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LEVEL FLOTATION STANDARDS ANALYSIS
RESEARCH AND DEVELOPMENT REPORT

PHASE I - 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 I contains a literature search of various Flotation standards, practices and

recommendations of various countries. It critically compares three flotation standards; the

present federal standard, an industry recommended standard and a proposed standard 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 and 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

wor.

As new and different equipment is made available, old tables of recommended test weights

become obsolete. Section 2 .0 provides data on swamped outboard motors and controls '.Ict

can be used 4o compile an updated weight table that can be used with a level flotation stancdard.

There had been concern that SK boats would not be able to meet a level flotation standard

without undue hardship and costs. Section 3.0 demonstrates how two boats of this type can

be 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 attitude

that is both safe and 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, lNyle Laborctories, June 1973.

2 Sautkulis, C., Bowman, J., and Chadwick, T., Phase I Final Report - Level Flotation

Standards Analysis Research and Development Report, Wyle Laboratories, May, 1975.



Thiroughout t 'e -Ietelopr'ent cf the level flotation standard, the Cost Guaord wCs concerned

%ith ma~king fie puolic and industry cv~cre of tbe beet I ss;cio1d1 C , an esac

going into th-e Formulation of a level flotation standard. Patf or rhs prog-cm ,cs a level

flotation demonstration held i:-, Austin, Texas, for rremrbers of 3SAC anci anyone e!lse that

wacs interested . Section 7.0 of this report contains a literct.;re icnd:ot thct .-/s prepaec

for this ceiioi-s-rat~ori . This hanrdout describes the re~r ocot s[.cIaz-er~stics cic a ozced L.re s

ermol-)oye6 -r +e :;e-onstrati on .

A set of excreriments involving novice boaters in a s'cmP in; it n qii ware performeo

uncier mis tcsK w)Ich lid not ~o~out cs plonned are preserited '- ;e zticr, 3.0. ThIese

experiments doi, ho\iever, provuide ujsefu; input trn cnotnrer ongoingc rcse- iBocter Eoucciorn

and ,vill be isedz to Full aavantage .

Exoeriments designed -o determin e cny s~ecial problems~ ,hich -- baln occ~s mrigq hove

are oresentea it- section 0. Unless accident, data indicate o, ierwise, r-hese bos-'-3

oe itot < e or-er b-octs wr~respect -, a e-vel flotation 5tardard.

letoo i ooints out tha.t smnaI: boats of 500 los or less persons cocciry macy req ire

62-5-- iofcrin .-- -opose6 ro 50-50 flo-ation for other boats) in rou-gh rer T-is

oc e te if tneir exposure rate in this tyoe oF cono :itisn cee-'s it -ecessct-/

no:, I-s th-is report in conjunctiorit vo er'ormed in e;ferences Crno 2, ois

in7our fro te esearc -and Develoormert C-ente.- in C-ro on, Cncic, rie

-- r- oeo-- ay oersonnel ct iJSCG Heaacc,.crters so leou -~e 2tG.c ofrz

ja ao . Ioe le,,el fi atation, slacar-j.
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2.0 S'ANPED PVACHINERY V/1EIGHT DETERM.,INATIONS

efetence 2 sugiaes's thact the swarnoed mazchirery wveigit table to be used for flotation amnount

aererm~~ion snuld Oe updated . Thie dctc presented in rhis section can be used in conJunction

ifi r, Lr-. ver engines to aid in upacting the table of swamped machinery weigh.

2 .1 Test Descriotion

Sv,c- ;oec e -gine veats~ere determined as follows:

TI enigine vcs fastenec' to an o,verneadj crane vithn a load cell in series wtt2

the crane and was lifted and the dry weight recorded. The engine was then

lowered irto a tank of fresh water until the water level was ot the top of- the

mounti ng bracket (see Appendix A, Figure AI-Alt ). This weight was recorded

as the swamped weight o-f te engine. To facilitate attaching the crane,

r'e covers on most engines hod to be rern-ved, there~ore, to obtain the aclual

svwam'ped &eight, the wveigh.t of the engine covers was added to the weight read'

Fror, the load cell . The 135 HP Evinrude and tke 130 Ho Chrysler had vower

tilt gear (see Figures A12 and A13) and wvere tested .ihit attached.

T e :crer/ a-ld control weightrs //Iere c.e~ermined in a similar manner. Th(ese itemns .ee con-

olerel 1,Yi omerqed J---ring the sub merged Aei aht determninati:n . Fi cure .4 sh ows one zr e

-ors5e::.

2 .2 So/amoea Machinery Weianjt Results-

'?'-C lues cbrainied n;)st *Ce jsed in conjunction v,. it0, other cluses to uccte 'ne >an

~Cnir1er/ 'Thio Table, the results are Presented in tabular farm .

4



Table 2-1 presents the results Of the swamped engine weight determination.

TABLE 2-1. SWAMPED ENGINE WEIGHT DETERMINATION

MaKe Year HP Dry Weight Swamped Weight Swamped ',t ,Dry Nt.

Evinrude 1974 2 26 23 .885
Evinrude 1972 4 36 31 .861
Evinruce 1974 6 52 "5 .865
Evinrucje 1974 9.9 72 61 .847
Evinrude 1975 15 73 62 .849
E.iinrjde 1972 25 84 75 .893
Evinrude 1972 65 210 179 .852
Evinrude 1973 85 271 237 .875
Evinrude 1974 135 302 259 .858
Chrysler 1974 35 154 136 .883
Chrysler 1973 1 30 267 232 .869

Average Swamped vVt., Dry V/eight .867

Table 2-2 presents the results of the swamped control and battery weights.

TABLE 2-2. SWAMPED CONTROL AND BATTERY WEIGHTS

Iter Dry Weight (lb.) Submerged Weight (Is.)

Controls 8.5 4.5
Controls 10 5
Controls 16 11
12V Batte-y (Unknown) 39 19
12V Bcttery (Deka) 64 40
12',/ Bcttery (Die Hard) 52 35
12/ Battery (Delco) 46 25

5



3.0 SK BOAT FLOTATION FEASIBILITY DEMONSTRATION

At the beginning of Phase 1I of flotation devielopment, it was belie,'ed that SK and jet acats

would be requjired to meet the standard. Later de/elopments through work performed at USCG

Headquarters, Washirgton, D. C. indicated that there acs not su-Ificlent need to warrant their

compliance with the prcposed level floration standcrd.

The results presented here are those of an initial feasibility study using a tyoical SK boa t ana

a typical let boat. This study hows that it is feasible, without too much difficult-y, to irstall

level flotation in these types of boots,

Fiqures 3-1 throuqh 3-3 show the SK boat used For this feasibility study and Figures 3-4 and 3-5

show the let drive boot used.

Flotation was nstal!ed to meet the modified 50 - 50 level flotation recu;rement. Ficure 3-6

shows the SK inoa in the test tank with the required percent ot the persons acoacity weight.

Person cataci ty is 750 pounds. Modified 5C - 50 level F!otation required 50 percent of the

fst 600 Pounds ,3C0 pounds) plus 25 percent oF the remain'ng weight (37.5 pounds). The

proposed stardcrdJ then 'equires 50 percent c; this weight (168.75 pounds) to be supported

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

load ccused fhe 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. Manufacturer instaifed

flotation a,cs Present in the gunwales throughout rhe length of the passenger carrying area.

Fiqures 3-11 ard 3-12 show the arrangement of the flotation in the Jet drive boat that was used

in tke lotatcnior demonstration at Naples, Florida, January 27-30, 1975.

Figures 3-13 and 3-14 are diagrams with flotation modifications indicated. Table 3--! contains

the amount and location of each flotation modirication made.

6



Figure ~ ~ ~ 3-1 SKBa frntv w
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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 i ~ew)
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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 - Si de Load Test
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Figure 3-8. SK Boat With, Additionat Side Load Weigh~t
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Figure 3-9. SK Boat Flotation Arrangement
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Figure 3-10. SK Boat Flotation Arrannernent
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Figure 3-11. Jet Boat Flotation Arrangement
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Figure, 3-12. Jet Boat Flotation Artangement
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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

Location Distarce From Bow Distance From Cu. In. Foam lb. Buoyancy

SK Boat 

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

manufactured" boat)

et Boat

1 117in. 14 in. 775.75 27.11

117in. 14 in. 422.32 14.76

3 154 in. 0 in. 2035.5 71.15

4 216 in 0 In. 563 19.68

5 192 in. 24 in. 7327.5 256.!2

6 192 in. 24 in. 8496 296.97

7 168 in. 0 in. 2016 70.47

8 156 in. 34 in. 1123 39.43

9 156 in. 34 in. 1128 39.43

10 122 in. 34 in. 756 26.42

11 122 in. 34 in. 756 26.42

12 68 in. 0 in. 5548.5 1";3.94

21
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4.0 FOAM ABSORPTION CONSIDEPATIONS

One area of concern regarding the characteristics of flotation material is that of water

absorption. It was felt that iF a boat just met the minimum requirements when it was first

submerged, it may not meet the minimum requirements after being submerged for a period

of time, particularly if open cell foam is used such cs that Found in many boat seats. To

aid in deciding what should be done regarding this problem, the water :,bsorprion character-

istics of this seat foam was Investigated.

