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LEVEL FLOTATION STANDARDS ANALYSIS
RESEARCH AND DEVELOPMENT REPORT
PHASE Il - SPECIAL PROBLEMS

1.0 INTRODUCTORY SUMMARY

Figure 1-1 presents on overview of the objectives of the level flotation project, References

1 and 2 document previous work that has been performed in the level flotation area. In

brief, Reference | contains a literature search of various flotation standards, proctices and
recommendations of various countries. It critically compares three flotation stendards; the
present federal standard, an industry recommended standard and a proposed standerd formulated
from a study of the other standards. It also documents initial proof testing which indicates

that more testing was needed to establish requirements for a level flotation standard. Reference
2 continued research cnd analysis to obtain information/data needed to qualify a need for

level flotation and define requirements for a level flotation standard. The work presented in
this report deals with several problems (discussed below) that were not resolved in the earlier

work ,

As new and different equipment is mode available, old tables of recommended test weights
become obsolete. Section 2.0 provides datc on swamped outboard motors and controls thet

can be used *o compile an updated weight table that cen be used with o level flotaticn standara.

There had been concern that SK boats would not be cble to meet a level flotation standerd
without undue hardship and costs. Section 3.0 demonstrates how two bogts of this type can

ke fitted to meet a level flotation standard without excess difficulty,

Section 4.0 discusses the problems of water absorption of foam; particularly, seat foam,

Recommendations for a timed submergence are given for compliance testing considerations,

One of the basic problems of establishing a level flotation standard is in defining an cttitude
that is both safe ond readily attainable, Sections 5.0 and 6.0 discuss the longitudinal trim

requirements and the transverse stability requirement,

! Cockburn, J. A. and Michalopoulos, C. A., Flotation Standards Analysis Research and
Development Report, ‘Nyle Laborctories, June 1973.

2 sgutkulis, C., Bowman, J., and Chedwick, T., Phase | Final Report - Level Flotation
Standards Analysis Research and Development Report, \Wyle Leboratories, May, 1975.




-
p

Throughout the developrent of the level flotation standerd, rhe Ceast Guard was concerned

with making the puolic and industry awaore of the benefits asscciated ~ith, and rasearch

going into the formulerion of ¢ level flotation standard. Part of *his progrem wcs a level
flotaticn demonstretion neld in Austin, Texas, for mambers of 3SAC ond enyone else that
was interested. Section 7.0 of this report contains ¢ litercture 1endout thet was prepared

for this cemarstration., Tnis nendout descrides tha tesr ocat cheracrerictics cad precedures

emnloyed for the uemanstration,

A set of exzeriments involving novice boaters in ¢ swamping situction which were performea
under his tcsw wnich did not work out os planned are oresented "1 section 3.7, These
experimants de, however, srovide useful input to cnofner ongoing tes« (Bocter Eaucarion®

cnd will ke used re full aavantage.

{1
oy

Exoerimeants designed o determine cny special problems which szlf-tziling occts mignt hcve

ore oresented insection ¥ 0. Unless ceciden: data indicare otherwise, these tocts smouia

oe ‘rzcted lixe orner soats with respect to ¢ level flotation standerd.

Section 2.0 ooints out thet smell boats of 300 los or less persons capecity may require
62-32 Fistarion ias opposed re 30-30 flosation for other boets) ir rougn water. Tris scculd

s~y e required if tneir exposure rete in this tyoe of cenaiticn ceems it ~ecesscry,

ne finaings i~ this report in conjunction with work oerformed in References ! cna 2, ofus

i~put from tne Researc~ cnd Develooment Center in Greton, Connecricot, zzmsinsg ~ite

sore oerfarm2z oy oersonnel of USCG Haoaguerters shou'd leed rre CToast Guerd o form o

sefe ene 2auitcoie level flotation standarz.
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2.0 SWAMPED MACHINERY WEIGHT DETERMINATIONS

Reference 2 suggests that the swamped machinery weight tecle ts be used for flotetion amount

'8}

aetermingtion sinould ve updated. The dete presented in this section con be used in conjunction

+ itn cata on other engines to aid in updcting the teble of swemped machinery weight,

2.1 Test Dascripticn

Swemped engine weigints were determined as follows:

The engine was fastened to cn overhead crane ~ith a locd cell in series wir
the crene and wes lifted and the dry weight recorded. The engine was then
lowerec irto a tank of fresh water un*il the water level was at the top of the
mounting bracket (see Appendix A, Figure Al1-A1l), This weight was recorded
cs the swamped weight of the engine. To facilitate attcching the crene,

she covers on most engines had to be remeved; therafore, to obtain the actual
swamped weight, the weight of the engine covers wes added to the weight recd
from the load cell, The 125 hp Evinrude and the 130 hp Chrysler had power

tilt gear (see Figures Al2 cnd A13) and were tested ~ith it attached.,

T e ccrrery ond control weights were cetermined in @ similar menrer. Tnese items were zom-

cletely suomerged during the submerged weight determinaticn. Figure Al4 shows ore of the

[B]

]
srtrcis Lsed,

2.2 Swamoea Machinery Weignt Results

Sincz tmz selues cbroined must ve used in conjunction with other .alues to upcete the Swamped

Mzzhinery \Weight Table, the results cre preserted in tabular form.




Table 2-1 presents the results of the swomped engine weight determinction,

TABLE 2-1, SWAMPED ENGINE WEIGHT DETERMINATION

Make Yecr HP Dry Weight Swcemped Weignt | Swamped ‘Wt Dry 'Wt.
Evinrude 1974 2 26 23 .885
Evinrude 1972 4 36 31 .861
Evinruge 1974 6 52 45 .865
Evinruge 1974 9. 72 61 .847
Evinrude 1975 15 73 62 .849
Evinrude 1972 25 84 75 .893
Evinrude 1972 65 210 179 .852
Evinrude 1973 85 271 237 .875
Evinrude 1974 135 302 259 .838
Chrysler 1974 35 154 136 .883
Chrysler 1973 130 267 232 869

Avercge Swamped “/t., Dry Weight = .867

Teble 2-2 presents the results of the swamped control and battery weights,

TABLE 2-2. SWAMPED CONTROL AND BATTERY WEIGHTS

[tem Dry Weight (1b.) Submergad Weight {lo.)
Controls 8.5 4.5

Controls 10 5

Controls 16 1

12V/ Betre-y (Unknown) 39 19

12V 3cttery (Deka) 64 40

12V Betrery (Die Hard) 52 35

12"/ Battery (Delco) 46 25

5
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3.0 SKBOAT FLOTATION FEASIBILITY DEMOMNSTRATION

At the beginning of Phase [l of flotation development, it was telieved that SK and jet scats
would be required to meet the standard. Later deselooments through work performed ot USCG
Headguarters, ‘Washirgton, D. C. indicated that there ~as not sufficient need tc warrant their

compliance with the orcposed level floration standerd.

Tne results presented here are those cf an initial feasibility study using o typicel SK boa* anc
a typical jet boat., This study shows that it is fecsible, without too much difficulty, to irstall

level flotation in these types of boa's,

Fiqures 3=1 through 3-3 show the SK boat used for this feasipility study cne Figures 3-4 ond 3-5

show the jet drive boat used.

Flotction was installed to meet the modified 50 - 50 level flotction recuirement, Ficure 3-5
shows the SK soat in the test tenk with the required percent of the persons cepacity weight,
Person capacity is 750 pounds. Modified 5C - 50 level flotation required 50 percent of the
first 600 pounds /300 pounds) plus 25 percent of the remcining weight (37,5 pounds). The
proposed sterderd then requires 50 percent ¢f this weight (168.75 pounds) to be supported

at the side, Figure 3-7 shows the boat in this condition. An additiona! 15 pounds side

load ccused the boat to attain an attitude as shown in Figure 3-8,

Figures 3-9 and 3-10 chow the flotation arrangement of the SK boat, Manuracturer installed

fleration wes oresent in the gunwales throughout the length of the cassenger carrying arec.

