were made in the develop-
ment of heavy equipment. Bridging standards, however, failed to keep
stride with the rapid advancement of heavy equipment and it was dis-
covered that the standard 25-ton American ponton used as support in
floating bridges was incapable of supporting such equipment, especially
over streams where high—velocity'flow existed. As the pontons were sub-
jected to the tremendous weight of large tanks or heavy artillery pieces,
little or no freeboard existed and,.when loading occurred in high- )
&elocity flow, the blunt shapé of the bow resulted in a large bow wave
which sank the ponton., It therefore became necessary to redesign ponton
equipment.

2. As the 25-ton American ponton was to be the basis for the re-
desigﬁ of ponton equipment, exhaustive testing of full-scale pontons was
" carried on at the Desert Test Section of the Engineer Board at Yuma,

Arizona. During June 1943 concurrent tests on model pontons were
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undertaken at the Experiment- Station’™ to deyelop a bow shape that would
“improve freeboard conditions on the pontons under heavy loading and high-
velocity flows; tésts concerning design improvement of the M1l pneumatic
float were also undertaken. All model tests were conducted, as described
heréin, on single pontons and floats without bridge superstructure and
constructed to a linear scale of 1:8.

3. Results of the initial test series with single pontons revealed
that to increase freeboard conditions at the bow either of two methods
could be used: (a) the rake of the bow could be flattened or (b) the
height of the bow could be increased.‘ The test data further revealed
that the shape of the bow in plan (streamlining) had little effect in im-
proving freeboard conditions. Subsequent tests conducted at the Stevens
Institute of Technology under the direction of Sparkman and Stephens,
Incorporated, indicated that if the bow were streamlined in plan from the
bottom to the top of the ponton, some improvement in freeboard would be ef-

fected. The resulting ponton was the ML design described in paragraph 13.
Problem

L. Following the development and construction of the M4 type pon-
ton, full-scale tests conducted by the Engineer Board at the Desert Test
Section, Yuma, Arizona, revealed that streamlining the bow in plan had
certain disadvantages that were not apparent with pontons having about

the same rake of bow but rectangular in plan (see fig. 1). Although the

* Waterways Experiment Station T.M. 215~1, "Model Study of Pontons and
Pneumatic Floats", March 1945.
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curved bow of the M4 ponton resulted in increased freeboard-at the bow,
when placed in a raft or in a bridge, the wave from the bows of adjacent
pontons resulted in a build-up of flow between pontons immediately up-—
stream from the bridge decking which overtopped the sides of the pontons.
In .the case of pontons rectangular in plan the build-up of flow between
éontons when used in a bridge or raft was not as great and considerably .
more freeboard existed on the sides. Therefore, the general purpose of
£he present series of model tests was to study various types of ponton
bows proposed by the Engineer Board when used with: (&) individual pon-
tons, (b) pontons spaced in the standard bridge, and (c¢) pontons spaced

as in a fully reinforced bridge.

Authorization and Personnel

5. Authority to conduct the model study of pontons was granted
by the Chief of Engineers, U. S. Army, in a letter dated 13 August 1945.
The investigation was conducted by the Waterways Experiment Station
during the period September 1945 to hAugust 1946. All details of the
pontons and superstructure were furnished by the Engineer Board, Fort
Belvoir, Virgihia. During the course of the model study close liaison
- was maintained between the Hxperiment Station, the Engineer Board, Fort
Belvoir, Virginia, and the Ingineer Board, Bridée Branch, Desert Test
Section, Yﬁma, Arizona, Interim reports on each type ponton tested were
: forwérded to the Engineer Board as test results became available, Lt.
Colonels Kelseth ana G. W. Howard, Major Cowley, and Mr. H. A, Alvig
visited the Experiment Station in an advisory capacity at intervals

~during the testing program. Personnel of the Experiment Station
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concerned with the model studies were Messrs, F. R. Brown, J. W. Bolin,’

E. S, Melsheimer, engineers, and Messrs. S, B. Burns and J. M. Mitchell,

engineering aides.



PART II: THE MODELS

Model—-Prototype Scale Relationships

6. The accepted equations of hydraulic similitude, based upon the
Froudian relationships, were used to express the mathematical relation-
ships between the dimensions and hydraulic quantities of the model and
the prototype. The general relationships existing for the models of the

3

pontons are listed below:

Dimension Scale Ratio
Length Lr = 1:15

Area AL = Lr2l: 1:225
Velocity Vyp = Lrl/z,; L
Discharge | Qp Lr5/2 = 1:872
Weight Wy = L = 1:3375

7. As the previous series of ponton tests at the Experiment Sta-
tion was conducted on a 1:8 scale and the presently described series on
a 1:15 scale, a check test was made to study the effect of scale. This
check was made by developing freeboard—velocity curves on the bow and
' side of an American 25fton penton constructed to a scale of 1:15, Com~
parison of freeboards obtained with the l:8-scale ponton and the 1:15-
séale ponton revealed similar results, indicating that scale effect was

negligible.

Description

8. The models of the pontons and the superstructure of the raft
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or bridge were constructed to a linear scale ratio of 1:15 (see fig. 2).
Initial plans called for the pontons to be constructed of transparent
plastic as had been the practice on the previous model studics., However,
it was discovered that while plastic material was suitable for construc-
tion of the pontons when testing was confined to single units, its weight
prevented reproduction of prototype deflection characteristics when such
pontons were used as supports in the four-ponton or seven-ponton rafts.
To simulate computed prototype raft deflections it became nccessary to
construct the pontons of thin zinc sheeting, which was light in weight
and easily fabricated. In the construction of the pontons no attempt was
made to reproduce separately eacn ponton. Instead, each ponton support
was constructed as a single over-all unit. As a model testing expedicnt
to procure minimum frecboards without sinking the pontons, a vertical
extension or shield was attached to each bow of thc pontons; this at-

tachment will be noted in all photogzraphs.,
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Figure 3. Details of model bridge

9. In reproducing the prototype raft in the model it was desired
’to construct a model raft superstructure which would produce deflection
characteristics correspopding to those of the prototype under a given
_1oad. To accomplish this the model raft superstructure consisted of 16
pine slats assembled in four rows of four each to provide a deck struc-
ture corresponding to the staggered-deck balk arrangement used in the
. prototype (see fig. 3).‘ These slats were held in place by top and bottom
cleats made of pine, with the top cleats spaced to correspond to the 6-
: ft—10~1/2—in. and 7-ft-10-1/2-in. spacing of the joint§4in the deck of
the prototype. The spacer blocks on the lower side of the bottom cleats

were placed so as to provide normal spacing for the pontons.

Test Procedure

10. All models of the pontons and raft were tested in a 4-ft-wide
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flume with the flow maintained at a depth equivalent to 20 ft in the
prototype. |
ll; Various measuriﬁg and control devices were used to obtain the
necessary data and to control the several variables in the operation.
These variables and the methods of control and measurement were as follow:
a. Discharge. The correct discharges to secure the desired

velocities were introduced into the model flume by means
of a battery of pumps discharging through a venturi meter,

b. Depth of flow. An adjustable tailgate wes provided at
the end of the flume to maintain the desired depth (20
ft prototype) for all conditions of loading and velocity.

c. Velocity. All velocity measurements were made with a
pitot tube located 16 ft (prototype) upstream from the
bow of the ponton., Velocities were measured 18 in,
(prototype) below the surface of the water to corres-
pond to prototype measurements and were recorded on a
manometer gage containing a fluid which magnified all
head differentials, thus minimigzing errors in the
velocity measurements.

1o

loading. Prior to the start of a test the pontons,

when tested as single units, were loaded to freeboards
of 14, 10, or 6 in. on the sides in still water. The
loading was accomplshed by placing small lead billets

in the bottom of the ponton midsection. In testing the
four-ponton raft the loading was accomplished by placing
lead billets on a 17.5-ft (prototype) base located along
the transverse center line of the raft so that free-
boards of 14, 10, or 6 in., obtained in still water on
the inboard sides of the two center pontons in the raft.
In testing the seven-ponton raft loading was accomplished
by placing lead billets on a 24~ft (prototype) base lo-
cated along the transverse center line of the raft so
that freeboards of 14, 10, or 6 in, obtained in still
water on the sides of the center ponton in the raft.

The freeboards on the other pontons in the four-ponton
and seven-ponton rafts were governed by defleetion of
the raft superstructure,

e. Anchoring. In testing a single ponton an anchor line
with a length ten times the depth of flow was connected
to the bow of the ponton. A bracket arrangement con-
nected to the ponton and attached to the walls of the :
flume kept the ponton parallel to the flow and permltted
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vertical and horizontal movement with the force of the
current. Anchoring the four-ponton or seven-ponton raft
was accomplished by using a halter arrangement with an
anchor line attached to the bow of each of the outside
pontons. The extension of the raft's superstructure on
each side of the outer pontons until it was almost in
contact with the flume wall kept the raft parallel to
the flow yet permitted it to move vertically or horizon-
tally with the force of the current.

|

Freeboard. Freeboard at the bows and sides of the pon-
tons was measured by means of small aluminum gages made
for this purpose; all measurements were made in a vertical
direction., Since the pontons under test moved up and down
with the flow, precise measurement of freeboard could not
be secured with a single gage reading. Accordingly, the
minimum, maximum and average freeboards were obtained at
the bows and sides for most test conditions. The minimum
and maximum freeboards were based on the mathematical
average of several sels of separate gage readings, whereas
the average freeboard was based on a series of observed
average gage readings. Since the average freeboard was
recorded at a particular location on the ponton at which
the freeboard appeared to be the least, it has been des-
ignated throughout this report as the average minimum
freeboard. The minimum and maximum freeboards were se-
cured as a matter of record and the observed average
minimum for comparative purposes. The location of the
point of measurement at the bow was on the center line of
the ponton; the point of measurement of freeboard on the
sides of the pontons varied with different velocities,

Presentation of Test Results

12. Practically all model data are presented in the form of aver-
age minimum freeboard-velocity curves or tables based on similar data
recorded‘oﬁ the bow and sides of the pontons. Comparison of these
freeboard-velocity data indicates the improvement effected by alterations
to the M4 ponton design.‘ In the analysis of data, emphasis also should
be given to the lowest average minimum freeboard points’measured on the -

sides of pontons when used in a raft. In some instances the wave action
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between the pontons was more violent, and, although the average wave

measurements still indicated considerable freeboard, minimum freeboards

were zero.
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PART 1II1: DESCRIPTION OF TuSTS

ML Ponton

Description

13, The standard M4 ponton has a length of 29 ft 7-5/8 in. (29.635
ft), a width of 6 ft 10-1/2 in. (6,875 ft), and a midsection height of 3
ft 4=1/2 in, (3,375 ft), increased to 3 ft 9-1/16 in. (3.755 ft) at the
bow (see fig. 4 and plate 1). The bow has a sloping rake and in plan is
elliptical in shape. In common with all the pontons tested the stern is
square and provided with connections which permit the use of two pontons
connected in tandem to carry heavier loads, In the case at hand the load
to be tested was such as to reguire an aaditional center section with a
square bow and stern. Thus, as tested, the I4 ponton unit consisted of
two M4 pontons plus a 21-ft-9-1/8-in. (21.760 ft) center section, making
an over-all length of 8l ft 0-3/8 in. (81.031 ft). The above supports

plus the superstructure were ultimately to be called the Floating Bridge

Figure 4. M4 ponton unit
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the critical veiocity of 12 ft per second freeboards of 7,0 and -1.9 in.
exlsted at the bow andv9.2 ahd 3.2 in. at the sides for loadings of 14
énd 10 in. in still water.