Three seats were used '"or this investigation. Two of the seats were relatively new and -he

third was a couple of years old and had been exposed to much weather and submerged

many times curing other experiments. [his older seat ,vcs used to see how the char'cte-iir,:s

may nave changed with age and use.

Tables 4-1, 4-2, and 4-3 present tne results of the three sect tests. The sects used as felt to

ce representative of those that would provide buoyancy in many production boots. Lo'<ing :

Tccles 4-i through 4-3, you can see thct the seats do !os buoyancy by remaining sc mergedl.

Howev'er, if yoi look at the loss of buoyancy that occurs Nhen the seats are walked -', YOU

can see that tnis is a significant reduction. Just leaving the seats submerged ;n .aer does not

give a true indic,tion of the loss in buoyancy tnat would occur if the seats were sIcmerged and

People were moving about on them. This could present a problem for compiiance testino or c

;lotaticn standard. If the loss in buoyancy with peawzle moving about on the seat.; is to be

effected, a test procedure murst be developed to do this. it may be rationalizea that oecze

sitting on the seats do not have the same effect on buoyancy as people walking on the sects,

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

seats.

If seat -r-am is permitted to be used to meet the flotation requirement, another proclem may be

encountered; that of haing the seats pull out from their Fastenings. A test for strength of

fasterings may also ha'e to be developed.

To see Yhat 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.

22
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TABLE 4-1. NEW SEAT SUBMERGENCE TESTS

Time Submerged Submerged Fixture Seat

Submerged Fixture Wt and Seat Wt Buoyancy
(Ib) (Ib) (Ib)

Initially Submerged 105 7 98

Suomerged for 1 hr 105 48 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 -nin. 105 72 33

Submerged 'or 22 hr 105 74 31

Suorerged For 24 hr and
wal.ing on seat for 10
min. 105 77 28

23
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TABLE 4-2. NEW SEAT SUBMERGENCE TESTS

Time Submerged Submerged Fixture Seat

Submerged Fixture Wt and Sect Wt Buoyancy
(Ib) (Ib) (Ib)

I i taIIy 105 12 93

Subrrerged For 15 min. 105 31 74

Submerged for 16 hr 105 58 47

Submerged ;or 19 hr 105 62 43

S.,o er.ged For 19 hr and
, cIled .n oor 10 min. 105 75 30

Submerged for 21 hr 105 76 29

TABLE 4-3. OLD SEAT SUBMERGENCE TESTS

Ti.e Submerged Submerged Fixture Seat

Scmerged Fixture Wt and Sect Nt Buoyancy
(Ib) (Ib) (lb)

Init C, Iy 103 45 58

Suormeroec lor 15 ri,,. 103 64 39

Suberrered or 16 hr 103 67 36

Sub -cr zeo cor 16 ir and
oc;-i,,g zn sect ;or T0
min 103 85 18

Suo-ergea -or 18 hr 103 87 16

2A
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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 percentage of the total reduction in buoyancy caused by the boat being submerged for

on extended period of time.

25K-
-



5.0 LONGITUDINAL TRIM CONSIDERATIONS

5.! Oblective

The objectlive of the work covered in this section was to investigate and analyze any trim

problems which may be associated with level Flotation.

5.2 Trim Problems Associated With Level Flotation

There were several areas which needed consideration during the development of the level

flotation standard. One area of concern was the trim attitude of a 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 safety platform in the partially loaded or no

passenger load condition? A boat in the no passenger load condition must still float with

an attitude that would allow passengers in the water tc board it.

Another area of concern was that of the maximum trim a boat should have both in the full

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

determination based on results of flotation testing.

A third area of importcnce was the longitudinal limits for test weights for compliance testing

purposes. Reasonable longitudinal limits needed to be set for test weight placement in order

to insure that in a real life situation passengers could be supported in areas thct they could

readi ly occuoy.

5.3 Experiments

Several experiments vere conducted to provide data to help in answering the trim questions.

5.3.1 Trim in the Light Flooded Condition

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

in the no passenger load flooded condition. These experiments were performed as Follow:

C

26
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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%,o of the first 600 lbs

of passenger load and 25%) of the remainder of the passenger load. The transverse stability

requirement is thact it support 500% of the centerline load at the side. The three boats used

are boats 516, 1219 and 1187 (Figures 5-1, 5-2, and 5-3, respectively). Characteristics

of these boats 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 was .1aken as possible minimum conditions for the proposed standard. The

predetermined positions of the test weights varied from midlength of the passenger carrying

area, to 10%0, 20%14 or 300 forward of the midlength. In the case of boat 516 which had

two passenger compartments, the test weights for each compartment were divided in the same

ratio as the :engths of each compartment to each other.

For some experiments, the flotation material in the boat was not relocated to obtain a "level"

attitude when the test weights were moved to various locations. Instead, a 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

trirmmed to any desired attitude without chanqing the weight/buoyancy relationship of the boot.

The test weights were inif ally placed on centerline at the midlength of 'he passenger carrying

area or areas. The required machinery weight was also placed on the boat in its proper

location. The quantity of test weights used initially was that required by the modified 50-50

flotation standard; i.e., 50%,o of the first 600 pounds plus 25% of the remainder of the

passenger load.

Each boat was leveled by shifting 'otation material or with the leveling fixture and the drafts

fore and offt recorded. Weights were then removed in increments and the resulting draft

changes recorded. The attitude of the boat with all passenger load weights removed was also

recorded.
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The %veights were then replaced in the boat on centerline, but at a different longitudinal

position; 10% , 20%' or 300% Forw.ard of ml dlencith of the passenger compartment, The weights

were cacin removed in increments and drafts fore and aft recorded (see Section 5.4.1Il.

5.3.2 Lonaitudinal Position of Test V/eights

Since the level Flotation standard w.ould specify an attiturde in which the boat must float, it

miust also specify area limits for test weightis. Ideally, test weights should be placed only/

in, areas that real people could be expected to occupy in a swamping siluatiori. This /ould

reauire defining areas that people could occupy. This coijld prove to cc difficult and very

time consuming, especially when compliance testing. An alternative to this is subjective'y

choosing a longitudinal limit that appears to be satisFactory.

Based on experience gained during the developr-ent of -- level ;lctotion stcrcdard, it "'as

believed that - ?0'% of Passenger area length aboul rnid'e-'a4 ' cf ceassercioer area '.cas a sui Cble

limrit ;or placemnent of best weiahts. It appears to - e ,er,,,iul to 'it ocr--pants in t e

boat forvard of the 20%1 mark, say at the, 30% - mri . 1-1 c to su~st:!rtiote t sc :ubtecti /e

ch oice of' - 20%i, tne following determination .%as c.

Mast boats .would probably lean tovward the forward !i-it i'r o' ssener load to O~ftain a ievel

attitude. This is due to the heavy engine wieight !F. V esf ---eigats "vere permi' ed '0 kcaVe

heir LCC at 20% . fonyard of the mridlength of the ocssecar carrying area, ti 5i wot.la -ear

thor in a real swamoing situation '-clf the people -,ust be 4 or%,or- :J t-ke 20-- mcrK in :nrder
o tanalevel attitude. in order to seternine if this i-'ceed 'ee ease a s a~o e,

1S boats was usedl For t+e 4determnination. For each of these oct5 (see Table 5-2)~, n'e

persons capacity in pounds was determined. The person -cpacity in poundls ',.cs thendide

by 150 to obtain the numnber otf people at 150 pounds the boat would support. Half of this

number of people 1hen must be able to get fonvard of the 2C0- rcrward - oat< in each of

these boats. The required number of people i(Table 5-2) boarded each boat and ottemaited

to locate themselves in, the required oosition. Results are presented in Section 5.~2
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5.4 Results and Annlysis of Trim Exoeriments

Followiing are the results of several experiments desigred to aid in establishing trim criteria

for a level flotation standard.

5.4.1 Results of Experiments to Determine Trim ;n the Light Flooded Condition

Tables 5-3 through 5-9 contain tfe results of the experiments designed to determine possible

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

Boat 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 470 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 water absorption resulting in its

being able to support only 450 pounds.

As seen in Table 5-3, the boat was trimmed so that the aft end was approximate!y 12 inches

below the surface of the water with the Forward end approximately at the surface of the

water. "This was being considered as a possible minimum level attitude for the proposed

standard.) The test weights were at the midlength of the passenger carrying areas for this

experiment. When all passenger weights were removed, the total trim of the boa wcs just

over 13 inches. This is very little change from the initial trim of approximately 12 inches.

The next two experiments with boat 516 utilized the leveling apparatus to bring the boat to

the desired trim when the passenger load weight was placed 20% and then 30% forward of

midlength on the centerline (as opposed to at the midlength as in the first experiment'.

The boat had lost an additional ten pounds of buoyancy due to wcter absorption (additional

submergence time about two hours) for the 200" forward experiment and an cdditional ten

pounds prior to the 3Co' Forward experiment (total immersion time approximately 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 20% forward, the trim went from about 13 inches down by the stern to about 15 inches

down by the stern, and in the case where the weights were 30%S forward, the trim went from
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about 11-1/2 inches down by the stern in the fully loaded condition to just over 20 inchz-s

in the no passenger load condition. For this boat, the submergence of the aft end was alvio/s

the greatest in the fully loaded condition and the boat never trimmed to what could be

corsidered a -evere attitude.

