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The purpose of the level flotation regulations is to increase the visibility and
survivability of individuals after a boating accident has occurred by requiring
manufacturers to design certain boats less than 20 feet in length to float in an
approximately leve l attitude when swamped , thus providing a platform from which
the survivors can be rescued .
This Level Flotation Compliance Guideline contains explanatory and interpretative
information , illustrati ons and diagrams to aid the average boatbuilder in comply-
ing with the level flotation regulati ons . This guideline does not dictate the
methods a manufacturer must follow to comply with the regulations , but it is a
guide to methods that , if they are followed , are acceptable to the Coast Guard
as meeting the intent and purpose of the level flotation regulations.
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DEPA RTMENT OF TRA NSPORTATION 
MAILING ADDRESS

UNITED STATES COAST GUARD ~~~~ N
U

~~~~ 
(G-BBT)

PHONE (202) 426-4028

2 7 FEB

FOREWORD

THIS LEVEL FLOTATION COMPLIANCE GUIDELINE WAS PREPARED BY THE
AMERICAN BOAT AND YACHT COUNCIL (ABYC), A NON-PROFIT PUBLIC
SERVICE ORGANIZATION , UNDER A U. S. COAST GUARD CONTRACT AWARDED
TO ABYC PURSUANT TO THE AUTHORITY CONTAINED IN SECTION 25 OF THE
FEDERAL BOAT SAFETY ACT OF 1971 (P. L. 92-75).

THIS GU IDELINE DOES NOT DICTATE THE METHODS A MANUFACTURER MUST
FOLLOW TO COMPLY WITH THE REGULATIONS , BUT IT IS INTENDED TO BE
USED AS A GU IDE TO METHODS WHICH , IF THEY ARE FOLLOWED, WILL BE
ACCEPTABLE TO THE COAST GUARD AS MEETING THE INTENT AND PURPOSE
OF THE REGULATIONS .

THE MEMBERS OF ABYC HAVE MADE EVERY EFFORT TO MAKE THIS GUIDELINE
ACCURATE AND CONSISTENT WITH THE LEVEL FLOTATION REGULATIONS , AND
THE COAST GUARD HAS REVIEWED IT FOR ANY INCONSISTENCIES . IN
CASES WHERE IT APPEARS THAT A CONFLICT MAY EXIST , HOWEVER , USERS
OF THIS GUIDELINE SHOULD ADHERE TO THE REQUIREMENTS OF THE REGU-
LATIONS AND NOT THE SUGGESTED METHODS FOR COMPLIANCE DESCR IBED
IN THIS GU IDELINE. ANY QUESTIONS SHOULD BE DIRECTED TO YOUR
COAST GUARD DISTRICT BOATING STANDARDS OFFICE.

ThE COAST GUARD WISHES TO THANK THE MEMBERS OF ABYC WHO CONTRIBUTED
THEIR PERSONAL TIME TO THE DEVELOPMENT OF THIS COMPLIANCE GUIDE-
LINE . THE GU IDELINE WILL AID SMALL VOL UME BOATBU ILDERS WHO LACK
LARGE ENGINEERING STAFFS AND EXTENSIVE TECHNICAL CAPABILITIES
IN COMPLYING WITH THE REGULATIONS. THE RECREATIONAL BOATING PUBLIC
WILL SOON REALIZE THE BENEFITS OF THE LEVEL FLOTATION REGULATIONS
WHEN SWAMPED BOATS THAT ARE OUTBOARD POWERED OR MANUALLY PROPELLED
FLOAT LEVEL .

0. F. LAUTH
Rear Admiral , U. S. Coast Guard
Chi~~, Office of Boating Safety

01st: (SDL No. 106)
A: None
B: c(5 );  n(50 )
C: None
.0: None
E:
F: None
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LEVEL FLO TATION

~ COMPLIANCE GUIDELINE
1.0 INTROD’JCTION

To the date this was written , swamping and capsizing appear in 20 percent of t he reported accidents and are implicated
in 60 percent of the deaths in boating. No obvious changes in boat hull design would dramatically reduce the number
of swampings and capsizings , but t he seriousness of the accidents can be reduced and many fatalities can be avoided.
The ( t a ~1 Guard estimates t hat over 200 lives per year will be saved by requiring “Level Flotation ” in certain boats.

T he Coast Guard has been charged with saving lives on the water . They, and their advisory groups conducted carefu l
research on boats and people who use t hem and concluded that a level, floating platform , capable of supporting a good
measure of the weight normally aboard , even though t hat platform was partially submerged , is still the best , basic
lifesaving tool.

“Leve l flotation” instills confidence ir people to remain wit h the boat. With “basic flotation” only a portion of the
hull may he ex posed . and most times an area which is impossible to hang on to . A submerged boat which remains level
will extend survival time , and through increased visibility, aid in search and rescue efforts . Level flotation for water
c ra rt is really nothing new . After all , wasn ’t that a feature of the very first log rafts?

Most small wooden boats have an inherent buoyancy, but those made of newer materials such as aluminum and fiber.
glass do not . In any boat ,the use of flotation materials of the proper type , in correct quantities , suitably distributed ,
can create a level , floating platform that will support the passengers partially out of the water in the event of swamp ing.

Under the aut hority granted by the Federal Boat Safety Act of 1971 (P1. 92.75) the Commandant , through the Office
of Boating Safety, and with the concurrence of the Nati’ nal Boating Safety Advisory Council , initiated a regulation
(33 CFR Part 183) on level flotation.

The far-reaching nature of this level flotation regulation makes it mandatory that you be familiar with the whole Boat
Safety Act , particularly those sections containing the Definitions, Applicability, Prohibitions , Notification of Defects
and Penalties , and all pertinent amendments. This knowledge is for the safety Oi the public and for your protection.

Compliance with the flotation regulation is the responsibility of the boat manufacturer. The U. S. Coast Guard will
hire independent testing laboratories to make purchases of boats on the open market and to test them for compliance
with all applicable standards. In t he case of level t iotathon compliance , the purchased boat will be tested to determine
precisely whether the proper amounts of flotation materials have been installed and correctly located. Flotation
material properties will be checked at the same time.

If a test uncovers a non-compliance situation and the resultant follow.u~ reveals that ot her similar models are in the
hands of consumers , the builder must notify all distributors , dealers and first purc hasers of the deficient products.
Compliance is the boat builders responsibility, not the duty of the vendor et the flotation material used.

So t hat you may know something of the extent of the responsibility, the builder is liable for all costs incurred to
remedy the defect and is further subject to civil penalties of up to a $2 ,000 fine for eac h violat ion (a violation being
considered one unit of t he product not complying with one standard ) and a maximum fine of Sl00 .000 for any
series of violations.

The wording of most legislation is prescribed by legal limitations and at best it makes lor difficult reading. Where
possible this guideline will step around the wording in the rule to help you comply with the flotation regulation. Dif-
ferent wording will be used, hints and suggestions will be made , not to circumvent the regulation , hut t~ interplet it

$ and offer alternatives and methods not permitted to be included in the original wording ~f the statute .
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PAGES
T,tl e 33—Navigation and Navigable Wster~

CH*PTER I—COAST GUARD.
DEPARTMU4T OF TRANSPORTATION

~COD ‘75-ieBj

PART 183—BOATS AND ASSOCIATED
EQUIPMENT

Flot ation Standards for Boats
AGENCY: Coast Guard , DOT.
ACTION: Final Rule.
SUMMAP.Y: These amendments to the
Coast Guard flotation stsndard are de-
signed to Increase the visibility and su r- 3. 19, 23
vlvabthtv of boa ters following a boat ing -<j . ——
accident, by requiring manufactu rers to

desIgn certain boats less than 20 feet In
length to float in an approx imately level
attitude when swamped, thus providin g
a plaUorm from which the occupants
can be rescued.
EFFECTIVE DATE : This regulation Is
effe~t1ve on August 1, 1973, how ever ,
manufacturers may voluntarily comply
with the regulations at tne time of thIs 19
publication. —.~~ - - — — ----- — — — -—

Subpart E—Flotatlon
1. By amending Subpart E by revising

f 183.61 to read as follows:
§ 183.61 Applicability.
This subpart applles to monohuli

boats, the construction or assembly of
which is begun after July 31, 1973, but
before August 1, 1978 , that are less than
20 feet In len gth, except monohuli boats
that meet the requirements of Subparts
F, 0, or H of this Part, sailboats, canoes, 19, 20,21 ,22
kayais. inflatable boats, subrnersibles, -.<~ 

—-__________
sur face effect vessels , amphibious vessels,
and raceboats.

2. By adding new subparts F. 0, and
H to follow Subpart E and to read as
foilow a:
Subpart F—Fletatlo n R.qulrsm.nts to , Inboard

Boats, Inboa rd/Outdr l,• Boats , and Airboat .
Sec.
183.101 App itcabtil ty .
183.105 Quant Ity of Soto t lon req uired .
153 110 Flot$tton material., and a~ cham-

ber,.
Subpart F—flotation Requirements for ~~~

. 19, 22
board Boats . lnboard/Outdrive Boats , -<~ 

—-_______________ ________________

and Airboats
5 183.101 Applicability.

This subpart applies to monohull in-
board boats, Inboard/out-drive boats, and
airboats less than 20 feet in length, the
construction or assembly of which Is be-
gun after July 31, 1978, except sailboats,
canoes, kayaks . inflatable boats, sub-
mersibles, surf ace effec t vessels, am-
phlblous vessels, and raceboats.
1 183.105 Quantity of do~atlo. r~

~~~~0d.
(a) Each boat must have enough fib - 22,43,44,45

tatlou $0 keep any portl~~s c~ the boat -<
above the surface of the water wh~~ the

5
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boat has been submer ged In calm , fresh
water for at least 18 hours and loaded
with—

( 1)  A weigbt that, when submerged. 22 ,43 ,44,45
equals two -tt fte enths of the persons ca 

-

__________________________________________________________

pacity marked on the boat;
(2 1 A weight that, when submerged.

equals 25 percent of the dead weight;
and -‘ci

(3) A weight in pounds that, when sub-
merged . equals 62.4 times the volume In
cubic feet of the two largest air cham- 56 57
bers, if air chambers are used for fl ota- _____________________________________- — ____________

tion. 
. --____________

(b For the purpose of th~ secticn.
~dead weight” means the maximum
weight capacity marked on the boat 22 , 66
minus the persons capac ity marked on -.<j
the boat.
§ 183.110 fl otation mater ial , and sir

chambers.
(a) As installed In a boat, flotation

materials must withstand— Section 4.0,49—54
(11 The combined effects of contact ~‘ci —

with oil, oil products, or other liqwds or
compounds with which the material may 

~ tion 5 0 5c — 5be expected to come in contact during __________________________________________________normal use; and
(2) The combined effects of exposur e

to sunlight, vibratio n, shock, and tern-
perature variations expected during nor-
rnal use.

(b) Air chambers used to meet the
flotation requirements of this subpart 56, 57, 70
must not be integral with the hull. —

Subpart G—Flotatlon R.q uir.nienta for Outboard
Boata Rated fo r £s~gia.a gf Mo,. Than 2 Horea-
pow. ,

Sec.
183.201 App lIcabi l ity.
133 202 P’lotstlon requirements.
183.205 Passenger carrying area.
183.210 Refere nc, areas.
183.215 Reference depth.
183.220 Precondit lonlog for testa.
183.222 Flotat Ion material and air cham-

bers.

183.225 FlotatIon test for persons capacity.
183 230 StabilIty teat.
183.235 Level flostion teat without weights

for persons capacity.
Subpart G—Fiotation Requirements for 19 20Outboard Boats Rated for Engines of ___________________________________________________________More Than 2 Horsepower “ci

OSNEIAL

1 183.20 1 App licab ility.
(a ,) This subpart applies to rnonohull

outboard boats that are—
(1) Less than 20 feet in length;
(2) Rated for outboard engines of

more than 2 horsepower: and
(3) Constructed or assembled after

July3 1. 1978.
(b) This subpart does not apply to

sa~lboat.s, canoes, kayaks. inflatable
boats. submersibles, surface erect ves-
sels, amphibious vessels, and raceboat.s.
5 183.202 flotation and certification re 65 — 84

qialermenia.
Each boat to which this subpart ap-

plies must be manufac tured , constructed ,
or assembled to pa.as the stability ~nd
flotation tests prescribed in 1 183.225(a), 113.230(a) , and 183.235(a) .

6
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I 183.205 Pasaen~ er earr,lng are.. 69(a) For the purpose of this section a ____________ ____________________

boat t~ level when it is supported on its

t keel at the two potnts shown in Figure 2.
(b) As used in this subpart , the term

“passenger carry ing area” means each 29, 71, 22 ,80,81
area in a boat in whic h persons can sit ~ci
In a normal sitting position or stand
while the boat is in operation. Passenger
carrying area.s are Illu.strated In Figures
3 through 8.

(ci The length of the passenger carry-
Ing ares is the distance along the center- 80
line of the boat between two vertical .-<
lines, one at the for ward end and one at
the aft end of the passenger carrying
area , when the boat is level as illustrated
In Figures 3 and 4. For boats with a

curved stem inside the passenger carry-
ing area, the f orward vertical line is 80
where a line 45 degrees to the horizontal .. <

~‘hen the boat is level Is tangent to the
curve of the stem. as illustrated in
Figure 5. For boats with cabins, the for- 80
ward vertical line is where there is a
minimum distance of two feet between
the Inside top of the cabin and the water
line form ed when the boat is swamped
and loaded with weight s under I 183.220
as Wustrated in Figure 6.

(d) The breadth of each passenger
carrying area is the distance between two
ver tical lines at the mid-len gth , exc lud- 81
trig consolet . of the passenger carrying —<j-
area when the boat is level as Illustrated
In Figures 7 and 8. For boats with round
chines inside the passenger carrying 81
area, the vertical line Is where a trans- ~ci
verse line 45 degrees to the horizontal
Ia tangent to the arc of the chine , as
Illustra ted in Figure 8.

• 183.210 Reference areas .
(a) The forward ref erence area of a

boat Is the forward most 2 feet of the 67
top surface of the hull or deck , as illus-
trated In Figure 9

(b) The alt reference area of a boat is
the aft most two feet of the top sur face of 67
the hull or deck . as ill ustrated In Fig- <~ure 9.

5 183.215 Reference depth.
Reference depth is the minimum dis-

tance between the upper most surface of
the submerged reference area of a boat
and the surface of the wat er measured
at the centerline of the boat, as illus-
trated In Figure 10. 11 there is no deck
surface at the centerline of the boat from 

__________which a measurement can be made, the
reference depth Is the average of two
depth measurements made on opposite 77
sides of . and at an equal distance from,
the centerline of the boat.
5 183.220 Pr econdit ion ing for ’ic,te ,

A best must meet the following condi-
li ons f or at least 18 hours before the tests
required by 11 183.225, 183.230, and 183. - 68
235:

(a) Manufacturer supplied permanent
sppurtenancee such as windshields and
convertible tops must be Installed on the 49,68, 70, 73
boat.

(b) The boat must be loaded with a
quanti ty of wel~ht that when sub-

7
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merged, is equal to the sum of the fol low-
ing:

ill The sum of 50 percent of 550 20 36pounds of the persons capacity ma rked ______________
on the boat and l2’~ percent of the re-
msinder of the persons capac ity.

2) Twenty-live percent of the result _________________________________
of the fol lowing calculation, but not less “~~~~ 

— — —

than zero: the maximum weight capac ity
marked on the boat: less the weight 35 37shown in Column 6 of Table 4 for max i 

-

_____________________________________ ________________

mum horsepower marked on the boat:
les.s the persons capa city marked on the
boat.

‘ci The weights required by paragraph
‘b i of thi s section must be plac ed In the
boat so that the center of grav ity of each
amoun t of weig ht required by paragiaphs
b~ (1 and t b ’ i 2 ) of thIs secti on ls with -

in the shaded area illustrated in Figure
11. The location and dimensions of the
shaded are a are as f ollows: F’ ure 7 3 711 the shaded area is centered at the ...,

~~~~mid -lei.~ th of the passenger carrying
area and at the mid-bread th of the boat;

4 2 1 the leng th of the shaded area. Figure 7.3, 71
meas ured along the centerl ine of the
boat, is equal to 40 percent of the length
of the passenger carrying area of the
boat: and

‘3 )  the breadth of the shaded area,
measured at the midlength of the passen- Figure 7.3,71
ger carrying area, Is equal to 40 percent “<

of the breadth of the passenger carrying
area of the boat.

td i  Weight must be placed in the nor-
nial operating position of the motor and
controls and f-he battery In lieu of this Figure 7.5, 76
equipment. The required quantity of _______________________________________________________

weight used for th is purpose depends
upon the maximum rated horsepower of
the boat being tested and Is specified in
Columns 2 and 4 of Table 4 for the
swampe i weight of the motor and con- Table 11,47
trols and for the submerged wei ght of -.