15. Prior to the investigation of the proposed k5 raft, an attempt
was made to reproduce in the model the computed prototype raft deflection
under a load of 80 tons. A description of the raft superstructure and
’the method of loading has been presented previously in paragraphs 9 énd
11d, and shown on fig. 3. In order to reproduce the desired deflection
uﬁder load, it was necessary to adjust the flexibility of the decking by
loosening or tightening the top cleats holding fhe pine slats in place.,
Inspection of plate 2 will show that although the flexural characteristics
of the model were not as computed, a close agreement obtained between
model and computed prototype deflections.

16. In testing the four-ponton M5 raft with the L4 pontons as
supports (fig. 2), average minimum freeboard-velocity curves were de-
veioped with the raft loaded in still water to produce freeboards of
14, 10, and 6 in. on the inboard sides of the two center pontons. The>
tests;revealed that the average minimum freeboard along the inboard éides
of the\twa center pontons was 5.5 in. for a velocity of 10.8 ft per second
and 14-in. loading; 4.6 in. for a’velocity‘of 8.9 f£ per second and'a 10—~
ih.iloading; and, 3.4 in. for a velocityiof 7.7 £t per second and a 6-in,
lgédiﬁg;vthé minimum freeboards on the sides for the above conditions of
‘ Velocity'and loading were gzero. Also for -the above-ientioned velocities
ahd~cbﬁdi£ions of ioading average freéboards of 9.7, 2.6, and 3,1 in.
‘Lexiéted on thé,bow (cee plate 3). The freeboard-velocity curves shown

‘on plate 3 were not continued beyond the highest velocity shown because
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at that point wave action resulted in a minimum freeboard on the sides of
the pontons of zero even though the averaze minimum freeboard was still
several inches. Velocity conditions at which the minimun freeboards on
sides were zero are shown in table 23. It is to be noted that at a free-
board loading of 14 in. on the side in still water the side of the ponton
was the most critical area in that it was submerged before the bow; at
freeboards of 10 and 6 in. on the side in still water the bow and side
submerged at about the smne time. The location and magnitude of the aver-
age minimun freeboard on the inboard side of the center pontons are shown
in table 1. As shown on fig, 6, the wave between the pontons, resulting

from the bow wave, was clearly discernible, although the freeboard data

developed for the bows and inboard sides of the two outer pontons were not

Figure 6. Flow conditions for four-ponton M5 raft
Freeboards for velocity of 10.8 fps and 1l4-in. loading
s

Ponton No, 2 bow 9.7 in, Ponton No. 2 starboard side 5.5 in.
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17; In ofder to check the applicability of model results, the
freeboard-velocity data procured on the two center pontons of the four-
ponton raft.were compared with field data procured by towing a two-ponton
kraft through still water, Ig both instances the pontons were loaded to
freeboards of 14, 10, and 6 in. on the side in still water. The data

reveal (plate 5) that for still-water ldadings of 10 and 6 in, on the
side, the freeboards at the bow were in close agreement, whereas the
freeboards on the side of the prototype pontons were less than those re-
corded in the model under similar conditions. For a still-water loading
of 14 in. on the side the freeboards at both bow and sides were less with
the prototype pontons. Check runs of model data gave the same results as
previous tests and it was concluded that model measurements were accurate.
| 18. Although it is difficult to account for the discrepancies in
model and prototype results, they might be attributed in part to the
following: There may have been less freeboard on the side of the proto-
type ponton under load resulting from the bending of the ponton and the
slack in the connection at the stern of the pontons. Also, the prototype
raft was made up of two ponton units with the decking 21.75 ft downstream
 from the bow; whereas in the model the ponton units were longer and the
‘decking located 33.6 ft dovnstream from the bow., Thus, the wave between
the two prototype pontons impinged on the raft superstructure, resulting
~in a probéble build-up of the wave, whereas in the model the wave between
"the pontoné crested upstream from the ;uperstructure. In addition the
prototype pontorns Qere towed through water while in the model the pontons
remained in one position and flow at the desired velocity passed between

"the\pontons. Whether discrepancies between model and prototype results
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exlst or not, the fact that all data are on a comparable basis permits

solution of the problem at hand.

Modified 4 Ponton

Description.
19. The modified M/ ponton design developed had a length of 29 ft

7-5/8 in. (29.635 ft), a width of 6 ft 10-1/2 in. (6.875 ft), and a mid~
section height of 3 ft 10-3/8 in. (3.865 ft) increased to 4 ft 3 in.

(L.25 ft) at the bow. The bow had a sloping rake and in plan was ellipti-
cal in shape. The sﬁern was square and provided with connections which
permitted the use of additional pontons. As tested, the modified Mj
ponton unit consisted of two modified M4 pontons plus a 21-ft-9-1/8-in.
(21,760 £t) center section, making a total length of 81 ft 0-3/8 in,
(81,031 ft). From the above dimensions and description it can be seen
that the modified M4 ponton was similar to the standard ul pontén, the
exception being that the depnth to the knuckle line of the latter was in-

creased from 3 ft 1-1/8 in. (3,093 ft) to 3 ft 6-3/8 in. (3.531 ft).

Test results

20, Despite the extra depth of the modified M4 ponton, the’ponton
was loaded to freeboards of 14, 10, and 6 in, on the side in still water
prior to the staft of tests. Thus, a direct comparison was possible to
determine the effect of the greater submerged depth, Comparative
velocity-freeboard curves for the single standard M4 ponton and the modi-
fied M4 ponton are shown on plate 6, These data reveal almost identical
freeboard conditions on the side of the pog?ons and oniy slightly lgss

ffeeboard on the bow of the modified M4 ponton. As a result of the
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similarity of freeboard conditions, no tests were conducted with the

modified li4 pontons in rafts.

Hollow "V" Ponton

Description

21. The Hollow "V" ponton design called for a length of 31 ft 10-
3/16 in, (31.849 ft), a width of 6 ft 10-1/2 in, (6,875 ft) and a mid-
section height of 3 ft 10-3/8 in, (3.065 ft) increased to 4 ft 3 in.
(4425 ft) at the bow. The bow had a flat sloping rake and in plan was
rather blunt (fig. 7 and plate 7). As in previous designs, the stern
was scuare and provided with comnections to permit the use of another
ponton connected in tandem for heavier loads. In the case at hand an
additional center section with square bow and stern was used, Thus the
Hollow "V" ponton unit as tested consisted of two Hollow "V" pontons plus
a 21-ft-9-1/8-in. (21.76C ft) center section, which resulted in an over-

all length of 85 ft 5-1/2 in. (85.458 ft). Comparison of the Hollow "V"

Figure 7. Hollow '"V" ponton unit
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ponton unit with the lj ponton unit previously described indicates that
the Hollow "V" unit was about 4 ft 5-1/8 in., (4.427 ft) longer. The
length of the ponton unit was increased to secure the same displacement

as the L4 ponton unit at a 2-ft-6-3/6-in, (2,531 ft) draft.

Test results

22, The results of tests with the single Hollow "V" ponton are
shown in table 3, on fig. 3 and plate 7. Tests conducted with the single
ponton revealed that, like the M4 ponton, the bow was the most critical
point in that zero freeboard occurred first in this area. However, less
freeboard existed at the bow {or eguivalent velocities than was observed
with the M4 ponton. This is attributed to the larger frontal area of the
Hollow "V" ponton,

23. Tests of the four-ponton k5 raft with the Hollow "V

Figure 8. [low conditions for single Hollow "V" ponton
Freeboards for velocity of 16.0 fps and l4-in. loading
Bow =9,4 in, Side 4.9 in.
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Figure 9. L5 raft with four Hollow "V" ponton units

9) revealed no improvement in freeboard conditions at

the bow or sides. as in the case of the single ponton, freeboards at the
oow were less with the Hollow "V'" ponton than with the M4 ponton. Free-
board results on the sides of the pontons were somewhat similar, although
the wave between the pontons appeared to be farther downstream with the

Hollow "V" ponton raft (compare fig. 6 and 10). Freeboard=velocity curves
at the three test loadings in still water are shown on plate &, The loca-
tion and magnitude of the average minimum freeboard on the inboard side of
one of the center pontons in the raft are shown in table 4. Average mini-

mum freeboard curves also were developed for the inboard sides of

e - '
the €

WO
outer pontons (pontons 1 and 4) in the raft and are presented on plate 9.
Freeboards for the outboard sides of all pontons in the raft are shown in

table 5.

2. Prior to testing the seven-ponton raft with the Hollow "V"

0

pontons as supports (fig. 11) a check was made against the computed



Description of Tests 23

Figure 10, Flow conditions for four Hollow "V'" ponton Ii5 raft
Frecboards for velocity of 10.8 fps and 14~in, loading
FParid AL 7 At ) B e ~e e 3 et oyl A e} A Y 3
Ponton No. 2 bow 1.7 in. ronton No. 2 starboard side 2,9 in.

deflection of the raft under a load of 150 tons on a bascu of 2L ft. A
similar check was made on the four-ponton raft deseribed in parazraph 15.

whereas close agreement between model and computed deflections obtained

o

for the four-ponton raft, a considerablc diffcrence existed for the seven-
pontton raft (see plate 9A). This variation in deflection is'attributed

to the extra rigidit; of the raft superstructure caused by the close spac=
ing of the pontons and a slight discrepancy in the dead load weight of the
model pontons and raft superstructure. However, the inability of the
model superstructure to reproduce the computed flexibility of the seven-
ponton raft does not vitiate the model results, since the center ponton

in the raft presented the most critical condition and was loaded at the
start of a test to the desired freeboard,

25, In testing the seven—ponton k5 raft with the Hollow "V" pontons

as supports (fig. 11), average minimum freeboard-velocity curves were
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Figure 11, M5 raft with seven Hollow "V" ponton units

developed with the raft loaded in still water to produce freeboards of
1L, 10, and 6 in, on the port and starboard sides of the center ponton

of the raft. Tests revealed that the average minimum freeboards along
the sides of the center ponton in the raft were 4.3 in, for a velocity of
12,0 f't per second and a l4-in. loading; 2.6 in. for a velocity of 10.38
ft per second and a 10-in, loading; and 2,7 in. for a velocity of 8.9 ft
per sccond and a 6-in, loading (plate 10), Minimum frecboards on the
sides for the above conditions of velocity were zero, #Also, for the
above-mentioned velocities and conditions of loading average minimum
freebeards of ~14.8, -11.0, and -10.1 in. cxisted on the bow. Fig. 12
shows flow conditions for the seven Hollow "V" ponton raft under a veloc-
ity of 12 ft per second and a still-water loading of 14 in., It will be
noted from the test data that for all conditions of loading the bow of
the center ponton was the most critical area, The location and magnitude

of the average minimum frecboard on the starboard sidc of the center
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1r

Figure 12, Flow conditions for seven Hollow "V" ponton L5 raft
Freeboards for velocity of 12,0 fps and 14=in, loading
Ponton No., 4L bow =1.,.8 in. Ponton No., 4 starboard side 4.3 in.

ponton in the scven-ponton raft are shown in table 6. Average minimum
freecboard curves also were develoocd on the port and starboard sides of
all other pontons in the raft. The freeboard data on inboard sides of the
pontons are shown on plates 11-13. Freeboard data on the outboard sides
of the pontons in the seven-ponton raft are shown in table 7, The free-
boards for the outermost pontons of the raft are more critical than those
which would have resulted if the computed deflections had been reproduced.

The data have been presented, however, for comparative purposes.

Double "V" Ponton

Description
26, The Double "V" ponton had a length of 32 ft 0-5/8 in, (32.052

ft), a width of 6 ft 10-1/2 in. (6.875 ft), a midsection height of 3 ft
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Fizure 13. Double "V'" ponton unit

10-3/6 in. (3.865 ft) increased to 4 ft 3 in. (4.25 ft) at the bow (fig.
13 and plate 14). The Double "V" ponton unit tested consisted of two
Uouble "V" pontons plus a 21-ft-9-1/8-in., (21,760 ft) center section re-

sulting in an over-all length of 85 ft 10-3/8 in. (85.865 ft).