From these experiments, it shows that this boat does not trim excessively in the no passenger

load condition even when the flotation was located such that it requires the passenger load

to be 30%; forward of midlengt 'o obtain minimum acceptable trim conditions in the full

load condition. At the time of these tests, it was felt that 300' forward of midlength could

oossibly be the physical limit for locating the weights to obtain the desired trim attitude in

the fully loaded condition.

Tables 5-6, 5-7 and 5-8 contain the results of experiments on boat 1219. Table 5-6 shows

thot when the test weights are at the midleng'h of the passenger carrying area, the boat

changed trim s!ighfl from the full passenger load to the no passenger load condition. It

,/ ent from just over five inches down by the stern to seven inches down by the bow.

The next t-,vo experiments with boat 1219 had the same location of the test weights {300%

for.,,ard f rmidlength); however, they di fered in initial trim. Table 5-7 shows the trim

in the ,ull load condition to be about Five inches down by he stern while the initial trim for

the experiments shown in Table 5-8 is about 16 inches down by the stern With t12 submergence

a the aft end being about 13 inches.

For both e>,oeriments going from the rully loaded condition to Ihe no passenger load condition
did not result in severe trim. Again, these experiment's incicate that severe trim in the lgl

condition would not be a problem.

The last boat used in these trim experiments was a small, ligI'rweight Tohnboat. Table 5-9

shows the results of this experiment which are quite different from the results of the previous

two boats.
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The flotation material wns adjusted so that the boat floated aoproxi mately le/el when the

passenger load weignt was located 10% forward of midlength. As the weiahts were removed,

the boat trimmed do,-n by the sfern as was expected. This trim, nowever, become excssi ,e

as the Tassenger load weight in the boct became relntively small. When the last increment F

passenaer load v.cight" was removed, the boat assumed an almost vertical stern down position.

This is an u .naceotbl/ sev(-e trim attitude. It would te very difficult to board this boar

Cram the Acter in order to take advantage of the flotatin ,Aith which ;t is -quipoed.

5.4.2 Resj. of Longitudinal Limits of Test Weiahts Determination

Appendix B contains photos of the 18 boats used in thc deterrination. Each boat contains

half the number of people that it would have if fully loaded. (In some cases rouncdnq off the

calculations caused more than half the toral number of people to be in the boot as can be

found in Table 5-2). Each of these boats had two tape marks on the side o the boat.

(Boats with multiple passencer areas have two tape marks per passenger area.' The cape

mar aft marks the midlength of the oassenger carrying area. The tape mar aro.vard marks

the spot that is 20% of the passenger length forword of the midlength of the passenger

area. As can be seen from the photos in Appendix B, the 20% forward mark appears to

be the limit in front of which half the number of persons for these boats can fit.

5.5 Conclusions and Rccommendations

Based on the results of the longitudinal trim experiments, it car be concluded that a no

passenger load, flooded trim condition needs to be specified in the level flotation standard.

This trim, as well as the full load trim, will be subjective determinations based on experience

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

* For the full load condition - One and of the boat must be zt or above the
surface of the water. The other end must not be more than 12 inches below
the surface of the water.

* For the no passenger load condition - Same as full load condition.
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It ;s Felt !,at test feiht tat are used during testing for compliance sh ould bce allowed to

b)e Placed suck thot thieir center of gravity is crp.'kere betw/een 20% o the passenger area

enct 0Co xa!- of n-ic~engthl oF the- oas'praer area cnd 200' of the passeng-er area! ler-4h cft

OF m idrengtk of1 ta Cassenae.r area.
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TABLE 5-1. CHARACTERISTICS OF TEST BOATS

Caoacity Plate Vclues

Boat Nur-bpr Length (ft) Beam (ff) Maximum HP Person Cap. Maximnm Weight

516 15.91 6.12 85 1050 1500

1219 16.49 6.63 120 750 1245

1187 14.05 4.0 10 400 540
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TABLE 5-2. BO4TS USED FOR LONGITUDINAL WEIGHT DISTRIBUTION STUDY

Perscns Ccpacity 1'2Pc221 '2 P.C. Passenger A'rea 0.5L 0.2L

-Boar No. Lb Lbi 50 Mo. P--ople Lengfh (inches) 0n.) (i n.)

241 428 2.9 2 140 70 28

435 940 6.3 3 194 97 39

436 1000 6.7 4 196 98 39

524 450 3.0 2 138 69 28

1104 600 4.0 2 92 46 13

1202 680 4.5 3 152 76 30

1267 665 j4 2 161 81 32

1269 1400 9.3 5 82 41 16

1272 750 5.0 3 164 82 33

1273 560 3.7 2 106 53 21

1278 900 6.0 3 98 49 20

1231 600 4.0 2 126 63 25

1282 S00 5.3 3 83 42 17

1283 1200 8.0 4 104/55 5Y281 21/11

12'6 1200 8.0 4 112/48 56/24 22/10

1287 400 2.7 2 161 81 32

1239 7 5  4.5 3 167 84 3

1291 750 5.0 3 116 58 23

C
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TABLE 5-3. LONGITUDINAL STABILITY DATA SHEET

Boat Number 516

Location of Pc ssemger Load Midlength

Draft
Total Passengers' Weight Present Fore Aft

495 + 1/4" - 11-9/16"

445 1-1/2" - 3-1/8"

395 - 1-1/4" 0

345 + 1-1/8" - 1"

295 1- 1/4" 1-3/4"

245

195 + 1- 1/2" + 3-7/10"

145

95

45

0 -9" - 3/8
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TABLE 5-4. LONGITUDINAL STABILITY DATA SHEET

Boat Number 516

Locction of Passenger Load 200% Fwd

Draft

Total Passengers' Weight Present Fore f Aft

495 - 1,/2" - 12-2/4"

445 - 1/4" - 1 -3/41

395 1-1/2" 1/4'

345 -1/4' - 1'

295 - 3" - 2- 1/8"

245

195

145

95

45

0 - 12" 2-3/4"
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TABLE 5-5. LONGITUDINAL STABILITY DATA SHEET

Boat Number 516

Location of Passenger Load 30o Fwd

Draft
Total Passengers' Weight Present Fore Aft

465 + 3/4" - 10-7/8"

415 - 2' - 4-1/4"

365 ± 2-1/2" - 1-1/4"

315 - 4" - 1"

265 - 5-1/4" - 3/4"

215 4- 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" 4- 3"
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TABLE 5.6 LONGITUD!NAL STABILITY DATA SHEET

Boat Number 1219

Locatior oF Passenger Load Midlength

Draft
Total Passengers' Weight Present Fore Aft

395 0 - 5-1/4"

3A5 - 1/4" - 1/2"

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 0 -6- 1/8"

0 - 1/4" -6-3/4"
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TABLE 5-7. LONGITUDINAL STABILITY DATA SHEET

Boat Number 1219

Location of Passenger Load 300" Fwd

Draft
Total Passengers' Weight Present Fore Aft

395 - 1/4" - 4-7/8"

345 + 1/4" - 3-8/10"

295 + 1" - 3- 1/2"

245 - 2" 0

195 . 3" 4 9/10"

145 + 3-1/2 " + I- 10"

95 + 5-1/2" 1- 1/2"

45 + 8-1/2" 1-6/10"

0 - 14" 1- 1/4"
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TABLE 5-8. LONGITUDINAL STABILITY DATA SHEET

Boar Number 1219

Location of Possenoer Load 30% Fwd

Draft
Tot l Passencers' Weicht Present Fore Aft

395 3" - 13- 1/81

345 3-1/4" - 12-3/8"

295 - 4" -1

245 5" - 9-3/81

195 6" - 6-1/4"

145 - 5" - / "

95 - 5-1/2" - 1"
45 - 8"- 9/10"

0 1.2-3/8" - 8/10"
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TABLE 5-9. LONGITUDINAL STABILITY DATA SHEET

Boat Number 1187

Location of Passenger Load -100% Fwd

Draft

Total Passengers, WeigHt Present Fore Aft

155 -2- 3/4' " 1-1/2"

130 3- 1/2" '1 - 3/4 "

105 4- 9"1 + 1/211

80 ~- 15- 1/2 " - 1/2 "

55 '-2311 - 5- 1/4

30 Sunk by the stern



Figure 5-1. Boat Used in Trim Experiments
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USCG TEST BOAT 1219

, .4

Figure 5-2. Boat Used in Trim Experiments
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6.0 TRANSVERSE STABILITY CONSIDEP-ATICNS

It k05s 1e' ;ri ned th-roughq f'n c 1 and 2 thact a cierta~li ri mount of trcnsve rse stcaki U1

s-_ .esi ra 'W~cof level -lotction . A level Flotafia, srcrdcird y.oul- i -c;,e tc, s0Cci */

e iy c-ount o ' stalbilIV>'- an. a mrc rod of mneas uring K; Stcab 1*1ty.

on PI'ase I an-i Phase 11 o ke --,2 elopmenfal testing, a desirable amrount of transvecrse

s :-(-li s :rc-n determrinec s;cJ*ectivel.' " see Sc<pion 10.0 For Rouoah VA-cr Requirer-enWs.