~~~the battery , respectively.
ei Permanent fuel tanks must be filled

with fuel and each external opening into
the fuel tank must be sealed ,

in The boat must be keel down In the
water.

(g ) The boat must be sw amped, al-
lowing water to flow between the inside
and outside of the boat , either over the 70
sides. tarn ugh a hull openin g, or both. ..z~ 

—________ ____________

Entra pped air In the flooded portion of
the boat, must be ehminated

ih) Water must flood the two largest
air chambers and all air chambers in- 6,
tegral with the hull.
5 183.22! Flot itio n n..~eri. I and air

chamb ers.
a) As Installed In a boat. flotation Section 4.0,4 9 — 54

materials must withstand—
ID The comb ined effect s of contact

with oil , oIl produc ts, or other liquids or
compounds with which the material
may be expec ted to come in contact dur-
ing normal use; and

(2) The combined effects of exposure
to sunlight, vibration, shock, and tem-
perature variations expected during
normal use. S6 70(b) Air chambers used to meet the ‘ 

-

~otaUon requirements of this subpart
must not be integral with the hull.

8
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~ 183.225 Flotat ion tell for persona ea-
pa city.

Flotat ion standa rd . When the condi-
7 tions prescribed In f 183.220 are met , the

boat must float in fresh, calm water as
fo llow s:

(a) The angle of heel does not exceed 77, 78
10 degrees from the hc’ rlzontal,

(b i Any point on ei~ner the forward 67 76or aft reference area l.s above the surf ace __________________________________________________________
of the water.

(C) The reference depth at the ref-
erence area that is opposite the reference
area that is above the surface of the 67 76water is 6 inches or less.
§ 183.230 Stability lest.

a Flotation standard. When the con-
thu on.s piescribed in ~ 183.220 (a) , (d)
through (Ii ) and paragraphs (b) and (C)
of this section are met, the boat must
float in fr esh, calm water as follows: 77 78U) The angle of heel does not exceed ____________________________________________________
30 degrees from the horizontal.

(2 > Any point on either the forward
or aft referenc e area Is above the surface 67, 76
of the water.

(3) The reference depth at the ref-
erence area that Is opposite the referenc . 67 76area that Is above the surface of the
w at er is 12 inche.s or less.

Ib ) Quantity 0/ weight used. Load the
boat with a quantity of weight that,
w hen submerged, is equal to the sum of
the following:

U) One-hall of the quantity of 
_______________________ _______

weight required by 5 183.220(b) (1).
~2) The quantity of weight required

by 5 183.220(b) (2) . 34 35(C) Placement of quantity 0/ weight: ______________________________________________________________

starboard side. Place the weight required
by paragraph (b) of this section in the
boat so that—

U) The quantity of weight required
by I l83.220t b 1 (2) Is positioned in ac-
cordar ice with 5 183.220(c) ; and

t2 One-half the quantity of weight
required by I 183.220’b) (1) is uniformly
distributed over a distanc e along the OUt-. 72 76 79board perimeter of the starboard side of
the passenger carrying ares that is equal
to at , lea~t 30 percent of the length of
the passenger carrying area so that the
center ot gravity of the quantity of
weight is located within the shaded area
illustrated in Figure 12, the center of
gravity of the amount of weight placed 79on the floor of the boat is at least 4 inches ______________________-—
above t he floor, and the center of gravity
of the amount of weight placed on a seat
is at least 4 inches above the seat. The
location and dimensions of the shaded
area are as follows :

(I) The shaded area is centered at the 72
mid- length of the passenger carrying -<1
area ;

(II) The length of the shaded area is 72equal to 70 percent of the length of the _.
~~~~passen ger carrying area; and

(ill ) The bread th of the shaded area 72
is6 Inches from—

(A) For weigh ts placed on the floor,

$ the outboard perimeter of the paueng~ 72
carrying area; and

9
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B) For we ights phiced on a sea t, a
vertical line ln,slde the passenger carry 7k) , SI 

_________

~~~
g area as Wust rtLted in Fi:~Ure 13. - -

(d) Placement ot qu antil v o/ weight:
port side. The quantity of weight re-
quired by paragraph b ii ) of UiLs sec-
tion is plt~ced along the port s ide of the
passenger carry lni area In aecord .tnc e
with the conditions prescribed in para-
graph (C) (21 of th is section.
I 183-235 j. cscl fl ot ation teal s.stIiuul

weights b r  person s capaci t y.
When the conditions prescribed in

5 183.220 a I, dt through hi are met,
the boat must float In fresh. calm water
as fo ll oas: 77 78

(a~ The angle o heel does not ex ceed ~~~~
_-

~~ -  - -  - -

10 degrees from the horizonUd.
(b) Any point on either the forward 61

or aft reference :ire:t Is above the sur 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

face of the water.
(C )  The reference depth at the refer-

ence area that Is opposite the reference 61
area that is abote the s urface of the ~~~~~~

—---
~~~~~~

“ -—

water Is 6 Inches or less.
$ubpart H—fl ot ati on R.quir. m.nts for Outboa rd
UseS. R.t.d for Eng~n.. ol 2 Ho~~sIDo Wsf a. 1.5$

0 iN 15 51.

183.301
i83.302 Flolailon
183 305 Pa.’.scng er ca rryi ng ares.
183.3i0 Reference areas,
183.315 Reference depth.
183.320 Preconditlonlng for tesia.
183.322 Flotation materials.

Tests
183.325 fl otatIon t es t for per~.ons capacity.
183.330 auibULty t~%t.
183.336 I.evel fl ot at ion test without wCtght.

for persons capacity.
Subpart H—Flotation Requ irement s for 21 

______

Outboard Boats Rated for Eng ines of 2 -,~~~~ ---——--— - — — -

Horeepower or Less
OLNEII AL

O 183.30L App lkabll ity .
(a) This subpart applies to tnonohuU _<~~~~

_
~~~~~~~ ~~~~~~~~~~

. _
~~
__. _

~~

._

boats that are—.
(1) l ess than 20 feet in lengt h :
(2) Rated for manual propulsion or

outboa rd engines of 2 horsepower or less ;
and

(3) Constructed or assembled after
J uly31, 1978.

(b) This subpart does not apply to
sailboats, canoes, kayak.s, inflatable
boats , subme rs ibles . surface effect yes-
eels, amphibious vessels, and racebo ats .

I 183.302 Flui~tian r cqu ir ’rffie fllL
Each boat to which this subpart ap-

plies must be manufactured , constructed.
or assembled to pa.ss the stability and
notation tests prescribed In 5 183.325ia1 ,

4 183.330(a) .and l83.335us) .
$ 183.30~ Farsengee carry ing area.

(a) ?or the purpose of this sec tion. a
boat Is level when it is supported on Its
keel at the two poin ts shown in Fl~ure 2.

(b) As used in th is sub part . the term — 
- -. .-. ‘~~~ ‘ - —

“ passenger c arrying area” means each
area in a boat In which persons can sit
in a normal sitting position or stand
while the boa t is in operation. P’,ss enger
carrying areas are itiustrated In Figures
2 through I.

10
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Cc) The length of each passenger 80
carrying a rea is the distance along the
centerl ine of the boat between tw o vert i-
cal lines, one at the forward end and one
at the aft end of the passenger carrying
area . when the boat is ltvel, as Illustrated
in FIgures 3 and 4. For boats with p, 80 

____________

curved stem inside the passenger carry- •
~~~~~

_

~~
-
~~~

-- . —-

ing area , the forward vertical line is
where a line 45 degrees to the horizon-
tal when the boat Li level is tangent to
the curve of the stem , as Illustrated in
FIgure 5. For boats nith cabins , the for 

-

__________________

w ard _ ver t ica l  line is where there is a 
—

minimum distance of two fee t between
the inside top of the cabin arid the water
line formed w hen the boat is swam ped
and loaded with ae i~hts under 1 183.220
as illustrated in Figure 6.

Id) The breadth of the passenger car-

rying area is the di.stance between two 81
vertical lines at the mid-length. exciud- ~~~~~~~~ 

—

in~ consoles , of the passenger carrying
area when the boat is level as iilustra’ed
in Figures ‘7 and 8. For boat s with round 81
chines inside the passenger carrying area , ~~~~~~~~
the vertica l line is n-here a transverse line
45 degrees to the hori zontal is tangent
to the arc of the chine, as illustrated in
Figure 7.

§ 183.310 Reberencc areas .
(a) The forward reference area of a 67

boat is Use forward most 2 feet of the top —<j--
surface of the hul l or deck as illustrated
in Figure 9.

(by The aft reference area of a boat
is the alt most two feet of the top surface 67
of the hull or deck, as illustrated In ______________________________________________________

Figure 9.
§ 183.313 Refere nce depth.

Reference depth is the minimum ths-
tance between the upper most surface
of the submer ged reference area of a boat
and the surface of the water measured 67 76
at the centerline of the boat , as lil us- ,_.,

~~~ 
_

~~~~~~~~~ 
—

trated in Figure 10. 11 there is no deck
surf ace at the ce nterline of the boat fron t
which a measurement can be made, the
refer ence depth is the average of two 77 

______ ________

depth measu rement s made on opposite -
~~~~~

sides of , and at an equal distance f rom ,

the centerline of the boat.
§ 183.320 Precond ili uning for 1es~~.

A boat must meet the following condi-
tions for at least 18 hours before the tests
required by 15183.325 . 183.330. and 68, 70
183.335:

(~ ) Manufacturer suppli ed permanent
appurtenances such as wind.shlelds. and
convertible tops must be installed on the 68, 70
boat.

Ibi The boat must be loaded with a
quantity of weight that, when submerged.
Is equal to the sum of the foUowing:

l) Two-tltteenths of the persons ca- ~~,, 40
pacity marked on the boat.

(2) Twenty-five percent of the resul t
of the following calculation, but not less
than zero : the maximum weight capacity 40 41 4’)

~~~~nin col Table 4 for the
maximum horsepower marked on the
boat : ks~ the persons capacity marked
on the boat.

(C) The we Ights required by paragraph
(b) of this section are placed In the boat

11



so that th6 center of gravity of each
amount of weight required by aubpara-
~rapha (b) (1) and (b) (2) of this section
is within the shaded area illustrat ed in 71
FIgure 11. The locat ion and dimensions ..<

~of the shaded area are as fo Llow s :
(1) the shaded area is centered at

the mid-len gth of the pltssPi~.er carry- 71tog area and at the mid-brenath of the ______________________________________________________
boat;

(2) the length of the shad ed area .
measured along the centerline of the
boat, is equal to 40 percent of the length 71of the passenger carrying area of the ..c~boat : and

131 the breadth of the shaded area .
measured at the mld- lengt h of the pas-
senger carrying area, is equal to 40 per 

-

_________________________________________________________

cent of the breadth of the passenger
carrying area of the boat.

Id) ~Veight must be placed in the
normal operating posit ion of the motor Table 11,47
and controls In lieu of this equipment. ..c~~The quantity of weight used for this pur-
pose depends upon the maximum rated
horsepower of the boat being tested and
is specified in Column 2 of Table 4 fo r
the swamped weight of the motor ant’
controls.

(e) Permanent fuel tanks must be
filled with fuel and each external open-
ing Into the fuel tank must be sealed. 70(1 The boat must be keel down In the
water.

(g ) The boat must be swamped , allow-
ing water to flow between the inside and 7the outside of the boat, either over the 

________________ _____________

sides, through a hull opening, or both.
6 ntrapped air in the flooded portion of
the boat must be eliminated.
§ 183.322 Flotation material ,.

As installed In a boa t, notation ma te- ._,., 
Section 4.0,49 — 54

rials must withstand—
(a) The combined effects of contact

w ith oil, oil products, or other liquids or
compounds with which the material may
be expected to come in contact during
normal use; and

(b) The combined effects of exposure
to sunlight, vibration , shock , and tern-
perature vari ation s expected during
normal use.
§ 183.325 Flotation teat for persona Ca-

pacit y .
Flotation standard. When the condi-

tions prescribed in 5 183.320 are met, the
boat must float In fresh, calm water as
follows: 77 78

(a) The angle of heel does not exceed ..‘<j
10 degrees from the horizontal.

(b) Any point on either the forward or
aft reference area is above the surface 

_______________________________________________________

of the water.
(C) The reference depth at the refer-

ence area that Is opposite the reference
area that Is above the surface of the _____________________—
water is 6 inches or less.
§ 183.330 Stability teat.

(a) Flotation standard: When the con-
ditions prescribed In 5 183.320(a) , (d)
through (g) and paragraphs (b) and Cc)
of this section are met, the boat must
flo at in fresh, calm water as fo l1o’-~:

(1) The angle of heel doea not exceed 77 , 78
30 degrees f rom the horizontal.

12 
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(2) Any poin t on either the forward or
aft reference area Is above the surface -.c~~ot the water.

( 3) The rererence depth at the refer-
ence area that is opposi te the reference ______________________
area that Is above the surface of the wa-
ter is 12 Inches or less .

ib) Quant ity oj weight used. Load the
boat with quantity of weight that , when
submerged Is equal to the sum of the
following: 40

(1) One-half the quantity of weight ~~~required by I 183 .320(b)( 1) .
(2) The quantity of weight requtred 74

by I 183.320~b) 2) .
(C) Placement 0/ qua n t i ty of weight

starboard side. I’lace the qua ntity of
- weight required by paragraph (b) of this

section in the boat so that—
(1) The quantity of weight required

by 5 183.320(b) (2) is positioned in ac-
cordance with 5 183.320(c ) ; and

(2) One-half the quantity of weight
required by I 183.320k b) (1) Is uniformly ‘— ‘ ________— —distributed over a distance along the out- 1—~board perimeter of the sta rboard side of
the passenger carry ing area that is equal
to at least 30 percent of the length of the 72 , 79
passenger carrying area so that the cen-
ter of grav ity of the quantity of wei ght
Is located within the shad ed area ill us-
ti’ ated in Figure 12, the cente r of gravity
of the amount of weight placed on the
floor of the boat is at least 4 inches above 79
the floor and the center of gravity of the
amount of weight placed on a seat is at
least 4 Inches above the seat. The loca-
tion and dimensions of the shaded area
are as follows:

(I) The shaded area Is cent ered at the 71
mid-length of the passenger carrying
area;

(ii) The length of the shaded area is 71
equal to 70 perce nt ci the length 0! the ~~~~~~~~~~~~~~~~~~
passenger carrying area: and

Un, The breadth of the shaded area
is 6 inches from— 71t A ) For ~ eights placed on the floor . .., _—~~~~  — - - — - ------- - - - - --—— -

the outboard perimeter of the passenger
carrying area; and

(B) For weights plact-d on a seat , a
vertical line In.side the passenger carry- .-~-zzi~- --—--—— —-  

~~~
- -

trig area as illustrat ed in Figure 13.
(d l Placement 0/ quant i ty  of weight:

part sidr. The quantity of weight re-
quired by paragraph (b) U) of this sec-
tion Is placed along the port side of the 72 , See NOTE 73
passenger carrying area in accordance
with the conditions prescr ibed In para-
graph (c ) (2 ) of this section.
§ 183.335 le~el flotatio n tea t ‘silt hout

wei glita for person, capaci ty.

When the conditions prescribed In
5 183.320( a) , Id) through (g) are met,
the boat must f loat in fresh , calm water
as follows : 77 , 78 _________

(~~~) The angle of the heel does not cx- _.
~~~~—

ceed 10 degrees from the hor izontal.
t b ) Any point on either the forward or

aft  reference area Is above the surface ‘ - - __. —

of the water.
(C) The reference depth at the ref-

erence area that is opposite the reference 67 ______area that Is above the surface of the .<
~~
.,__ ___ _— -— .- ---- -- . - ~~——

water is 6 inches or less.

L _ _ _ _ _ _ _ _ _ _  
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Weights (pounds) of Outboard Motor and Related
Equipment for Various Boat Horsepower Ratings

Column No.