Test results

27, The results of tests with the single Double "V" ponton are
shown in table 3, on fig. 14 and plate 14. average minimum {reeboard-
velocity curves indicated that, like previous types of pontons tested,
the bow was the most critical area in that zero freeboards occurred first
in this area, Average minimum freeboards on the bow and side of the
Hollow "V'" and Double "V" pontons were similar for still-water loadings
of 14 and 10 in. and slightly less for the Double "V" ponton under 6-in,
loading, Neither type as a single ponton was an improvement over the
standard Y}/ ponton. During testing of the Double "V" ponton as a single
unit, it was noted that for a 1l4-in. freeboard loading and a velocity of

16,0 ft per second the ponton had a tendency to plane. This planing
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Figure 14. Flow conditions for single Double "V" ponten
Freeboards for velocity of 16.0 fps and 1l4-in. loading
Bow =-3.1 in. Side 9.5 in.

action resulted in an increase of freeboard over the 14.5 ft per second
velocity (last velocity before planing begins) of 1.2 in. on the side and
6.2 in. on the bow (see plate 14). This increase in freeboard is believed
to result from the lifting effect of the high-velocity flow being funneled
under the bow of the Double "V'" ponton unit. Planing action occurred
only on the single ponton with a 1li-in, freeboard loading at velocities
above 14,5 ft per second,

28. In testing the four-ponton M5 raft with the Double "V" ponton
as supports (fig. 15), average minimum freeboard-velocity curves (plate
15) revealed that a considerable improvement in freeboard conditions was
effected over the Hollow "V" ponton, especially at the bow. Freeboard
conditions were about the same as observed previously with the M4 ponton
raft. The wave between the pontons resulting from bow conditions was

still present, although not as clearly defined as in previous tests
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Figure 15, M5 raft with four Double "V" nton units
g po

(fig. 16). The location and magnitude of the average minimum freeboard
on the inboard sides of the two center pontons are shown in table 4.
Average minimum freeboard curves developed for the inboard sides of the
two outer pontons (pontons 1 and 4) in the raft are shown on plate 16,
while similar data obtained for the outboard sides of all pontons in the
four-ponton raft are presented in table 8.

29, average minimun frecboard-velocity curves developed for the
seven-ponton M5 raft with the Double "V" pontons as supports (fig. 17)
are shown on plate 17, while the location and magnitude of the dvcrage
minimum freeboard on the port and starboard sides of the center ponton
in the seven-ponton raft arc shown in table 6, Results werc similar to
those procured with the four ponton raft in that freeboard conditions
were improved both at the bow and at the sides of the pontons. Average
minimum freeboard -curves also were developed on the port and starboard
sides of all other pontons in the raft. Frecboard data on the inboard
sides of the pontons are shown on plates 18-20, [Freeboard data on the

outboard sides are presented in table 9. Fig. 18 shows flow conditions



Figure 16. Flow conditions for four UDouble "V" ponton L5 raft
Freeboards for velocity of 11.7 fps and l4-in. loading

Ponton No. 2 bow 2.6 in. Ponton No. 2 starboard side 3,6 in.

Figure 17, M5 raft with seven Double "V" ponton units
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Figure 18, Flow conditions for seven Double "V" ponton L5 raft
Freeboards for velocity of 12.0 fps and l4-in. loading
Ponton No, 4 bow =13.,9 in, Ponton No. 4 starboard side 6,3 in.

for the seven Double "V" ponton K5 raft for a velocity of 12 ft per second

and a still-water loadinz of 14 in.

Tyne "A" Scow Bow Ponton

Description

30. The type "A" scow bow ponton design had a length of 31 ft 5-
11/16 in. (31.A474 £t), a width of 6 £t 10-1/2 in, (6.875 ft), and a mid-
section height of 3 ft 10-3/8 in. (3.865 ft) increased to 4 ft 3 in,
(4.25 ft) at the bow (see fiz, 19 and plate 21). The bow had a flat
sloping rake which intersected the bottom of the ponton at an angle of
150 degrees, and in plan was rectanzular in shape. The type "A'" scow bow

nton unit taested consisted of two type "A" scow bow pontons with an
JE p
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Figure 19. Type "A" scow bow ponton unit

additional 21-ft-9-1/8-in. (21.760 ft) center section, which resulted in

an over=-all length of 84 ft 8-1/?“. in. (84,708 ft).

Test results

3 4 = 4 -1 r n o -
L. les s of tes with the single & \ co 0 onton arc
- .- +int 1 Y iy WY B 3 i = <
SNnown 1 tabl iU, On LE . \J nd plate »l. AVerarse 1ninmi i1rceeboard-

Figure 20, Flow conditions 21 T
Freeboards for velocity of 16,0 f
Bow =13,7 in. Side 1.0 in,

ngle type "a4" scow bow ponton
ps and l4-in, loading
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velocity curves developed for the three test loadings in still water re-
vealed results similar to those previously observed with the Hollow "V*
and Double "V" type pontons. Also, as in the case of the single Double
"V" ponton, it was noted that for the 14-in, and 10-in, freeboard loadings
and for flows approaching the critical velocity of 12 ft per second the
ponton had a tendency to plane. This planing action is attributed to the
lifting effect of the high-velocity flow against the flat sloping bow and

bottom of this type ponton. Examination of plate 21 indicates a slight

-
=
Q
g ]

ease in freeboard for the 1l4-in, loading during planing action and a

less ranid loss in freeboard for the 10-in. loading.

32, Tests of the four-ponton 5 raft with the type "A" scow bow
"‘|‘| 4+

pontons as supports (fig, 21) revealed that the scow-type bow shape re-

ulted in greater freeboard conditions at both bow and sides than for any

4]

of the previous ponton designs investigated. Average minimum freeboard

AR = e A o= ~F g e e e mad ek P50
curves developed l....u'_l_.,_..lt. of velocitlies are shown on ‘ul::.uc P

ct
=
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Although the wave between the pontons observed in previous tests was still

present, it was definitely lower and broader than any previously observed

(fig. 22)., The location and magnitude of the average minimum freeboards

Figure 21. N5 raft with four type "A" scow bow pontons
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Figure 22. Flow conditions for four type "A" scow bow ponton L5 raft
Freeboards for velocity of 11.3 fps and 1l4-in. loading
Ponton No. 2 bow 4.1 in. Ponton No, 2 starboard side 3.4 in.

on the inboard side of one of the center pontons are shown in table 11,
Average minimum frecboard curves, developed for the inboard sides of the
two outer pontons (pontons 1 and 4), are shown on plate 23. The average
minimum freeboards for the outboard sides of all pontons in the raft may
be found in table 12,

33. Tests of the scven-ponton M5 raft with the type "A" scow bow
ponton as supports (fig. 23) resulted in frecboard conditions about the
same as those recorded with the seven Double "V" ponton raft. Although
freeboard conditions at the bow werc slightly bettcer with the scow bow
shape, they were slightly worse on the sides. Average minimum freeboard-
velocity curves arc shown on plate 24, Flow conditions are shown on
fig, 24, The location and magnitude of the average minimum freeboard on

the port and starboard sides of the center ponton in the seven-ponton
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Figure 23. N5 raft with scven type "A" scow bow ponton units

raft are shown in table 13. Average minimum frecboard curves were also
developed on the port and starboard sides of all other pontons in the raft.
Frecboard data on the inboard sides of the pontons arc shown on platcs

25=27. Freeboard data on the outboard sides of the pontons in the seven-

ponton raft are shown in table 1l4.

Figure 24. Flow conditions for seven type "A" scow bow ponton M5 raft
Freeboards for velocity of 12,0 fps and li-in. loading
Ponton lo, 4 bow =12.5 in. Ponton No, 4 starboard side 5.6 in.
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height of 3

ft) increased to 4 ft 3 in. (4.25 ft) at

1 1 oy . \ R Low calonrra S s . oo A
the bow (see fig. 25). From the above dimensions and a comparison of

plates 21 and 28 it will be noted that the type "A" and "B" scow bow pon=
tons were somewhat similar in design. The exceptions were that the type

"A" ponton was shorter in length by 5-1/2 in, and that the rake of the

bow intersected the bottom of the ponton at an angle rather than on an

o ad® ag 1 L1 o= v 4 ¥4 BN manfor The ++4m RN sanmwr Baur

8-ft radius as in the case of the type "b" ponton., lne type "L° Scow DOW
R — . Py . Al Erin Erma 18N meantanas nliie a8 0 e~ 2 o)

E‘-CI’;tOI‘. unit tested consisted of two wype s :-u..t'_-';lg Pius 4 - 1-f -5 -l/u-'

in. (21,760 ft) center section, resulting in an over-all length of &5 ft

2 in. (85.166 ft),

Test results

35, Hesults of tests with the single type "B" scow bow ponton are

N LT 2 B e

Figure 25, Type "B" scow bow ponton unit
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shown in table 10, on fig. 26, and on plate 28. Average minimum freeboard-
velocity curves developed for the bow and sides of a single ponton (plate
28) reveal a slight increase in frecboards at the bow over those observed

with the type "A" scow bow. ILittle di

ference was noted in side free-
boards. Flow past a single ponton is shown on fig. 26. As in the case of
the type "A" scow bow ponton unit, planing action was observed on the type
"B" scow bow ponton unit for velocitics in excess of 12 ft per second,
This planing action resulted in a slight gain in freeboard for the 1l4-in.
loading and a less rapid loss in freeboard for the 10- and 6-in, loadings.

36, Average minimum freeboard-velocity data procured with the four-
ponton M5 raft and the type '"B" scow bow pontons as supports fig. 27 and
N

plate 29) were similar to the data procured with the type "A" scow bow

g. 28) are also comparable. The location and

ponton, Flow conditions (f

magnitude of the average minimum freeboard on the inboard side of one of

Figure 26, Flow conditions for single type "B" scow bow ponton
Freeboards for velocity of 16.0 fps and lh=-in, loading
Bow ~14 in. Side 1l.25 in.
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the two center pontons are shown in table 1l, Average minimum freeboard
curves, developed for the inboard sides of the two outer pontons (pontons
1 and 4) in the raft, are shown on plate 30. Average minimum freeboards
obtained for the outboard sides of all pontons in the four-ponton raft

are given in table 15,

Figure 27. M5 raft with four type "B" scow bow ponton units

i
g

Figure 28, I'low conditions for four type "B" scow bow ponton M5 raft
Freeboards for velocity of 10.8 fps and 1lh-in. loading
Ponton No, 2 bow 4.0 in. Poriton No., 2 starboard side 3.3 in.