An) cL*ci- asure oF th-is stabi lity h-as also ce-rn a-eterrcinedl. A boatc will nave the

ceir~esabliyif +0~ flof-Ifion is airrnca such th~at the boat does not e/:ead, a 3C 0 keel

c-cle ,..,er 'aVl a. 'ke vieiah" beinj -,oporred on cererline ror the florarloa test is movea-

'tle t '. outboa:rd ceri mtfer rrd the remaining half or the -weight is removed. Th e

sulj ,ective de-er-'inction of tHie d'esired sta-bility vwas based oil the botsmotion in -,cv-:?s

and llovna acertain amount of persons motion, in the boat.

7 r-c e rn 'iere is t',,e locari an) of tIe test veigr's -cr ca"'clicnce tesring Lurrc-ses.

7, r>. e m .; ental 'esti-ig, straoiiiry --ec suremrent3 -,ere a~en olccirla t'-e ec

.. ~'I~t~ct z'ei enter 2' ai:y ws :!por&xi-maely -o-- nanes jfF the coc~pir a 'c

ccc/~aeI:.)r '-c-es in:-rcra-_ O, 'c U7sde extiemit7, Df tre pcssenaer carnvina area.

Lonc am i cistriu~iOf test weghs cs gene, rally a fairl y uni orm di srri'2uti ontraco

"eo'as~e-er -crryi no area.

c. _-C sn-ier !oad "!ooied condition trim re quirerne-s are mret, it .,ould be relatively

ear,~o a~a-c t-e!tto -atericl so the test weight .ou!d ha.'e a re::5cn&< loa-d

Since thke side load rars terse stacbility test is a "'ecsure of f'-e stcci lity, o: -- e~

_ro-!--1 :oat and not or, aporoximotion o' .,Hcf all the oeocle in f-e .oacn actually c-o cs

s 'e ce-te-line total Flotation test, some leeway in the distribcution of rest Wei'nts ;hould

P'9 onatudnaldistri'ution proposed in the USCG Level F'otation reaulation da~ted

Serotember 2, 75, jopeor, to he ccerta ble. This distribcution savs tliat the ccanter o&

grajvi y of 'he test weights for the trons 'erse stabi li ty test mrust be? wi thin -335% of the

roCSSenger jrea legt bout the rnidlength o)F the ?a)ssen,:er arEa. It alsEo states that thle

test w eights must ~e distrb-uted along at !Patt 300n of tko length of thie passenger crv~
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.C FLCTATICN DEMONSTRATION FOR BSA',C

C~re o' ourr-sr Suh-tas II of the Flotztior development ,,os to equip Four boats

'~- ve1~lo~tio ~o~:euse in a er-onstration for a BSAC meeting in Austin, Te;xas.

Weahr'odtos; T-x,:s at the time of the mneeting did not permit all our boats to be

uvc ;r the diernonstroaion; hov~ever, folloviing Is the iandout aocurnent tnct - -s orepcred

Dr *riis ce -orsr:;r Io'D
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BOATING SAFETY ADVISORY COUNCIL
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AUSTIN FLOTATION DEMONSTRATION

7. 1 Introductory Summary

The demonstration on 29 May 1275, will reflect the latest views on the proposed Level

Flotaton Standard. Four boats will be used for this demonstration. Two of these boats are

runaout types, one being a bovrider and the other a single passenger area boat. Both are

ecuipped ,vi-h incoarca engines and one has a jet drive unit attached. The other has no

orooulsion o.'i; attached; however, the weight of the engine has been modoifed to simulate

the total weight of an engine and jet drive unit. The bowrider boot Model 1/ 187) has a

Perscns Capacity of 1200 lb and the single passenger area runabout has a Persons Capacity of

900 !b. Floration ;or each boat was determined according to the flotation curve contained in

Fiaure 7-1. F-om the curve, the flotation amount for the 1200 lb calccity boat is 30/50 ard

ti lotction amount For the 900 lb capacity boat is 35/50.

The 900 -a.cc;(ty boot is equipped with cu;c, release mechanisms on the seats so the sects

-an be ec-cveo " o shaw the ef ofec or oss of auoyancy of the sects .ue to Nate- absorptior

or -allure or tne seat 'astenings.

The o- er r.vo ooars o be used in the emorsraon are johnboats. These i

demonstrate tre -. oratron characterist 's of bocts on the other end of the ocat spectrum, that

is, small ,"c ah eiaht :raft. One cf these boats is equipped v:th 50 50 Flotatior For a

0 ersor's Coacity o, 40-, Ib. This ;s believed to provice sufr;c'ent saoilry :n :aim water. To

demonstra-e hcw -his oat with 50 50 Flotation reacts in rough ovater 19 to I8 inch vaves, thte

other johnboat is eouipped w,.ith lIoration such that, in calm vater, it will simulate the

rougn ,vater stability characterist*cs of the 50 50 flotation system -

7.2 Flotation Characterisfics of Demonstration Boats

Since eo.n boat ,ias received with flotation matprial installed by the manufacturer, the

flotation characterlstics of each boat had to be determined in order to aecide what -odifi-

cations -eeded to be made to obtain the Coast Guar proposed Level Flotation system.
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7.2. 1 Glastron Model V 174, 900 lb Persons Cap-,City

Tkis boat (Fi-gure 7-2) was received on loan -rom the Glostron Boat Con'pnny to be- used for

fotction resEcrc:h. The boat did not have an engine whken it was received; therefore, aj

'c:ummrv 9 ngire welgkt had to be instal led. The weight of the engine 'hat :s generally :n-

stalled in +is boat Nas obtained from the Glastr-on Boat Conpany. A scrap engine vas

cb~amrled_ -isr a !ocal sc!ap yard and weight was adided to bring 'he rota to the reoured

.;eall,. The total rmachinery wveight in this boat is 644 lb riy '521 lb submrergec_.

l~itial ;iotcrion tests on this boot showed- that t1 had enoigh lotaticrn to support, ir ad4 tion

to the "'achinery weight, a veight of 811 lb on centerline and a side loadu veight of 274 ;1b

* centerline and side load tests were independent). This arrount of flotation was far in excess

of that rec'Wred by the ,proposed Level Flotation Standard. In order to obtain tHe flotation

amo.~n~ tho uld oe required by the proposed standard, flotation n'ateriol had '-o Oe remcvec-

,rr * e boat. After several iterations cf :ccalctions and tan'., testing the jesl-ed clicract-r-

isti cs .--*re obtained. A-s s' o%%n on the flotation curve "Figure 7-1", a boct ~.~ha 90^ 'L

P-rsors Cooccity will be required to have 35/50 flotation. This mreans that i4. will be

re::L_ 1c, support 35 percent of the Persons Capacity on centerline and 50 percert or

' ca a'-clnt ait the sid4e of the boat o/ithout the boat losing stability.

R-eeri1-q ocoin to Figure 7-1, a 900 lb Persons Ca~acityl boat is allowed to use "seat Foarn'

open c-ell foam,; to rake up the difference bet.veen 25/50 (Curve "A") and 354/50 'Curve 'B")

cttct:on. ThIs oDarticwar coat does rat ho-ve eno-ugh cpen cell foam installed ro rovide

ta -u :1-ioato During the test dIh- seats will be remroved, and rhe boar vill tn.en hacve

approxir-ately 27,40 f~-cin

7.2.2 Glastron Model V 187, 1200 lb Persons Capacity

This bcoot (Figure 7-3) was also received on loan from the Glastron Boat Companv or Nlotcition

resea~rch. As with the V 174, a scrap engine and additional weight ,%ere zdded to simulatle

the -;ssin)g e ngine and outdrive. The total mackinery weight in this boat is 775 lb 6,y and

590 l6 subrrerged._
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I!itial tests on this boat indicated that, as delivered, in addition to the machinery weight, it

could suooort 240 lb on centerline and 191 lb at the side. According to Figure 7-1, this boat

would oe ecuipoed with 30 50 flotation, meaning that it would be required to support 378 lb

on centerline and 189 lb at the side. Therefore, additional foam was added until the boat

met the 30, 50 criteria.

During the demonstration, the boat's Flooded capability will be demonstrated with a full 1200 lb

persons load, and with a 756 lb persons load. The 756 lb load equals the passenger load which

the boat w II support with the occupants 50 percent out of the water. With a 750 lb load, the

boat supports the people as if the boat was rated for 750 lb and had a 53, 50 flotation system.

7.3 Fisher Model Swift 14, 400 lb Persons Capacity

This 'or-at has a manufacturer's posted Persons Capacity of 400 Ib, and a posted maximum

hcrseocvjer of 10. The posted Maximum Weight Capacity of 540 lb exactly equals the

Persons Capacity plus the maximum motor weight for a 10 hp engine. The flotation installed

supports 51 percent of the Persons Capacity and 58 percent of that can be moved to the edge

of th. passenger carrying area without the vessel exceeding a 300 heel fimitotion. The

stability (at 58 percent) exceeds our 50 percent design criteria Iue to the monne: in which

the manufacturer installs his level flotation option. Photographs of this boat are shown in

Figure 7-4.

During the tests ve vill capsize the boat with one person on board. You will ncte that the

boat doesn't capsize until the occupant attempts to reboard it over the side.