1 2 3 4 5 6
Boa t  horse power rat ing ______________________________________________________________________

Full portable
Motor and control weight Battery wei ght fue l tank

Dry Swamped Dry Submerged weig ht 1.3.5

0.1 to 2 25 20 — — — 
- 

25 
-

2.1 to 3.9 35 30 — — — 35
4.0 to 7 55 48 — — 25 80
7.1 to 15 15 65 20 17 50 145

15.1 to 2~ 700 88 45 25 50 195
25.1 to 45 155 135 45 25 100 300
45. 1 to 80 240 210 45 25 100 385
80.1 to 150 375 275 45 25 100 460

150.1 to 250 420 300 45 25 100 565

Transoms designed for twin motors

50.1 to 90 370 210 90 50 100 500
90.1 to 160 480 420 90 50 100 610

160.1 to 300 630 550 90 50 100 820

- - -  PAGE 47
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SU~~ RT ~~~~~~ SIDE VIEW

— -75% OF LENGTH

CP4ERAL1. LENGTH

~IOUMI I- LOCAflON O~ tU IO~~TS POR LIVIL SOAT

4.ENGTH OF PASSENGER CARRYING AREA:

80

FIGURE 2- BOAT WITH DECK

LENGTH OF PASSENGER CARRYING AREA:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  80

FIGURE 3- BOAT WITH CENTER CONSOLE

LENGTH OF PASSENGER CARRYI NG AREA:

‘
~ 

_JSEAI~ 80

FIGURE 4 OPEN BOAT WITH CURVED STEM

LENGTH OF PASSENGER
CARRYING AREA:

INSIDE CABIN 2FT

80

FIGURE 6. BOAT WITH CABIN 15

A
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1

BREADTH OF PASSENGER CARRYING AREA

87

FIGURE 7

BREADTh OF PASSENGER CARRYING AREA:

I 

,

1 

81

FIG B BOAT WITh ROUND CHINE
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FA1UN(~iR CARRYINO ARIA: LOCATIqN OF CENTER OP QRAVI,’V OP WIIUNTS

F IGURE 11
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FIGURE 13
LOCATION OF CENTER OF GRAVITY OF WEIGHTS ON SEATS
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2.0 SUMMARY 
- -

Title 33 Code of Federal Regulations . Part 183 , Subpart F contains the “basic ” flotation requirements w hich apply
to monohull boats , the construction or assembly of which was begun after July 31 , 1973 but before August 1 1978.
It applies to boats which are less than 20 feet in length. It does not apply to sailboats , canoes , kayaks , intlatable
boats . subme rs ibi es , surface effect vessels , amphibious vessels , and raceboats.

Effective August I, 1978 . Subparts , F,G,and U of Part 183 become regulation.

( I)  Subpart F - Applies to inboard Boats , Inboard/Outdr ive boats and Air boats.
(2) Subpart G - -  Applies to Outboard Boats rated for engines of more than 2 horsepower.
(3) Subpart H Applies to Outboard Boats rated for engines of 2 horsepower or less and boats for

use with manual propulsion.

All boats must be monohull , less than 20 feet in length. It does not apply to sai lboats , canoes , kayaks , inflatable
boats , submers ibles, surface e ffect vessels , amphibious vessels and raceboats. These Sub parts apply to boats
constructed or assembled after July 31 , 1978 .

In the text the terms “motor ” and “engine” are used interchangeably.

DEFINITIONS:

MONOEIULL — Any vessel on which , w hen it is at rest and carr ies its maximum rated FI.P. capacity
and maximum weight capacity, the line of intersection of the water surface and the
hull forms a single closed curve . For example , a catamaran . t rimaran or pontoon boat
is not a monohull boat.

RACEBOAT - Any vessel , which the United States Coast Guard has granted an exemption from
applicable safety standards because it is manufactured solely for use in sanctioned
racing even t s and is not intended for use as a recreational boat. Each race boat shall
bear the label required by the United States Coast Guard Grant of Exemption which
ev idences these facts.

SAILBOAT - A boat designed or intended to use sail as the primary means of propulsion .

NOTE. In the event of a question of interpretation of these definitions, consult with the United
States Coast Guard.

FLOTATION REQUIREMENTS

MONOHULL BOATS UNDER 20 FEET

BOAT TYPE 1978 MODELS SUBPART EFFECTIVE WITH 1979 MODELS

Outboard—Over 2 horsepower Basic G Level

Outboard—2 horsepower or Less
AND Basic H Modified Level

Manually Propelled

Inboard and lnboard/Outdrive Basic F Basic

1r does not apply to Sailboats Canoes, Kayaks, Inflatables , Submersibles, Surface Effect Vessels, Amphibious Vessels
and Raceboats.

_ _ _  - - -
~~~~~~~~~~~~~~~~~~~~~~~~~~ ,
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FOR OUTBOARD BOATS (SUBP AR T G)

(1) Less than 20 feet in length
(2 ) Monohull
(3) Rated for engines of more than 2 horsepower
(4) Constructed or assembled after Ju ly 31 , 1978

Level flotation is required , providing flotation for:

(a) the swamped boat
(b) the propulsion system
(c) 50 percent of the first 550 pounds of the persons capacity, and
(d) 12 1/2 percent of the remainder of the persons capacity weight
(e) 25 percent of the following:

the maximum weight capacity, MINUS—
the weight of the engine, battery , controls and full portab le fuel tanks , MINUS—
the persons capacity.

(See Examp le page 43 )

LESS THAN 20 FEET IN LENGTH

20
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FOR OUTBOARD BOATS AND MANUALLY PROPELLED BOATS (SUBPART H) 
4

( I )  Less titan 20 feet in length
( 1
(3 1 1t an outboard - - rated for engines of 2 horsepower or less
(4~ Constructed or assembled after July 31 , 1978

Level flotation is required , providing flotation for:

(a) two.tIfteenths i,13 I~3 percent) of t he persons capacity, PLUS —

(h) 25 percent of the result of t he following:

t he maximum weight capacity . MINUS —

the weight of the engine , controls , batter %’ and portable fuel tank , MINUS
t he persons capacily .

(See Example pages 40 - 41)

LESS THAN 20 FEET IN LENGTH

iL~~~~~~~~~~~~~~~~~~~ _
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FOR LNBOARD BOATS. INBOARD/OUTDR YE BOA TS, AND A1RBOATS (SUBPA RT Fj

( I )  Less than 20 feet in length
(2) Monohull
(3) Constructed or assemb led after July 3 1 , 19 8

Basic f lotation for:

(a) two-t Ifteenths (13 1/3 percent) of the persons capacity, AND —

(b) 25 percent of the dead weight
(Dead Weight is the maximum weight capacity MINUS the persons capacity).

(See Examp le page 34)

LESS THAN 20 FEET IN LENGTH

_ 

-‘

I

_  

4

LESS THAN 2OFEET IN LENGTH ‘ . .
~~~~ H
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3.0 CALCULATIONS

The calculation methods w hich follow outline a system which can be used as a design criteria for most of the boats
w hich must contpiy with the US Coast Guard test procedures for flotation. The calculation method provides for the
recommended amount of flotation material which will be necessary to meet the standard . The calculations must be
care fully done and the values inserted Into the formulas must be accui -ate.

The distribution of the flotation material , if the guideline is followed, should provide the stability required.

Please be cautioned that the calculations will work for MOST boats, (we know of no case to date where
they haven’t) but it is conceivable that a special design or a departure from current design practices
may not fit these methods. The calculations in these cases are a point of departure and actual
flotation tests based on these basic methods will have to dictate the final quantity and distribution of
the flotation material.

Manufacturer installed or supplied optional accessories for permanent installation must be considered
in afl combinations and the most severe conditions should be used in calculations and tests.

Unlike most options, fuel filled fuel tanks generally provide buoyancy during flotation tests and may
affect stability test results.

It is acknowledged that the calculation method highly restricts the distribution of the flotation material. Depending
upon the design of the particular boat , some var iance in the distribution of the flotation material from the guideline
may still meet the USCG test criteria , t he calculations are aimed toward the safe side , but it is recommended that
for design purposes the guide he followed as closely as possible .

Five formulas and examples follow . The first , second , third and fourth formulas indicate the quantity of flotation
material necessa ry to maintain a LEVEL swamped att i t i  de with the passenger load in a normal position and in
accor d with the boat ’s maximum we ight capacity. The fifth formula covers BASIC flotation.

Sufficient stability is provided in the level flotation formulas to prevent a swamped boat from capsizing in calm
water w hen the passenger load capacity is evenly distributed , or low in the boat at one side of the passenger
carry ing area. The formulas do not provide a self-righting capability should tile craft capsize - - nor do the
regulations require it.

Boats provided with level flotation ill accordance with these formulas should float near the sheer line if swamped .
Selection of the sheer line as the approximate swamped waterline helps with the calculations . Since most boats are
manufactured in units which divide at about the sheer line, it permits actual weighing of tile above and below the
swa m ped waterline parts of a boat , and these values are used in tile formulas. (See Figure 3.10)

In concept . t hese calculations divide the boat ’s flotat ion into quantities necessary to:

(I) Support the swamped boat as equipped by the manufacturer.
(2) Support the propulsion system (including the outboard motor and batteries) , and
(3) Support the required portion of the load capacity.

And , for level f lotation , the flotation material must he so located or distributed in or on the boat that it supports

the boat , the propulsion system and the passengers in a LEVEL attitud e when swamped.

ThE SWAMPEI) BOAT

The flotation material for the boat alone should he placed symmetrically about the balance point of th~ boat. The
balance point may be found by placing the hull, when out of water , on a single roller , such as a small diameter pipe .
and moving t Ire boat until it balances on the single support point . This balance point may he anywhere between the
boat ’s rnidlengt h and 1/3 of the boa t length forward of the aft end of the boat. The flotation material which will
support the swamped boat should he dist ributed equally forward and aft of tile balance point. Tile sante holds true
for the distribution of ti me flotation material across the boat , generally with the fore and aft centerline acting as the
transverse ba lance poInt. (See figures 3 .1 . 3.2, and 3 .3 .)

23 
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______________________ Athwar ts hip —>

2 Cub,c Ft~ 2 Cub ,cFt .

Center of Boat

4 Cubic Ft .

I 
.:::.:.::::::::.:...~~~~

6/c ~r-

____________________________________________ 

: : : : : : : :~~~~~~~~~~~~~: ___________________________________________

__________________ _____ A~B

FIGURE 3.1 PLACEMENT OF F LOTATION MATERIAL
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THE PROPULSION SYSTEM

rhe flotation material for tile propulsion system should he located symmetrically about the system. With the
engine aft , large amounts of tlotatiott materia l will be needed near the stern to compensate. If a battery om
batteries must he located oft .center and t hey may be placed on either side of the boat , flotation materia l must he
provided to com pensate for the choice of either location, if a specific battery location is used in the calculations
this location should he indicated or apparent on all boats . For boats 15 feet long or longer , large amounts of
flotation material should he within 3 feet of tile outside aft edge of the transom: for boats less titan IS feet in
length this should be reduced to 30 inches. Flotation material located in these areas is primarily for the propulsion
system , however , these areas may also be selected for locating flotation material for the boat and the load capac ity.
If so. remember the need for balancing flotat ion mater ials fore and aft each side of balance point.

t
Transom 

____________________________

Flotation Material

FiGURE 3.4 FLOTATION MATERIAL FOR PROPULSION SYSTEM

Battery

H _ 
~Tfl

‘V
Foam Added Off-Cen ter to
Compensate for Off Center

Battery Weight 27
I
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- Hull Sub’s
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k Passeoqer Cart ving 
_____________
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ABOUT PASSENGER AREA MID POINT
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BOAT BALANCE POINT

UVIL b A t  PLOTATION . 
- - ~~~~~~~~ 
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THE LOAD CAPACITY

Flotation materials for the required portion of t he load capacity should be placed symmetrically about the midpoint
of the passenger carrying area. (See Figures 3.5 . 3.6 , 3,7, 3.8)

Bet ’ore level flotation was required it was a practice on many boats to fill those areas or voids under the floors with
flotation material. It was flotation, out of the way, it helped support the boat for basic flotation , it provided a
measure of sound deadening and it offered some support for the floors.

In order to effect the required level flotation it may be necessary to remove and redistribute some of this flotation
material from the keel area. This material , re located as far outboard and as high in the sides as possible will not
only provide buoyancy hut will also help provide a righting moment to aid stability . Remember though that
flotation material which is out of the water , above the swamped waterline does not aid buoyancy. (See Figures 3 .7 .
3.8)

1 
If Previous Practice was to Fill Space
with Flotation Material for Basic

Flotation

c

It may be Necessary to Redistribute ,‘ 
_ 

.

. 

FIGURE 3. 7
30 
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Placement of Passenger Support- 
Flotation Material

FIGURE 3.8
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IN THE CALCULATIONS LETTERS REPRESEN1 ELEMENTS OF THE FORMUL-\

Wd Dry weight of deck (all above swamped waterl ine) including deck , windshield , hardware , factory
accessories . etc.

Wh = DRY weight of hull (all below swamped waterline ) .

Swamped ______________________________________________________________
Waterline 

__________ - - -

—f-- - - - - - Wh 
- -

-
, 

~~~~~~~~ 
,- 

- - -

K = The conversion factors from Table 1, page 46 for differe nt materials.
Fit = The amount of flotation material needed for the hull alone is derived from the elements above.

C. —
~~~~~~~ ~~~~~~~~ —. - — - —  __r Use 75% of Dry—_________ . Wei ght of I/O ‘—n 

I arid Inboard -
- I ~~~~~~~~~ j

Engine~~~~~~

S Weig hts for the propulsion system and equipment obtained horn Table II , page 47 ,
Fp Ihe amount of flotation material needed for the propulsion system.

Fc The amount of flotat ion material needed to suppoi t a por tion of the live load,

-~~ 

-

Fit + Fp Fc The total flotation needed, or “F”

FIGURE 3 .9
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TO CALCULATE THE FLOTATION REQUIRED FOR OUTBOARD BOATS WITH ENGINES OF
MORE THAN 2 HORSEPOWER , FOLLOW THESE FOUR STEPS :

STEP 1

Determine the Flotation Material Needed to Support the Swamped Boat (Fb)

(Fb may be a negative number if the swamped boat is buoyant , in which case it is recommended that zero, (0),
be substituted for a negative Fb to pass the tests. Testing may show an amount of flotation material up to Fb
may possibly be removed in this case) .

Formula: Flotation in cubic feet needed, Fb = (Wh xK + Wd) +. B

Where: Wit dry weight of hull (everything below swamped waterline) .
Wd = dry weight of deck (everything above the swamped waterline , including deck ,

windshield , hardware and factory supplied accessories ).
K = conversion factors for materials from Table I. (See Page 46)
B = buoyancy of flotation material used, in pounds per cubic foot,

Exa,nple of B:
For flotation material weighing 2 pounds per cubic foot, dry, the buoyancy is
62.4 pounds (the weight of fresh water per cubic foot) MINUS 2 pounds, or,
60.4 pounds per cubic foot MI NUS the water absorption. Do not use the weight
of sea (salt) water.

CAUTION:

In calcu lating the buoyancy of a specific flotation material use a figure obtaine l by actual
test after 18 hours of submergence . This is required since all flotation testing requires an 18
hour pre-t est submergence .

STEP 2

Determine the Flotation Material Needed to Support the Swamped Propulsion Equi pment (Fp)

Formula: Flotation in cubic feet needed, Fp = S ~
- B

Where: S = swamped weig ht of propulsion equipment in pounds from Table II. (See Page 47)
For the value of S. locate in Table II the maximum horsepower capacity for which

the boat is recommended and record the total swamped weight from the right-hand
column .

NO TE - If the engine is stern mounted the flotation material mus t be distributed symmetrically as
previously recommended . If the engine is not stern mounted, the flotation material should
be located symmetricall y about the engine ’s center of gravity.