-
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37. Average minimum freeboard-velocity curves (plate 31) developed
with the seven-ponton M5 raft and the type "3" scow bow pontons as sup-
ports (fig. 29) revealed side freeboard results about similar to those
recorded witn the type "A" scow bow. IFreeboards at the bow of the type
“B”'scow bow ponton appeared slightly greater at still-water loadings of
14 and 10 in. than those observed with the type "B" scow bow ponton. Flow
conditions (fig. 30) were still most critical at the bow. The location
and magnitude of the average minimum freeboard on the port and starboard
sides of the center ponton in the seven-ponton raft are shown in table 13.
Average minimum freeboard curves also were developed on the port and star-
board sides of all the other pontons in the raft. Freeboard data on the
inboard sides of the pontons are shown on plates 32-34. [Freeboard data

on the outboard sides are presented in table 16,

Figure 29. % raft with seven type "B" scow bow ponton units



Description of Tests 39

Figure 30. Flow conditions for seven type "B" scow bow ponton M5 raft
Freeboards for velocity of 12.0 fps and 1lh4-in, loading
Ponton No. 4 bow =13.5 in. Ponton No, 4 starboard side 7.0 in.
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PART TV: DISCUSSION OF TEST RESULTS

38, 4although tests of ﬁhe standard Mh‘ponton‘unit revealed satis-
factory performance as a single ponton, its performance in the four-ponton
raft confirmed previous prototype observations of unsatisfactory condi-
£ions. The waves created by flow passing the ponton bows crested between
the pontons with a considerable loss of freeboard on the side. Improved
freeboard conditions were secured with several of the other types of pon-
ton bows investigated wherein the bow had a flatter rake and presented
more frontal area to the path of flow,

39, Presented in tables 17-23 are detailed comparisons of the
average minimum freeboards for the M4, Hollow "V'", Double "V'", énd the
types "A" and "B" scow bow pontons as single floating units and as sup-
ports for the four-~ and seven-ponton rafts, As a single ponton the M4
type provided best freeboard conditions both at the bow and on the side;
the other types of single pontons investigated were about equal in per-
~ formance, although inferior to the M4 single ponton,

L0, The four-ponton raft created the most critical freeboard con-
ditions oh the side., For low velocities, freeboard conditions at the bow
and on the sides of the pontons in the raft were similar. However, as
the,velocity of flow increased the superiority of thé types "A" and "B"
scow boﬁs and the Double "V'" pontons was demonstrated by the ability of |
tpese pontons to operate in high—velocity flows with a less rapia loss
of_freeboard on ghe béw and sides than was evidenced by the M4 or Hollow\
;“Vf;type poﬁtbns. The types npn and "B" scow bow pontons were superior

Linfpefformance to the Double "V'" type ponton. The superiority of the
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types "A" and "B" scow bow shapes is attributed to the flat rake of bow
and broad frontal area which caused flow striking the bow to be forced’
under ﬁhe ponton rather than to the sides where the adjacent pontons
restrictéd flow to such a degrce that the flow built up between the pon-
tons causing the rapid loss of frecboard observed with thevMa and Hollow
"W!' type pontons,

L1, In comparing the performance of thec ponton units in the seven- .
ponton raft, no data were procured on the I ponton raft, as the perform—
ance with the four-ponton raft had indicated that revisions to the bow
shape were necessary. The performance of the types "A" and "B" scow bow
pontons and the Double "V" and Hollow "V'" pontons in the seven-ponton
raft was similar to that obsérved with the four-ponton raft, in that best
freeboard conditions resulted with the types "A" or "B" scow bow shapes.
Unlike the results of tests with the four-ponton raft, however, the use
of the seven-ponton raft caused freeboard at the bow to be more critical
than on the sides, This is attributed to the small space remaining
between the pontons of the reinforced raft and the large frontal area
presented to flow by the ponton bows,

L2, Of the five types of ponton bow shapes investigated, best all-
around performance was observed with the types "4" and "B" scow bow shapeé;,’
the tyﬁe np" scow bow with the rounded transition from bow to the bottom
of the ponton was slightly superior to the type "A" scow bow shape. The
types AT and "B" scow bow shapes have the added advantage that the

)

simplicity of lines should make them more economical to construct,
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TABLE 1

LOCATION AND MAGNITUDE OF AVERAGE MINIMUM FREEBOARD ON SIDE OF PONTONS

14~Inch Freeboard Loading on Side in Still Water

Single M4 Ponton Unit

M5 Raft with Four M4 Ponton Units®

Observed Average Freeboard

Velocity Digtance from Bow on Side | Observed Average Freeboard Velocity Digtance from Bow on Side

Tt/ Sec in Peet in Inches Ft/Sec . in Feet in Inches
1.6 12.0 14.00 1.6 12.0 14.00
3.2 12.0 13.90 3.2 12.0 13.90
5el 12.0 13.70 5.1 12.0 13.60
7.0 12.0 13,25 7.0 13.5 13.00
8.9 15.0 11.90 8.9 18.5 10.75
10.8 19.5 10.50 10.8 21.0 5.50
12.5 22.5 8.75

13.9 25.5 7425

16.0 27.0 4.85

10-Inch Freeboard lLoading on Side in S$till Water

1.6 12.0 10,00 1.6 12.0 10.00
342 12.0 9.85 3.2 12.0 9.90
5¢1 12.0 9.45 5.1 12.0 9450
740 12.0 8.75 7.0 15.0 8.10
8.9 16.5 7.15 8.9 18.0 4.60

10.8 21.0 4.70

12.5 2.0 2.75

6-Inch Freshoard Loading on Side in Still Water

1.6 12.0 5.95 1.6 12.0 6.00
3.2 12.0 5.70 362 12.0 5.85
5.1 12.0 5.20 5.1 15.0 5460
7.0 21.0 LoL5 740 24.0 4.85
8.9 24.0 2.15 77 27.0 3.40

* The freeboard data for the M5 raft are the average minimum freeboards measured on the starboard side of ponton No. 2.




TABLE 2

AVERAGE MINIMUM FREEBOARDS ON OUTBOARD SIDES
OF M4 PONTONS IN THE %-PONTON M5 RAFT

M5 Raft Loaded to 1l4-Inch
Freeboard in Still Water *

M5 Raft Jpaded to 10-Inch
Freeboard in Still Water *

M5 Raft Loaded to 6-Inch

Freeboard in St1ll Water *

. Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton
Velocity ¥o. 1 No. 2 Yo. 3 Fo. 4 ¥o. 1 No. 2 No. 3 Yo. 4 No. 1 Yo. 2 Fo. 3 ¥o. U
Pt/Sec Port Port Starbvoard| Starboard Port Port Starboard| Starboard Port Port Starboard| Starboard
Side Side Side Side Side Side Side Side Side Side Side Side
1.6 22.1 1.2 1,2 22.5 18.3 10.0 9.8 18.5 17.5 6.6 6.5 17.1
3.2 2.7 .0 13.9 22.1 18.2 9.9 9.7 18.4 17.2 6.5 6.1 17.0
5.1 21.2 13.7 13.5 21.7 17.8 9.8 9.5 18.0 17.0 6.3 5.8 16.8
7.0 19.4 13.0 13.1 21.1 16.7 8.6 7.9 17.0 16.4 5.9 5.4 16.5
7.7 15.6 4.7 k.2 15.6
8.9 17.5 10.8 11.2 20.0 14.6 5.0 k.9 14,9
10.8 13.3 5.9 6.0 14.5

* Prior to conducting tests pontons mumbers 2 and 3 in the M5 raft were loaded in still water
to 14—, 10-, and 6-in. f:eeboards on the starboard and port sides, respectively.
All freeboard measurements are in prototype inches.




TABLE 3

LOCATION AND MAGNITUDE OF AVERAGE MINIMUM FREEBOARD ON SIDE OF PONTONS

1li~Inch Freeboard Loading on Side in Still Water

-

Hollow "V" Ponton Unit Double "V" Ponton Unit
Velocity Distance from Bow on Side Observed Average Freeboard Velocity Distance from Bow on Side Observed Average Freeboard
Ft/Seo in Feet in Inches Ft/Sec in Feet in Inches
1.6 15,0 14.00 1.6 13.5 14.00
3.2 15.0 13.90 3.2 13.5 13,90
5.1 15.0 13.70 5.1 13.5 13.50
7.0 15.0 13,30 7.0 16.0 12,80
8.9 16,5 12,20 8.9 18.0 - 11,%
10.8 21,0 10.60 10,8 18,0 10.80
12.5 27.0 9.00 12,5 25.5 . 9.0
15.2 33.0 6.80 1.5 L2.0 8,30
16.0 36.0 4.90 16.0 46.0 : 9.50
10-Inch Freeboard Loading on Side in Still Water
1.6 15.0 10,00 1.6 13.5 10,00
3.2 15.0 9.90 3.2 13.5 9.90
5.1 15.0 9.70 5.1 13.5 2.70
700 16.5 90140 7'0 1605 9000
8.9 19.5 8.10 8.9 18.5 7.0
10.8 21.0 6.10 10.8 21.0 5.20
13.5 25.0 . 2,50 13.5 33.0 3.0
6-Inch Freeboerd Loading on Side in Still Water

1.6 15.0 6.00 1.6 13.5 6.00
3.2 15.0 Y 3.2 13.5 5.80
5.1 15.0 5.60 5.1 18.0 5.0
7.0 ‘ 16.5 5.20 740 19.5 L.50
8.9 19,0 L.30 8.9 13.5 2,30
10.8 22,5 . 2,20




TABLE L4

LOCATION AND MAGNITUDE OF AVERAGE MINIMUM FREEBOARD ON SIDE OF PONTONS

1j-Inch Freeboard Losding on Side in Still Water

M5 Raft with Four Hollow "V' Ponton Units*

M5 Raft with Four Double "V" Ponmton Units*

Distance from Bow on Side

Velooity Observed Average Freeboard Veloocity Distence from Bow on Side Observed Average Freeboard
Ft/Sec in Feet in Inches Ft/Seo in Feet in Inches
1.6 15,0 14,00 1.6 13.5 14,00
3.2 15.0 13.90 3.2 13.5 13.90
5'1 1500 13'70 501 16.5 13.70
7.0 18.0 12.80 7.0 21.0 12,60
8.9 . 22,5 8.80 8.9 21,0 10.60
10.8 27.0 2,90 11.7 25.5 2.60

10-Inch Freeboard Loading on Side in Still Water
1.6 15,0 i0.00 1.6 13.5 10.00
3.2 15.0 9.90 3.2 13.5 9.90
Sl 16.5 9.70 5.1 16,5 9.70
7.0 18,0 9.20 7.0 21.0 7«90
8.9 22,5 5.90
9.8 24,0 3.20 9.8 19.5 3.0
6-Inch Freeboard Loading on Side in Still Water
1,6 12,0 6.00 1.6 13,5 6.00
3.2 12,0 5.80 3.2 15.0 * 5.80
5.1 15.0 5.30 5.1 16.5 S5.40
T-0 19,0 L.70 740 19.5 L.10
8.6 22,5 1.60 8.1 16.5 2,20

* The freeboard data for the M5 raft are the average minimum freeboards measured on the starboard side of ponton No. 2.




TABLE 5

AVERAGE MINIMUM FREEBOARDS ON OUTBOARD SIDES
OF HOLLOW "V" PONTONS IN THE 4-PONTON M5 RAFT

M5 Raft Loaded to li~Inch
Freeboard in Still Water=*

M5 Raft loaded to 10-Inch
Freeboard in Still Water=

¥5 Raft Loaded to 6-Inch
Freeboard in Still Water»*

Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton

Veloeity No. 1 No. 2 No. 3 No. L No. 1 No. 2 Yo, 3 Yo. 4 Yo, 1 Yo, 2 Yo. 3 No. 4
Ft/Sec Port Port Starboard| Starboard Port Port Starboard| Starboard Port Port Starboard| Starboard

. Side Side Side Side Side Side Side Side Side Side Side Side

1.6 26.6 16.7 17.5 26.6 25.6 13.3 13.5 2.8 22,3 9.4 9.4 22.0

3.2 26.4 16,6 17.3 26.L 254 13.1 13.54 2l.6 22,3 9.2 9.2 22,0

Sel 26,2 16,2 17.1 26,2 25.2 13,0 13,1 2l.h 21.9 8.8 9.0 21.8

7.0 25.7 15.7 16.6 25.3 2h.7 124 12,4 23,9 21,2 8.3 8.3 20,7

8.6 20.7 5.8 7.1 17.1

8.9 22,5 10.3 12.5 21.9 22,0 9.9 9y 21.2

9.8 18.2 9.0 9.7 18.5

10,8 18.5 6.1 7.2 16,3

* Prior to conducting tests pontons numbers 2 and 3 in the M5 raft were loeded in still water
to -, 10-, and 6~in. freeboards on the starboard and port sides, respectively,

‘All freeboard measurements are in prototype inches.