It is our experience that johnboats with one person on board rarely capsize or swamp during

the initial accident. 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 noticed

that lightaveight boats showed dramatic decreases in flooded stability in waves. This was

somewhat surprising, as similar tests with larger boats in up to 6 ft to 8 ft breaking waves

indicated that the flooded, level flotation, boats responded to the waves by heaving
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ar.,thor -oiling, ard thus lhow'ed little dezrease In stability as rcoripcred to ccrn .vof,-r,

I!, -.i - mve ,,ou somre idea of the -ago; fude of thie 5tab; 1ty proolern wihthe !igqhtweight

o~c,.' nave' set ip on) identical Eslnr to simulate ' he staboilit, :cracteristics of 50 50
orc* -, n i :ugl water . This second boot is actually setupt 01,anthstWItyi

.~e~cntraes;or you in) calm -voter is close to that vhich 50 5C gives in choppy vater.

7.-1 Persons Submeaence and Percent of V/eialh t Supoorted

Table -1 contains the results of tests conducted on three male arnd three female sub'jects in)

f-esn .Nater. It provic-es data on the percent of a person's h)eight subrrerged versus ', eir

ret. ~t "Net wieight" is expressed a. a percentage of their c-ry weight, and it ca

.eou'oyanc> the r'lototio)n would have to provide for them.

To sjrmmarize *'Ie Table:

ai The 50 percent i~et wHeight point is about ar a person's waist.

The 25 percent iet veight point is in th-e area of the arm-pits.

C) The variarce of the test values over the six subjects ,/as relariveiy small,

andJ approximately 67 percent of th.e lest values ,,are wvithir 5 percent )f

the test means.
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Figure 7-1. Proposed Level Flotation Requremerf Curve
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~AIlmh

Figure 7-2(a). C-Iastron Model V 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(0'). Glastron Model V 13,7, Side Viev. Fiqutre 7-3U. Glastron Model V 187, Bow ~View

Figure 7-3(c). Glastron Model V 137, Stern Vte, .
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Figure 7-4(a). Fisher Marine Swift 14, Side Viev. Figure 7-46)). Fisher Marine Swift 14, Stern View.

Figure 7 -4 (c). Fishro Marine 'P.. I ft 1.1, Bo. V~'v
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3.0 PERSO'N'S ACTIONS/SC-AT RFACTTCNS STUDY

Crie c' 'he main ccnsia.-rotrons Inochc 'e iee F! str"lf 1r 0.? c cetns ceen i

.hocurnenti r - the rei a i merits of ai F-erntn levelIs of l evelI' ftotior .Th e Followino

oreser'ton documnents one ottemot -it estoblishing th.ese reloti ,e -- e-its.

It NC5 'eclizec; during flotation tests utilizing Ocicle -iat lioo- nor ceem 0 quf in s tr,

otest 'eore, that tine actio)n of tnese peo:cle as thet oct fIrst, sone as :;Jl 'P _ ~Pre-t

From- people .vno were quite cccustomred to pertc.(rirg -lotatio tes's .,1tn- t' :s In nda

series or) experiments was aesigned ItI at 4026 I se e'ri:ees. nl cots . It -ncs ronco

zitrerences en cootl reactions >.,itr- coaots '-cving ctrrc'e ;-' o- I'CmtCOAZ0 erszrnt'

cano ns :oDo c o:scerralr -ec -tom- "ese eA2rlt-e-ts

S e v e r -Z l O i o t r ~ n e ' ,e r - oe rlo r- c o s'i , 2 f r . u c m 2 / e. T se u b e c S

-o "' 
t nov., ta& tre rootc ,~as oInc "0 5.."o Y-.K0-I ~ . e oer'orriq"

cno~er'05...In t-esd oct tests, o "4ise e-piovee sas -sec to '.ns'gcte the swcmping, t"c

proD to :)adv~~ f t 'ee 7-e m~*%eye sucers 'nev.- Ike Nyle 5w0'Op"-C

irstioctor, a-rc as soon a:s 4 e ::c- --eoar Saoo, urdotAro(t -iOS COcina -)r and +hi3

resueted oc';ors Wa-t *'.u5not ,r etI e o; ,nat somreore Coih do --

-eec'-e' .. ~c'ao':-o :,<r' 2C -o ost 0'e slant' -canoe .-825 nor

circ, ~ C'O 2 -- e 'elo'' ve Drr i' I ei 1sat n! here *lrose "ca usC e5s cc's5 'r



These Pel'n res ,,ere oerflormed as follow:

Tie ,,rC 'oocrt :'e .v:l2 O Ccn o tcot Inqo~ 6jn ..'r e/ D* , DC

ci on- rme s-.ore line 0 r Jsc d~ i stress cal

They %e.re tc,! 'o~ the cnchioreca boct cnc i gen cata s'--ers o n -icnte ,-ere to -ecord_ ~kIr

visual distress signal information. Once the sub*,ects were in the arnnored boot, the director

of the eyperiments actuated a release on the boat that would cause it to begin to swNamp with-i!

approximately two minutes through a trap door located beneath one oF rke bench sects. The

exoeri-ent Oirec'or in h e boot risen a iscoecred" croiunac a ooin, oF !cnc; ar-r -e es-, o*- o-

SJore crew also o-iscpoeared. A safet/ 'boot vas present, but 'he sjb~lecrs -s~t ;n'.t .'ics

.ocrt ai'*lie exoerimnents . The ctions or shte sub~ects in the boor as it cegan -D5C~

reccr -a l'~o;e -ilm Fromai ncme.

-- o'- te '~easmnc 0:experinenrs coaceno cieinie corclsizls __C_ 3-? _C:e :

-e r-~ 'cun>e ested_. To-es;e 'ess i ca t-,co ir~ aD -- e2C~o~

o lc-ie cavca'sce of Ic ei ;lotrasion, h ey mvst be eavoared in- some -cnoer 'o Dso-.

Nyle is p-eser,/ percorming a task, +ihte :,bjective being to findi our 1htle,,el of

educa 'ion should ccorrarny a level nlotation standard in order to 4takle -v" adva'r-Cce
the foti oroviced. The results or she reiumen tioned exoerimerts il! he useci

in th-is analisis as a c:ontrol sample of exnerimnents.
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9.0 SELF-BAILING BOAT CONSIDERATIONS

9.1 Discussi.Dn of the Problemn

Durina Pha':se I oF tbie develooment of th e level flotation standard, thought '1cs Oi /en to

oossible Pecularities of eVbingboats. For the purpose of this discussion, ase-bia

boat is a '-oat ozkick is constructed such that the coclKoit deck is abo;e 'he urloce or 1he

%.,ater v.Jnen ke Loot is loaded to its max<imum veigl-t capacity and +he cock, is e

co-imunica-ior w~ith the .,,ter. Boa~s of th-is type generally have double cocom c r'-

;011111 illed, <o thait even if puncturedJ tey w.ill not lose buoyanrcy.

Any, flotation standard_ that would be considered w.,ould reajire support 0: 7!

less thanr the maximum w eighkt capacity of the boat,. This *;s due to th-e bo.

-accI ery/, .zear and oeople as they ore Fully or partially submerged 4-

Due 'c -cture or the construr-ion), these sef-bailing boats viud-ever es'ace-

* e* ,u~lo~ ~atrif sufficient time were allowed For themn fo com)e to aibrm*Te c.,

"es e , :-Octs '.ould oass any rlotetion standard v.hich required sucport oF c .,eic ,'i. .-- s

less I-- n -ie raximrum vieiaht capacit"y of the Ht

C)r'sideratior ,~as given, to the transient condition w.hich may exist before all ..ater hI s

.ro- zocarz macy ra"in out. This condi'tio could cor-e about from tak ing a wa e- "e

bow,:deor tra-nsom or +e boat, partially or completely flilling the boat with ,',ater. In

thecded weatof all the water ma;,' produce very, uncsi rcb e reccions

.)e .'erc 'ests/'e:,pe'in'ents w-ere perform-ed on a sample of these self-b: 3iling boats t-o cererminre

'-rl~eoac they ,,ouldJ prove, to be extremely unsafe in thke transient condition of be*,n ~ lied
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9.2 Tests,'E orer Is Performed(

In arHer 'o :Ieter-iin- if '.-Liin)oots orasert-ed. orn,/ oe-uliar rorcbler-r 1,en flocded:, a

saole c- si b-oats fromr three mnanufcturerS Ia uien o a -:-I :)r 'sfts/axoerir-en's.

COnly,, F .'e of thiese turned out to be self-b-cilng by th~e cde, nition used in Serction 9. 1.

Tl~e tests/experi-ents .,iere Performed as follow:

For the --irst th~ree boats, weghkt .was ceded to each 'coat until a Iust -loct condition v/as

reac ed For this test, test weght laor Von '/CS 0dcjusled so t,-Ct "e Oot remocned !evel as 't

amC7,Oe. 7-e trcns',erse stability Or eccC Zcct ,vcs sjnjecti .el/ ,1c'ee or se/ercl loading

i-cre-ren's 6y pushing~ downo on ae side orf the oat and notir-q -owv terder ! felt. Thle

se-.3na zcrt 3r the experiment oerrorm-ed; Dn tw,-o or the first t-lree ooc's o-:nsisreo tf ooa;rg

,ve ig af long ore sloe of the boat jnfil it reaca ar) angle of co-nr-xi-'a-el/ 2'1. T:ne tror,5-
.erse SrCiliry 3f ke :octs in thris concion as again ;1ubject! /el/ z-c~-ec.