34

I’ 
~~~~~~~~~~~~~~~ - -.- -.--



- - . - - - . - - -

~

I Determine the Flotation Material Needed to Support the Lore Load (Fc)

Formula: Flotation in cubic feet needed, Fc [.5 (persons’ capacity up to 550 pounds) + .125
(remaining persons’ capacity in pounds) + .25 (C
MINUS persons’ capacity)] 4- B

(See Note 1 and 2)

Where: C boat ’s maximum weight capacity in pounds MINUS the total dry weight of the
propulsion system from Table II.

(See Note 3)

NOTE: (1) If the number isa negative, use zero,
(2) Use the persons’ capacity and maximum weight capacity as shown, or wi/i be shown on

boat’s capacity plate.
(3) if permanent tanks are used, replace the portable tank weight with 6 pounds times the

gallon capacity of the permanent tank.

This flotation material shall be distributed symmetrically on both sides, and fore and aft of the passenger carlying
area midpoint. It should be brought up as close to the swamped waterline as possible . If above the waterline it will
not contribute to the LEVEL buoyancy, but will contribute to a righting effect as it submerges during a stability
test. It should be located outside a vertical plane which is parallel to the keel , and wit hin 6 inches of the hull sides
at the widest point on the floor line. ( See Figures 3.6. 3.8)

STEP 4

Determine the Total Flotation Material Needed (F)

Formula: Fb (Step 1) + Fp (Step 2) + Fc (Step 3) = F (in cubic feet)

p 
35
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WORKING THROUGH A TYPICAL EXAMPLE ;
EXAMPLE 1: OUTBOARD BOAT — ENGINE MORE THAN 2 HORSEPOWER

Assume a 17 foot fiberglass runabout rated on the capacity plate for 135 horsepower , maximum persons’ capacity
1040 pounds, maximum weight capacity 1600 pounds.

STEP 1

FLOTATION FOR SWAMPED BOAT ALONE

Wh dry hull weight (from swamped waterline down) 500 pounds of fiberglass + 220
pounds of fir plywood. In this case other materials are negligible. (See Note)

Wd dry weight of deck AND its hardware 185 pounds.
K = conversion factors f r  fiberglass and plywood (from Table I) for materials which

will be below the water ’s surface; 0.33 for fiberg lass; —0.81 for f ir plywood. (A
negative number .-- indicated by the minus sign — means that the material normally
floats and is lighter than water. )

B buoyancy of flotation material 60.4 pounds per cubic foot.

Formula: Fb = (Wh x K + Wd) B
Fb = [(500 pounds x 0.33) + (220 pounds x —0.81) + 1851 4- 60.4
Fb = [(165) + (—178.2 ) + 1851 — 60.4
Fb = 172 — 60.4 2.84 cubic feet (rounded up to 2.9 cubic feet)

In this case. 2.9 cubic feet of flo ta tion material that will support 60.4 pounds per cubic foot will be
,ieerled to support the hull a/one of this submerged (to the sheerline) boat.

‘NOTE In rhis example Wh is made up of two factors:

Wh W h x K ~~ Wh , xK ,

Wh 500 x 0.33 165 for fiberglass

Wh 2 220 x —0, 8 1=-- -l l 8 forplywood

Remember thaT T ht’ , n r ~ ’isiofl factors are only applied to those materials which will be submerged. t hey convert dry
weight t u uhir i~ed weight.

STEP 2

FLOTATION FOR THE PROPULSION SYSTEM

S swamped weight in pounds of the propulsion system (from Table II) 135
horsepower , outboard, controls and battery.

S = 300 pounds.

Formula: Fp = S 1- B
Fp = 300 4- 60.4
Fp = 4.96 cubic feet (round up to 5,0 cubic feet)

In this example, 5.0 cubic feet of flotation material which will support 60.4 pounds per cubic foot
will be needed to support the propulsion system including the battery and controls.

36
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STEP_3

FLOT ATION M ATERIAL FOR THE LIVE LOA D

Formula: F c (.5 (persons ’ capacity up to 550 pounds) + .125 (remaining person;’ capacity) + .25
(C MINUS persons ’ capacity)] 1- B

Persons ’ Capacity = 550 pounds # 490 pounds — 1040 pounds.
Maximum Weight Capacity = 1600 pounds.

C = 1600 — 460 (dry weight of propulsion equipment from Table II) = 1140 pounds

Fc = (.5 (550 pounds) + .125 (490 pounds) + .25( 1140 — 1040)) 80.4
Fc = (275 + 61 .25 + 25) — 60.4
Fc = 5.98 cubic feet (round up to 6.0 cubic feet)

In this example, 6.0 cubic feet of flotation material, that will support 60.4 pounds per cubic foot, will
be needed to support the required amount of the persons ’ capacity.

STEP4

TOTA L FLOTATION MATERIAL REQUIRED

Formula: F = F b - * F p + F c
F = 2.9 + 5.0 + 6.0
F = 13.9 cubic feet of flotation material (that will support 60.4 pounds per cubic foot)

37

-j



- -=—~ w- — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~ -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

WORKING THROUGH A TYPICA L EXAMPLE;
EXAMPLE 2: OUTBOARD BOAT — ENGINE MORE THAN 2 HORSEPOWER ,

PERMANENT FUEL TANK

Assume a 17 foot fiberglass runabout rated for 135 horsepower on the capacity plate , permanent aluminum fuel
tank of 25 gallons capacity, weight of tank 24 pounds. Maximum persons’ capacity 1020 pounds. maximum weight
capacity 1550 pounds.

STEP 1

FLOTATION FOR SWAMPED BOAT ALONE

Wh = dry hull weight (from swamped waterline down) 500 pounds of fiberglass + 220
pounds of fir plywood.

Wd = dry wei ght of deck and its hardware 185 pounds
We = dry weight of hardware, controls , empty fuel tank and accessories that will be

submerged. In this case the only weight to be used will be the 24 pounds fuel tank.
K = conversion factors from Table I; 0.33 for fiberglass, —0.81 for fir plywood and

0,63 for aluminum
B = buoyancy of flotation material = 60.4 pounds per cubic foot.

Formula: Fb = (Wh x K + We x K + Wd) ~
- B

Fb = ((500 pounds x 0.33) + (220 pounds x —0.81) + (24 x 0.63) + 185] 4- 60.4
Fb = ((165) + (—178.2) + 15.1 + 185] 4- 60.4
Fb = 187 4- 60.4
Fb = 3.096 = 3.1 cubic feet (rounded up)

STEP 2

FLOTATION FOR THE PROPULSION SYSTEM

Formula: Fp = S 4- B

Where: S = swamped weight of propulsion equipment in pounds from Table II.
(For the value of S. locate in Table II (See Page 47 ) the maximum horsepower
capacity for which the boat is recommended and record the total swamped weight
from the right-hand column. )

For a 135 horsepower motor , 300 pounds.

Fp = 300 4- 60.4
Fp = 4.96 cubic fee (round up to 5.0 cubic feet)
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,:LO1A-HON MATERIAL (‘OR THE LIVE LOAI)

isi m o l t .  F- c (.5 (persons ’ capacity up to 550 pounds) I .125 (rt’maininq ;u’i soils capacity) I .25
(C MINUS p’ i  sons - capaci ty) ) -

~
— B

Persons ’ c’apacity = 550 pounds ~ 470 pounds • 1020 poUnds .
Maxim um W~igltt capacity — 7550 pounds .

C I ‘o~i l’s nni x imii,n weulll I t ,i~ i~ii~i l\’ II) 1)011?)? is MINUS t In’ i it ,tl thy wi’u1h I of tin’
ronl I ~illl t’ II (See Paqe 47 ) , MINUS 6 pounds t mt’s 11w qal In? i

(‘ ,I~l~I~
, ty (TI Iti , built - in I

sii C 1550 - 540 ~ 0( 15(1% (dty we iq h t of 135 I mii i  5( ’~ I( )W(’( m otor amn i I ‘a l i t’?  v anT I I
t Imes 6 pounds). t in’ w~iqhl ot Thi Iut’ l h i r i  mi ’ i i laces tl~ ’ weuqlit ni tIn’ poi t.thli
fue l tank and I ts fuel in Table II (Sin’ PamlI’ 4 7)

C 1040 i)ounr ls
I ~- 

~~ (550) 4 .125 (470) I 2h (104 0 - .  1020) ) : 60.4
Fc = (275 4 58.75 i 5) : 60.4
Fc = 5.6 cIih im tm ’~ t

tOTAl FLOTATION M A I IRI  Al REQUIRI I)

(T I 1)01 1,1 1 I Ii I F p I I
F :t 1 .~~() I

I 1.1 / I’(II)I( h’I’t

it
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TO CALCULATE THE FLOTATION REQU’RED FOR OUTBOARD BOATS WITH ENGINES
* OF 2 HORSEPOWER OR LESS, FOLLOW THESE FOUR STEPS:

~TEP 1

Determine the Flotation Material Needed to Support the Swamped Boat (Fb)

Fot mu la: Flotation in cubic feet needed , Fb (Wh x K + Wd) ÷ B
(See Page 32for definit ion of terms )

STEP 2

Determine the Flotation Material Needed to Support the Swamped Propulsion Equi pment (Fp)

Formula: Flotation in cubic feet needed, Fp S 4- B
(See Page 32 for definition of terms )

STf.P3

Determine the Flotation Material Needed to Support the Live Load (Fe)

NOTE: Steps 1. 2 and 4 will be the same in this example as they are in Example 1, but Step 3 will
be different since the requirements for flotation for the live load are differen t. Flo tation
for two-fifteenths (13.33 percent or .133 of the live load is required for boats in this
category~.

Formula: Flotation needed Fc = (.133 (persons ’ capacity marked on the boat) + .25 (maxImum
weight capacity marked on the boat MINUS 20 pounds. (The wei ght of the subnw,ged 2
horsep ower engine from Table II) MINUS the persons’ capacity marked on the hoat) I - B

STEP 4

Determine the Total Flotation Material Needed (F)

Formula: Flotation needed (F) = Fb + Fp + Fc

40
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WORKING THROUGH A TYPICAL EXAMPLE;
EXAMPLE 3: OUTBOARD BOAT WITH ENGINE OF 2 HORSEPOWER OR LESS

t Assume an aluminum dinghy rated for a ~ horsepower engine: maximum persons’ capacity of 275 pounds.
maximum weight capacity of 300 pounds. For f1,j~ examp le we assume no deck.

STEP 1

FLOTATION FOR THE SWAMPED BOAT ALONE

Wh = dry weight of hull • 85 pounds (80 pounds aluminum , 5 pounds of fir plywood)
Wd • dry weight of deck • 0
K • conversion factors for aluminum — 0.63, fir plywood —0.81
B = buoyancy of flotation material = 60.4 pounds per cubic foot

Formula: Fb = (Wh x K) - -  B
Fb = (80 (0.63) + 5 (—0.81 )) ‘i- 60.4
Fb = (50.9—4 .01 4- 60.4
Fb = 0.896 cubic feet (round up to 0.9 cubic feet)

STEP 2

FLOTATION FOR ThE PROPULSION SYSTEM

Formula: Fp = S —  B
Fp = 20 (eng ine weight) 60.4
Fp = 0.33 cubic feet (round up to 0.4 cubic feet)

Where: S = swamped weight of 2 horsepower or less engine

STEP 3

FLOTATION MAT ERIAL FOR ThE LIV E LOAD

Formula: Fc = (.133 (persons ’ capacity ) + .25 (maximum wei ght capacity — 25(engine weiqht)
— per sons’ capacity)] 4- B

Fc = ( . 133 (275) ~ .25 (300 — 20 — 275)1 60.4
Fc = (36 58~~ 25 (5) 1 4- 60.4
Fc • (36.58 + 1.251 60.4
Fc = 0.63 cubic feet (round up to 0.7 cubic feet)

STEP 4

TOTAL FLOTATION MATERIAL REQUIRED

Formula: Total Flotation Material (F ) = Fb + Fp + Fc
F = 0.9 + 0.4 +0. 7
F = 2.0 cubic feet

The flotation material mus t be distrib uted as follows:
0.9 cubic fei f symmetrically about the balance point of the boat,~ 0.4 cubic feet within 30 inches of the
transom , symmetrically divided on either side, and,’ 0.7 cubic feet symmetrically divided with respect
to both sides and the midpoint of the passenger carrying area, as close to the gunwa/es as possible
without berng located above the swamped waterline.
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WORKING THROUGH A TYPICAL EXAMPLE;
EXAMPLE 4: MANUALLY PROPELLED BOAT

Assume that you want to determine the flotation material necessary for t he same dinghy in Example 3, BUT, for
manual propulsion ONLY . Maximum persons’ capacity 275 pounds, maximum weight capacity 300 pounds.
Compared to Examp le 3, Step 1 is the same , Step 2 is omitted (no engine) and there is one change in Step 3;
t herefore Step 4 adds two factors instead of three.

STEP 1

FLOTATION FOR SWAMPED BOAT ALONE

Fb = ( W h X K ) 4- B
Fb = [80 (0 .63)+5(—0.8 1) 1 -- 60.4
Fb = 0.896 cubic feet (round up to 0.9 cubic feet)

STEP 2

FLOTATION FOR PROPULSION (STEP OMITIED)

STEP 3

FLOTATION MATERIAL FOR LIVE LOAD

Fc = [. 133 (persons ’ capacity) + .25 (maximum weight capacity MINUS the persons’
capacity) ) ~

- B
Fc = [ .133 (275) + .25 (300 — 275)] ÷ 60.4
Fc = [36.58 + 6.25] 4- 60.4
Fc = 0.7 cubic feet

There is no engine, therefore the “minus 20 pounds” is omitted.

STEP 4

TOTAL FLOTATION MATERIAL REQUIRED

TOTAL FLOTATION = 0.9 + 0.7
F = 1.6 cubic feet
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BASIC FL OTAT IO N

Basic flotation, providing for 13 1/3 percent (2/ 15) of the maximum persons’ capacity plus 25 percent of the dead
weight . (dead weight = maximum weight capacity MINUS the persons ’ capacity) is mandatory for all monohull
boats which are:

(I) Less than 20 feet in length
(2’) h ave inboard, inboard/outdrive propulsion, or are airboats
(3) Are constructed or assembled after July 31 , 1978

‘ The following calculat ions provide for the amount of basic flotation material which will he necessary to meet the
test criteria. (‘alculate accurately. using correct values.

The law does not require inboard and inhoard/outdrive powered boats or airboats to have a level att itude or stability
when swamped .

TO CALCULATE THE BASIC FLOTATION REQUIRED FOR INBOARDS , INBOARD/O’JT-
DRIVES AND AIRBOA TS FOLLOW THESE STEPS:

STEP 1

Determine the Flotation Needed to Support t he Swamped Boat (Fb)

Formula: Fb (Wh x K 1 +Wd x K~ + .69 We) — B

Where: Wh = dry weight of hull (everything below swamped waterline)
Wd dry weight of deck and superstructure
We = dry weight of factory installed equipment , hardware and accessories , including

permanent , empty fuel tank
K 1 and K 2 = conversion factors for materials (Table 1) (See Page 46)

STEP 2

Determine the Flotation Material Needed to Support the Swamp ed Propulsion Equipment (Fp)

NOTE: Tests conduct ed wit/I actual engines and other parts of boat propulsio n sl ’stePns hai ’c determined
that a best estunau ’ of the qua nt if l ’ of floiathm material needed to supp ort the swamped
equipini ’~:t ~s about 75 per ecilt of it s installed dry weight. Ther( ’J ~’rL ’ I/ tat f igur e is used in these
calculations.

Formula: Fp = (G) ~- B

Where: G = 75 percent of the installed weight of the engine , drive and battery (inboard), or the
engine, outdrive and battery of an inboard/outdrive . in pounds to the nearest
whole number .

B = buoyancy of flotation material in pounds per cubic feet.

STEP 3

Determine the Flotation Material Needed to Support the Live Load (Fc)

Formula: Fc = (.133 (persons ’ capacity + .25 (C MINUS the persons ’ capacity) 1 #- B

Where: C the maximum weight capacity MINUS the fuel weight
Fuel Weight = 6 pounds/gallons times the t ank capacity in gallons
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STEP 4

Determine (he Total Flotation Required

Formula: F = Fb + F p + Fc

WORKING THROUGH A TYPICAL EXAMPLE;
EXAMPLE 5: INBOARD/OUTDRIVE POWERED, FIBERGLASS BOAT

Assume an inboardfoutd rive powered ftbergtau boat with a maximum persons’ capacity of 1200 pounds and a
maximum weight capaci ty of 1400 pounds. Fuel capacity of 30 gallons , VS engine AND outdrive 900 pounds.
battery, 45 pounds.

STEP 1

FLOTATION FOR SWAMPED BOAT ALONE

Wh dry weight of hull:
820 pounds fiberglass including plastic upholstery ; 220 pounds of fir plywood

Wd = dry weight of deck:
150 pounds :1 20 pounds fiberg lass, 30 pounds of fir plywood)

We = dry weight of hardware , controls , empty fuel tank and accessories: 100 pounds

~n average conversion factor for these miscellaneous weights is .69)
K = conversion factor for fiberglass = 0.33; for fir plywood — 0.81
3 = 60.4 pounds/cubic foot

Formula: [(Wh x K) + (Wd x K) + .69 We) ‘- B = F b
Fb = (600 (0.33) + 220 (—0.81) + 120 (0.33) + 30 (—0.81) + .69(100) 1 60.4
Fb = (198 — 1 78.2 + 39,6 — 24.3 + 691 4- 60.4
Fb = 2.36 (round up to 2.4 cubic feet)

STEP 2

FLOTATION FOR THE PROPULSION SYSTEM

Fp = [. 75 (weight of engine and outd rive, 900 pounds, battery, 45 pounds )) — B
Fp [ . 75 (900 + 45)1 ÷ 60,4
Fp = 11.l cubic feet

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~44 
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STEP 3

FLOTATION MATERIAL FOR THE LIVE LOAD

Formula: Fc (.133 (persons ’ r.apacity) + .25 (C MINUS persons’ capacity)1 4- B

C = weight capacity (1400) — 6 pounds/gallons times gallons (30)
Fc = [ .133(1 200) + .25(1400 — ( 6  x 30) — 1200)) 60.4
Fc = (159.6 + 5) 4- 60.4
Fc = 2. 7 cubic feet

STEP 4

TOTAL FLOTATION MATERIAL REQUIRED

Formula: F = F b + F p + F c
F = 2.4 + 1 1 . 7 + 2.7
F = 16.8 cubic feet

NOTE: In Step 3, a larger fuel capacity could result in a value for C, or 1.25 (C MINUS persons’
capacity)] that is less than zero. Values less than zero must not be used in this part of the
calculation. Use zero

Basic flotation is intended to keep any portion of the boat above the surface of the water when the boat is filled

wit h water and loaded with those weights specified in the formula.

It is not required that the boat float level or upright but the intention is that they have that quantity of flotation

material which will keep the boat from sinking when it is filled with water , and passengers are clinging to it.
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TABL E I

FACTORS FOR CONVERTING VARIOUS BOAT MATER IAL~ FROM DRY TO SUBMERGED WEIGHT

MATERIAL SPECIFIC GRAVITY FACTOR POUNDS/CUBIC FOOT
Lead 11.38 0.91 710
Copper 8.91 0.89 556
Monet Metal 8.91 0.89 556
Bronze 8.88 0.89 554
Nickel 8.61 0,88 537
Brass 8.56 0.88 534
Stainless Steel (rolled) 8.00 0.88 500

7.85 0.88 49’)
Cast Iron 7.08 0.86 442
Zinc ’Cast Alloy 6.63 0.85 414
Aluminum 2.73 0.63 170
Glass 2.60 0.62 162
Ferro- Ceme nt 2.40 0.58 150
Rubber 1.51 0.34 94
Fiberglass 1.50 0.33 94
Kevlar 1.30 0,24 81
Plexiglass’Lucite 1.20 0.17 75
Linoleum’ 1.17 0.15 72
A B S . 1.12 0.11 70
Teak 0.99 —0,01 62
Oak-White 0.85 —0.18 53
Oil-Diese l 0.85 —0.18 53
Gasoline 0,73 —0.37 45
Oak 0.63 —0.56 39
Blandex 0.58 —0.70 36
Mahogany-Philippine 0.58 —0.72 36
Mahogany-Honduras 0.56 —0.78 35
Ash 0.56 —0.78 35
Yellow Pine 0.55 —0.81 34
Fir Plywood 0.55 —0,81 34
Mahogany Plywood 0.54 —0.83 34
Royalex 0.50 —0.95 31
Mahogany-African 0.51 —0.96 32
Fir 0.51 —0.96 32
Cedar-Port Orford 0.48 — 1.08 30
Pine-White 0.42 —1.38 26
Cedar-Wh ite 0.33 —1.95 21
Cork 0.24 —3.17 15
Balsa-End Grain 0. 16 —5.24 10

FACTO R = ~~~ gr. — ,

~~~. gr.