TABLE 6

LOCATION AND MAGNITUDE OF AVERAGE MINIMUM FREEBOARD ON SIDE OF PONTONS

1~Inch Freeboard Loading on Side in Still Water

¥5 Raft with Seven Hollow "V" Ponton Units*

M5 Raft with Seven Double "V" Ponton Units#

Distance from Bow om Side

Velocity Observed Average Freeboard Velocity Distance from Bow on Side Observed Average Freeboard
Ft/8ec in Feet in Inches Ft/Sec in Feet in Inches
1.6 16.5 1,00 1.6 15.0 14,00
3.2 16.5 13,90 3.2 15,0 12,90
5¢1 16.5 13.50 5.1 16.5 13,20
7.0 16.5 1210 7.0 18.5 12,10
8.9 18,0 10.40 8.9 21,0 10,80
10.8 18.0 7.60 10,8 23.0 8.80
12,0 21.0 L.30 12,0 26.5 6430

10-Inch Freeboard Loading on Side in Still Water
1.6 13,5 10,00 1.6 13.5 10.00
3.2 15.5 9.70 3.2 13.5 9.90
5.1 15.0 9.1,0 5.1 21,5 9.70
700 18.0 8.30 700 2505 9020
8.9 18.5 5.60 809 2505 7’70
10,8 19.5 2,50 10.8 2L.0 5,00

6-Inch Freeboard loading on Side in Still Water
1.6 15.0 6,00 1.6 13, 6,00
3.2 15.0 5.60 362 13,5 5.80
5.1 16.5 5+00 5.1 22.5 5.20
7.0 18,0 4.0 7.0 27.5 L.10
8.9 18,5 2,90 9.8 13.5 2.20

* The frechoard dats for the M5 raft are the average minimum freeboards measured on starboard side of ponten No. L.




TABLE 7

AVERAGE MINIMUM FREEBOARDS ON OUTBOARD SIDES
OF HOLLOW "V" PONTONS IN THE 7-PONTON M3 RAFT

M5 Batt Loaded to ll=Inmch M5 Baft Loaded to 10-Inch M5 Raft Loaded to 6-Inch
Treeboard in Still Water* Freeboard in Still Water* Freeboard in St1il Water*
. Ponton Ponton Ponton "Poaton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton
Velocity ¥o. 1 Fo. 2 ¥o. 3 Fo. 5 ¥o. 6 ¥o. T ¥o. 1 ¥o. 2 ¥o. 3 ¥o. 5 ¥o. 6 Fo. 7 Fo. 1 Yo. 2 ¥o. 3 ¥o. 5 Yo. 6 Fo. 7
™/ Sec Port Port Port Starboard | Starboard|Starboard Port Port Port Starboard [Starboard | Starboard Port Port Port Starboard|Starboard [Starbo
Side Stde Side side Side Side Side Side Side Side Side Side Side Side Side Side Side Side
1.6 4.3 19.1 15.7 16.0 19.% 4,7 21.% 15.7 11.3 11.5 15.1 20.7 18.5 11.2 6.5 8.6 12.2 18.9
342 2.1 18.9 15.5 15.8 19.2 - 1 21.2 15.5 1.3 11.3 14.9 20.5 18.1 11.0 6.5 8.4 12.2 18.7
5.1 23.9 18.4 15.0 15.1 19.0 2b.2 20.9 15.3 10.8 10.8 pUM N 20.2 17.6 10.8 5.4 7.6 11.5 18.%
7.0 23.2 17.7 13.9 14,0 17.8 23.1 20.0 13.9 9.7 9.7 13.5 19.3 15.8‘ 9.8 4.3 6.0 10.0 17.2
8.9 a.7 15.9 13.7 12,2 14,5 21.% 18.0 12.1 7.9 8.1 1.7 16.9 14,2 7.6 3.1 3.7 8.6 15.3
10.8 16.9 13.3 9.9 9.9 13.6 16.6 144 9.2 3.9 k.1 7.7 1%.0
12.0 13.3 11.% 7.6 1.5 10.9 13.2

* Prior to condueting tests ponton.Fo. U in the M5 raft was loaded in still water
$0 14w, 10~, and 6~in. freeboards on the starboard end port sides, respectively.
All freebosrd measurements are in prototype inches.




TABILE 8

AVERAGE MINIMUM FREEBOARDS ON OUTBOARD SIDES
OF DOUBLE "V" PONTONS IN THE 4-PONTON M5 RAFT

¥ Raft Loaded to l-Inch
Freeboard in Still Water=

M5 Raft Loaded to 10-Inch
Freeboard in Still Water=

M5 Raft loaded to 6-Inch

Freeboard in Still Water=

Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton
Velocity | To. 1 Fo. 2 No. 3 No. L Yo. 1 ¥o. 2 Yo. 3 No. Li Vo, 1 No. 2 Yo. 3 Yo. L
Ft/Sec Port Port Starboard] Starboard Port Port Starboard | Starboard Port Fort Starboard | Starboard
Side Side Side Side Side Side Side Side Side Side Side Side
1.6 26.6 16.7 15.7 25.6 23,0 13.0 11.9 22.5 2l.hL 8.6 7.6 20.2
3,2 26.L 16.6 15.5 25, 22,8 12,8 11.7 22,3 21,1 8.5 7.4 20,0
5.1 26,2 6.5 15,3 25,2 22,6 12,6 11.5 22,1 20.9 8.3 7.2 18.8
7.0 25.3 15.5 13.9 2l.3 21.L 11.2 10.5 21.1 20.3 o 6.3 8.4
8.1 17.3 542 348 '+ 17.3
8.9 23.9 13.7 12,6 22,9
9.8 18,0 7.0 6.3 6.9
10.8
11.7 19.8 740 6.0 18.8 -

* Prior to conducting tests pontons numbers 2 and 3 in the 15 raft were loaded in still water
to -, 10-, and 6-in. freeboards on the starboard and port sides, respectively.
All freeboard measurements are in prototype inches.




TABLE 9

AVERAGE MINIMUM FREEBOARDS ON OUTBOARD SIDES
OF DOUBLE "V PONTONS IN THE 7-PONTON M5 RAFT

M5 Raft Loaded to 1l~Inch M5 Raft Loaded to 10-Inch M5 Raft Loaded to 6-Inch
Freeboard in Sti11l Water* Freeboard in 5t11l Water* Freeboard in Still Water*
Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton
Velocity | ¥o. 1 Fo. 2 o, 3 Ho. 5 ¥o. 6 Fo. T ¥o. 1 ¥o. 2 ¥o. 3 ¥o. § To. 6 Yo. 7 Fo. 1 Fo. 2 Yo. 3 Yo. 5 Fo. 6 No. 7
P4/ Sec Port Port Port Starboard {Starboard Starboard Port Port Port Starboard| Starboard |Starbdoard Port Port Port |Starboard| Starboard|Starbo
S1de S1de Side Side Side Side Stde S1de Side Side Stde S1de Side Side Stde Side Side Side
1.6 23.4 18.5 14,2 1.2 17.8 23.6 19.6 4.2 10.1 10.0 1,2 18.9 16.6 10.8 6.5 7.0 10.8 16.0
3.2 23.2 18.5 4.0 .0 17.6 3.4 19.4 14,0 9.9 9.6 14.0 18.7 16.4 10.8 6.5 7.0 10.6 15.8
5.1 23.0 18.0 13.7 13.6 174 23.2 19.2 13.8 9.7 9.6 13.8 184 16.2 10.6 6.3 6.8 10,6 15.6
7.0 2.0 17.2 13.1 13.0 16.4 22,2 18.3 13.5 9.2 8.9 13.5 17.6 14.6 9.9 5.4 5.7 9.9 14.0
8.9 -19.1 bR 11.1 11.0 13.5 19,3 16,2 11.7 1.6 7.5 11.7 15.5 11.7 8.1 3.6 4,1 8.1 11.1
9.8 10,1 7.6 2.9 3.2 7.6 9.5
10,8 16.2 1.7 9.0 8.8 10.8 16.% 12.4 9.2 R 5.3 9.2 n.7
Y
12,0 13.5 9.0 6.8 6.8 8.1 13.7

* Prior to condncting tests ponton No. U in the M5 raft was loaded in still water
o0 1%-, 10~, and 6-in. fresboards on the starboard and portsides, respectively.
A1l freetoard measurements are in prototype inches.




_ TABLE 10

LOCATION AND MAGNITUDE OF AVERAGE MINIMUM FREEBOARD ON SIDE OF PONTONS

14-Inch Freeboard Loading on Side in Still Water

Type "A" Scow Bow Ponton Unit Type "B" Socow Bow Ponton Unit

Velocity Distance from Bow on Side Observed Average Freeboard Velocity Distance from Bow on Side Obaserved Average Freeboard

Ft/5e0 in Fest in Inches Ft/Sec in Feet in Inches
1.6 15.0 14.00 1.6 15.0 14.00
3.2 , 15.0 13.90 3.2 15.0 13.90
5.1 15.0 13,70 5.1 15.0 13.75
7.0 18,0 12,60 7.0 16.5 12.75
8.9 16.5 10,40 8.9 13.5 10.85

10.8 ) 19.5 940 11.6 21,0 9.25

12.5 : 22.5 8.50 13.6 25.5 10.25

14.5 28.5 8.80 15.1 28.5 9.90

16,0 28,5 1.00 16,0 28.5 1.25

10-Inch Freeboard Loading on Side in Still Water

1.6 15.0 10,00 1.6 15.0 10,00

3.2 15.0 9.90 3.2 15,0 9.90

5.1 15.0 3.75 5.1 15,0 9.75

7.0 13.5 8,50 7.0 6.5 9.00

8.9 16.5 6.15 8.9 13.5 6.75

10.8 18.0 4.80 11.6 21.0 475
12.5 22.5 4.10 14.0 27.0 4440
14.5 27.0 3.75 1.6 28,5 3.00

6-Inch Freeboard Loading on Side in Still Water

1.6 15,0 6.00 1.6 15.0 6.00

3.2 15.0 5.85 3.2 15,0 5,75

5.1 16.5 5.50 5.1 15.0 5,50

7.0 22.5 430 7.0 16.5 475

9.3 18,0 1.40 8.9 22.5 2.25

11.6 20,0 1.25




TABLE 11

LOCATION AND MAGNITUDE OF AVERAGE MINIMUM FREEBOARD ON SIDE OF PONTONS

14-Inch Freeboard lLoading on Side in Still Water

M5 Raft with Four Type "A" Scow Bow Ponton Units* M5 Raft with Four Type '"B" Scow Bow Ponton Units*
Velocity Distance from Bow on Side Observed Average Freeboard | Velocity Distahce from Bow on Side Observed Averége Freeboard
Ft/Sec in Feet in Inches Ft/Sec in Feet in Inches
1.6 15,0 14,00 1.6 15.0 14.00
3.2 15.0 13.90 3.2 15.0 13.90
5.1 15,0 13.65 5.1 15,0 13.60
7.0 19.5 12.80 7.0 20.0 12.10
8.9 21.5 10.40 8.9 22.0 9.60
11.3 27.0 3.40 10.8 27.0 3.30
10-Inch Freeboard Loading on Side in Still Water
1.6 15.0 10,00 1.6 15,0 10.00
3.2 15.0 ) : 9.90 3.2 15.0 3.90
5.1 15.0 9.50 5.1 15.0 9.60
7.0 18,0 8.50 7.0 20,0 8,50
8.9 21.0 5.80 8.9 22,0 6.00
10,3 21.0 2.00 10,2 22,0 2.00
6-Inch Freeboard Loading on Side in Still Water
1.6 15.0 6.00 1.6 15.0 6.00
3.2 15.0 5.85 3.2 15,0 5.90
5.1 15.0 5.65 5.1 15.0 5.50
7.0 18,0 4..30 7.0 19.5 5.00
8.9 21.0 1.30 8.9 22.5 1.50

* The freeboard date for the M5 raft are the average minimum freeboards measured
on the starboard side of ponton No. 2.