Figures 3-11 ond 3-12 show the arrangement of the flotation in the jet drive beat that was used

in the ‘lotaticn demonstration at Naples, Florida, Januery 27-30, 1975,

Figures 3-13 and 3-14 cre diagrams with flotation medifications indicated, Table 3-! contains

the amourt and locatrion of each flotation modif cation mace.

e ep— e P - -
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Figure 3-2, SK Boat (stern view)
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Figure 3-3, SK Boat (side view)
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Figure 3-4. Jet Drive Boat (stern view)
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Figure 3-5. Jet Drive Boat (side view)
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Figure 3-6. SK Boat - 50-50 Level Flotation
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Figure 3-7. SK Boat - Side Load Test

13

BRI ISR AN B w00 0, g e

r




Figure 3-8,

SK Boat With Additional Side Load Weight
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Figure 3-9, SK Boat Flotation Arrangement
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Figure 3-10, SK Boat Flotation Arranaement
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Figure 3-11. Jet Boat Flotation Arrangement
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Figure 3-12, Jet Boat Flotation Arrangement
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Figure 3-13. Diagram of Flotation Modification (SK Boat)
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Figure 3-14, Diagram of Flotation Modification (Jet Boat)
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TABLE 3-1,

FLOTATION MODIFICATION

' Locction Distance From Bow Distance From ¢  |Cu. In. Foam lb. Buoyancy
SK 8oct
! 176 in. 27 in. 1520 53.13
2 176 in. 27 in. 1520 53.13
3 204 in 18 in. 1871 65 .40
4 204 in. 18 in. 1871 65.40
5 24 in., (Removed From "As -200
g manufactured"” boat)
| jet Boct
B 117 in. 14 in. 775.75 27.11
) - 17 in. 14 in. 422.22 14.76
3 154 in. 0 in 2035.5 71.15
5 s 216 in. 0 in 563 19.68
LS 192 in. 24 in 7327.5 256.12
5 192 in. 24 in 849% 296.97
B 168 in. 0in 2015 70.47
3 156 in. 34 in 1123 39.43
E ? 156 in. 34 in 1128 39.43
o 122 in. 34 in. 756 26.42
n 122 in. 34 in. 756 26 .42
12 68 in. 0in. 5548.5 193.94
21




4.0 FOAM ABSORPTION CONSIDERATIONS

Cne area of concern regarding the charccteristics of flotation material is that of water
absorption, It was felt that i¥ a boat just met the minimum requirements when it was first
submerged, it may not meet the minimum requirements ofter being submerged for o period

of time, particularly if open cell foam is used such s that found in many boat seats. To
aid in deziding what should be done regarding this problem, the water sbsorption character-

istics of this seat foam was investigated.

Three seats were used for this investigetion. Two of the seats were relctively new and tne
third was a couple cf years old and had been exposed to much weather end submerzzd
mcry times during otner experiments. [nis older sect wes used o see Fow the charscteristics

may ncve changed with age and use .

Tcbles 4-1, 4-2, and 4-3 present tne results of the three sect tests. The sects used cs felf to
e repraseniative of rhose thet would provide buoycncy in many procuction bocts. Lozking ar
Tetles 4-1 through 4=3, you can see thet the seats do lose buoyency by remaining suomarged.,
However, if you look at the loss of buoyancy that occurs when the seats are walxed 21, yeu
can see that tnis is ¢ significant reduction. Just leaving the sects submerged in water does not
sive ¢ true indication of the loss in buoyancy thet would occur if the seats were sccmerged cnd
sesole were moving about on them. This could present o proolem for ccmpiiance testing “or o
Ylotation standerd. If the loss in buoyancy with people moving cbout on the seats is t3 e
affected, a test procedure must be developed to do this. it may oe rationclized that ceczle
sitting on the seats do not have the sume cffect on buoyency os people walking on the sects,

ard that the seat can be submerged for compliance testing purposes without "walking on the

seate, "

[f sect foam is permitted t< be used tc meet the fiotation requirement, another proclem may be
encountered; that of having the seats pull out from their ‘astenings, A test for strength of

fasterings may clso have tc be developed.

To see what effect loss of buoyancy due to submergence had on an entire boat, an 18 °t jet

drive boat was tested, Table 4-4 shows these results,
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TABLE 4-1,

NEW SEAT SUBMERGENCE TESTS

Time Submerged Submerged Fixture Seat
Submerged Fixture Wt and Seat Wt Buoyancy
(Ib) (tb) (Ib)
Initielly Submerged 105 7 98
Submerged for 1 hr 105 43 57
Submerged for 2 hr 105 51 54
Submerged for 4 hr 105 54 51
Submerged for 4 hr and
walking on submerged
seat for 10 min. 105 70 35
Submerged for 6 hr and
walking on submerged
seat for 10 min. 105 72 33
Submerged for 22 hr 105 74 31
Suomerged for 24 hr and
walxing on sect for 10
min. 105 77 28

R e B o
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TABLE 4-2, NEW SEAT SUBMERGENCE TESTS

Time Submerged Submerged Fixture Seat
Submerged Fixture Wt and Sect ‘Wt Buoyancy

(Ib) (1b) (1b)
Iriticlty 105 12 93
Submerged for 15 min, 105 31 74
Submerged for 16 hr 105 58 47
Submerged ‘or 19 hr 105 62 43

Suomerged for 19 hr and

~clred on for 10 min, 105 75 30
Submerged for 21 hr 105 76 29

TABLE 4-3., OLD SEAT SUBMERGENCE TESTS

Time Submerged Submerged Fixture Seat
Scemersad Fixture ‘Wt and Sect Wt 8uoyancy
’ (16) (15) (Ib)
{oiticlly 103 45 58
Submergec *or 13 min, 103 b4 39
Submrerzed for 16 hr 103 67 36
Sudb~erzed for 14 ~r and
wGi«ing zn sect for 10
min, 103 85 13
Suomergea ‘or 13 nr 103 87 16
24
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TABLE 4-4, 18 FT JET BOAT SUBMERGENCE TESTS

Time Net Buoyancy
Initially 475
Sub 4 hr 332
Sub 16 hr 268
Sub 16 hr and walked on seats 240

From Table 4-4, it can be seen that the reduction in buoyancy due to walking on the seats is

a small percentcge of the total reduction in buoyancy caused by the boat being submerged for

an extencded period of time,
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5.0 LONGITUDINAL TRIM CONSIDERATIONS

5.1 Objective

The objective of the work covered in this section was to investigate and onalyze any trim

problems which may be associated with level flotation.

5.2 Trim Probiems Associated With Level Flotation

There were severcl areas which needed consideration during the development of the level
flotation standard. One crea of concern was the trim attitude of o flooded boat with no
passenger load on board. If a boat met the standard criteria in the full load condition,
would that mean it would also provide a scfety pletform in the partially loaded or no
passenger load condition? A boat in the no passenger load condition must still float with

an attituce that would allow passengers in the water te boerd it,

Another arec of concern was thet of the maximum trim a boat should have both in the full

passenger load and nc passenger load flooded condition. This would have to be a subjective

determination based on results of flotation testing.

A third crea of importence was the longitudinal limits for test weights for compliance testing
purposes. Reasonable longitudinal limits needed to be set for test weight plccement in order
to insure that in a real life situation passengers could ke supported in crecs that they could

readily occupy.

5.3 Experiments

Several experiments were conducted to provide data to help in answering the trim questions,
5.3.1 Trimin the Light Flooded Condition

These experiments were performed in order to investigete the possible trim a boat might have

in the no passenger load flooded condition. These experiments were performed as follow:
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Three boats were equipped with flotation to meet a modified 50-50 flotation requirement,
This modified requirement is that the boat support, on centerline, 50% of the first 600 Ibs
of passenger load and 25%5 of the remainder of the passenger load, The transverse stability
requirement is that it support 50% of the centerline load at the side. The three boats used
cre boats 516, 1219 and 1187 (Figures 5-1, 5-2, and 5-3, respectively), Charocteristics

of these boots are shown in Table 5-1,

The flotation material in each boat was adjusted so that the boat floated in a "level"
attitude when the test weights were placed at a predetermined position. "Level" for these
experiments wes taken as possible minimum conditions for the proposed stendard., The
predetermined positions of the test weights varied from midlength of the passenger carrying
area, to 10°%5, 20% or 309 forward of the midlength. In the case of boat 516 which had
tvo possenger compartments, the test weights for each compartment were divided in the same

ratio os the lengths of each compertment to each other,

For some experiments, the flotation material in the boat was not relocated to obtein a "level™
attitude when the test weights were moved to various locations. Instead, ¢ test fixture
(Figure 5-4) was fabricated to simulate the effect of shifting flotation material. If the weights
in the two baskets are the same, the net vertical force on the boat is 0 (reglecting friction

in the pulleys). These two forces, however, apply a couple to the boat enabling it to be

trimmed to any desired attitude without changing the weight/buoyancy relationship of the boct.