Weight of Water-Fresh , at 39°F = 62.4 pounds/cubic foot
Specific Gravity of Water-Fresh , at 39°F = 1.0
One gallon of water = 0. 133 7 cubic foot or 231.03 cubic inches
One gallon of Water-Fresh 8.34 pounds
One cubic foot of water = 7.48 gallons
Head of one foot of water ~~~~~~ 0.433 p.s.i.

744

1.5 pounds/square foot for 1/4 inch thick linoleum
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TABLE II

WEIGHTS OF OUTBOA RD MOTOR AND
RELATED EQUIPMENT FOR VAR IOUS BOAT HORSEPOWER RATINGS

BOAT HORSEPOWER MOTOR AND BATTERY PORTABLE TOTAL SWAMPED
RATING CONTROLWE IGHT WEIGHT TANKWEIGHT WEIGHT WEIGHT(~j~
0.1 - 2.0 25 -- - ‘-- 25 20
2. 1 - 3 . 9  35 --- - - -  35 30

7.0 55 - -  25 80 48
7.1 - 15.0 76 20 50 145 76

15.1- 25.0  100 45 50 195 113
25.1 - 45.0 155 45 100 300 160
45. 1 - 80.0 280 45 100 425 235
8 0 1  - 150.0 345 45 100 490 300

150.1 - 250.0 446 45 100 591 395

TRANSOMS DESIGNED FOR TWIN MOTORS:

50.0-90 .0 310 90 100 500 320
90. 1 -  160.0 480 90 100 670 470

160. 1.300.0 630 90 100 820 600
300. 1-500.0 840 90 100 1030 790

9 
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4.0 FLOTATION MATERIAL REQUIREMENTS

Section I 143.110 of the Rule called for , among other things, flotat ion material that must withstand:
a

( k )  The combined effects of contact with oil , oil products . or ot her liquids or compounds with
which the material may be expected to come in contact during normal use~ and

(2) The combined effects of exposure to sunlight , vibration , shock , and temperature variations
expected during normal use .

What oils? What liquids or compounds? What temperatures , vibration or shock? The Coast Guard has clarified the
issue by writing standards for flotation materials which are based upon performance charac t eristics ot the materials ,
characteristics which can be tested by submitting the material to specifi c tests.

There are now different performance specifications for flotation mater ials based upon their locat ion in a boat : the
degree of performance dependent on the degree of exposure to detrimenta l agents.

In these flotation material requirements you will find the terms “static floating position ” or “unloaded static
floating position”. These are different from previous references to “level” in this and other standards. Level , when
applied to a boat is the attitude of a boat when supported by two supports of equal thickness , located 40 percent
and 75 percent of t he hull’s length back from the bow with the two supports resting on a horizontal surface .
(See Page 69)

The static floating position is one which an unloaded boat will take while floating in calm , fresh water . In this case ,
the static float plane will be the waterline as marked while the boat is in this static floating position.

The term “unloaded boat ” means that the boat shall contain all permanently installed items such as . but not
limited to . the engine or engines, batteries , seats , fuel to the designed capacity of permanent tanks , engine oil.
railings, fishing towers , etc. The “unloaded boat ” shall not contain such items as . live loads , portable fue l tanks .
paddles , PFD’s, tool kits , flags, portab le lights or other loose gear. If the boat has a fish well it should he empty as
should a fresh water tank and a holding tank.

With the unloaded boat floating in calm water , the waterline , “A B” on Figure4.2 establishes the other lines called
for in the flotation material performance standards : the 4 inch and 12 inch levels. Either m ay. by coincidence . fall
at this waterline , but they most likely won’t . They will parallel this wate rline , wit h the lowest point of the
measurement starting at the lowest spot where water may accumulate within the boat in an unloaded stat ic  floating
position.

Under the flotation material requirements we have outlined six possible conditions which may exist that will place
requirements of performance on a material. They follow:

INSTALLATION CONDITION I:

A. ( I) If the flotation material is enclosed or encased in an enclosure that will resist seeping ~ leaking
*one.quarter ounce of fresh water per hour when the enclosure is submerged to a depth of I 2
inches; then - --

(*one.q uarler fluid ounce = 1/ 2 tablespoon)
Flotation Material Requirement

(2) any flotation material may be used anywhere in the boat . (See Figure 4 .3)

INSTALLATION CONDITION 2:

B. (I) If t he flotation material is NOT enclose d or encased , or ,
(2) if the flotation material is enclosed or encased so that MORE than one-quarter t’luid ounce uf

t’resh water will seep or leak into the enclosure when submerged to a depth of 12 inches. and .

49
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Point A is exactl y at the waterline at the Bow; Point B, exactly at the intersection of the waterline and the centerline
of the transom . Points C and 0 are at the waterline amidship, at either side, If the boat is mounted in chocks this
line should be horizontal.

— Point A Point B h

The term “Static Floating Position” is used in the flotation regulations. It is the attitude in which a boat floats in
calm water , with fuel tanks filled to rated capacity, but with no person or item of portable equipment aboard.

The boat should include all factory supplied equipment options , BUT NOT portable gear such as: flags , searchlight,
movable cushions, mattresses , portable fire extinguishers , lines , fenders , chairs , tables , anchors , chains or PFD’s.

If the boat has a water tank, holding or live bait well they should be empty.

This establishes a standard condition, an attitude not related to freeboard or other safety considerations , which can
be used as a basis for testing certain criteria of the regulations.

FIGURE 4.1 STATIC FLOATING POSITION
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(3) ii the flotation material is installed itt an engine compartment less than 12 incites .ihove the lowe st
point where liquid can collect in that compartment when t lie boat is in itsstatic f loat ing position

(See Figure 4. 1 for static floating position) (See Figures 4 .2and 4.3 for illustration of 12 m cli lute I.
— t hen

Flotation Material Requirement
(4) the f lotation material m ust not he reduced in volume Lw more than 5 percent at te r be t i~ ininterst’d

in an~- of t he following liquids for 3() days at 2t) OC *

a. Reference l:imel ii ASTM l).47 I
ii . No . 2 Reference Oil of ASTM 1)471
c A 5 percent solution o f t  ri sod i urn phospha IC in w a te

INSTALLATION CONDITION 3:

C. (I) I t~ t Ime t’lotat ion material is installed outside t he engine compartme nt ( t his includes inside ti m e mull
of outboard boats), and ,

(2) if time flotation material is less than 4 inches above the lowest point where liquid can col Iect when
t ime boat is in its static floating position (See Figures 4 . 1 and 4 3  1. then —

Flotation Material Requirement
(3) t he flotation material must not reduce in volume h~ more than 5 percent a t te r  being initnersed in

an~’ of the following liquids fot 24 hours at 2~l°C : *

a. Reference i:~iel R ASTM fl-47 1
h. No . 2 Reference Oil of ASTM 1)471
c. A 5 percent solution of I risod iunt pliospl ta t e in wat e r .

INSTALLATION CONI)ITION 4:

Ii ii) If the flo tation material is installed in the engine cotlipa rtnletit . and .
(2 ) the flotation material is more titan 12 inches above t lie lowest poitit where I iq t i d  ca t t  c leci tm

t hat compartm ent w hen the boat is in its stat ic floating posi t io tt See i tgu ics 4 . l and 4 . 3 1 then
Flotation Material Requirement

3) the flotation material must not red uce itt vol time by niore t hati S 1~er L~’tn . 1 1  Cl  bet ite t i t t t t ie  st’d i t t

a fully saturated gasoline vapor atmosp here for 30 days at 3t’ °(.

INSTALLATION CONDITION 5:

F. ( I)  Flotation material used in a manually propelled boat , ot .
2) flotation material installed outside the engine compa rt T rtC t l and more t han 4 tnc hes above t lie

lowest point w here liquid can co llect when the boat is in i t s  s ta t ic  float utg position . t hen
Flotation Material Requirement

3) time flotation material does not have to be gasoline , oil, gaso line vapor oi ii isod urn pitosp li.
solution res is tant .  (See Figure 4.3 )

* VOTE. 77w change in t~olup,z~’. ant! this hzw ’am t’ . ean he measured mt ’ith .4STtI / ) ‘ .c4’
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5.0 FLOTATION MATERIALS

This section conta ins general inform at ion about various mua me m ia ls wi mich cas t he used to achm eve mime requited
flotation; their c imara cieri stics . performance s pec mf icattoims and testing stan dards

TYPES OF MATERIALS:

A. FOAMS ~_ceiIuIar..p!astics) must meet current Coast Guard requirements w h ich are based impomi t ime
per t ormaimce c t ia tac ter i s tm es for use in specific locations in a hoam .

(I) FOAMED POLYSTYRENE Is a comuntoimly used and possibly the lowest cost flotation material.
It is produced from expammdahle beads (pop curiO or extruded in the forum of i)illets or boards. Time
common trade name is “Styrofoam”. lii its timore co m m on tori tms it is meadity dissolved iii

— ~asolin te and it is h ighly flam m able. h owever , several compammies offe r special comnpounds of
polvsty reml e foam that are so lvemmm res ista t mt and self .ext immgu ishimmg . Time mimajor obje~’iiomts to foamed
po lystyren e . t is ’ th at it cannot be foamed itt place or produced iii the boat builder ’s plaumm .

(2) POLYURETHANE FOAM Another widely used buovaimcy nmat e rmal. Ii is imsimal ly foam ed
in p lace or mttolded it ito shapes before iitsta Ila lion. Ii is also available mit slabs amid bmlkts ,
Polvtmt et bane toant is t iornma lly h igh ly resi st ammi to gaso limme and oil in time lmmg h m e m de mmsm my ranges
of 4 .0 pounds per cubic toot and over , and ii is still ~-omts i dered very resistant to gasbimume aimd oii
in t ime Iows’i ~tensii it’s ( I .5 to 2 pounds pc i cii l’mc foot). t’olvamre i iij mit ’ fOj mn is f lat imimm aim le hut ~‘an
he immade so that it is self- c s i  itiguishing.

~~ UNICELLULAR POLYETHYLENE FOAM Solvt’ i m t-m - e s is tant . mot mg tm amid flexible. Al llmoughi
comn hiisi ible . it is classified as slow bun ting. It is ~is~tilat~le iii sheets and miwided sh apes l’wo trade
names ,in e ‘.1: 1 haf oat im ’’ att d i’lasta ,t t c - Black materials usu ally h ave gmea iet res ista imce mo solam
degra da itoit

(4) POLYVINYL CHLORIDE “PVC” in i ts  foa m form im is im~ed as a core immaterial iii fiberglass
samis lwichi coi ms tr umc t io um in the same nmaimner as balsa wood. ‘‘PVC’’ foamum s immcom,mhustihhe amid
m i doesn ’t r ii . Wh Ole nomi — htm ruing, ii does melt.

S 1 OTHER FOAMS lhei c are of lmei lou nts itt foam available that can mimeet time requii euuie iils as a
f lot ation mate rial amt d iii I lme it i es is ia itc t ’ lo lime tCs t liquids. l’wo arc acry lo mmim rtk .b rm ma t im em mt ’
sty re ume (AilS) and foamed (‘po\v resin. There is also a foamed glass omm time market which has
been used i i i  l ifeboats amid h i fe ua f t  s. Thought i esis ta m mt to most solvemits and non.bum sting - -  it
crunmhles easil y .

(Ci ) FACTORS TO CONSIDER WHEN SELECTING PLASTIC FOAM:
(Not in order of ini porta ncel

Whmer t choo sttt g ,i fo~irmi , cu’unsidt’raiioit should be given m o :

a. -S,,I)i~’sion
h . I)entsi tv and biio~ aiie\
c l)u mra bi h mlv t .igiti,i tlii.l l i t i Cs )
J . lii,’ i
e . F .ibil it~ (b i it t letme ss,e riitith lc)
f . i uc I, vapo r a id cltt’tt t te a l ic sis t .itict ’
~~. Impact i Cs is t , i t lCt’
ii. Resiliency ( iecove i~ 01 shape)
i Resist a nec to v ibra t iou amid fatigue
i . W ate r absorption
k ~~ nk.ib i Iit ~ and sat et~ during insiallation

Resis t ,u nice to so a degr ada I mon

55

_ _  

_ _ _ _ _ _ _



TABLE I

SELECTED PLASTIC FOAM TYPES AND CHARACTERISTICS

TYPE DENSITY LB/FT 3 GASOLINE R ESISTANCE WA TE R A BSORPTION BY WE IGH T

Extruded Polystyrene 1,8 to 4.3 Poor Nil
(Styrofoam)
Expanded Bead Polystyrene 1,0 to 5.0 Poor <2%
Styrene Acry lonitrile 1.0 to 2,0 Fair <0.1%
(KPF 324)
Extruded Polyethylene 2.0 to 9.0 Slight Swelling <0.5%
(E that oam)
Polyurethane 1.5 to 10+ Good <0.1% (short te mn i)

(Pour in place or slab) (See Note 2)
Polyvinyl Chloride 2.0 to 6,0 Good Nil
(PVC)
ABS 30 Good Nil
(Royatex )
Epoxy 2.0 to 20 Good <0. 1%

NOTES. ( 1) The symbol ”<” means ‘less than ’~(2) Over a long period polyurethane foam with a density of less than 2 pounds per cubic foot may
absorb a significant amount of wafer.

POSSIBLE PROBLEMS

All mater ials used to comply with flotation requirements should be examined in their relationshi p to
creating additional hazards aboard boats. Some lower dens ity foams have difficulty due to excessive
watel’ absorption, some have ii tendency to shrink with age, and some foams are quite friable atmd cannot
stammd impact and vibration.

Some materials may soften atmd run or melt when placed near heat such as that radiated from an engiu me’s
exhaust ’ system. This may cause drops or clumps of the material to fall on the heated surfa ce whi ch
might be sufficiently hot to ignite them .

The field of plastics . iimcludimmg plastic foams which are or could be used for f lotatitmn material is
growing rapidly and much is being done to improve the physical propert ies and applications. We 1mm-ge
the boat builder to keep a comistant check with his material supplier for new techs mica l information.