TABLE 12

AVERAGE MINIMUM FREEBOARDS ON OUTBOARD SIDES
OF TYPE "A" SCOW BOW PONTONS IN THE 4-PONTON M5 RAFT

M5 Raft loesded to l4f~Inch
Freeboard in Still Water

M5 Raft Loaded to 10-Inch
Freeboard in Still Water®

M5 Raft Loaded to 6-Inch
Freeboard in Still Watexr®

Ponton Ponton Ponton Ponton Ponton- Ponton Ponton Ponton Ponton Ponton Ponton Ponton
Velocity ‘No, 1 No, 2 No. 3 No. 4 No. 1 No. 2 No. 3 No. 4 No. 1 No, 2 No, 3 No. 4
Ft/Sec Port Port Starboard | Starboard Port Port Starboard | Starboard Port Port Starboard| Starboard|
Side Side Side Side Side Side Side Side Side Side Side Side
1.6 25.7 16.7 16.6 25.6 23.6 12.8 12.8 23.2 20,9 8.8 8.6 20.3
3.2 25.5 16,6 16.4 25.4 2344 12,6 12.6 23.0 20.7 8.6 8.4 - 19.9
5.1 25.3 16.4 16.2 25.2 22.9 12.4 12.4 22.8 204 8.3 8.1 19.6
7-0 2‘.8 1508 15-7 21&09 2200 u05 11“ 21-4 19.8 7.6 703 19.0 "
8.9 2.7 13.1 13.0 21.8 18.9 8.6 8.5 18.5 16.9 4.7 43 16.2
10.3 15.3 5.2 5.2 14.9
1.3 16.0 6.7 6.3 16.1

* Prior to conducting tests pontons numbers 2 and 3 in the M5 raft were loaded in still water
to l4-, 10=, and 6-in, freeboards on the starboard and port sides, respectively.
A1l freeboard measurements are in prototype inches.




TABLE 13

LOCATION AND MAGNITUDE OF AVERAGE MINIMUM FREEBOARD ON SIiDE OF PONTOWS

14~Inch Freeboard Loading on Side In Still Water

M5 Raft with Seven Type "AY Scow Bow Ponton Units*

M5 Raft with Seven Type "B" Scow Bow Ponton Units*

Velocity Distence from Bow on Side Observed Average Freeboard Velocity Distance from Bow on Side Observed Average Freeboard
Ft/Sec in Feet in Inches Ft/Sec in Feet in Inches
1.6 15.0 14.00 1.6 15.0 14.00
3.2 15.0 13.90 3.2 15.0 13,85
5.1 30.0 13.30 5.1 30,0 13,40
7.0 30.0 12.60 7.0 30.0 12.60
9.4 16.5 11.00 8.9 21.0 11,50
10.8 18.0 8.65 10.8 22.5 9.80
12.0 19.0 5.60 12,0 19.5 7.00
i
10-Inch Freeboard Loading on Side in Still Water
1.6 13.5 10,00 1.6 15,0 10,00
3.2 13.5 9.90 3.2 15.0 9,90
5.1 27.5 9,50 5.1 30.0 9.50
7.0 30,0 8.30 7.0 30.0 8,50
EA 16.5 6.00 8.9 19.5 6.75
11.0 18.0 4.00 10.8 18.0 4,00
12,0 18.0 2.00
6-Inch Freeboard Loading on Side in Still Water

1.6 13.5 6.00 1.6 13.5 6,00
3.2 13.5 5.80 3.2 13.5 5,70
5.1 13.5 5¢45 5.1 13.5 4.70
7.0 25.0 4435 7.0 30.0 3.30
9.4 16.5 2.00 2.9 30.0 1,50
10,3 16.5 0.30

* The freeboard data for the M5 raft are the average minimum fresboards measured on the starboard sice of ponton No. 4.




TABLE 14

AVERAGE MINIMUM FREEBOARDS ON OUTBOARD SIDES

OF TYPE "A" SCOW BOW PONTONS IN THE 7-PONTON M5 RAFT

M5 Raft Loaded to l4~Inch
Fresboard in Still Waters

M5 Raft Loaded to 10-Inch
Freeboard in Still Waters

M5 Raft Loaded to 6-Inch
Freeboard in St11l Water*

Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton
Velooity | No, 1 No. 2 ¥o, 3 No. 5 No. 6 No. 7 No. 1 No. 2 No. 3 No. 5 No. 6 No. 7 No, 1 No, 2 No, 3 No. 5 No, 6 No. 7
Ft/3ec Port Port Port Starboard Starboard| Starboard] Port Port Port Starboard |Starboard | Starboard| Port Port Port Starboard | Starboard|Starboard
§lde Side Side Side Side Side Side Side Side Side Side Side Side Side Side Side 8ide Side
1.6 2.1 17.5 L4 15.1 18,0 21.8 19.8 4.4 10.6 1.2 146 19.1 15.3 10.1 6,3 6.7 10,3 4.8
3.2 21,9 17.3 1.2 1.9 17.8 21.6 19.6 4.2 10.4 11.0 jFAVA 18,9 15,1 9.9 6.1 6.5 10.1 14.6
5.1 2.7 17.0 4.0 147 17.5 214 19.4 1.0 10.2 10.8 1.2 18.7 4.8 9.7 5.9 6.3 9.9 4.3
7.0 21.0 16.1 13.3 14,0 16.6 20.7 18.0 13.0 9.2 9.8 13.2 17.1 14.5 9.0 5.0 5:3 9.2 4.1
9.4 17.6 1.6 11.5 12,2 15.1 17.3 15.3 10.8 7.2 7.8 1,0 4.6 11.3 6.5 2.9 32 6.7 10.8
10.8 12.7 10,7 8.5 9.0 1,2 12.4
11.0 10.3 77 447 5.3 7.9 9.6
12,0 1.0 7.8 5.6 6.3 83 | 10.8

#* Prior to conducting tests pouton No. 4 in the M5 raft wes loaded in still water
to 14~, 10~, and é~in. freeboards on the starbosrd and port sides, respectively.
All freeboard measurements are in prototype inches.




TABLE 15

AVERAGE MINIMUM FREEBOARDS ON OUTBOARD SIDES

OF TYPE "B" SCOW BOW PONTONS IN THE L4-PONTON M5 RAFT

M5 Raft Loaded to li-Inch
Fresboard in Still Water*

M5 Raft Loaded to 10-Inch

Freeboard in Still Water®

M5 Raft Loaded to 6-Inch

Freeboard in Still Weter*

Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton
Velocity No. 1 No. 2 No. 3 No. 4 No. 1 No. 2 No. 3 No. 4 No. 1 No. 2 No. 3 No. 4
Ft/Sec Port Port Starboard | Starboard Port Port Starboard| Starboard Port Port Starboard| Starboard
Side Side Side Side Side Side Side Side Side Side Side Side
1.6 28,6 17.3 17.1 7.7 25.9 13.3 13.5 24.8 23.9 9.5 3.9 22.7
3.2 28,4 17.1 16.9 27.5 25.7 13.1 13.3 24,6 23.7 94 9.7 “22.5
5.1 28,2 16,8 ©16.6 27.3 25.3 12.8 13.1 24.5 23.5 9.2 A 22.3
7.0 27.2 15.1 15.3 26.4 25.0 11.5 11,7 23.9 23.2 8.9 8.1 22,0
8.9 23.7 11.7 12.0 22.8 22.5 7.9 8.5 2l.4 19.2 4.0 43 18.6
10,2 19.8 4.0 4aR 18,6
10.8 20.5 4.1 bod 19.6

* Prior to conducting tests pontons numbers 2 and 3 in the M5 raft were loaded in still water
to 14~-, 10-, =nd 6-in. freeboards on the starboard and port sides, respectively.

All freebocard measurements are in prototype inches.




TABLE 16

AVERAGE MINIMUM FREEBOARDS ON OUTBOARD SIDES
OF TYPE "B" SCOW BOW PONTONS IN THE 7-PONTON M5 RAFT

M5 Raft loaded to 14-Inch M5 Raft Loaded to 10«Inch N5 Raft Loaded to 6~-Inch
Freeboard in Still Water* Freeboard in Still Water* Freeboard in Still Water*
Ponton Ponton Ponton Ponton Ponton Ponton Ponton | Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton Ponton
Velooity No. 1 No. 2 No. 3 No. 5 No. 6 No. 7 No., 1 No, 2 No. 3 No. § No. 6 No. 7 No. 1 No. 2 No, 3 No, § No. 6 No, 7
Ft/Sec Port Port Port Starboard | Starboard| Starboard Port Port Port, Starboard |Starboard | Starboard; Port Port Port Starboard | Starboard|Starboard
Side Side Side Side Side Side Side Side Side Side Side Side Side Side Side Side Side Side
1.6 6.5 20.7 16.0 16.5 20,5 25.7 23.9 17.5 12.4 12.8 16.7 2.7 18.7 1.9 7.2 7.9 12.4 18.7
3.2 26,3 20,5 15.8 16.3 20,3 25.5 23.7 17.3 12.2 12.6 16.5 22.1 18.5 11.7 7.0 7.7 \ 12.2 18.5
5.1 25.8 20,3 15.1 16,1 20.1 25.0 23.0 17.1 11.7 12.3 16.3 21.5 17.8 11.0 6.3 6.8 1.7 17.8
7.0 23.6 18.5 13.7 1.0 18.3 22.8 22.3 16.6 11.5 11.9 15.8 20.6 15.1 9.6 4ol 4e8 10.12 15.3
8.9 20.6 17.6 12.4 12,6 17.4 19.8 18.3 15,0 10.4 10,6 1.2 17.3 12.6 7.0 25 2.9 7.7 i2.3
10.3 9.2 5ed 0.9 1.2 6.1 9.0
10,8 19.5 15.8 10.1 10.4 15.6 18.3 15.3 11.4 7.7 8.1 10.6 14.6
12.0 2.6 8,7 5.6 5.9 8.6 9.0 i1.3 8.9 4ol b 8.4 10.6

* Prior to conducting tests ponton No. 4 in the M5 raft was loaded in still water
to 14~, I0-, and 6-in. freeboards on the starboard and port sides, respectively.
All freeboard measurements are in prototype inches.




TABLE 17

COMPARISON OF AVERAGE MINIMUM FREEBOARDS ON BOW OF PONTONS

N -
1k-Inch Freeboard Loading on Side in Btill Water#*

Ml Ponton Unit#

Hollow "V" Ponton Unit*

Double "V" Ponton Unit*

Type "A" Scow Bow Ponton Unit*

Type "B" Scow Bow Pontom Unit*

Velocity
Ft/Sec
Observed Average Fresbosrd in Inches
1.6 18.60 18.35 18.35 18.35 18.35
3.2 18.35 17.50 17.75- 17.55 17.80
5.1 17.65 16.15 16.25 16.65 16.95
7.0 16.30 13.35 1%.00 14,60 15.15
8.9 13.75 9.55 10.00 11.25 12.15
10.8 10.70 5.00 4,00 5.10 5.00
12.0 7.00 2.00 0.00 0.00 4,60
12,7 5.00 0.00 3.50
1.1 0.75 0.00
RN 0.00
10-Inch Freeboard loading on Side in Still Water®*
Observed Average Freeboard in Inches
1.6 1k.h0 14,25 14,25 14.25 14,25
3.2 14,10 13.25 13.65 13.50 13.65
5.1 13.15 1L.75 12.35 12.10 12.65
7.0 11.00 8.75 9.35 9.00 10.30
8.9 7.15 3.00 1.85 k.15 6.35
9.3 6.25 2.00 0.00 3.50 5.2%
9.8 4,75 0.00 2,10 3.80
10.5 2.75 0.00 1.75
1.0 1.05 0.00
1.3 0.00
6-Inch Freeboard Loading on Side in Still Water**
Observed Average Freeboard in Inches
1.6 10.35 10.35 10.35 10.35 10.35
3.2 9.85 9.40 9.00 9.50 9.65
5.1 8.4%0 7.60 6.00 7.60 8.65
7.0 4.65 2.85 1.35 2.85 5.45
T4 3.65 1.90 0.00 1.25 k.10
7.7 2.75 0:75 0.00 3.00
7.9 2.00 Q.00 2.25
. 8.4 0.00 0.00

** Prior to conducting tests the ponton was loaded in still water to 14-, 10-, and 6-in. freeboards on the starboard snd port sides, respectively.
# The freeboard data for the ponton are the average minimum freeboard messured on the bow of the ponton.