The test weights were initially placed on centerline at the midlength of the passenger carrying
area or oreas, The required machinery weight was clso placed on the boat in its proper
location., The quantity of test weights used initiclly was that required by the modified 50-50
flotation standerd; i.e,, 50% of the first 400 pounds plus 25% of the remainder of the

passenger lood,

Ecch boat was leveled by shifting f'otation material or with the leveling fixture and the drafts
fore and uft recorded. Weights were then removed in increments ond the resulting draft
changes recorded, The attitude of the boat with oll pessenger load weights removed was also

recorded,
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The weights were then replaced in the boat on centerline, but at 4 different longituginal
position; 10°5, 205 or 30°% forward of midlength of the passenger compartment, The weights

were again removed in increments and dratts fore and aft recorded (see Section 5.4,1).

5.3.2 Longitudinal Position of Test 'Weights

Since the level flotation stonderd viould specify an attituce in which the boat must float, it
must clso specify area limits for test weighis. Ideally, test weights should be placed orly

in arecs that real people could be expected to occupy in ¢ swamping tituation. This would
recuire defining arecs that people could occupy. This could prove to be difficult end very
time corsuming, especially when complicnce testing. An alternctive to *his is sukjective'y

choosing a longitudinal limit that cppears to be satisfactory,

Based on experience gained during the development of z level fletation stendard, it wes
velieved that = 20% of passerger area length cbout mid'eng*~ of casserger crec ras o suitcble
limit for placement of *est weights, It cppears to be serv Zi502ult to fit occupents in the

voct fornard of the 20°5 mark, say at the 30°% mark, I~ ¢ to sukstzrtiate the sublectize

choice of = 2C°%, tne following determingtion s as made,

Most boats would probably lean toward the forward 'imit for passerger load to oktain = ievel
cttitude, This is due to the heavy engine weight cf*, I test .aights nere permitted o hove
their LCC ot 20°% fornvard of the midlength of the pcssengar carrying crea, this wouls mean
thar in ¢ real swamping situation “alf the people must be forward =f the 2071 merk in arder
o obtain o level attitude, In order to cetermine if this indeed were gossible, o scmeie of
18 boats was used for the determination, For each of these Locts (see Table 5=2), the
persons capacity in pounds was determined. The person -cpacity in pounds wcs then divided
by 130 to obtain the number of people at 150 pounds the toat would support. Half of this
numcer of peoole ihen must be akle to get forward of the 20°% forward ~ark in each of
these cocts, The required number of people (Table 5-2) boarded each beat and attempted

to locate themselves ir the required position. Results are presented in Section 5.4.2.
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5.4 Results and Analysis of Trim Experiments

Folloviing are the results of several experiments desigred to cid in establishing trim criteria

for a level flotation standard.
5.4.1 Results of Experiments to Determine Trim in the Light Flooded Condition

Tebles 5-3 through 5-9 contain ti'e results of the experiments designed to determine possible

trim in the light, flooded condition. The results of each boat will be discussed separately.

Boct 516 was initially equipped with flotation to support a passenger load of 1280 pounds to
the modified 50-50 requirement. This is a net load of 47C pounds. From the time of the
original test determining the quantity of flotation present to the time of the first experiment
(aporoximately two hours), the boat lost buoyancy due to weter cbsorption resulting in its

being able to support only 450 pounds.

As seen in Table 5-3, the boat was trimmed so that the oft end was approximately 12 inches
below the surface of the water with the forward end cpproximotely of the surface of the
water, (This wes being considered as a possible minimum level attitude for the propossd
standard.) The test weights were ot the midlength of the passenger carrying areas for this
experiment, ‘When all passenger weights were removed, the total trim of the boat was just

over 13 inches, Thisis very little change from the initial trim of approximately 12 inches.

The next two experiments with boat 516 utilized the leveling opparatus to bring the boct to
the desired trim when the passenger load weight was ploced 20°% and then 30°%% forward of

midlength on the centerline (as opposed to ot the midlength as in the first experiment’,

The boat had lost an cdditionel ten pounds of buoyancy due to wcter absorption (additioncl
submergence time about two hours) for the 20°% forward experiment and an cdditional ten
pounds prior to the 30° forward experiment (total immersion time oporoximately seven hours).
As seen in Tables 5-4 and 5-5, the change in trim from the fully loaded condition to the no
passenger load condition increased in the latter experiments. In the case where the weights
were 207 forword, the trim went from about 13 inches down by the stern to about 15 inches

downr by the stern, and in the case where the weights were 309 forward, the trim went from
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cbout 11-1/2 inches down by the stern in the fully locded condition to just over 20 inches
in the no passenger load condition. For this boat, the submergence of the aft end was alweys
the greatest in the fully loaded condition and the boat never trimmed to what could ke

corsidered a cevere attitude.

From these experiments, it shows that this boat does not trim excessively in the no pessenger
load condition even when the flotation was located such that it requires the passenger load
to ce 30°5 forwerd of midlength *o obtain minimum acceptable trim conditions in the full
load condition. At the time of these tests, it was felt that 30%5 forward of midlength could
possibly be the physical limit for locating the weights to oktain the desired trim attitude in

the fully looded condition,

Tables 5-6, 5-7 and 5-8 contain the results of experiments on boat 1219, Table 5-4 shows
that when the test weights are at the midlength of the passenger carrying arec, the bost
chenged trim slightly from the full passenger load to the no passenger locd condition, [t

went from just over five inches down by the stern to seven inches down by the bow,

The naxt hwo experiments with boat 1219 had the same location of the test weights (30°%
forward of midlength); however, they differed in initial trim, Table 5-7 shows the trim

in the fyll load condition to be about five inches down by the stern while the initial trim for
the experiments shown in Table 5-8 is about 16 inches down by the stern with th2 submergence

at the oft end keing about 13 inches.

For both experiments going from the fully loaded condition to the ro passenger load condition

did not recult in severe trim, Again, these experiments incizate that severe trim in the liaht
4 s =

condition would not be a oroblem,

The last boat used in these trim experiments was o small, lighrweight johnboat. Toble 5-¢
shows the results of this experiment which are quite different from the results of the previous

two baats,




The flotation material was adjusted so that the boat floated approximately level when the
passenger load weight was located 10%% forward of midlength, As the weights were removed,
the boat trimmed down by the stern as was expected, This trim, however, hecome excrssive
as the pessenger load weight in the boct became relatively small. When the last increment of
ncssenger locd weigh' was removed, the boat assumed an almost verticel stern down position,

This is an vnacceptcbly severe trim attitude, It would e very difficult to board this boct

from the wcter in order to toke advantage of the flotation with which it is aquipped.
5.4.2 Resua. of Longituding! Limits of Test Weights Determingtion

Appendix B contains photos of the 18 boats used in the determination, Each boat conteins
kalf the number of people that it would have if fully iocded, (In some cases rounding off the
calculatiors coused more thon half the toral number of people to ce in the boct cs can se
found in Table 5-2), Each of these boats had two tape marks on the side of the boct,

(Boats with multiple passenger areas have two tcpe mcrks per passenger arec.; The rcpe

mark aft marks the midlength of the passenger cerrying arec. The tope mark forvard marks
the spot that is 20”5 of the passenger length forward of the midlength of the passenger

crea, As cen be seen from the photos in Appendix B, the 2035 forward mark appears to

be the limit in front of which haif the number ot persons for these boats can fit,

5.5 Conclusions and Rezommendations

Based on the results of the longitudinal trim experiments, it con be concluded thet o no
passenger load, flooded trim condition reeds to be specified in the level flotation stenderd,
This trim, as well os the full load trim, will be subjective determinations kesed on experience

gained through flotation testing. The limits thet are being recommended here are:

. For the full load condition - Cne 2nd of the boat must be =t or ahove the
surface of the water. The other end must not be more than 12 inches below
the surface of the water,

o For the no passenger load condition - Same as full load condition,
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CHARACTERISTICS OF TEST BOATS

B Y bt

TABLE 5-1,
Capacity Plate Values
Boct Numrer | Length (ft) | Beam (ft) ! Maximum HP | Person Cap. Maximum ‘eight
516 15.91 6.12 85 1050 1500
1219 16.49 6.63 120 750 1245
1187 14.05 4.0 10 400 54C
33
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TABLE -2, BCATS USED FOR LONGITUDINAL WEIGHT DISTRIBUTION STUDY
Persens Capacity | op o | : 0.5L |0.2L
| .C. assenger Areo . .
Boat No. Lb Lb/150 |[Mo. People Length (inches) (in,) 1in.)
201 | 428 | 2.9 2 140 76 | 29
435 | 940 | 6.3 3 194 97 | 9
4% 11000 | 6.7 s 196 %8 | 9
24 | 450 3.0 2 128 65 | 28
11c4 600 4,0 2 92 4é 18
1202 | 480 | 4.5 3 152 76 |
1267 | 665 | 4.4 2 161 81 | %
1269 1200 | 9.3 5 82 a0
1272 | 70 | 5.0 3 164 82 | 33
1273 | %0 | 3.7 2 106 53 o
1278 | 900 | 6.0 3 98 49 |20
1221 | osac | 4.0 2 126 63 | 28
1282 | 3c | 5.3 3 83 2 7
1283|1200 | 8.0 4 104,55 5328 21/N
1286 11200 | 8.0 4 112/48 s./24| 22/10
1287 | 400 | 2.7 2 161 g1 | 3
1220 | 475 | 4,5 3 167 84 | 23
1261 | 750 | 5.0 3 15 8 | 23
u
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TABLE 5-3. LONGITUDINAL STABILITY DATA SHEET

Boat Number 516
Location of Pussenger Lood Midlength
Draft
Total Passengers' \Weight Present Fore Aft
495 + /4 - 11-9/16"
445 +1-1/2" - 3-1/8"
395 +1-1/4" 0
345 +1-1/8" S
295 +1-1/4" < 1-374"
245
195 +1-1/2" + 3-7/10"
145
95
45
0 -9 +~ 4-3/8"
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TABLE 5-4, LONGITUDINAL STABILITY DATA SHEET

Boat Nurmper 516
Locction of Passenger Load 2095 Fwd
Draft
Total Passengers' Weight Present Fore Aft
495 - /2" | - 12-3/4
445 - /4" | - 1-3/4"
395 S 12t - 1
345 < 1=1/40 L -
295 - 3" = 2-1/8"
245
| 195
| "
i 95
I 45
iL 0 - 12" ~ 2-3/4"
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TABLE 5-5. LONGITUDINAL STABILITY DATA SHEET

Boat Number 516
Location of Passenger Load 0% Fwd
Draft
Total Passengers' Weight Present Fore Aft
465 + 4" | - 10-7/8"
415 - 2" - 4-1/4
365 + 2-1/2" | - 1-1/4n
315 + 4" -
265 = 5-1/4" | - /4
215 + 8" - 1-3/4"
165 +11-3/4" | - 2-7/8"
115 +13-1/2" | - 3"
65 = 15-1/4" | - 3-1/6"
15
0 =17-1/4" | + 3"
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TABLE 5.6 LONGITUD!NAL STABILITY DATA SHEET

Boat Number 1219
Locatiorn of Passenger Load Midlength
! Draft
Total Passengers' Weight Present Fore Aft
395 0 - 5=1/4"
345 - /4" - /2
295 - 1/4" +1-3/4"
245 - 1/4" = 2-5/8"
195 -1/8" = 3-1/4"
145 0 =4"
95 - 1/2" -~ 4-7,8"
| 45 c ~6-1/8"
0 - 1/4" *6-3/4"J
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TABLE 5-7. LONGITUDINAL STABILITY DATA SHEET

Boat Number 1219
Locction of Passenger Lood 30°% Fwd
Draft
Total Passengers' Weight Present Fore Aft
395 /4" | - 4-7/8"
345 /4" | - 3-8/10"
295 [ - 3-1/2"
245 2" 0
195 3" + 910"
145 3-1/2" | +1-3/10"
95 5-1/2" | +1-1/2"
45 8-1/2" | =1-4/10"
0 14" +1-1/4"




TABLE 5-8. LONGITUDINAL STABILITY DATA SHEET

Boat Number 1219
Location of Pcssenger Load 309 Fwd
Droft
Totel Passengers' Weight Present Fore Aft
393 - 3" - 13-1/8"
345 + 3=1/4 | - 12-3/8"
295 - 4" -1
245 + 5" - 9-3/5"
195 - 6" - b-1/4"
145 + 5" = /8"
95 < 521720 -
45 = 8" - 90"
0 = 12-3/8" | - 8/10"

4Q

g e ' T N Y




TABLE 5-9. LONGITUDINAL STABILITY DATA SHEET

Boat Number 1187
Location of Passenger Load 10°% Fwd
Draft
Total Passengers' Weight Present Fore Aft

155 - 2-3/4r |+l
130 < 3-1/2"0 | +1-3/4"
105 + 9 + /2
80 +15-1/2" | - /2"
55 +~23" - 5-1/4"
30 Sunk by the stern
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Figure 5-1. Boat Used in Trim Experiments
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Figure 5-2, Boat Used in Trim Experiments
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Fiqure -3, Bont Used in Trim Experiments
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6.0 TRANSVERSE STABILITY CONSIDERATICNS

It has been Aetermined through Reference 1 and 2 that o certzin amount of transverse stekilit,

is = desirzilo fecture of level flotction. A level flotation srardard would have to spacify

%e requirad amount of stability and a method of measuring this stebility,

Based on Phase 1 cnd Phose Il of the <o clopmental testing, a desirchble amount of transverse

stability has teen determined subjectivel, (see Se-tion 10,0 for Rough Nzter Reguirerents’,

An objertive maasure of this steeility nas clso cean ceterrmined, A boct will hove the

Jesironle stanility if the flotation is arrarged such that the boat does not exzeed a 207 heel

the weight being supported on certerline for the flotation test is moved

‘o the lowest outcoord cerimeter and the remaining half of the weight is removed, The

Uhiective determinction of the desired stcbility v.os based on the toat's motion in waves

v

and zllewing o certoir amount of persons motion in the boct.

~e zrec 2 cconcern here is the locarion of the test weights for comclicnce testing ourcoses.
172t tre zevelcomental tesring, stediiity measurements were taxen placing the rast
weiccti s gt tmeir center of gravity wes asoraoximetely four inches off the cockpit solz ana

TogizAlTeiel Tour ingnes innoard f the ourside extremity of tne oessenger carrying cres

Lonzitunins] ~istribution of test waights was generclly e fairly uniform disrrizution throughor®

The pasiercer Iirrying area,

14vhe ~¢ nasanger load flooded condition trim requirements are met, it would be relatively

1

230y b9 arrzeee the flotation materinl so the test weignt would have o rezsench!

e longitudina!
rizutior . Sirce the side load *rarsverse stebility test is a ~easure of the stanility ¢ *he
flconed soat ard not o cporoximation of whet all the peocle in the boat con zctually Jo cs

‘s *he —e~terline *otcl flotation test, some leeway in the distrizution of rest weignts should

e

The lorgitudinz! districution proposed in the USCG Level Flotatior requlation dated
September [, 1973, uppears tc be acceptsble, This distribution says that the canter of
gravity of the tast weights for the transverse stobility test must be within - 357°% of the
passenger ares length cbout the midlength of the sossenger crea, It alco states that the
test weights must be districuted along at least 3094 of the length of the passenger carrving

area,
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7.0 FLCTATICN DEMCNSTRATION FOR BSAC