B. WOOl) Wood . inc ludittg balsa wood amid cork when iis~d ium a boat , provide t’lts tat iom m. Of gme at lv
va t ~-un g densities. ,mind wa ten ahsorpt iou qualities , t he have widely d iff c re’ m mm f lint it ion va lmm es . Balsa wood
is I requetmt Iv used as a structural core m ateri a l iii fihem-glass boat coumsi riicmit ~fl . and as suchm ca mu tnm ovide a
st tz n in t i c am mt amount of positive buoyancy, hmowever , balsa must and cork can be sealed or enclosed in
plast ic to ret aiim their tint at ion factors. Dime to t hue varia t ions itt res imi absorpi jolt . huosaum ~ values
sh ould he checked or vet ifi ed as fina liv j ul51 ailed.

(‘. AIR CHAMBERS ‘\i i ch ambers may he tmsed to achieve llotatioun - I 1OWF V E R , there are soni c bask’
nr’qunn enniemiis .tnmd exce ptions , In ou tboard boats i a ted for engimnes ol more titan 2 ti nt sepowem and mit
mn ub cn a r d boats , inboard/out d no t ’ s  ant I air hoat s , I lie air clianihcr mnav mint be integral wit h time hmm iIl; and
lot itu e t es t s the two largest air cimatm ihers amid all integral air chambers nmtmst be comlsletelv tluotkti w t t t t
w h e t  before undergoing time tests . Integral air ch am bers may he tmse d ins boats rated fun 2 iiorsepttwer
engin es and less , amid niatmuali propelled boats

t he am c h amber um m ateri al mtmst he capable ot w mthsta nd nng I lie same solveuti mesu stan ce lcst as 01 he m
t lot ,m t inn tm iat erm als and mm must pass he required 1$ imou mr submergence precond(ttoning bet~nmc
u ntdcrgomng m he tint a t ill test . A ur chi a mmihn e ns st mou lit Inc desmgncd so that mmmii msl time and ~‘ondeiisa t 10mm ,‘a ml
he di unt ied out periodica lI~ Usually air ~hamuhers ire provided wit Ii draimiage h oles wit lm a ~lns~ui e
device t o  accom mi p hish thus .
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6.0 INSTALLATION

Three flotation systems are outlined here:

A. AIR FLOTATiON CHAMBERS

(1) Integral Air Chambers
(2) Non-Integral Air Chambers

8.-PLASTIC FOAM BLOCKS AND FORM

pre-molded, or
cut to shape from billets

C. LIQUID MIX, plastic foam prepared in-plant, and either:

poured in place , or
sprayed in place, or
poured or sprayed in molds

A. AIR FLOTATION CHAMBERS:

Integral Air Chambers
(1) Integral air chambers are permitt ed to count as flotation only in outboards rated for 2 horsepower

motors and less, and in manually propelled boats.

Air flotation chambers that are integral with the hull, (a chamber with one or more surface s
formed by the boat hull skin):

a. should maintain their integrity under pre.test conditioning and tinder f lotation test conditions.
They should not leak when subjected to an internal air pressure test and should not allow the
ingress of water when submerged, minimally, to a depth equal to that required in the flotation
test.

What pressure might be used for an internal air pressure test? Submerging an air chamber 30
inches below the surface of the water subjects it to a pressure of about I pound per square
inch, and this is probably a good place to start. Don’t attempt to subject the air chamber to a
much higher pressure , it takes very litt le to destroy most chambers, and this could be a
destructive test. Soapy water solution or other leak detection methods such as sonic amplifiers
can be used to locate any leaks.

b. Provision should be made for venting pressure differentials in the tank due to temperature
change. This excessive pressure can rupture the chamber and render it ineffective for flotation.
One method of venting the chamber consists of a tube of metal or plastic, attached to the top
of the chamber and formed into a loop to create an air lock, This air lock or trap prevents
water from entering the ch:Amber when it is submerged.