All freeboards are in prototype inches,




TABLE 18

COMPARISON OF AVERAGE MINIMUM FREEBOARDS O SIDL OF PONTONS

1%-Inch Freeboerd Loeding on Side in Still Water* -

Velooit M4 Ponton Unit Hollow "V" Ponton Unit Double "V Ponton Unit Type “"A" Scow Bow Ponton Unit Type "B" Scow Bow Ponton Unit
eloclity
Ft/Sec
Observed Averasge Freeboard in Inches
1.6 14.00 14,00 14,00 1k4.00 14,00
3.2 13.90 13.90 13.90 13.90 13.90
5.1 13.70 13.70 13.50 13.70 13.75
7.0 13.25 13.30 12.80 12.60 12.75
8.9 11.90 12.20 11.50 10,40 10.85
10.8 10.50 10.60 10.80 9.40 9.65
12.5 8.75 9.60 9.40 8.50 9.50
13.9 7.25 7.70 8.35 8.50 10.20
1.5 6.65 7.10 8.30 8.80 10.20
15.1 5.90 6.40 8,50 7.50 9.90
16.0 4.85 4,85 9.50 1.00 1.25
10-Inch Freeboard Loading on Side in Still Water*
- Observed Average Freeboard in Inches
1.6 10.00 10.00 10.00 10.00 10.00
3.2 9.85 9.90 9.9 9.90 9.90
5.1 9.45 9.70 9.70 9.75 92.75
7.0 8.75 9.0 9.00 8.50 9.00
8.9 T7.15 8.10 7.40 6.15 6.75
10.8 4,70 6.10 5.20 4.80 k.95
11.6 3.75 5.10 4,90 b.2s5 k.75
12.5 2.75 3.90 4,00 4,00 4,60
13.5 ¢ 2.50 3.%0 3.85 4.60
4.5 3.75 3.00
6-Inch Freeboard Loading on Side in Still Water*
Observed Average Freeboard in Inches
1.6 5.95 6.00 6.00 6.00 6.00
3.2 .70 5.80 5.80 5.85 5.75
5.1 5.20 5.60 5.40 5.50 5.50
7.0 h.45 5.20 4.50 k.30 k75
8.9 2.10 5,30 2.30 2.00 2.25
9.3 3.85 1.40 2.00
10.8 2,20 1.35
1.6 1.25

# Prior to conducting tests the ponéon was loaded In still water to lk-, 10-, and 6-in. freeboards on the starboard and port sides, respectively,
All freeboards are in prototype inches.




TABLE 1

COMPARISON OF AVERAGE MINIMUM FREEBOARDS ON BOWS
OF TWO CENTER PONTONS IN THE 4-PONTON M5 RAFT

14~=Inch Freeboard Loading on Side in Still Watex*»

Four M, Ponton Unite*

Four Hollow "V" Ponton Units*

Four Double "V Ponton Units*

Four Type "A" Scow Bow Ponton Units*

Four Type "B" Scow Bow Ponton Units*

Velocity
Pt/Sec
Observed Average Freeboard in Inches
1.6 18,45 20.00 19.40 19.80 19.90
342 18.20 19.00 18.60 19.25 19,35
5e1 17.50 17.10 17.75 18.40 18,80
7ot 16,10 14,00 16.20 17.00 17.50
8.9 13.55 8450 11.50 13.10 13.60
10.5 .70 3.00 6.85 7.50 6,00
10.8 1.7¢ 5475 6.35 4410
1.3 3.75 4e25
11.7 2.40
10-Inch Freeboard Loading on Side in Still Water*
1.6 1450 15.90 15,80 15.80 16.10
342 14.20 15.00 15,00 15.25 15.80
5.1 12.75 11,75 14,00 135 15,10
7.0 9425 8.35 11,50 12.00 13.00
8.9 2,60 2,40 G450 6.35 8.85
95 0.00 4450 3.50 6.15
Ge8 3450 2.35 4.60
0.2 0.50 2,60
10.3 0.35
.
6~Inch Freeboard Loading on Side in Still Water*»
Qbserved Average Freseboard in Inches
1.6 10.6C 12,00 11.25 11.75 12.10
3.2 10.25 10.30 10.65 11.10 11.70
5.1 8.75 7450 9.25 9.75 10.40
7.0 4.60 2,10 5.00 6.75 7460
77 3.10 0.50 2,00 4.75 6,00
7.9 0.00 1.00 4.00 5450
8.1 0.00 3.50 4.85
8.6 1.65 3.50
8.9 0.85 2.65

#%  Prior to conducting tests pontons No. 2 and 3 in the MS raft were loaded in still water to li~,

* The freeboard data for the M5 raft are the average minimum freeboards measured on the bows of pont.ona No. 2 and 3.
All freeboard measurements are in prototype inchea,

10-, and é~in, freeboards on the starboard and port sides, respectively.




COMPARISON OF AVERAGE MINIMUM FREEBOARDS
OF TWO CENTER PONTONS IN THE 4-PONTON M5 RAFT

TARLE 20

ON INBOARD SIDES

14-Inch Freeboard Loading on Side in Still Waters*

Four M, Ponton Units*

Four Hollow "V" Ponton Units®

Four Double "V" Ponton Units*

Four Type "A" Scow Bow Ponton Units*

Four Type *B® 3Soow Bow Ponton Units*

Velocity
Ft/Sec

Observed Average Freeboard in Inches
1.6 14.00 14.00 14,00 14.00 14.00
3.2 13.85 13.90 13.80 13.85 13.80
5.1 13.40 13.50 13.50 13.70 13,60
7.0 | 13,00 13.00 12.50 13.00 11.85
8.9 11.00 8450 10,50 10.60 9.50
10.8 5.50 3.25 5.90 5,30 3.30
1.3 4.50 3.60
1.7 3.50

10-Inch Freeboard Loading on Side in Still Waterw*

Observed Average Freeboard in Inches
1.6 10,00 10,00 10,00 10.00 10.00
3.2 9.90 9.80 9.95 9.90 9.85
5.1 9.50 9.70 9.85 9.35 9.70
7.0 8.10 9.10 8420 8,60 8440
8.9 4,60 6,00 5450 5465 6.00
9.3 3.20 3.90 3.25 3.65
10.2 2.10 2.20
10.3 1.80

6-Inch Freeboard Loading on Side in Still Waterx

Observed Average Freeboard in Inches
1.6 6.00 6,00 6,00 6.00 6.00
3.2 5.85 5.70 6,00 5.80 5.70
941 5.60 535 5.65 5450 5,40
7.0 L e85 4450 4,00 450 5420
7.7 3.40 3.50 2,80 3.60 3.75
8.1 2,75 2,30 .90 3.20
2.6 1.80 1.95 2,15
1% 1.35 1,30

L

#* Prior to conducting tests pontons No. 2 and 3 in the M5 raft were loaded in still water to 14-, 10-, and é-in, freeboards on the starboard and port sides, respectively,

#

All freeboatd measurements are in protot-pe inches.

The freshoard data for the M5 raft are the average minimum freeboards measured on starboard side of ponton No, 2 and the port side of ponton No. 3.




TABLE 21

COMPARISON OF AVERAGE MINIMUM FREEBOARDS ON BOW
OF CENTER PONTON IN THE 7-PONTON M5 RAFT

14-Inch Freeboard Loading on Side in Still Water**

Seven Hollow "V" Ponton Units#

Seven Double "V" Ponton Units*

Seven Type "A" Scow Bow Ponton Units*

Seven Type "B" Scow Bow Ponton Units*

Velocity
Ft/Sec
Observed Average Freeboard in Inches
1.6 18.35 18.35 18.35 18.25
3.2 17.25 17.80 18.00 17.80
5.1 1h.50 16.25 16.65 16.75
7.0 10.50 11.75 14.00 1450
8.9 2,50 4,65 8.65 10.50
9.4 0.00 2.10 6.35 8.30
9.8 0.00 3.90 6.35
10.3 0.00 3.75
10.9 0.00
10-Inch Freeboard Loading on Side in Still Water**
Observed Average Freeboard in Inches
1.6 .20 14.30 14,30 1k.35
3.2 12.75 13.45 13.50 13.95
5.1 9.65 11.35 11.25 12.50
7.0 4.00 7.00 7.25 9.25
8.1 0.00 2,30 3.00 5.50
8.6 0.00 0.60 3.65
8.7 0.00 3.25
9.4 0.00
6-Inch Freeboard Loading on Side in Still Water®*
Observed Average Freeboard in Inches
1.6 10.10 10.25 10.20 10.35
3.2 8.85 9.35 9.25 9.25
5.1 k.25 6.75 7.25 6.85
6.5 0.00 2.80 3.00 2.5
7.0 1.15% 0.85 0.30
7.1 0.95 0.50 0.00
7.2 0.60 0.00
7.4 0.00

#*% Prior to starting tests ponton No. 4 in the M5 raft was loaded in still water to 1ik-, 10-, and 6-in, freeboards ox the starboard and port sides,

% The freeboard data for the M5 raft are the average minimum freeboards measured on the bow of ponton No, k.
All freeboard measurements are in prototype inches.

respectively.




TARLE ‘22

- COMPARISON OF AVERAGE MINIMUM FREFBOARDS ON SIDE
OF CENTER PONTON IN TEE 7-PONTON M5 RAFT

14-Inch Freeboard Loading on Side in Still Water¥*
Velooity Seven Hollow "V" Ponton Units* Seven Double "V" Ponton Units* Seven Type "A" Scow Bow Ponton Units* | Seven Type "B" Scow Bow Ponton Units* ‘
Ft/Sec
Observed Average Freeboard in Inches
1.6 14,00 1k.00 14,00 14,00
3.2 13.90 13.90 13.90 13.85
5.1 13.50 13.20 13.30 13.k4o
7.0 12.40 12,40 12.60 12,60
8.9 10.40 10.80 11.30 11.50
9.4 9.95 10.60 11.00 11.00
10.3 8.25 9.50 9.50 10.20
10.8 7.60 8.80 8.65 9.80
11.0 T.25 8.55 8,30 9.25
12.0 k.30 6.30 5.60 T7.00
10-Inch Freeboard Loading on Side in Still Water*¥
Observed Average Freeboerd'in Inches
1.6 10.00 10.00 10.00 10.00
3.2 9.70 9.90 9.90 9.90
5.1 9,40 9.70 9.50 9.50
7.0 8.30 9.20 8.30 8.50
8.9 5.60 7.70 6.50 6.75
9.4 k.80 7.00 6.00 6.00
10.8 2.50 5.00 k.10 %.00
11.0 k.00 3.75
12.0 2,00
6-Inch Freeboard Loading on Side in Sti1ll Water**
Observed Average Freeboard in Inches
1.6 6.00 6.00 6.00 6.00
3.2 5.60 5.80 5.80 5.70
5.1 5,00 5.20 5.45 4.70
7.0 4,10 k.10 4.35 3.30
8.9 2.90 2.90 2.50 1.50
9.4 2.65 2,00 1.10
9.8 2.20 0.70
10.3 0.30

** Prior to conducting tests ponton No, U in the M5 raft was loaded in still water to 14, 10-, and 6-in. freeboards on the starboard and port sides, respectively.
* The freeboard date for the M5 raft are the average minimum freebosrds measured on the sterbosrd side of ponton Wo. k.
All fresboards are in prototype inches.