Cre of *me reguircments for Subtask Il of the flotation development v.as to equip four boats
with tevel flotation to e used in g demonstrction for a BSAC meeting in Austin, Texas,
‘Wecther conditions in Texzs ot the time of the meeting did not permit all ‘our boots to be

usec in the demonstration; however, fallowing is the nendout document tnat was prepared
’ d

Tor tnis demonstrarior,




- o

AUSTIN FLOTATICN DEMOMSTRATICN
BOATING SAFETY ADVISORY COUNCIL

TECHNICAL NOTES

25, 30 May 1975
[ ]

Prepared for

DEPARTMENT OF TRANSPORTATION
UNITED STATES COAST GUARD

Office of Research and Development
Washington, D.C. 20590
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AUSTIN FLOTATION DEMONSTRATION

7.1 Introductory Summary

The demonstration on 29 May 1775, will reflect the latest views on the proposed Level
iotation Standard. Four boats will be used for this demonstration. Two of these boats are
rungbout types, one being a bowrider and the other a single passenger area boat. Both are
ecuipped with ingoard engines and one has a jet drive unit attached. The other nas no
orooulsion unit attached; however, the weight of the engine has been modified o simulats
the total weight of an engine and jet drive unit. The bowrider boat iModel V/ 187} has a
Perscns Capacity of 1200 ib and the single passenger area runabout nas a Perscns Capacity of
P00 !b. Flotation for ecch boat was determined according to the flotation curve contained in
Figure 7-1. From the curve, the flotation amount for the 1200 lb capccity boat is 30/50 ard

the flatation crount for the 900 b capacity boet is 35/50.

The 900 It zapacity boat is equipped with cuich release mechanisms on the sects so the seats
san De “emcves 5 show the affect of loss of buoyency of the sects Jue to warer absorptior

or failure cof tne seaf ‘gstznings.

The sther rwo ocats *c pe used in the demorstration are johnboats. These will be used to
demonstrare tre “intation characteristi~s of cocts on the other end of the ooat spectrum, that
is, small anz lightaeight craft. One of thase beats is ecuipped with 33 30 flotatior for a
Persors Cco&:}ry of 200 tb. This is believed to provide sufficient stability In zaim water. To
demcnstrate how *his ooet with 50 50 flotation reacts in rough water «? to 18 inch waves) the
othar jchnboat is ecuipped with floraticn such that, in calm water, it will simclate the

rough w~atar stability characteristics of the 50 50 flotarion system.

7.2 Flotation Characteristics of Demonstration Boats

Since 2ach boat ~as received with flotation matericl installed by the manufacturer, the
flatation chara~teristics of each boat had to be determined in order r5 aecide what ~odifi-

zations needed to be made to obtain the Coast Guard provosed Level Flotation system.
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7.2.1 Glastron Model V 174, 900 Ib Persons Copacity

This boat (Figura 7-2) was received on loan ‘rom the Glastron Boat Company to ka2 ysed for
Hlotation research, The boat did not have an engine when it was received; therefore, o
summy engire weight had to be installed. The weight of the engine that is generally in-
stalled in +his toat was cbtained from the Glastron 8cat Company. A scrap engine was
coraired ‘rorm a local scrap yard and weight was added to oring the rota!l to the racuireg

weight. The total machinery weight in this boat is 644 ib dry 1521 ib stbmergec).

Initial fiotetion tests on this boat showed that it had enough ‘lotaticn to support, ir adiition
to the machinery weight, a weight of 811 |b on centerline and & side load weight of 274 ib
rcenterline arnd side load tests were independent). This amount of flotation was far in excess
of that recuired by the proposed Level Flotation Standard. In order to obtain the flotation
amount that would oe required by the proposed standard, flotation material had ic se remcvad
from *he boat. After several iterations of zclculations and tan's testing the desired charactar-
istics were cbtained. As shown on the flotation curve (Figure 7-1%, a boct with o 60 'k
Persons Canccity will be required to have 35/50 flotation. This means that i+ will be
recuied *o support 35 percent of the Persons Capacity on centerline and 50 percert of

*har srount at the side of the boat without the boat losing siakility .

Referring again to Figure 7-1, o 900 Ib Persors Capacity hoat is allowed to use "seat foam"
fopen cell foam: to mcke up the difference between 25/50 (Curve "A") and 35/30 'Curve "8
flotetion, Tnis particuiar coat does ret have 2nough cpen cell foam installed to nrovide
that ~uzh flotation. During the test *he seats will be removed, and the boar will then Rave

approximataly 27,40 flotetion.

7.2.2 Glestron Model V 187, 1200 lb Persons Capacity

This boct (Figure 7-3) wes also received on loan from the Glastron Boat Comparv ‘or flatation
research, As with the V 174, a scrop engine and additional weight were zdded to simulate
the missing 2ngine and cutdrive, The total machinery weight in this beat is 775 b dry ard
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[nitial tests on this boat indicated that, as delivered, in addition to the machinery weight, it
could suoport 240 Ib on centerline and 191 Ib ot the side. According to Figure 7-1, this boct
would ve ecuipped with 3050 flotation, meaning that it would be required to support 378 Ib
on centerline and 189 Ib ot the side. Therefore, additional foam was added until the beat

met the 30 50 criteria.

During the demonstration, the boat's flooded capability will e demonstrated with o full 1200 Ib
persons load, and with a 756 1b persons load. The 756 lb load equals the passenger load which
the boat will support with the occupants 50 percent out of the water. With a 750 lb load, the

boat supports the people as if the beat wos rated for 750 Ib and had a 53, 50 flotation system.

7.3 Fisher Model Swift 14, 400 Ib Persons Capacity

This ocat has ¢ manufacturer's posted Persons Capacity of 400 |b, and a posted maximum
harsepcwer of 10, The pested Maximum *Veight Capacity of 540 lb exactiy equals the
Parsors Capacity plus the maximum motor weight for a 10 hp engine. The flotation installed
supperts 51 percent of the Persons Capacity and 58 percent of that can be moved to the edge
of th- passenger zerrying area without the vessel exceeding a 30° heel limitation. The
staoility (at 38 percent) exceeds our 50 percent design criteria due to the manner in which
the manufacturer installs his level flotation option. Photographs of this boat are shown in

Figure 7-4,

During the tests we will capsize the boet with one person on oocard. You will nzte that the

ccat Joesn't capsize until the occupant attempts to reboard it over the side.

[t is our experience that johnboats with one person on board rarely capsize or swamp during
the initial aczident. After the boat is swamped, two persons will demonstrate the transverse

and longitudinal stability characteristics of the 51, 58 flotation system.

During our testing in choppy water (9 to 18 inch chop) on the Tennessee River, we rotized
that lightweight boats showed dramatic decreases in flooded stability in waves. This was
somewhat surprising, as similar tests with larger boats in up to & ft to 8 ft breaking waves

indicated that the flcoded, level flotation, boats responded to the waves by heaving

51




rather ther alling, and thus showed little decrease in stability as corapered to cclm water,
[~ 2vuer te zive you same idea of the magnitude of the stability proolem with the lightweight
Sevs, wo nave set up an identical Fisher to simulate the stebility cheracteristics of 50 50
fistation Tnisugh water. This second boat is actually set up to ~50.15, 2nd the stability it

cemzrstrates for you in calm water is close to that which 50 50 gives in choppy water.
b4 PRy

7.4 Persons Submergence and Percent of ‘Veight Supported

Takle 7-1 contains the results of tests conducted on three male ard three female subjects in
fresn water. [t provices data cn the percent of a person’s neight submerged versus their
ret weignt. “Net weight” is expressed as a percentage of their #ry weight, ond it 2cuals

the puoyancy the flotation would have to provide for them.