1
EXAMPLE:

~~~~~~~~~~~~ ~ -‘~~~ asa~~ . 
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c Have a drain plug at the low point of the chamber for periodtc checks for water and for
draining. You should consider having a captive .type plug that cannot he totally removed and
lost. It is also a very good idea to place a warning near the drain as a reminder to rep lace t ime

plug after checking.
d. Much forethought must be given to the location and Installation of air chambers, the adjacent

hardware and other boat elements such as thwarts , so as to preclude the possibility of
puncturing or drilling holes through them. A final pressure test after complete boat assemhi~
should be made to expose any leak.

Non.integral Air Chambers
(2) Air chambers that are not integral with the hull must meet all the provisions f~r integra l air

chambers , EXCEP1’, if t he chambers are small air bottles or containers These containers are
usually blow molded plastic and neither a pressure vent or drain need be provided They mnust
maititain t heir integrity under f lotation test pre.conditioning and during the test Again, care
must he taken to avoid puncture of t he chambers during boat construction.

Nothing in the regulations prohibits the presence of integral air chianihers in outboard hoats rated
for motors of over 2 horsepower . BUT they must not he considered as tlotat ioni atmd hor the
purpose of the flotation test they MUST be tiooded as MUST the two largest non.integral air
chambers.

That also means that if the boat only has fwo NON.integral air chambers (an outboard boat
propelled by a motor of more than 2 horsepower), both chambers must he flooded.

B. PLASTIC FOAM BLOCKS AND FORMS:

If foam blocks and forms . pre~molded . or cut to shape from billets before imistal lat iom i. ame used:

(1) some method must he employed to assure that each boat gets the correct flotation ium tIme co rmec t
location. Molded shiapes . cavity size and markimigs are examp les

(2) E.P.S. (Expanded Polystyrene) foam should not come in contact with uncured polyester resin or
fumes.

(3) foam blocks can be:

a bonded in wit h FRP (except b.P.S. foam)
h. fastened mec hanically wit h metal or plastic straps
c. encased or entrapped in boxes , under floors, tinder t lmwarts , etc
d. attached by a suitable adhesive .

NOTE.- All methods should secure the foam Sin that no pnom ’emeni in am’ direetii it m ~~~~~~~~~ that
wi ll effect the flotation test. Norma/li’, flotation material is secured to resis t falling
DOWN , hut uu’hen the boar is submerged the material exerts a substantial j ~ree m qnms ~zru1
toward the waters surface, and it should he secured to am’oid the puiss ih i l irm i/mat it mci/I
come loose and float awa,v.

(4) consideration should be given to installation in a manner that will prevent datimage Irom im occupant
contact and deterioration t’rom exposure to direct sunhighit .

(5) the space provided in the boat for the installation of foam blocks and forms should he large
enough to prevent the necessity of using force during itistallation tha t will def ’ irmn t Ime shape,
thereby lowering its volume and total buoyancy.
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C. ~~~~~ MIX: poured in place , sprayed in pLace , or poured or sprayed in molds

(1) When liquid flotation material is installed directly in place . constraints should he provided in time
form of bulkheads, boxes or dams to insure the proper volume , and that the centers of buoyancy
are correct ly placed .

(2) Clearance around and through the foam should be provided for routing cables and wires ,
windshield fasteners , cleat and chock fasteners , rai ling fasteners , running light wires and supports .
ventilation ducts and ot her deck hardware. This clearance should be provided during installation
of the foam to avoid removing foam later wit h the risk of non~compLiance. (See Figure 6.1)

Clearance for cables and wires can be accomplished by pouring the foam over and around
cardboard or plastic tubes that have been installed beforehand , thereby creating a tunnel through
t he foamed area .

Good practice should suggest slanting these tubes away from a horizontal position to assist
draining any possible moisture. If it is desired to prevent deterioration of the cardboard tubes by
moisture it is possible to impregnate them with resin.

(3) When installing foam, consideration should be given to the possibility of the dealer or owner
attaching accessories or equipment that would require removal of foam. Anticipation of what that
equipment might be will allow the builder to avoid foaming areas where this might occur.

(4) When pouring or dispensing foam into a blind compartment such as a box with small access holes,
care must be taken to avoid some common pitfalls. Too much foam may cause a rupture of the
compartment or it may distort the boat hull if the material is integra l with the hull. Most foams
expand with a pressure that must be considered.

Overfihhing also compresses t he foam in some compartments thereby raisimig its density amid
reducing its buoyancy. Underfithng will obviously reduce buoyancy . The f’oaming mmmateria l
should be care fully apportioned or metered to insure that just the right anmoumit is installed or
applied.

In blind compartments extra holes should be provided t’or excess foam to escape and to relieve any
excess pressure . These holes also allow a visual check to make sure time compartment is completel y
filled.

(5) When using liquid mix foam material that is placed in the hull next to any broad surface such as
the boat bottom , avoid filling to an excessive depth. Time exact depth or anmouni will he a
function of t he material qualities and the design of time structure. Foam expands -- - then
sometimes contracts during its curing process arid arm excessive t h ickness may shrink and draw the
boat bottom up. creating a hooked hull or a dish pan effect .

(6) On large flat surfaces there is ext renme difficulty in determi mmit mg the volume 01 flotation material
sprayed in a comparatively thin application since it cannom he accurately dimensioned, in this case
the flow rate and precise mix control of the spray equipment is time omily means of commtroliing time
volummme . The equipment must he accurate and calibrated regularly .

(7) Do not apply foam flotation material to an uncured laminate. The curing of the foam can distort
the Lay-up.

(8) In fiberglass resin formulation attention should he given to the laminating resiti fortmmulation to

prevent wax build-up on the lamtnate surtace that could ruiti time bond of the flotation material
app lied to it .

(9) As of August I. 1978 . regulation will require foam materia l that is used to secure or enca psulate
some fuel tan ks to have different performance characteristics than other fiotatiomi foam. (‘heck
the FuehSyste rn regulation requirements under sections 183 .516 and l83 .552.(See Page 54)

(10) Atmention should he given to temperature control over the foam mmmi x , the surfaces to which it will
be applied on the boat and the ambient temperature during and alter time foaming operations .
Temperature changes can effect loam density, compressive strength and water absorption qualities
as well as adhesion. (‘heck with your foam material supplier for specifics.
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plane of boat bottom before foaming

FIGURE 6.2
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7.0 TEST PROCEDURES

These laboratory test procedures may be used by the boat builder to determine if boats comply with the minimum
flotation requirements of the USCG Regulations 33 CFR 183 , Subparts E, F, G, and H.

The intention is to provide a step.by.stev’ testing sequence format and to aid the builder in complying with the
regulations.

NON-COMPLIANCE
In the event that a boat should fail to comply with any of these minimum standards , DO NOT CONTINUE THE
TEST SEQUENCE. Correct deficiencies that caused the non-compliance and retest to insure that the deficiency is
satisfactorily corrected. Then, completely retest the boat to be sure that the correction does not affect compliance
with any previous test.

CALIBRATION OF INSTRUMENTS
It is the responsibility of the builder to insure that the instrumentation used to determine weights and measures are
accurately calibrated and that calibration is maintained throughout these tests. The time and date of calibration
should be maintained in a log as a matter of record. If the calibration procedure is beyond the capability of the boat
manufacturer we suggest that a regular program of inspection and adjustment by an outside organiza t ion equipped
to provide this service be used.

TEST TANK A ND WATER CONDITIONS
The flotation tests must be conducted in calm, clear , fresh water with an adequate depth to allow the boat to remain
clear of the bottom while submerged with the proper test weights aboard during the preconditioning and during the
tests. Clear water is important to allow observation and photography.

The test location must be protected from the effects of wind, current , waves or other externa l forces, and the
arrangement and location of the test site should allow photographic documentation of all phases of the flotation test.

TEST WEIGHTS
The test weights will be submerged and should be of a material that will not absorb water or change in any way
during the flotation tests. Lead, iron or steel or other dense metal are recommended.

The size of the test weights should be such that they can be conveniently handled below the water surface to achieve
the correct weight distribution in the submerged boat.

The center of gravity of the weights, or combination of weights , must be able to fall within 6 inches of the side of
the compartment and at least 4 inches above the floor or reference plane.

The following weight increments are suggested:

DRY WEIGHT QUANTITY PURPOSE
50 pounds As required Bulk loading on larger boats (above 16 foot)
25 pounds As required Bulk loading on smaller boats (below 16 foot)
10 pounds 5 Trimming weights
5 pounds 5 Trimming weights
1 pound 10 Trimming and fine tuning to exact weight requirements

To assure accuracy in recording test data , actual dry weight and actual submerged weight should be permanently
marked on each weight. Because concrete absorbs water and does so at irregular rates , its submerged weight will
change . Its density is lower than lead or steel creating problems with a larger bulk and a more difficult center of
gravity placement. Concrete weights are not recommended for submerged ballast in flotation tests.

If concrete MUST be used , the blocks should be stored under water for at least 72 hours before using them for
flotation tests. This will help to stabilize the rate of water absorption . They should not be taken from the water
during t he course of the test if they are to be reused later.
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GLOSSARY
The definitions in this glossary describe terms used in this test procedure and in the flotation regulations. ‘Fhey are
not necessarily the commonly accepted definitions.

Aft Reference Area = The aft most 2 feet of the top surface of the hull or deck. (See Figure 7.1)

Cockpit = See “Passenger Carrying Area”.

Dead Weight = (For inboards, inboard/outdrjve ’s and airboats) the maximum weight capacity mark~d on the boat ,
minus the persons ’ capaci t y marked on the boat. (For outboards) the maximum weight capacity
marked on the boat minus the total weight shown in Table II for maximum horsepower marked on
the boat , minus the persons’ capacity marked on the boat .

Forward Reference Area = The forward most 2 feet of the top surface of the hull or deck . (See Figure 7.1)

Loading Area = An area marked in the Passenger Carrying Area within which the CG of the test weights for
passenger load must be located. This area , with its center at the meeting of lines at mid-length of
the passenger carrying area and mid-breadth of the boat , measures 40 percent of t he passenger F

carrying area LENGTH and 40 percent of the passenger car rying area BREADTH. (See Figure 7.3)

Passenger Carrying Area = Each area in a boat in which persons can sit in a normal sitting position, or stand while
the boat is in operation . Breadth and length are measure d as illustrated in Figures
7 .3 and 7 .4 . If the boat has a cabin, the passenger carrying area is measured where
there is at least two feet of air space between the swamped waterline and the inside of
the cabin ceiling, measured in a continuous line the length and breadth of the cabin
(See Figures 7.8 , 7 .9) *

Reference Depth = The minimum distance between the uppermost surface of the submerged reference area of a
boat and the surface of the water , measured at t he centerline . (See Figures 7.1 and 7.6 )

I P

NOTE: A dimension of less than 12 inches between the aft end of a sea t and the inside of the transom is not
part of the passenger carrying area. (See Figure 7.8)

~1. 
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______ 
Max. 6”
Reference Depth Above water

FIGURE 7. 1
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PROCEDURES

A . SELECTION OF A TEST BOAT:
To assure that ALL boats of a specific model will comply w ith the requirements . t he test boat must
incorporate the extreme production tole .ances an d the manufacturer supplied optional equipment
of fered for permanent installation which, when combined , will require the maximum quantity nt
flotation material and the most careful distribution of the material. This is the safety factor ; if t he boat
with the extreme of your production tolerance passes the tests , other boats of the same model should
pass . It may require more than one test or more than one test boat to evaluate these conditions.

( I) The test boat should meet the following requirements:

(As a rule of thumb, for most typical boats that will sink without flotation material ---  pick the
heaviest . For a boat that will float without flotation material --- such as a wooden boat -- . pick
the lightest.)

a. If the boat with its factory supplied equipment . and without added flotation , will sink when
swampe d .-- picK the boat for testing with the maximum weight allowed in your production
to lerances -- . the heaviest boat.

b. If the boat with its factory supplied equipment , and without added flotation , w i ll float when
swam ped --‘ pick the boat with the least amount of material which is less dense than water .
This is not an easy problem. but as an example:

two hulls made of exactly the same material , say wit h a density oiO.5 . the heaviest hull will
have the most buoyancy when swamped. Choose the lightest for testing.

c . With two hulls made in a set of matching dies , in ot her words , exactly the same hulls
dimensionally, t he lightest will have the greatest buoyancy when swamped . If the dimensions
are exactly the same the materials of construction must he of different densities if the hulls
diffe r in weight. In this case , wit h the dimensions exactl y t he same , c hoose the heaviest boat .

I in a given model boat , t he dimensions of the material which is lighter than water are not t h e
same , choose the li ghtest boat.

Most boats are composites of man~ mater ials, bot h denser and less dense than watet. If a
swamped boat f loats without added f lotation material. variat ions in weight from boat to boat
in t he sante model could be he result f d nfferent amounts ot material more dense than water -

In this case t est the heaviest boat. If the ts~ateria ls which are heavier than ssa te r aic exactl y the
same from boat to boat - - -  test the li~hiest boat .

ii . The boat must he able to pass the f lotation tests with an\ or all combinatiot is of iactor\-
of lered accessini it’ s and opt ions for that model.

e . Facto r~ provided equipment nintis t he insta lled so a to remain secure t hi oughout the t Cs ts .
I. If the boat is poweied h~- an inboar d engine . ss eigh ts (e prese it t in i ~ t ine li~av iest rec om m ended

power opt uns shall be used
(2) A complete InVe -l nin n i\ 01 niac 1ttner ~ . equipment . accesson it’S . fuel ta nks , contro ls, batteries . etc.

shall he recorsied in a perm~,iwnt log t om ea ch t e st.
3) I hIN . capacity plate iittoi m.li non . h u l l  eqtiipmenit and .t~-ce ~-~oi sc t’ ~Iii niust be i ecorded in a

permanent log.
(4) Prior to each t est it t rt’commendt’d t f iat t he ~oa t he p 1 101 niO .uplmed to sh ow the details of lie boat

and equipillent .

B. PREPARATION FOR TEST:
( I) All packaging and shipping protect ion material should be removed fron t i the boat. This includes

dtinnage. seat protective wrap pers. foam padding. chaf ing gt’ai. etc .
(2) Water tanks . the water system, holding tanks , must he til led with fresh wa ler and sealed . Putty

and waterproof tape can be used. They must not leak .
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(3) Fuel tanks and the fuel system must be filled with the appropriate fuel. Ail caps , vents , and
outlets should be sealed to prevent leakage .

(4) Bait wells , storage and ice boxes , and dry we lls should have their drain plugs removed and their
doors or covers opened to allow flooding.

(5) Compartments that may entrap air must be vent ilated so that , when the boat is swamped , air
pockets below the water surface will escape. To help this process it may be necessary to drill holes
in the compartment top . 3/8 inches minimum diameter vent holes are recommended.

Compartments that m a y  trap air include:

Gunwales
Fore deck
Aft deck
Cockpit sole
Bunks
Seats
Engine covers
Lockers
Instrument consoles
Etc.

If air chambers are used for flotation in outboards less than 20 feet in length , using engines of over
2 horsepower , and in inboard boats and inhoard/outdrive ’s, complete ly ventilate the two largest air
chambers so that they may be COMPLETELY flooded. If necessary, drill holes top and bottom in
each end.

(6) Seats , cushions and upholstery parts may be cut or slit to insure the ventilation of entrapped air ,
or they may be removed from the boat, If they are removed , rep lace the weight of the portion of
the upholstery that is ABOVE the swamped water plane with an equal ballast weight.

(7) The weight of equipment that may be damaged by water (i.e. engines, motors , electronic
equipment) may be replaced with ballast wit h a similar center of gravity location and an equal
submerged weight if it is located below the swamped water plane , or , if it is above the swart iped
water plane ,with an equal dry weight.

(8) The boat should be inspected to be sure that all the manufacturer supplied equipment is aboard
and installed in its proper place . All other objects or insecure equipment such as loose cushions.
PFD’s. fenders , lines, loose chairs, etc. should be removed.

(9) Support the test boat in a horizontal attitude by placing two blocks of equal thickness under the
keel, one 40 percent and one 75 percent of the boat ’s length back from the how . (See Figure 7.2)

(10) Mark off t he forward and aft “reference areas ” as follows:
a. Measure back exactly two feet from the forwardmost point at the bow , and forward , two feet

from the aftermost point of the hull, on the top surface of the hull or deck. (See Figure 7.1)
b. Use waterproof tape , marker or grease pencil to mark off these areas so that th ey may easily he

seen when photographed while under the surface of the water .
(11) Mark off t he floor of the boat , using materia ls as in h. above , to show the center of gravity

location for the persons ’ capacity test weights , as follows: (See Figure 7.3)
a. Measure the length and breadth of the passenger carrying area. Mark the midpoint of the

beam on t he floor of the boat. (See Figures 7 .3. 7.4)
b. Multip ly the length of t he passenger carrying area by .40 (40 percent) . The resulting measure is

marked on t he floor .-. half forward of the midpoint ... half aft . (20 percent forward of the
midpoint . 20 percent aft of the midpoint.)

c. Multiply the breadt h of the passenger carrying area by .40(40 percent) . The resulting measure
is marked across the boat .-. half to one side of t he passenger carrying areas breadth midpoint.
half to the other side of the breadt h midpoint. (20 percent to port , 20 percent to starboard of
t he passenger carry ing area breadt h midpoint.) (See Figures 7 .3~ ~~

d. Use waterproof tape , marker or grease pencil to mark off the outline of the shaded area
illustrated (See Figure 7.3) so t hat it may easily he seen when photographed , remembering that
these marks must he seen when under water. This area is the test weight “loading area”.
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(12) Mark off the boat to show the center of gravity locations for the stability test weights as follows.
(See Figure 7 .4)
a. The midlength and midbreadth of the passenger carrying area has been previously marked~multiply the length of the passenger carrying area by .70(70 percent). The resulting measure is

t marked off on the starboard gunwale, its center being centere d at the midlength of the
passenger carrying area.

b. Repeat a. above for the port side .
(13) Remove all the drain plugs and hull plugs. As an alternative , w hen the boat is in the water it can

be filled (using a hose or other method) so that the water level inside the boat and outside the boat
Ii the same , and the boa t is in a swamped condition.

FOR ALL OUTBOARD OR UNPOWERED BOATS
(NOTE: The quantity of weights for  persons and dead weight differ above and below 2 horsepower). See

Cakulation Section, Pages 34, 40.

LEVEL FLOTATiON
(1) Place weights representing outboard motor , controls and battery in normal operating po sition.

Use weights of maximum rated outboard motor from Table II, Chapter 3.0. The CG of the
weights representing the outboard motor and controls shall not be less than 2 inches above the lop
of the transom and 2 inches aft of the top aft edge of the transom at the centerline .

(2) Place boat in water.
(3) Before swamping the boat it is recommended that restraining lines or straps be secured to the boat

to prevent it from rolling over or assuming unusual attitudes while you are loading ballast into the
boat.

(4) Swamp the boat by flooding throug h the hull drains, or over the transom or sides, or with a hose.
(5) Place weights in the boat representing persons and dead weight as determined by calculation. (See

the Flotation Standard , Section 183.3 20(,b)(1) and (2) for 2 horsepower and less, and Section
183.2 20(b)( I) and (2) for engines over 2 horsepower).

(6) Eliminate any remaining trapped air by sloshing and tilting the boat.
(7) Slacken the restraining lines and allow the boat to attain its equilibrium. Check to be sure the

boat is clear of the bottom.
(8) If necessary to attain the required longitudinal and transverse trim (See Section 183.225) adjus t

weight location within the designated loading area marked on the floor of the boat.
(9) The boat must remain in this position for at least 18 hours before further testing.

(NOTE: I t is recommended tha t trim measurements and documentation photos be taken at the
beginning and end of the 18 hour preco nditionin.g immersion period.)

(10) Record water conditions. (See Form Section)
(II) If necessary, re.do step (8) to attain proper trim.

Level Flotation Test For Persons ’ Capac ity
(12) After the test boat has remained swamped for at least 18 hours, test the boa t for level flotation in

accor dance with 183.225 of the standard.

r 183.225 the boat must float in fresh , calm water as follows :

(a) The angle of heel does not exceed 10 degrees from the horizont al .

a. Measure the angle of heel of the swamped boat; record data.

I
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183.225 (b) Any point on either the forward or aft reference area is above the surface of the water.

b. Determine if a point on either the forward or aft reference areas is above the water surface.
Record data.

183.225 (c) The reference depth at the reference area that is opposite the reference area that is
above the surface of t he water is 6 inches or less.

c. Measure the reference depth as illustrated in Figures 7 .1 , 7 .6.
d. If the boat is not in compliance , the weig hts ma~’ be moved as long as the center of gravity of

the weights for both the personc ’ capacity and the dead weight is within the loading area
marked on the floor.

Stability Test
(13) After completion of the flotat ion test for persons ’ capaci ty , test t he boat for stability in

accordance wit h 183.230 of the standard.

183.230 (b) Quantity of weight used. Load the boa t with a quantity of weight that when
submerged is equal to the sum of the follow ing:

(1) One half the quantity of weight required by l83.220(bXl)
(2) The quan tity of weig ht required by 183.220(b)(2)

a, Remove half of t he weight used to simulate persons ’ capacity itt the preceding test . USE
CAUTION , If the remaining weight is off center , capsizing may result.

b. Be sure that the weights representing dead weight , engine and batteries and controls are still ui
place . Dead weight must remain in the same location as was used in the previous test .

183.230 (d) Placement of Quantity of Weigh t , Starboard Side. Place the weight required by (a) of
this section in the boat so that

(I) (it) is uniformly distributed ... along the starboard side of the passenger carrying
area (and extend ing over) at least 30 percent of the length of the passenger
carrying area. The center of gravity of the floor weight at least 4 inches
above the floor , .. and of the seat weight .. at leas t 4 inches above the seat.

Adjust the restraining tines to allow the boat to heel freely.
c. Move the remaining half of t he persons ’ capacity weights to the starboard side of the passengel

area so that the center of gravity falls in t he area of the boat illustrated in Figure 7.4 The
vertical center of gravity must t’all at least 4 inches above the seats or floor .

d. Distribute the weight along at least 30 percent of the passenger area length , placing the weights
on the floor and seats. Weights may he placed forward or aft of the loading area as long as the
CG is within the fore and aft limits of this area.

e. Swamp the boat to allow a t’ree flow of water between the outside and the inside .

183.230 (a) ... the boat must float in fresh calm water as follows:

(I) The ang le of heel does not exceed 30 degrees from the horizon tal.
(2) Any point on either the forward or aft reference area is above the surf ace of the

water.
(3) The reference depth of the reference area that is opposite the reference area tha t

is above t he surface of the water is 12 inches or less.
(No. 3 means the reference depth must he 12 inches or less at the center line. (See F igure 7. 6)
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1.
1. Measure the angle of heel and record the data.
g. Determine if a point on either the forward or aft reference area is above the water ’s surface,

Record that data.
h. Measure the reference depth as illustrated in Figures 7.1, 7,6)

183.230 (d) Placement of Quantit y of Weight , Port Side
(See 183.230 (d) Page 68.

i. Repeat Steps a. through h. as above, placing the weights on the port side.
Level Flotation Test Without Weights For Persons ’ Capactty

(14) After completion of the test for stability, test the boat for level flotation without weights for
persons’ capacity and the dead weight in accordance with 183.235 of the standard,

183.235 ... When the conditions prescribed in 1S3.220(a), (d) through (h) are met , the boat must
float in fresh , calm water as follows:
(a) The angle of heel does not exceed 10 degrees from the horizontal.
(b) Any point on either the forward or aft reference area is above the surface of the water.
(c) The reference depth at the reference area that is opposite the reference area that is

above the surface of the water is 6 inches or less.

a. Carefully remove all weights for persons’ capacity and dead weight .
b. Leave only the weights for the engine , batteries and controls . Adjust the slings so that the boat

is not restrained.
c. Swamp the boat to allow a free flow of water between the outside and the inside.
d. Measure the angle of heel, Record the data.
e. Determine if a point on either the forward or aft reference area is above the surface of the

water. Record the data.
f. Measure the reference depth as illustrated in Figures 7 .1 and 7.6 record the data. A 6 inch

depth is the maximum allowable here.
g. Drain or remove the water from the boat and remove the boat from the water.

a
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FLOTATION TEST

water surface water surface

4
10 degrees

centerline

water surface water surface

30 degrees i 12” 

~~ IenterIir1e

STAB IL ITY T EST

F I G U R E 7.6

17



LEVEL FLOTATION TEST LEVEL FLOTATION TEST STABILITY TEST
PERSONS’ CAPACITY LOADED WEIGHTS REMOVED

OUTBOARD
(More than 2 horsepower)
Maximum Heel 100 10° 300
Maximum Reference Depth 6 inches 6 inches 12 inches

OUTBOARD
(2 horsepower or Less)
Maximum Heel 100 100 30°
Maximum Reference Depth 6 inches 6 inches 12 inches

INBOARD /OUTDR IVE’S
INBOARDS, AIRBOATS Flotation to keep any portion of the boat above the surface when swamped in fresh

water for at least 18 hours .“ loaded as specified

ii
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length of passenger carry ing area

length of passenger carrying area

C less than 12 inches
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INBOARD BOATS . JNBOARD/OUTDRIVE BOATS. AIRBOATS

BASIC FLOTATION
For ease and accuracy in conducting this test , it is recommended that the engines be removed from the boat and
ballast of a similar material and the same dry weight be secured in its place . Ti re center of gravity should also he
matched.

The USCG BASIC Flotation standard has no requirement for a particular attitude of the swamped boat . It may
float stern down , inverted or in any ot her position. Obviousl y, if the swamped boat floats in any att it ude other than
reasonably level and upright , t he water depth at the test s ite must at least equal the length of the boat and all the
ballast weights must be secured to prevent loss no matter what position t he boat takes.

If t he boat is in an unusual attitude it may be difficult to ventilate or expel any entrapped air , or add or subtract
ballast. It may also be difficult to maintain control over the test boat and to recover it after the test .

Unusual attitudes can be unpredictable during swamping and may occur rapidly, creating hazardous conditions for
the test personnel •~-s o a free floating basic flotation test is not recommended.

DYNAMOMETER
An excellent aid to flotation testing is the dynamometer; a dynamometer or scale flotat ion test al lows the use of a
tank that is suitable only for level flotation testing, it provides longitudinal and transverse trim control in an upright
attitude which is a convenience and safety feature , and it provides immediate data on the quantity of flotation , the
safety margin, or def iciency.

DESCRIPTION OF THE DYNAMOMETE R FLOTATION TEST
This test requires two secure positions over the test tank or site that can he used to suspend the scales and the boat.
A monorail with two troliey.hoists is recommended . One test arrangement Ic shown.

0 _
Monorail 1

Hoist J
Scale .