The es' tin-ents ,:ith ke other twc neas ere slightly different. Ti-eSe two hOcc~ ,,Cre

loced' .itl- ..,ights and allowed to Flood until te wavter level -as a-t tl e -rcsom heiclh

'See F -au, es 9-1 -nd 9-2). It .,as Felt that measuring the Iotcl dlotsfio- ;n f+ese 'kocts

-o- -ontt'-ute to their evaluation. Figures 9-3 and 9-- h~ one o; fhe '-cats in

Ie 3ioe load, evaluation. The weight uscd wvas placer- at the ex-remne cuthboaroi side of I:,

nea. Wter ,cs then Pumped into the boat u.ntli t flowed oltf Daer I4 e 'ransor-. The boct

reacne rgl Cf approxir-ately 30",ith the .,,eiakt ond %,ater. 4s th-e .,'e .cs

cllo,.ed to drain out tkrouah the self-bailine s cuppers, ',he heel angle -,as reduced. W~

the boat at 300 and full of victer, the ereser,/e stability' was sulbiectiv/elv checked.

9.3 Results and Conc'usions

Tak e 9- 1 skovws the results of the tests/exneriments performed on) the fiv~e se lrf? ai I no bots .
Te s.Pe load vaue for Boa:4 -131' ,,s notf determi ne d be cause it aCs I I Iat it f oulId not

'"ave addto Ike e ,aCluation.
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or" ~ ~ ~ ~ c r faL ~ , e b as ~ 'tin FHofc~fon in Dr CrnOvnf kot a r ocr r ±

'~s r i s f cden~ c~co i cj~~~ o ter.vse, if is oknin OF ke O t~
S 'ne, not L SUL,,C 0 ,Jjec fo a saecial Floitior s~a'd-J cu ~YK~ .
'un~ ~r~c~Lev'el Flofca*K 0 Stoncrd.
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F~qure, 9-4. Self-Boiing Boat, Side Low? 'cst
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10.0 ROUGH WATER EVALUATION

Limited testira of boats equipped with a form of level flotation was performed in waves in

Phase I develooment of the level flotation standard. This testing involved several experiments

which subjected fhe swamDed boats to the wakes of passing vessels. An additional test in

rough ,vater was perlormed 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 oerformed in extreme conditions of five to six foot waves. The boat did not exhibit any

oeculiar characteristics in these conditions and, in fact, it performed quite well.

During tne Phase 1I effort, it was felt that additional rough water evaluation should be con-

cctea. These experiments ,vere initially designed to utilize a range of boats in a rance of

Nave conditions (6 in. to 14 in. wave heights).

The initici experiments indicated that a stability problem with small, lightweight boats exisreoJ

in .c'ves of approximately two feet height. Further, experiments in open water and in a con-

trollea ',a e environment as discussed in this section enablea the problem to be better definea.

10.1 Preliminary Open-Water Evaluation

T'he irst rougn .vater experiments performed in Phase HI development of a level flotation

stanccrc jrilized t-No boats, a 16 ft aluminum runabout (Figure 10-1) and a 14 ft lightweight

alr-ir -,m Icr cottom boat (Figure 10-2). See Table 10-1 for the characteristics of these two

Oacts 516 and 1187, respectively).

Flotation i- each boat was adjusted so it would provide 50-50 flotation for the passenger load

that ,,as used in the experiments. Boat 516 had a passenger load of 700 pounds and boat 1187

had a passenger load of 375 pounds. The experiments were conducted on the Tennessee River

near Hunts .ille, Alabama, with wave heights estimated at 14 in. to 16 in. The 16 ft runabout

felt auite stable and was rated acceptable. The johnboat on the other hand felt extremely

unstable and murk effort ,,as required to keep it upright. These experiments indicated that

50-50 -lotation may not be sufficient i some cases. The flotation in boat 1187 was modified

so that it gave 75-'C suoport of the passenger !oad. This modification \was tested under

arpro,-imatel/ the same conditions and was found to be more stable than the 50-50 configuration.
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(Movie fil1m of all of these experiments was submitted to USCG Headouarters in Mc,/, 1975.

The results of these initial experiments led to the decision to test a variety of Loat/flotation

comibinations in a controlled wave environment.

10.2 WNave Ton. Evaluation

Coast Guard Headquarters leased the Navy Wave Tank at NSRDC For twvo da4ys to be used For

rough water evaluation of flotation. Before the actual testina .,,cas performed at NSRDC,

addi tionol oper wvater testi ng needed to be performed i n order to nar-row.' the range of 'Iesti no

to be performed at the wave tank.

10.2.1 Preliminary Evaluations

Testing at 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

testina ,,as not Performred in open e.atur due *o 'He /arying test conditions and ;nfre--,:,nc/

of rough- .-eather at the particular time of year on the Tennessee River near Huntsville,

Several I re lim-incr/ experiments ,were oerlormed . The purpose DF these experiments wacs *-ree-

; la .First, ro aerer-nine if rouid oorlorred bocrs ex~'ibited similar 5taoi Ii fy cinaracleristics

or mne sc-e flotation arrangemnent and same geieral size of boat as flt aottorned coats ex' Ioit.

Second-, to establish an upper limit of size of boat that needed to be tested at NSRDC. The

earlier les's vii~k the 16 ft runabout indicates that 50-50 flotation .as sufFicient for it. This

r'eant th at there w-as some point at -,.Hick 50-50 flotation became satisfactory. There .,ere

seieral enoeri-ments designed o determ-ine this point.

The third objective of +kese Preliminary evperime, nts ,cs to try *o establish 0 a continuous

measure' of tt,e stability of swarroed, coats in rough ,'ater. This "Continuous -ieasure" vas

develooed alono t-He samre procedure as tke side load test or the static stability determination

of flooded bcoats.



1C0.2 .1.1I Prelimnary Exneri-rerts - The First of these preliminary 'xperimre!rt5 used Ihree

roundc,/V-botorr-d alu-inrn boats. Figures 10-3, 10-A, and 10-57 arie Photos & a's as

numbered 22-5, 120, and 1202, r--spectivel y, a~nd their chracteristics ore Ohown ina TcaH e 10- 1.

For tke purpose o& these expeirments, these bcoots vere equipoed wih50-f0 level lIo ,Otiofl

for oersons ccacifies of -'CC 11,s, 600 Ibs, and 8C0 lbs for 'Coats 225, 1202 ornd 120C, resoeec-

tve Iy. T1'ese 'coats .,ere subject; vefy evaluated on the Tennessee Ri /er in wav/ves vo to

The next series o* expcrir-ents utilized t,,&o b)oats. Figures 10'-6 and 10-7 -ore photos of

boats _42. and 2-141, -espectively. Cliaracteristic-s of thiese boots --re shove ;n Tabcle 10-1.

Boat 52- was set uc wvith 50-50 flotation for a persons ccpct*,y &.- 450' counds. Boot 2_1_,

whch wavs a 15 ft flar bottomned aluminum boat, wacs used as V i t -.-ere a boss 'coot. This

exceri meet was cesancied to determine if the limiting parameters for 50-3C flotation bCeir.a.

acceotace waos boat/-nachinery we~tor oersons capacity.

T!, oto,,3 roar. hadV r)C aht caded to approximate the weickt &- a: sir-i Ir size caoss

zaocr :cd te -axinur- hor-sepcyv~er -or it vas calculated assumnina it had a 21 in. hic;L transomr

tr-te-.c & 1f ;r. as it a.ct.ucly '-ac. These t-wo boats .,ere subjectively evaluatec on th e

Ta7essee R~ver in .aces o- 12 fo i-' in. keight.

T ~.. . ~t~; o~-i &~' ~r-oedto establi1sh a 'continuous -ieasure" of the stbi"of

TmI -ont;i u mieasure was an rttmp a put'inc '7 -'L-cer

onr- ~ - -: g c t could_ Le _orrpared to the subjective ratinc of that

V - ;~z ~~ utilized a slidirc steel ,.eickt V.' : counler

r-, r'- 1* 7 'e rerasoeincp behind tlihs crron e-int was as ol'-s

T',- -o c of- -ertpnmne V increrrents produ~cinc o heclira -r'.

e - -oam -aur~my ,,cs d.sae 3at' cme Qounds oer Cn~ meso S a oerSCn, based

onI t v sam'ped 'Io -aer-rnts in Sectot 7.0. Ths ,as an attemrpf to aopro'<i'ate f!,e

c:ha-rae in heelina na'-en' the hoot wouldi e),peinco rue to the I-eelina, and . o.' efe

or a reil persor ir, a bOat. Tik con,-iguraitior vos testedc on) f Tcnnessee Ri ver -:r-, -o%. ;e

ilm, is avia c r request.
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The net t-.vo attempts at establishing a continuous measure involved addina a heelirq morert

to +lle Loot with no compensation From a floating dummy. The First involved Fastening ' o

baskets to +he gunwale of the boat, one Forward and one aft. Weight was then dropoed n'o

te baskets in increments until a capsize condition was reached.

The second experiment involved placing .,eight in increments in the boat on the bottom along

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 Lottomed

boats with persons capacities of 400 lbs, 600 lbs and 800 lbs will be discussed first. The boat

that .,as set up for the 400 lb persons capacity reacted very similar to the flat bottomed boat

of 400 lb persons capacity; i.e., fairly unstable. The boat that was set up For 600 lb persons

capacity felt Fairly stable, but not as stab le as the boat set up For 800 lb persons capacit'

which Felt very stable. All boats -were evaluated with a full load of people on board.