To summarize the Tabple: ‘

ai The 50 percent net weignt point is cbout ar ¢ person's waist.
o The 25 percent et weight point is in the area of the armpits.
c) The variarce of the test values over the six subjects was relatively small,

cnd approximately 67 percent of the test values weare withir 5 percent of

the test maans.
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Figure 7-2(a). Glastron Model vV 174, Side View Figure 7-2(b). Glastron Model V 174, Stem View

Figure 7-2(c). Glastron Model V 174, Front View
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Figure 7-3(a). Glastron Model V 187, Side Viev. Figure 7-30),. Glastron Model V 187, Bow View

Figure 7-3(c). Glastron Model V 187, Stern View




Figure 7-4(a), Fisher Marine Swift 14, Side View Figure 7-4(0). Fisher Marine Swift 14, Stern View

Figure 7-4(c). Fisher Marine Swift 1.1, Bow Virw
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2.0 PIRSON'S ACTIONMS/BOAT REACTICNS STUDY

Cne ¢ the mcin considerations throvghe.,t e level flotction za.elscment nas ceen with

documentirg the reiali v+ merits of aitferent levels of level flotatior . The following

preser'ation documents one attempt at establishing these relati e werits,

It was reclizec during flotction tests Jtilizing peonle that heo not ceen involies in tnis 1 yoe
>t test before, that the acrion of these peccle o5 the oot first sacmned nas acite citberent
from people wno were quite accustomed to perfarming flotation tests, Witn tmis in mind, ¢
series of experiments was designed that would Lse inexperiarcec sonacts, It nos nosed thet

cifferences in coct reactions {~itrn socts ~aving i ferent <foszri roorunts) caused oy oersond

ccticns zoild e cscerrcired ‘rom rmese expariments.

Severzl oilot experiments sere performea whicn gtilized setlesss fram Wyle, These sublect

Zid ~ot krow that the ~oct was going *o saamp, but were raldthay, would be performing

er *asx. [n tresa oilor t2sts, o WWyle empiovee acs _sec e instigcte the swomping, woicn
proved to ce = dounfall of thete axperiments, The Wyle suciets knew *he Wyla swamping
instigotor, zro as soon 25 *he coat 2egan swarping, figurad oLt arat ~os a0ing or anad this
resulted in cetiors that would not me cr rasentati s of ahat someore would do i f he fourd

nimself in 3 5aamping toct,

ME 2ADETITENTL WDt D3 T LIZrITiIart 2 e thIuga Tost oft

e significonce ~cs not

directly relcres tn rre relstive merits o level flutation: aere thise *hat used seojecss “rom




These experimerts were performed as follow:

an @ tase which they gelieved wes the object of
r - o e b . : ;  AfEe] . : g e
They were *olu rmeyv would be taren to o boer anchores offsnore wrere they w3 ic oe losving

ciong e sncre line “or sisucl distress sigrals.

They were token to tne cnchorec doct and given cate sheefs on which *a2, were to recard thair
visual distress signal informetion. Once the subjects were in the anchored coct, the cirector
of the evperimants actuated a release on the boat that would ceuse it to begin to swamp within
aperoximately bvo minutes through a trap door located beneoth one of the tench seats. The

experiment director in the boct then "zisencecred" cround ¢ point of lana ard the rest of ke

shore craw clso giscppeared. A safery boct was present, but the subjects iz ot «wnow it wes

aart of *me experiments. The cctions of the subjects in the boar cs it cegen "o swe~o war2

racorded o mosie film from a hidden camerc.

e two sitferant florotion types tested, These tests did indicare ther in order Yo the scconents

bo roee caventage of level “lotetian, they must be eauccred in some ~Gnner t3 30 50,

‘Nyle is prasently performing a task with the sbjective being to find out what leve! of

education snould ccrompary a level flotetion standard in order to toke Ul

scvertege of
the flotetion orovided. The results of the previous mentioned experiments i

in this anal sis a5 o control sample of experiments.




9.0 SELF-BAILING BOAT CONMNSIDERATIONS

9.1 Discussicn of the Problem

Ouring Phase [ of the develocment of the level flotction standerd, thought was given to
possible peculiarities of self-kailing boats, For the purpose of this discussion, ¢ self-Lailing
boat 15 @ 2oat which is constructed such that the cockpit deck is cbove the surface of the
water when the boat is loaded to its maximum weight capacity and the cockpit isin free
communication with the water, Boats of this type generally have doubie cotrome *har are

foom filled, o that even if punctured they will not lose buoyercy.

Any flotation stendard thet would be considered would reauire support of 3 naiz' » = = L ac
tess thar the maximum weight copacity of the boat, This is due to the tuovzra, o-
~acrinery, gecr ord people cs they are fully or particlly submerged ir *hae aver

saampe” koat,

Due ‘o tne ncture of the construction, thece self-pailing bocts would ~ever 2e rnemges,
Te,, full of water, (fsufficient time were allowed for them to come to eauilitrim, Tharefc-z,
*hese mocts would pass any flotetion stenderd which required support of @ weight wrich was

legs thon tne maximum weight copacity of the taat,

Corsideratior wos given to the transient condition which moy exist before all water which is
rskar on zoerd may drzin out, This condition could come chout from tcking o wave over the

,
oW

9]

e or *ransom of the noat, partially or completely Slling the boat with water, In
r P Y g

tris zonditior, the cdaad weight of all the weter mey, procuce very undesircole reactione

to *-e Zoct.

Several tests/experiments were performed on a sample of these self-tailing bocts to cetermire
i¢ 'ndeed they would prove to be extremely ursafe in the trarsient condition of being flled
y y a

with ater,
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9.2 Tests/Experiments Perfarmed

In order to determine if salf-kciling hoats presented any peculizr preblems when flocded, o

/

sarple of si« boats from three manufacturers was subjerted to o st of tests/experiments,

Cnly five of these tumed out to ke self-ociling by the definition used in Section 9.7,
The tests/experiments were performed cs follow:

For the first three boats, weight was ccded to each boat until a just “loat condition was
recched. For this test, test weignt location wes adjusted 50 et the poat remeined ‘evel as it

swempea. Tne transverse stedility of ecct boet was subjectively checkec ot severcl loading

-4

increments oy pusning down on one side of the boat and notirg now tendar” it felt. The

sec

%)

nd oort ot the experiment performed an two of the first three oocts consisrad of ocding
. ‘ - r ' 1 . . | -~ . 1 A,-\O -~
~veignt clong one siae of the boat until it reacnea an cwgle S Conrcximateiy S, 1€ trars-

-arse stasility of the bocts in this concition was again subjectivel, s ec-ec.

The evparirents with the other twe boats were slightly different, Trese bwo Soats sers
locded with weights and allowed to flood until the water level ~as ot the *rersom height
‘see Figures 9-1 and 9-2i, It was felt that measuring the totel “lotatinn in thase Locts

.1

would rot contritute to their evaluation. Figures 9-3 and 9-2 show one o° the toats in

e sice locd evaluation. The weight used was placed at the extreme cuthoars side of the
coer, Woter was then pumped into the boat until it flowed ot over the *ransom. The =oat
recches ¢ ~eel angle of approximately 30° with the weight ard water, As the woter o5

cllov.ed o drain out through the self-kbailing scuppers, *he heal argle was reduced. 'With

. ~AO . - L
the boat ot 307 and full of water, the "reserve stebility™ was sutiectivelv checked.

9.3 Resulrs and Conclusions

-

Tarle 9-1 shows the results of the tests/experiments performed on the five seff-reiling boats,

The side load vclue for Boc* 434 was not determined hecause it aes falt that it vould rot

have added to *he e.cluation.

o
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cle 927 Al the boats cortain flotation in an cmount that far excande

o

Q

-
S5 ooan be sean fram T

P oreposed standard. [y addition, the stakility of off Eoats was subiect saly

that ranuirac b b

- I
rotAT 25 30 cnptah o,

Urless or aralusis of accidert deta indicates other.;

self2ailirg taats need not bo subject to o special flotation storderd, byt should Le regy

unzer *he nropasad Level Flotet on Stondard,
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Fioore %=1 . Sel-Bailing BO(:?, Crnterline Tost




Fiaure 9-2. Self-Bailing Boat, Centerline Tost
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Fiqure 9-4, Self-Bailing Boat, Side Load Test
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10,0 ROUGH WATER EVALUATION

Limited testirq of boats equipped with a form of level flotation was performed in waves ir
Phase | development of the level flotation standord. This testing involved several experiments
which subjected the swomped boats to the wakes of passing vessels, An additional test in
rough water was performed by the Coast Guard R and D Center, Groton, Connecticut. These
experiments utilized a 16 ft runabout equipped with 50-50 level flotation. These experiments
were performed in extreme conditions of five to six foot weves, The boat did not exhibit any

peculiar cheracteristics in these conditions and, in fact, it performed quite well,

During the Phase Il effort, it was felt that additional rough water evaluation should be can-
cuctec. These experiments were initially designed to utilize o range of boats in @ range of

~ave conditions (6 in. to 14 in. wave heights).