TABLE 23

VELOCITIES AT WHICH MINIMUM FREEBOARD
ON SIDE OF CRITICAL PONTON IN RAFT BECOMES ZERO

4-Ponton Raft 7-Ponton Raft
Freeboard 14 Inch 10 Inch 6 Inch 14 Tnch 10 Inch 6 Inch
M4 Ponton 10.7 8.9 7.7 - - -
Hollow "V" Ponton 10.7 9.6 8.5 11.8 10.7 8.9
Double "V" Ponton 11.6 9.7 8.0 12.0 10.7 9.6
Type "A" Scow Bow 11.3 10.1 8.9 12.0 11.0 9.4
Type "B'" Scow Bow 10.8 10.1 8.9 12.5 12.0 10.1
VELOCITIES AT WHICH MINIMUM FREEBOARD
'ON BOW OF CRITICAL PONTON IN RAFT BECOMES ZERO*®
4-Ponton Raft 7-Ponton Raft
Freeboard 14 Inch 10 Inch 6 Inch 14 TInch 10 Inch 6 Inch
M4 Ponton * 8.6 * - - -
Hollow "V" Ponton 10.5 8.9 7.0 8.5 7.2 5.6
Double "V" Ponton 10.7 9.3 T.7 8.3 7.9 6.9
Type "A" Scow Bow 11.0 9.5 8.2 9.0 8.0 7.0
Type "B" Scow Bow 11.0 9.8 8.9 10.0 8.5 7.0

¥ Side of ponton submerged before zero freeboard at bow obtained.

~ Note: No tests run with M4 ponton in 7-ponton raft.
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DEPTH OF FLOW EQUALS 20 FEET.

PONTON NUMBER 4 IN THE MS RAFT WAS LOADED IN STILL WATER
TO 14, 10,7 AND 6 INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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3 3
b 3 TEST CONDITIONS
PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.

LENGTH OF ANCHOR LINE EQUALS 10 TIMES DEPTH OF FLOW.
DEPTH OF FLOW EQUALS 20 FEET.

e PONTON NUMBER 4 IN THE M5 RAFT WAS LOADED IN STILL WATER
7 6 5 4 3 2 1 TO 14, 10, AND 6 INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY,AT START OF TEST.
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VELOCITY IN FEET PER SECOND
* FREEBOARD MEASUREMENTS TAKEN ALONG SIDES DENOTED BY SYMBOL @

FLOW

TEST CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.
LENGTH OF ANCHOR LINE EQUALS 10 TIMES DEPTH OF FLOW.

DEPTH OF FLOW EQUALS 20 FEET.

PONTON NUMBER 4 IN THE M5 RAFT WAS LOADED IN STILL WATER

[ 4 3 2 1 TO (4, 10, AND 6 INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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TEST CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.
LENGTH OF ANCHOR LINE EQUALS 10 TIMES DEPTH OF FLOW.
DEPTH OF FLOW EQUALS 20 FEET.

PONTON NUMBER 4 IN THE M5 RAFT WAS LOADED IN STILL WATER
TO 14, 10, AND 6 INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY,AT START OF TEST.
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PONTON LOADED IN STILL WATER TO FREEBOARDS
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TEST CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.
LENGTH Of ANCHOR LINE EQUALS [0 TIMES DEPTH OF FLOW.
DEPTH OF FLOW EQUALS 20 FEET.
PONTONS NUMBERS 2 AND 3 IN THE M5 RAFT WERE LOADED IN
STILL WATER TO 14, 10, AND 6 INCHES FREEBOARDS ON THE
STARBOARD AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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Y @ TEST CONDITIONS
“ PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.
LENGTH OF ANCHOR LINE EQUALS 10 TIMES DEPTH OF FLOW.
DEPTH OF FLOW EQUALS 20 FEET.
PONTONS NUMBERS 2 AND 3 [N THE M5 RAFT WERE LOADED IN

3 2 | STILL WATER TO 14, 10, AND 6 INCHES FREEBOARDS ON THE
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VELOCITY IN FEET PER SECOND

* FREEBOARD MEASUREMENTS TAKEN ALONG SIDES DENOTED BY SYMBOL A/

TEST CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS,

LENGTH OF ANCHOR LINE EQUALS 0 TIMES DEPTH OF FLOW.

DEPTH OF FLOW EQUALS 20 FEET.

PONTON NUMBER 4 IN THE M5 RAFT WAS LOADED IN STILL WATER
TO 14, 10, AND 6 INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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TEST CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.

LENGTH OF ANCHOR LINE EQUALS 10 TIMES DEPTH OF FLOW.

DEPTH OF FLOW EQUALS 20 FEET.

PONTON NUMBER 4 IN THE M5 RAFT WAS LOADED IN STILL WATER
TO 14, 10, AND 6 INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY, AT START OF TEST,
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TEST CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.

LENGTH OF ANCHOR LINE EQUALS 10 TIMES DEPTH OF FLOW.

DEPTH OF FLOW EQUALS 20 FEET, .

PONTON NUMBER 4 {N THE M5 RAFT WAS LOADED IN STILL WATER
TO 14, 10, AND 6 INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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TEST CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.

LENGTH OF ANCHOR LINE EQUALS I0 TIMES DEPTH OF FLOW.

DEPTH OF FLOW EQUALS 20 FEET.

PONTON NUMBER 4 IN THE M5 RAFT WAS LOADED IN STILL WATER
TO 4, 10, AND 8 INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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JEST CONDITIONS

PONTON LOADED IN STiLL WATER TO FREEBOARDS
OF 14, 10, AND 6 INCHES, RESPECTIVELY ON THE
SIDE AT START OF TEST.

PONTON ANCHORED BY LINE OVER BOW CONNECTED
TO CAPSTAN.

LENGTH OF ANCHOR LINE EQUALS 0 TIMES DEPTH
OF FLOW.

DEPTH OF FLOW EQUALS 20 FEET.
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TEST CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.
LENGTH OF ANCHOR LINE EQUALS I0 TIMES DEPTH OF FLOW.

DEPTH OF FLOW EQUALS 20 FEET.

PONTONS NUMBERS 2 AND 3 IN THE M5 RAFT WERE LOADED IN

STILL WATER TO 14, 10, AND 6 INCHES FREEBOARDS ON THE
STARBOARD AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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TEST CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.
LENGTH OF ANCHOR LINE EQUALS 10 TIMES DEPTH OF FLOW.
DEPTH OF FLOW EQUALS 20 FEET.
PONTONS NUMBERS 2 AND 3 1IN THE M5 RAFT WERE LOADED IN
STILL. WATER TO 14, 10, AND & INCHES FREEBOARDS ON THE
STARBOARD AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
‘
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VELOCITY IN FEET PER SECOND
* FREEBOARD MEASUREMENTS TAKEN ALONG SIDES DENOTED 8Y SYMBOL @

TEST CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.
LENGTH OF ANCHOR LINE EQUALS 10 TIMES DEPTH OF FLOW.
DEPTH OF FLOW EQUALS 20 FEET.
PONTON NUMBER 4 IN THE M5 RAFT WAS LOADED IN STILL WATER
O 14, 10, AND & INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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TEST CONDITIONS

\ s PONTONS ANCHORED BY LLINES OVER BOW CONNECTED TO CAPSTANS.

LENGTH OF ANCHOR LINE EQUALS !0 TIMES DEPTH OF FLOW.
DEPTH OF FLOW EQUALS 20 FEET.
PONTON NUMBER 4 IN THE M5 RAFT WAS LOADED IN STILL WATER
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7 6 G 4 3 2 { TO 14, 10, AND 6 INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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* FREEBOARD MEASUREMENTS TAKEN ALONG SIDES DENOTED BY SYMBOL @
3
by TEST CONDITIONS
X\ / PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS,
LENGTH OF ANCHOR LINE EQUALS 10 TIMES DEPTH OF FLOW.
DEPTH OF FLOW EQUALS 20 FEET.

PONTON NUMBER 4 IN THE M5 RAFT WAS LOADED IN STILL WATER
5 4 3 2 { TO 14, 10, AND & INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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FLOW

TEST CONDITIONS

/® PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.
LENGTH OF ANCHOR LINE EQUALS 10 TIMES DEPTH OF FLOW.

DEPTH OF FLOW EQUALS 20 FEET.

PONTON NUMBER 4 IN THE M5 RAFT WAS LOADED IN STILL WATER

5 4 3 2 l . TO t4, !0, AND 6 INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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\ TEST CONDITIONS

PONTON LOADED IN STILL WATER TO FREEBOARDS
OF 14, 10, AND 6 INCHES RESPECTIVELY ON THE
SIDE AT START OF TEST.
PONTON ANCHORED BY LINE OVER BOW CONNECTED
TO CAPSTAN, .

LENGTH OF ANCHOR LINE EQUALS 10 TIMES DEPTH
OF FLOW.
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DEPTH OF FLOW EQUALS 20 FEET. MODEL STUDY OF
PONTONS FOR M5 BRIDGE
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TEST CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.
LENGTH OF ANCHOR LINE EQUALS 10 TIMES DEPTH OF FLOW.

DEPTH OF FLOW EQUALS 20 FEET.

PONTONS NUMBERS 2 AND 3 iN THE MS RAFT WERE LOADED (N

| STILL WATER TO t4, 10, AND 6 INCHES FREEBOARDS ON THE
STARBOARD AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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JEST_CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS,
LENGTH OF ANCHOR LINE EQUALS 10 TIMES DEPTH OF FLOW.
DEPTH OF FLOW EQUALS 20 FEET.

PONTONS NUMBERS 2 AND 3 IN THE MS RAFT WERE LOADED IN
STILL WATER TO (4, 10, AND 6 INCHES FREEBOARDS ON THE
STARBOARD AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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TEST CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.

LENGTH OF ANCHOR LINE EQUALS |10 TIMES DEPTH OF FLOW.

DEPTH OF FLOW EQUALS 20 FEET

PONTON NUMBER 4 IN THE M5 RAFT WAS LOADED IN STILL WATER
TO 14, 10, AND 6 INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY, AT START OF TEST. )
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TEST CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.

LENGTH OF ANCHOR LINE EQUALS I0 TIMES DEPTH OF FLOW.

DEPTH OF FLOW EQUALS 20 FEET.

PONTON NUMBER 4 IN THE M5 RAFT WAS LOADED IN STILL. WATER
TO 14, 10, AND & INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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VELOCITY IN FEET PER SECOND
% FREEBOARD MEASUREMENTS TAKEN ALONG SIDES DENOTED BY SYMBOL @

TEST CONDITIONS

PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.
LENGTH OF ANCHOR LINE EQUALS 10 TIMES DEPTH OF FLOW.
DEPTH OF FLOW EQUALS 20 FEET.

PONTON NUMBER 4 IN THE M5 RAFT WAS LOADED IN STILL WATER
TO 14, 10, AND 6 INCHES FREEBOARDS ON THE STARBOARD
AND PORT SIDES, RESPECTIVELY, AT START OF TEST.
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/ PONTONS ANCHORED BY LINES OVER BOW CONNECTED TO CAPSTANS.
LENGTH OF ANCHOR LINE EQUALS I0 TIMES DEPTH OF FLOW.
DEPTH OF FLOW EQUALS 20 FEET.
PONTON NUMBER 4 IN THE M5 RAFT WAS LOADED IN ST’LL WATER
5 p) 3 TO 14, 10, AND 6 INCHES FREEBOARDS BOARD
AND PORT SIDES, RESPECTIVELY, AT START OF TEST
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