The experiments using boats 524 and 2-L indicated that the persons capacity was the imitina

factor for size of boat. It must be remembered that there is a direct relationship bet.weer size

of boat and oersons capacity. Both of these boats were set up For a 450 lb persons ccac: c.

Even 9-ouch they were both 1heavy boats with relatively keavy machinery, with Flotation 'o

comoensate, they still felt somewhat unstable in the 12 in. to 14 in. waves in which the,,

were evaluated.

Durina the continuous measure tests, it was round that the foam dummy used * ,r the rirst se'

of exoeriments orovided too much counter flotation to the heeling .veights. The boat did not

capsize even when all of the weights were moved as far outboard as they could e movec.

The baskets, to which weight was added, that were Fastened to the aunv ales of the boat

apoeared to be sensitive to a difference of flve pounds in the baskets that resui-ed in thTe

boat going From a fairly stable atritude to a capsize condifion.

Thie rest w,,,lic seemed most pramisirg .as the one that :nvolve:: placing weights inside tlie

.oct on the ottom along one sice . Drawbacks to this methoid included maintaininq acctrac-.

t" oIlaci t ., e tests weights while in a , a,, e environ me t . The ) ner ,ajor dra c .c .C as
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To su-nmariz e the pr-!! incry evaluation results:

0 Six hundred pounds persons ccpacity should 'be the uooer Uimit for the size

ol the boats to be tested in the wqve tanI at N'S;?DC.

0 Placinq vvel 9 kts inside the Loot should b-e used as 0e continuous mea:-,sure 'est.

10.2.2 Wove Tonl< Test Boots

Th.ere vere four basic hulls that were used, For th-e evaluation in the w'ave tan< at NSRDC.

In all +tere ,,ere 18 configurations evaluated.

Ficures 1-,10-10, 10-i1I and 1C-12 are phrotos of the Four h-ull tyo-es that .-.ere used.

T,,',e Ir-2 sh-ows the clharccterlstics of th~e 12 boats evaluated v/i'h b:oats +atf .vCe van at~cns

oc t-esae !Iull being d-,esig-nated vvith the same class number. This sam.rple is ibelieveo 1c; ze

r-o rs. -, n 'y: e or sn'c II boats itli persons capaci ties of 600 lb-s and less. Clasz is rle- scrme

a-s Cas it 0 lbs of cieqhtaded to simulate a h-ecvier boat. The flotation cor-di'ions

uses :oedarge of total %ltation amrount aaosn ilt h-ctrsis

10.2.3 Wacve Tcn Test Plan

kCr;ic olans wiere 'or *our dirrerenr types of evaluatiors1 e; perimnents. The- ; rst o; f+ese

ae- se& at titude rainlenainc" tests which utilized e ~e'e; ei suL~iecCs. For ~s

te sts, ecct boa;t ..as to ire loaded -with the persons capaicity/ For whichi it was set up. I'

~old~e Hevalua,'ed by the occupants in ",,-o va.ve conditions.

The seons; tst ,.-Inycs -the cont~nuous n'easure test .%o5 to no- -oncuctedl in hr am-vv

conditions. The thirdi set or testrs again uili'zed flh,e - Pre-er-ceJ test u cr i.- evaluctina

ra-ohirr!an r a--oarding 7ho s-wam.rped, -.oas.
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'te la:st set or -o(rerimrnt5 nf r originally planned is pi lots cor the prrsons otio" tests

discussed in, Section 8-.0 of this report. Due to schedulinq of the .. 'etank ,the persons

actian tests -aiscussed! in Section 3,.0 were completed before these tests. Plans tiere to

continue .-J,i t tese tests to get added data on ease of atti~udze maintenance from inexoerience-_

test su Iecats.

Tables I0-3) and 10-4 show. two 'tentative schedules that .,ere deveIoDod,-. As discussed In) Ihe

next section, only two types of tests were conducted, the 'ease of attitude maintenance"

tests .eith the experienced test subjects and the tests using the inexperiencedi test uets

10.2.4 Wave Tank ExPerimrents

The min reason for performing only the "ease of attitude mintenance' tests andl thne inex-

perienced people tests was the lack of time caused by several malifunctions of the ,wave aes

ThIe rirst' continuous mreasure tests indicated thaIt the test -.was very ti-e consu-i'~a a-na -sna",ea

little oromi;se of oood results. [t was, thereore, decided ha in +e nte--'; 0 -'-ii~ e

most ;se'ul data, those tests would not be 'urthe, attfempted.

TheP "ease a; attitude maintenance' tests Nere oer~orred as follow&s:

The, b-oat being evaluated was loaded ,,If th te persons capccity Car i c- it wacs se' D-. 7e

peon i~aiathese boats '-ad e'-perience in working in) swav"oEd bIoats. T'-e b-oar %l

oeoceq " as o'nu~rc~ wave 2nvi ronmfnt. The occupants ana an. or-s-ore -cse-'er

* i "-f-- :cat ramn to~ 5 according o the rating scale sh'o,..n, in Table IC--5. Da~a a

rea Le:; '' <~;a, in- Fi, re 10-13 . Two wu ve keignits ,,ere seci r-cCC

*~ ~ ~~OC1 _sr''"'aocT  ets in /olved, olocing people . ',ac not cre'iousl' acite

or, ~n,,Or in o coc& an ,)llowing waote a flco -h ouch 7 trapo door in th1 o 1 '
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10.2.5 Wave Tank Results

The inexperienced people tests added to the data of Section 8.0 of this report. This data will

be used as part of an ongoing task to determine the level of education needed to accompany

the level flotation standard in order to take full advantage of the flotation. All of these

results vAIl be incorporated into the final report of that task.

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

(e.a., 232 1-5Q/50) is interpreted as follows:

The first three digits (232) is the hull number used for inventory purposes only. The next

diait (1) is the class of boat as specified in Table 10-2. The next four digits (50/50) indicate

rhe flotation arrangement of the boat. The first number before the slash /) indicates the total

flotation oresent as a percent of the persons capacity, and the number after the slash ind6icafes

the .eiofh.t that can be supported at the side without the boat losing stability expressed as a

percent of -+e total amount of flotaion present.

The avercace rating for each wave he; ht is the average taken From the occupants aod 'ke

observe 3' rarings during the tests.

Fia'-res 13~1. and IC-!S are graphs of the data in ?able 10-6. These are plots o" ratings

.I th resoect to Pe cans capacity for "ifferent FlotoHon amounts. From these graphs, "

cooears that more data Poi 's are needed before one can justify fitting any curves through t-e

ooirs. It v,as for this reason that it was decided to continue the rough ,ater evaluations.

;ime scheduling o the a,,,ve tank at NSRDC made it difficult to return there, so an open

sater site was ch'osen For the additional evaluations.

10.3 Coen ',ater Evcluations

7r , . osen for the open water evaluations was a seaway of the west coast of

- ' Ft. Myers Beach. This site was chosen for two reasons. First, the conri tions

, i _k+ re ,.re ,kot for the testing. T', t.ird culd blov. gently

L - -. - -t -, t h r ,, re ,, t , s -. . ..



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 availabilit/ of shore and support facilities provided by a concerned member of

the boating industry.

Severai additional tests were performed on the Tennessee River after returning 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 a siri ilar manner to 'Hose conducted in he

wave tank at NSRDC. Each boat was loaded with the persons capacity for the flotation

condition for which it was set up and then evaluated 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 ir. two other areas. These ,Vo arecs

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 as 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 'or stability, re-righting and re-boarding. Figure 10-16 shows typiccl open water

evaluations.
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10.3.3 Open Water Results

Tables 10-8 and 10-9 show the results of ,he open wafer evaluations. The stability ratinq is

plotted as a function of persons capacity for the various rlotation conditions in Figure 10-17

and 10-13. These vaiues will be combined with the results of the wave tank tests from

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 can be combined, a

correction for the different rating used must be made, Only the high wave condition results

will be combined. The evaluation at the wave tank rated boot 4-40/50 at 3.75. The rating

for boat 4-40/50 was defined as five for the Ft. Myers evaluation. To correct the values

obtained at 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

Table 10-10. Combining these with values From Table 10-6 and plotting, we get Figure 10-19.

Tckir-a the values from Tables 10-10 and 10-6 and using linear regression with a least means

squared fit to generate a straighi" line for three of the flotation conditions, results in the graph

shown in Figure !0-20.

Assuming that a rating of Four is the minimum acceptable rating (this is a valid assumption based

on subjectrve evaluations), then boats with 50-50 flotation and a persons capac;ty less than

500 lbs would not be acceptable in rough water. This qraoh indicates that the minimum amount

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

500 lbs or !ess would be 62-50 flotation.