The initicl experiments indiccted that a stability problem with small, lightweight boats existed

in wcves of cpproximately two feet height. Further, experiments in open water and in a con-

trollec wa /e environment cs discussed in this section enabled the problem to be better definea.

10.1 Preliminary Open-‘Water Evaluation

T

he ‘irst rough ~ater experiments performed in Phase ! development of o level flotcrion
stendarc Stilized rwo boots, o 16 ft aluminum runcbout (Figure 10-1) and a 14 ft ligntweigns
cluminum flar nottom boat (Figure 10-2). See Table 10-1 for the characteristics of these two

ooets 1215 and 1187, respectively).

Flotction in each boat was cdjusted so it would provide 50-50 flotation for the passenger locd
that was used in the experiments, Boat 516 had a passenger load of 700 pounds and boat 1187
had a pessenger load of 375 pounds. The experiments were conducted on the Tennessee River
near Huntsville, Alcbama, with wave heights estimated ot 14in, to 16 in. The 16 ft runcbout
felt auite stckle ond was rated acceptable. The johnboat on the other hand felt extremely
urstoole cnd much effort wes required to keep it upright. These experiments indicated that
30-20 flotation may not be sufficient i some cases. The flotation in boat 1187 was modified

so that it gave 75-5C support of the passenger load. This modification was tested under

approsimatel ; the same conditicns and wos found to ke more steble than the 50-50 configuration,

68
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(Movie film of all of these experiments was submitted to USCG Headauarters in Mcy, 1975,
The results of these initial experiments led to the decision to test a variety of toat/flotation

combinations in a controlled wave environment,

10.2 ‘Wave Tank Evoluction

Coast Guard Hecdquerters leased the Navy Wave Tank at NSRDC for two days to be used for
rough water evaluction of flotction, Before the actuc! testing was performed at NSRCC,
additional open water testing needed to be performed in order to nerrow the ronge of testing

to be performed at the wave tank,
10,2.1 Preliminary Evaluations

Testing ot NSRDC was limited due to cost and time availability restraints, It was, therefore,
important to reduce the range of testing needed by further experiments in open water, All
testing was not performed in open water due to the varying test conditions end infrequancy
of rough weather ot the particular time of year on the Tennessee River near Huntsville,

labema,

Severcl preliminary experiments were performed. The purpose of rhese axperiments was *arae-
fala. Firsr, to cetermine if round cottomed pocts exhibited similer steoility cheracteristics

for tne same ‘lotation crrangement and scme general size of boat cs flat portomed coats exnioit.

Second, to establish an upper limit of size of boat that needed to be tested at NSRDC. The
earlier *ests with the 16 ft runabout indicates that 50~50 flotction was sufficient for i+, This
meant that there was some point ot which 50-50 flotation became satisfactory. There were

severcl avperiments designed to determine this point,

The third objective of these preliminary evperiments was to try *o establish o "continuous

L

megsure” of the stability of swamped boats in rough aater, This !

‘continuous measure' was
developed along the same procedure os the side load test for the static stability determingtion

of flooded toats,
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10.,2.1.1 Preliminary Experiments — The first of these preliminary wxperimenrts used three

round/V-bottomed aluminum boats, Figures 10-3, 10-4, and 10-7 are shotos of these hosoks
numiered 225, 120, and 1202, respectively, ond their characteristics are shown in Tehie 10-1,
For the ourpose of these experiments, these bocts were equipped with 30-50 level flotation

for oersons capacities of 4CC Ibs, 6C0 Ibs, and 800 Ibs for toats 225, 1202 and 120C, respec-

tively., These boats were subjectively evaluated on the Tennessea River in waves uo to

2 in. high.

The next series of experiments utilized tno boats, Figures 10-6 and 10-7 are photos of
boats 324 and 244, respectively, Characteristizs of these boats cra shown in Tacle 10-1,
Boct 324 wias set up with 50-50 flotation for o persons copecity of 450 pounds, Boct 2.4,
which was @ 15 f* flar bottomed aluminum boat, waos used as i€ it were ¢ bass coat, This

experiment was designed to determine if the limiting parameters for 50-3C flotetion teirg

ccceptable wos boat/machinery weight or persons capacity.

-1
bt

12

Foar he

Q.

ot bottome weight aaded to approximate the weight of o similar size bass

bozr zad the maximum horsepower for it was calculcted assuming it haed o 21 in. high trensom

1

had, These two toots were subjectively evalucted on the

irstead of 13 0n, as it actual

f
54
verin waves of 12 to 17 in, height.

The maet 1ot of supmeriments thramprad to sstanlish @ continuous measure of the stobiiity of
swarses cocks ir couar oster, This continuows measure was an aftempt et putting T cumcer

on = gisen moat Tlaratice coeairien shot could be compered to the subjective rating of thet

sosr, Trege soee e o gme TIS7 iFiagre 10-2, Toble 10-1,
The Gre 57 by amle a0 oagurs ceperiments gtilized g slidirg steel weight with 5 counter
fogting fanm du~e, Flagra 1725 0 The reasoring behind this crrangement wes os follows.

The .oight -ould he ~o.e off zerterline ir increments producing a hecling moment,
The foam ummy was desinnad ‘o have the seme pourds oer inch immersion as o persen, based
on tre suamped people w.periments in Section 7.0, This wes on attempt to approxi~ate the

rharae in healing moment the boat would experience due to the heeling and wove afFfacks
g P :

)

or = real persorn in anaat, This configuratior ~as testad on the Ternessee River and movie

film is availaple on request,
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The next two attempts ot establishing @ continuous measure involved adding o heeling morent
to the Loar with no compensation from a flocting dummy, The first involved fostening two
bashets to the gunwale of the boat, one forward and one aft, ' eight was ther dropoed into

the beskets in increments until o copsize condition wos recched,

The second experiment involved placing weight in increments in the boct on the Lottom zlon
p P g g g

one side, again adding weight until a capsize condition was reached.

10.2.1.2 Preliminary Results — The results of the experiments using the three round tottomed

boasts with persons capacities of 400 Ibs, 600 Ibs and 800 lks will be discussed firsi, The boat
that ~as set up for the 400 b persons capacity reacted very similor to the flat bottomed boat

of 400 lo persons copacity; i.e., fairly unstable, The boat that was set up for 400 lb persons
capacity felt fairly stable, but not as stckle os the voat set up for £00 b persons capacity

which felt very stable, All boats were evalucted with a full load of people on 2oard,

The experiments using boats 524 and 244 indicated thot the persons capacity was the limiting
factor for size of oatr, It must be remembered that there is a direct relctionship behweer size
of coat cnd persons capacity. Both of these boats were set up for o 4350 |b persons capacity,
Even though they were both heavy bocts with relatively heavy machirery, with fiotation to
compensate, they still felt somewhat unsteble in the 12 in, to 14 in, waves in which they

were evclucted,

During the continuous measure tests, it was found that the foam dummy used for the first 5ot
of experiments provided too much counter flotation to the heeling weights, The toat did not

copsize even when all of the weights were moved as far outboard os they could be movec,

The baskets, to which weight was cdded, that were fastered to the qunwales of the toat
mpoeared to be sensitive to a differance of five pounds in the baskets that resuited in the

boat going from o fairly stcble attitude to o capsize condition,

The test whicn seemed most promising ~as the one that invclvez placing weights inside the
nect on e bottom along ane side. Drawbdacks to this methed included maintaining accorecy

b

in olecing the tests weignts wnile in ¢ wave environment, The other majar drawbcc~ ~&s




losirg the weigats if the boat coosized. This acs remutied 0y DiaCing @ Doard o coton e

ars alans e tap of e quneatle.
To summerize the praliminery evaluction results:

. Six hundred pounds persons copccity should be the uoper limit for the size
of the boats to be tested in the wave tank at NSRDC,

[ Placing weights inside the btoat should ke used as the continuous maasure test,
16.2.2 Wave Tark Test Bozts

Trere were four besic hulls that were used for the evaluctior in the wave tank at NSRDC,

In all there vere 18 configurations evalucted.

Ficures 10-9, 10-10, 10-11 and 1C-12 cre protos of the four hull types that ware used,
.
of tne sama hull being designated with the same class number., This sample is believes ¢ ce
representztive of small boats with persors capacities of 400 Izs and less, Cless 2 ic rhe same

ns Clees 3 with 30 Ibs of weight added to simulete o heavier boat, The flotation corditions

usad covered z rarge of totel flotation amount and stceility characteristics,
10,2.3 ‘Wave Tenk Test Plen

Criziral alars were for four different types of evaluctions/expariments, The first of these

wara "egse oF attitude mairtenance” tasts which utilized experiznced o5t subiects, For trese
tests, each bout was to e loaded with the persons copacity for which it waos set up, It

ould *her he evaluated by the occusants in bwvo wave conditions,

]

The sorcans test which was the continuous measure test aas to fe conducted in the same nave

ro~-ishting ard re-noarding rhe swamped hoats,
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-e last set of axperiments were originglly planned s pilots for the persons action tests

discussed in Section 2.0 of this report, Due to scheduling of the wave tank, the persons

action tests discussed in Section 3.0 were completed before these tests, Plans were to
contince ~ith these tests to get added date on ease of attitude maintenance from inexnerienced

test subjects,

Tables 10-3 and 10-4 show hvo tentative schedules that were develoved, As discussed in the
.

next section, only two types of tests were conducted, the "ease of attitude mcintencnce’

tests with the experienced test subjects and the tests using the inexperienced tast sublects,
10.2.4 Wave Tank Experiments

The mcin reason for performing only the "ease of aftitude maintenance” tests ond the inex-
t

perienced people tests was the lack of time ccused by severol malfunctions of the wave mckers,

The first continuous measure tests indicated that the test nas very time consuming and sncwes

little promise of good results. It was, therefore, decidec that in the interest of cotairing *he

most wseful data, those tests would not ke further cttempted,
The "ease of attitude mcintencnce™ tests were performed as follows:

ne ozt heing evaluated was loaded with the persons capacity for which it was et vo. The
. [ abine # L L . . Ling in s dheats . The toat itk
peop'~ avzlizting these boats had evperience in working in swomped tocts, Tre coat i
peogle » 35 then ki cted ' o wave anvironment, The occuparts 2rd on or-shors ooserar
rater the zcat from 1 to § according to the rating scale shown in Table 10-3, Doto was
racoLet rone farm secwn in Figure 10-13, Two wave reignts were Lsed for ecom ooar

fHot-rion ordit an,

Tl lrepe lencad pegple tests involved olacing people . ho had mot oreviousl particiccted
in ary flotation work in 3o and allowing water o flood *hrouch 3 trap door in the cottor
akile sbie-ting the boat 5 ¢ wave en . ironment, All sunizcts sera inter.iowac as so0r S5

tha tost , s over,

Bl on 1200 7 ialls of sideo *on anc approximate! o 700 T of <alar movie file was teken
cf ol of thece tasks anag To availoible upon reguest,
-
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10.2.5 Wave Tenk Results

The inexperienced people tests added to the data of Section §.0 of this report. This datc will
be used as part of an ongring task to determine the level of education needed to accompany
the level flotation standard in ordar to take full advantage of the flotation. All of these
results will be incorporcted into the final report of that task,

Table 10-6 shows the results of the ease of attitude maintenance tests. The boat number

(e.g., 232 1-50/30) is interpreted as follows:

The first three digits (232) is the hull number used for inventory purposes only. The next
digit (1} is the class of boat as specified in Table 10-2, The next four digits (50/50) indiccte
rhe flotation arrangement of the boct. The first number before the slask {/) indicates the total
flotction present as a percent of the persons capacity, and the number cfter the slash indicates
the veight that can be supported at the side without the boat losing stebility expressed as ¢

percent of tha total cmount of fletation present,

The avercge rating for ecch wave hei sht is the averege tcken from the ccecupants and the

observe s' rarings during the tests,

Fizures 19~14 and 1C-15 cre graphs of the data in Tcole 10-4. These are plots of ratings
with respact to pe<ons copacity for different flotation amounts. From these grophs, i+
appears that more cdata poi'.'s are needed sefore one can justify fitting cny curves throuch the
poirts, It was for this reason that it was decided to continue the rough water 2valuctions.,

iime scheculing of the wave tank at NSRDC made it difficult to return there, so zn open

watar site was ~hosen for the additional evaluations.,

10.3 Cner Water Evcluations

e site Yar was chosen for the open woter evaluations was a seaway off the west coast of

rooucene Bty Myers Beach, This site was chosen for two recsons. First, the conditions

<"y et there were ahat wos needed for the testing, The wind weould blow gently

~
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in the morning increasing throughout the day. This wind produced low waves early in the day
with the waves gradually building throughout the day. The second reason for choosing this

site was the availability of shore and support facilities provided by a concerned member of

the boating industry.

Severai additional tests were performed on the Tennessee River after refurning to Huntsville,
Alabama. This was to take advantage of an unexpected windy day and to gather more data.
Since these tests were basically the same as those performed at Ft. Myers Beach, they will

be incorporated in this section as if they had been conducted there,
10.3.1 Open Water Test Boats

The boats used were basically the same as those used in the wave tank evaluations. Certain
boats were selected for use based on the data that was still needed. Table 10-7 is a list of

the boats used for the open water evaluations.
10.3.2 Open Water Experiments

The open water experiments were conducted in o sirilar manner to those conducted in the
wave tank at NSRDC, Each boat was loaded with the persons capacity for the flotation
condition for which it wos set up and then evalucted in a wave environment, In addition
to "ease of attitude maintenance" or stability as it will be called throughout the rest of this
discussion, each boat/flotation combination was rated in two other areas. These two arec:

were re-righting and re-boarding.

The method of rating used at these tests was somewhat different than the method used for the
wave tank tests at NSRDC, For these tests, a boat that was considered acceptable was
chosen and its ratirgs were defined. This boat was then used os a reference boat and the
other boats were compared to it, This was boat 4-40/50 and its ratings were defined as
5-=4 for stakility, re-righting and re-boerding., Figure 10~16 shows typiccl open water

evaluations,
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10.3.3 Cpen Water Results

Tables 10-8 and 10-9 show the results of the open water evaluctions, The stakility reting is
plotted as & function of persons capacity for the various flotation conditions in Figure 10-17
end 10-18. These vaiues will be combined with the results of the wave tank tests frem

Section 10,2.5 and will be discussed is Section 10.4.

10.4 Rough Water Results

Before the results from the wave tank tests and the Ft, Myers tests con be combined, =
correction for the different rating used must be mode, Only the high wave condition results
will be combined. The evaluation ct the wave tank rated boat 4~40/50 ot 3.75. The rcting
for boat 4~40/50 was defined as five for the Ft, Myers evaluation. To correct the values
obtained ct the Ft, Myers tests to the same scale as those performed at the wave tank, 1.25
must be subtracted from all the Ft, Myers values. Doing this, results in the values shown in
Tazle 10-10, Combining these with values from Table 10-6 and plotting, we get Figure 10-19,
Tckirg the values from Tables 10-10 end 10-6 and using linear regression with o feast means
squered fit to generate a straight line for three of the flotation conditions, results in the groph

shown in Figure 10-20,

Assuming thet o rating of four is the minimum acceptable rating (this is a valid assumption basec
on sucjective evaluations), then boats with 50-50 flotation and a persons capacity less than

500 Ibs would not be acceptable in rough water. This graph indicates that the minimum amount

of flotation that would be acceptable in rough water for boats with o persons capacity of

500 lbs or less would be 62-50 flotation,

Before requiring toats of this size to have 62-50 flotation, o study of increased =fectiveness

teking into cccount the number of accidents in rough water should be made.
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Figure 10-1, Rough Water Test Boat 516

77




- -~

Figure 10-2,

Rough Water Test Boat 1187
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