Be ore requiring boats of this size to have 62-50 flotation, a study of increased e:ffectiveness

taking into account the nurrber of accidents in rough water should be made.
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Figure 10-2. Rouqh Water Test Boat 1187
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Fiquro 10-:3. Rouqh Wacter T-"st Boat 225
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Figure 10-4. Rough Water lest Boat 1200
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Figure 10-5, Rough Water Test Boat 1202
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Fue10-6. Rouqhi Water Test Boat 524
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Figure 10-7. Rough Water Test Boat 244
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CARDEROCK FLOTATION TESTS
EXPERIENCED SUBJECT TESTS DT

TEST NO. ____

TIME_____ WAVE HEIGHT_____ BOAT NO.___

EVALUATOR RATING COMMENTS

TEST NO. ____

TIME _________ WAVE HEIGHT _________BOAT NO._____

EVALUATOR RATING COMMENTS

Figure 10-13. Wave Tank Data Form
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TABLE 10-1. CHARACTERISTICS OF RESEARCH BOATS

Boat Number Length (ft) Beam (ft) Persons Capacity

516 15.91 6.2 700
1187 14.05 4.0 375
225 11.96 4.22 400
1200 14.13 5.31 800
1202 13.70 5.28 600
524 14.83 5.0 450
244 14.96 4.83 450
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TABLE 10-2. WAVE TANK TEST BOAT DESCRIPTION

Boot F lotation Persons Motor Battery Class
No. Condition Capacity Weight Weight

232 50/50 250 30 - 1
233 62.5/50 250 30 - 1
237 75/50 250 30 - 1

238 50/50 450 75 12 2
239 62.5/50 450 75 12 2
240 50//70 450 75 12 2
241 75,/33 450 75 12 2
242 75/'50 450 75 12 2

247 50/50 360 75 12 3
248 50/65 360 75 12 3
249 62.5/40 360 75 12 3
250 62.5/60 360 75 12 3
251 75/50 360 75 12 3
252 75/33 360 75 12 3

253 50/'50 450 75 12 5

244 40,"50 600 115 27.5 4
245 50/50 600 115 27.5 4
246 60, 50 600 115 27.5 4

Class Description

1 Length - 10', Max. Beam - 45.75"

2 Length - 12', Max. Beam - 55.625'

3 Length - 14', Max. Beam -45.625"

4 Length - 15', Max. Beam -58.0"

5 Same hull as Class 3 with 30 lb lead added

C
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TABLE 10-5. RATING SCALE DESCRIPTION

Rating Explanation
1 Boat capsizes no matter what occupants do to

attempt to prevent it.

2 Boat can be maintained upright with constant
effort on part of occupants.

3 Boat requires movement at frequent intervals
to maintain upright condition.

4 Boat requires infrequent movement to maintain
upright condition.

5 Boat can be maintained upright as long as
personnel remain on centerline.
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TABLE 10-6. SUMMARY OF WAVE TANK TESTS

Average Rating

Boat Descrioon Low Wave Height High Wave Height

232 1-50/50 2.5 2.25

233 1-62/50 4.5 4

237 1-75/50 4.5 4.5

238 2-50/50 4 3.8

239 2-62,'50 4.2 3.7

240 2-50/70 S 4.75

241 2-75/33 3.7 3.3

242 2-75,50 4 4

247 3-50,50 3 3

248 3-50,/65 4.7 4.3

249 3-62/40 2.3 2.3

250 3-62,/60 4 3.3

251 3-75/50 5 5

252 3-75 33 4 4

253 5-50/50 4 3

244 4-40/50 2.75 3.75

245 4-50,'50 3.25 3.25

246 4-601/50 5 4.9
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TABLE 10-7. OPEN WATER TEST BOAT DESCRIPTION

Boat Flotation Persons 1 Motor Battery Class
No. Condition Capacity ,^/eight ",'/eight

232 50/50 250 30 - 1

233 62.5/'50 250 30 -1

237 75/50 250 30 - 1

238 50/50 450 75 12 2

239 62.5/50 450 75 12 2

242 75,50 450 75 12 2

247 5050 360 75 12 3

248 53/70 360 75 12 3

249 62.5/50 360 75 12 3

250 50/65 360 75 12 3

251 75/50 360 75 12 3

252 75/33 360 75 12 3

244 40 '50 600 115 27.5 4
245 50/50 600 115 27.5 4
246 60,'50 600 115 27.5 4

Class Descrptlon

1 Length - 10', Max. Beam - 45.75"

2 Length - 12', Max. Beam - 55.625"

3 Length - 14', Max. Beam - 45.625"

4 Length - 151, Max. Beam - 58.0"
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TABLE 10-8. OPEN WATER RESULTS, LOW WAVE HEIGHT

Average Rating

Boat Description Stability Rerighting Reboarding

1-75-50 5.75 5.5 5.5

1-62-50 6 6 6

1-50-50 5.25 6 6

2-75-50 6 3 4

2-62-50 6 6 6

2-50-50 6 6 6

3-75-50 6.33 3.33 6.33

3-62-50 6 6 5.33

3-50-50 6 6 6

4-60-50 6.5 4.5 6.5

4-50-50 6 5 6

4-40-50 5 5

107

IAm



TABLE 10-9. OPEN WATER RESULTS, HIGH WAVE HEIGHT

_____________ Average Rating

Boat Description Stability Rerighting Reboarding

1-75-50 6 5.5 5.5

1-62-50 5.33 4.5 5.33

1-50-50 3.37 4.25 3.5

2-75-50 6.5 2 6

2-62-50 7 3.87 7

2-50-50 7 4 7

3-75-50 7 3.75 5.5

3-62-50 6 4.5 5.5

3-50-50 4.25 4.5 3.6

4-60-50 5 4 4

4-50-50 6 3.5 6

4-40-50 5 4 4

3-50-65 5 5 5

3-53-70 6 5 6

3-75-33 5 3 2
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TABLE 10-10. OPEN WATER CORRECTED DATA, HIGH WAVE HEIGHT

Average Rating

Boat Description Stobi Iity

1-75-50 4.75

1-62-50 4.08

1-50-50 2.12

2-75-50 5.25

2-62-50 5.75

2-50-50 5.75

3-75-50 5.75

3-62-50 4.75

3-50-50 3.0

4-60-50 3.75

4-50-50 4.75

4-40-50 3.75

3-50-65 3.75

3-53-70 4.75

3-75-33 3.75
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11.0 RECOMMENDATIONS

Recommendations made in this report are based on work discussed in this report and References

I and 2.

1. Swamped Machinery Weight

The daca from this study and the study performed by the Coast Guard R & D Cenrer

and additional information that might be obtained (such as the weighi of other manu-

facturer's engines) can be used to update the swamped machnery table for flotation

recuirements.

2. SK Boat Demonstration

This type of boat is presently being considered as an exemption from the level

flotation standard. If thought is given to not exempting it, the work performed in

this study can be used as a baseline from which to perform additional studies if they

are Celt to be necessary.

3. Foam Absorption Considerations

It is economically infeasible to eliminate all entrapped air from open cell Foai ,;sec

in many of today's boats during a compliance test. Based on the findir, s oC t#;s

study and engineering judgment, it appears that if a boat is left submerqe for

approximately 16 hrs before being flotation tested, the remaining buoyacy A'1l

be a good indication of the useful flotation provided by the boat.

4. Longitudinal Trim Requirements

The maximum submergence of one end of the boat in the full load ana no ocssenaer

load test condition should be between 6 and 12 inches. For compliance tes.t pu'rposes,

the test weight placement should be restricted to an area that is approximately 20%

of the passenger area length about the midlength of the passenger area.

5. Transverse Stability Considerations

Location of test weights should be restricted as follows:

VCG - Four inches above cockpit sole.
TCG - Four inches inboard of outer extremity at the location of test

weights.
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LCG - Approximately 3501 of passenger Jength about midlength of
passenger a.ea.

Weight
Distribution - At least 30% of length of passenger area.

6. Person Action/Boat Reaction Study

This data can be used as part of the study to determine the level of ecucation needed

to accompany the level flotation standard.

7. Self-Bailing Boot Considerations

Testing has indicated that no special problems exist with these boats. They should

comply with the level flotation standard unless a study of accident data indicates

otherwise.

8. Rough Water Evaluations

These evaluations indicate that a boat with a persons capacity of 500 lbs or less
should have 62-50 flotation for adequate stability in rough water. A study to

determine the added safety afforded by this, based on the number of swampings in
rough water with this size boat, should be conducted before requiring boats of

this size to have that amount of flotation.
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F' Qure A -1 2 HP evinrude Submerged 
To Mounin Brocket

A-11



Figure A-2, 4 HP Evinrude Subm2rged To Mounting Bracket

A-2
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Figure A-3. 6 HP [vinrude Submerged To MDunting Bracket

A-3



F igqure A-4. 9.9 HP Evinrude Submerged To M-3unting Bracket

A-4



Figure A-5. 15 HP Evinrudle Submerged To Mounting Bracket
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Figure A-6. 25 HP Evinrude Submerged To Mounting Bracket

A -6



Figure A-7. 65 HP Evinrude Submerged T, Mounting Bracket

A-7



Figure A-8. 85 HP Evinrude Submerged To Mounting Bracket

A-8
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Figure A-9. 135 HP Evinrude Submerged To Mounting Bracket

A-9
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Figure A-10. 35 HP Chtysler Submerged To Mounting Bracket
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Figure ,A-Il1 130 HP Chrysler Submerged To Munting Biacket
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Figure A-12. Power Tilt Gcar On 135 HP Evinrude

A-12



Figure A-13. Power Tilt Gear 01 130 HP Chtyslei

A- 13
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Figure A-14. Control Unit For Eviniude Mc)tors
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APPENDIX B

PHOTOGRAPHS OF BOATS \ITH HALF PASSENGER LOAD

FOR LONGITUDINAL DISTRIBUTION ANALYSIS (SECTION 5.0)
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