~~~~~
, /

Water Surface

~~~~Water

Tank Tank

FIGURE 7.10
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SCA LES
It ’. hefo t e t he hal last t i ii pe (St i l tS ~ tirl dead we ig lt I is ~thkd , I It e swa tit ped boa I ss ill float ss it hon I touching t hi’
hot torn rd the lank , t h e  accit i ac~ irl the test will be itupt ov ed I hrough the use of small c .ipact t sc.tlt ’,. ( l i i i

• 
example . 2 ‘~ pound capacity ) II the boat will not flout c leat of the bottom , I he s~ale capac it y tot  the sub ti ter ged s’ti d
of th e boat mttsl exceed its subtuetgcd weight .

IX) No I attet upt to lift brui t f r i t o  tfl otit of llte t riit k wliik if is hanging t i t s t t t  the ~t’.ili’s i i i  cli,i~ s , Renu’vt ’ the
s t Ies Ii si ol they may he pet ttianenl Iv daiiiagest oi tai l  coin plc te I at id let t Ire id 1.11 ~IlLi~d

BASK’ 11.0 t.\ 1’ION IFS I — I)YNAMOMETE R METIIOL)
( I )  lietot c the ~~ Is’s are all adted , lilt I lie Ii ira I into I he tank

2) \Vr t i r  the slt ir~ts s t i ll ,i t tachrs ’d . btit s l igh t ly  loose , till tI re lc r r ,tl is ti lt si t t e r  ‘5 t lt’ ,irliit ~ tI t i ,’ii~li lu
hull d i , i r t rs . swrlttt pitsg ot l~\ ptimpt ttg wate r  it ritni l fl i t ’ level si t h i t ’ sv.i tt ’i is t h is ’ s u ite in su lt’ us

ot i t s t u le f lu ’ i s ’ .it ..\s the boat fills , sl~is ket r the slings until ~~~ end of tI n t’ ht’ ,uI et f lnt ’t cur Ls l’r’iu’si
( lie sill I ~~~ ~it lt ’ i t i i l’s Cqnt ilt inu nun

) liis all the scu l t ’s between the sltt igs and the it i r is i  ltu r i iks
(.1) W heit plas’iitg lsatlasl i t t  a bou t alw ivs cot ~i ti lt’ sti hnrter geti is eI iZlrt of e.i1 lu is eig ht into .rc t t  is

‘.in I
l ”)  I orid fl i t ’ ballast iii the 1’~..ut f r rw , uus l tl te h ig h end until t lit’ boil Is stt i’t t tetg esl and appir ix t t t t . i t chs

ls’vc I .\ NI) f luet e i s  a t vt ’ tead t ug on e .u~ In scale .
t t s )  Re5r s i  d the sc,ile t eadi ttgs .iu ir l pholtugi ipli f ite ~ss iut ped i’,’,ut

‘1 .,\ lh’ss t h e  lu’ lt l td  t e i t t a t t u  inn f l i ts p r is i t u l in  t~ n the t t ’i1iittt ’ii IS h, ’,ii
(5) A t t e t  I S houts , chec k t o  be sine th a t  th er e us stil l .i s i f t s ’ tl~,t Il t tt ~ Ott c i i i  ss ,uk’ \ \ l~ the

I c icit se.uls ’ I r i s  t rot lscs ’t i u’,ulted . It tir e ntrn t r .u l  i’uill,ist Io , i i  (Set ’ Fig. ‘ .11 1 ) i s  a l t e r e d ,
he slit (it shuc et anti tot itI I Ite sttbinerged ~~ ig lrt

(‘I) .\ t ie n  ill ttiii t isiil r I  fl it’ ii .itt ’t i tt f lit’ ((ilk ln,ts ~i’htit ’si u iuuu ( (t ar td lit ’ cs ,i lt ’ i t ’.it i i i it.~’ .ini ’ ,t (~.ttI~ . t i’& , ’ut i
eac i ss ,ilt’ t eadt tt g oh f i t s ’ d.it,i slr t ’t’t , i f t t ’i ~ti l ’ tr i l  i t t ~ lu’ is ‘t~Iit ‘f r i t e slings t l t t ’ ntrsr ’ lvs ’s

.\ ( i ll  flu’ rats ’ 1 the I ta! s u e  r i m  1(1 ? u t i  i ’d ‘n the I.~ ‘ r u t ’  cu ! ’ ’ H i s i .  ‘u c i s  :1,
r f t n ue ?t n I sh e (7 , ( j ( i~ pg s n . ’ ! c ?nt i / u .s is  ,i u sefu l f t , t4F ,  lit ic ’.ssi i f t? t ~’ I t * ! i i i  i? ‘i . :u u
.it %(r Oil

II)) Strl ’ i i.u~t fl it ’ citri i i t t  t h e  (cs ’ net s ilt ’ i ’ .iI nni i ~s I t r i t i  Iht’ t r u th s ,,t’itu’ r uZer h i’ ,ill,isi ci ,s : l I I  . i n i
iC i r r i r f  t ’ t i  f lit ’ ii.it,i slir’t’t t ii .i hr ’s t t t i r kt’si \l , ( \e t i r ,ih I l s I . u n i l ’ i( )

I) l’hioirsgt iplr fl it ’ iu’ , un tu r d St ilt ’ s l i t  t his p t5iIiI ~t’

(‘AI.(’ Il I,A l INt ; 11W s(l l ;Ml .R(;I:I) HA L I .&S I Wtlt ; II 1 FOR It %S~
( ’ l I  01 .\ liON

L)YNAMOMI’ I l K  IF S  I
II ,‘ I” “, l’r’i s i r s ( ‘ ,11’ .t5 ’i i\ iu.uit s ’rh ~t i  i’rr ,it .nj ’ .i - i Is pl.ift ’

‘1 .‘ S P”’ r’ni t u t  f lit ’ I )e,i i ~ eig h t
I ‘~ II i i i  r ’ht . itt rl ’’.’i s i tt ’ iisi ’ l  lot il r r t . u t t ’ t t

4 ~ srrl i i t int ’ t in I I ’ ) ~I lii 0 Iii iZ est ,itu l i , i tt t l ’e is

~l’i I ‘f ,il ‘‘h~h ‘‘ 1 l’~s’ i tnr t es l  I i t . i i i r c ur ) I ‘ . 1
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COMPLIANCE DETERMINATION
If the actual flotation “AF” is greater than the required flotation “RF”, t ire boat complies with the basic tiolalion
requirement. Quanlity “AF” minus quantity “RF” equals the reserve flotation or safety factor. if (he required
flotation , “RF”, is greater than the actual flotation , “AF”, t he boat has failed the test , The quantilv “Rt .AF” ti

equal to t he minimum amount of flotation that must be added to the system to meet this requirement with no
reserve,

NOTE: If after the IX hour preconditioning before the test the hoar fails to show ani ’ portion ahoi ’e’ the water .
the’ J’ollowing pmcedure can determine how much additional flo tation is required .

1. Attach a pendant Jrorn outs ’ of the scales to the’ how of tin’ boat (or whiehet ’e ’r portion oJ’ the boat ix
e ’Iose ’st to the water surjace’ ).

2. Lift up at th e’ point until it is above the water surface, Record flu’ pounds of lift that were ’
necessart’ to bring the boat up. Flotation material to provide that much more buovanc; ’ is required.

REMOVAL OF THE BOAT FROM ThE TEST TANK
Before attempting to lift or move the boat , remove the ballast and record each unit of submerged weight as voti take
it front the boat. Cotupare this with the corrected tabulation of weights put into the boat . The total must be equal.
If ti nt , retest .

Rem ove the scales from the sling system. DRAIN THE flOAT.

Remove t he boat from the water , REMEMBER the great weight of any water retained in tire hit ill. Lilt to t ire
surface slowly allowing the water to drain from the hull through drain ti lt ittgs , or lift slowly to petutit the use of a
pump t o drain t he retained water. NEVER try to lift t ire hu l l , weights and t h e  hull t’tiIl of wat e r .

L)rain carefully and t’ully before lifting.

N.

.,
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8.0 QUALITY CONTROL

Strict control over the quality, quantity and installation of flotation mater ials is as important to regulation
comp liance as proper design and accurate calculations. The following information can be used as a guide by flue boat
builder to establish quality control procedures for use before and during construcnon,

Regulations for performance and installation are contained in 33 CFR Part 183 , Subparts E, F, G, and H. and i t t

their amendments. Refer to t he infornuation on fLit ation materials in the MATERIALS arid FLOTATION
MATERIALS REQUiREMENTS sections of this guideline.

PROBLEM AREAS:
Some pitfalls encountered in controlling flotation materials and in installation methods are:

a. Maintaining density and buoyancy of materials ,
b. Excessive water absorption by materials,
c. Material degradation due fo exposure to harmful agents,
d. Foam equipment malfunctions or improper use .
e. Inadequate securement of materials .
f. Leaks in chambers used for flotation or to encase flotation materials,
g. Poor quality control including hull weight testing.
h. Poor installation planning resulting in excessive material removal during boat asse m bly.

QUALITY CONTROL OF MATERIALS:
A. VENDOR SPECIFICATIONS:

The builder should insure that all foam flotation materials purchase d will meet USCG requireme nts ,
specifying this in his purchase order and requiring vendor verification on each shipping in voice . lIe
should ins ist that a specification sheet he supplied by the vendor that covers all perforti tamrct ’
characteristics including compressive strength , density, water absorpt ion , arid resista n ce to fuels . ot Is ,
fuel vapors, cleaning solutions , styre ne futures and sunlight exposure .

At the same time , mix instructions and installation procedures should tie obtained ,

SPECIFICATIONS

(1) Specify materials that wilt meet USCG requirements.
(2) Require verificatioti of compliance on each invoice,
(3) Insist on a specification sheet,
(4) Request mix instructions and procedures.

B . RECEIVING INSPECTION:
Beside visual inspection . t he builder sh ould conduct buoyat rcy te s ts oti a te pr ese trt a t ive sairiple nu
samp les of incoming pre .cast flotation materials , foam blocks , and air tilled nrolded shapes.

INSPECTION

(I) Inspect visually.
(2) Conduct buoyancy test; can be performed per ASTM D-2842,
(3) if test is unsatisfactory “ notif y vet idor , 

I

This will require a te st  apparatus si mil ar f i r  the one sh own iii Figure 8.2.
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1

NOTE: Test weights should be lead , stee l, or other dense , non.ahsorbc ’nt mater ial to aid in accurate’
determina t ion oj ’ their submerged weight. The weight oJ ’ concrn u’ varies murl e’dls ’ as does its
water absorption . it should NOT be used.

A known quantity of the material to he tested should be submerged its fresh water to a depth nt three
feet for 18 hours. Once pre.cond~ ioned, a test of ’ the weight which can be supported by lire rest sanip le
should be conducted as shown in Figure 8.2 , If a foam sample fails to provide mire rated buovaticy,
several factors could be at fault --‘ poor cure , improper density, too much water absorption , had cell
structure and others. Carefully re-test another sample and notify t he vendor if ’ the shipment ts suspect.

C. IN-HOUSE PRODUCED FOAM:
T he builder should conduct buoyancy tests on flotation t’oams produced in.house front component
mixes . Each production station that pours or dispenses com pon ents to c r eate flotation foam should
produce a test satrrp le during each work shift , at a minimum.

TEST PROGRAM

(I) Conduct buoyancy tes t on sample produced each day or each shift.
(2) Conduct buoyancy test on a samp le from each dispensing station.
(3) Conduct test at eac h change of drums.

There are two factors here: tIre frequency of obtaining samples , and the frequet ucv of testing thenr. Bott t
should he adjusted by the builder depending upotu production volume and past problems.

The samples sh ould he produced etoploving tIre same met hod used in tire production process . lo t
exam p le . if the foam is allowed to expat ud in ant enclosed cot rs partt uent . t ire test samp le should he
prepare d in (hue same manner. E AC h test samp le shott td he idet rtif icd 1w station so that problem
materials cant he traced back to specific productiot i runs.

Ant examp le of a condition (Iran requires nir’re fr eque nt sam pling and testing is where there are large
var iat ions in ambient temperature at the production station. Foam produced ott a cold morning COUI I)
he deficient due to improper reaction of ’ chemical coti rponents .

lf a samp le fails , its cotf r ponents and tire dispensing equipment , as well as the tempera ture should he
suspect. Carefully re-test another satr rp le and take corrective action as n ec es s a uy.

PROBLEMS -
~~~~~~~

(I) increase frequency of tests if problems appear.
(2) Use same method to produce sample as used in boat.
(3) Be alert to temperature changes at each station.

D. PREPARING A FOAM SAMPLE IN-HOUSE:
A test nrold may he mused . Tire tim Id cavity should he in the sirape ot a cube . urn ’ possible trrold lr ,us
inside dimensions of about 13 itrc hres. Bottom atrd top should he det ach able . lIre top should irave 1/2
itrchr vent holes in each corner , located about 112 it rch from the ed~~s. The nrold should be u rgrd enough
to prevent defort iration caused by expanding t o at t r .

It is best to he able to firnrly secu re the mold s~ it h tt s top and bottom clear so ha the sat rrp le irray be
removed . (See Figure S I )
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Metal , wood of rigid plastics may be used as mold materials provided they are trot affe cted by. or do trot
affect the foam mixture . Teflon or mold release agents may be used to facilitate samp le removal.
Follow nuaterial manufacturer ’s instructions concerning preheating (if necessary), pourimrg and curing
j ust as yoti would for ml.: actual boat. Use the same method used in the production process .

The cured foam sample should be removed without substantial damage. Remove tIre top and hot ton m of
the mold. If the foam material is allowed no rise free in the boat , it isn’t necessary to use time top of tire
box. Separate t he sample from t he side surfaces of the mold using a long, tlrin cutting tool if tsecess arv .

The sample , freed from the sides , may be pushed from the mold using a 12 tnch square wood hoard.
After removal , trim off any skin and true up dimensions to exact ly 12 inches square.

In testing foam materia ls most builders aim for a density that will make a 12 inch square block (one
cubic foot) weigh two pounds, plus or minus ten percent. If the sample is cast and weighed in a
container , remember to subtract t he weight of the container.

A second method of obtaining an in-house test sample of sprayed or foamed in place flotation nrater ial
is t he “bag shot ”. A plastic bag, such as used to collect leaves at Irome , or a large disposa l conta itre r liner
may be used . Either the same timed release or click count required for a specific application is released
into the bag.

During cure , tack rate , one foam quality, can be tested. When cured , the wirole hag can be weigired to
determine if the proper quantity has been released and if the mix has been correct. Then . ani aecura nel y
dimensioned cube can be cut from the cured material for density or buoyancy tests. The material catr
also be proportioned for other quality control tests such as age shrinking, water ahsorptio mr . fuel
resistance or resistance to solar degradation. Test methods may be prescribed by the CG or you may use
other government material tests or ASTM tests.

All tests on materials , buoyancy and others , should be logged in a permanent record. In the cubic fornmi
it may be weight tested for cubic foot values and buoyancy tested. Samples may be cur into proper
dimensions for your tests , Slices are usually cut perpendicular to the rise of the plastic foat rr .

Though we have illustrated one type of sample form it is possible to use forms of oUter dim ensions. A
trimmed cube of flotation foam 6” x 6” x 6” will provide a buoyancy and density check. Weigh tire
cube , nsultiply by eight and you have the density in pounds per cubic foot . or divide tire rated buo at rcv
per cubic foot by eight to determine the test weight that should be supported . (See Figure 8 .2)

As mentioned earlier , w hen purchasing foam shapes or blocks you should request rnvo ice certification
that the materials nreet all specifications. Immediate visual tests may be made on in-house sanruples . The
cured foans should be free of non-foamed , soft or tack y particles and should be compose d of sma ll cells
of approximately the same size,

Permanent records should be kept , and any samp les should be marked and stored. Accurately
dimensioned samples may indicate detrimental shrinkage, one of the biggest problems. within a year . so
saving samphes further than a year may serve no real purpose .

Non-compliance is the responsibility of the boat builder, After the boat builder is required to remedy a
defect , if the problem has been with flotation foam, it may be a question of the materials or m ethod nt
use of t he materials. Here, the retention of samples may have its greatest value.

RECORDS

(I) Follow established procedure in obta ining samp les.
(2) Identif y all samples.
(3) Log all tests in a permanent log.
(4) Test for all r~qulrements.
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FIGURF 8.2

buoyancy test cage
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scale reading equal to submerged wei ght of
empty test cage indicates foam is providing
required buoyancy
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water level

66.4 lbs. of dry lead equals 60.4 lbs.
sub’-’crged (66.4 x 0.91 = 60.41 , .~~~ ______ 

foam

one cubic foot of 2 lb. dens ity foam should rsupport 60.4 lbs 
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E. IN-PLANT HANDLING AND STORAGE:
The boat builder slrould insure that pre.cast foam blocks and forms , w hether purclrase d or produced in’
house , are handled carefully to prevent physical deformation or loss of material. Foam blocks should
not be stored hr areas that will expose them to damaging chemicals or vapors. Exposure to excessive
direct sunlight can damage some foam materials.

HANDLING

(I) Check all forms and blocks of flotation material received.
(2) Handle carefull y to prevent loss of material which would decrease buoyancy of

the unit ,
(3) Store away from damaging chemicals , fumes and sunlight.

QUALITY CONTROL OF FOAM INSTALLATION:
A . ASSEMBLY GUIDES AND RECORDS:

Tire boat builder must insure t hat the correct quantit ies of foam materials are installed in the proper
location , properly secured and protected against indiscriminate removal during the assembly process , in
transit and during dealer rigging of the boat, Tire builder should work from drawings or manuals that
clearly depict time correct instal lation and insist t hat ort.line inspectors use these guides. Refer to the
INSTALLATION section of this guideline for additional information.

These assembly guides must be kept up-to-date and any changes to the flotation system should he
preceded by written engineering authorization, Permanent records by date and serial number should he
kept on all changes to the boats flotation system .

A time-second or gun-click count for each location must be posted . (if they are your metering methods).
If you use visual references , such as “to the top of the wood brace ”, post t hese. If you use a configured
jig, post instructions for their proper use to insure correct installation of proper foam quantities.

GUIDES AND CHANG ES

(I) Post and follow assembly guides; keep them current.
(2) Inspect for proper flotation material securement in the boat.
(3) Keep permanent records by date and serial number of all changes; make none

without authorization in writing.
(4) Post a time-second , gun-c lick count or visual reference guide for foamed in place

material,

B. ON-LINE CONTROL OF CRITICAL ITEMS:
On-line inspectors should be able to readily identif any variations front the assembly drawings of the
boat ’s flotation system. Carefu l inspection should be made . to insure that there is an adequate flow of
material to till all required voids, Both visual inspection and some testing will be required. Test at each
major change of material or equipment , such as at the start of each new barrel of foam materia l
component placed on-line.

ON LiNE CONTROL

(1) Inspectors must be able to identify any variation from specifications between
drawings and boat.

(2) Inspect for adequate flow of material into voids.
(3) inspect visually and by actual tests.
(4) Test at each change of barrels.

90

L .~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• .. 

~~~~ 
- .  

~~~~~~~~~~~~ - ~~~~~~~~ -



AIR CHAMBERS AND FLOTATION MATERIAL CHAMBERS:

On boats using air chambers and on boats using encased flotation material , eac h chamber on every boat should be
tested for air tightness or leakage. The test method must not cause structural damage to the boat or chamber , but it
must insure that the chamber will comply with the 18 hour submergence criteria and the tests .

PRECONDITIONING

(1) Test air chambers and encased flotation material for 18 hour preconditioning
submergence requirements.

!~QSAM MATERIALS:
The builder should clearly identify all pre-cast foam blocks or shapes that are similar in appearance but of different
volumes. On-line inspectors should verify that these blocks or forms are properly positioned and secured.

iDENTIFICATION

(1) Identify or mark all blocks and shapes to prevent misapplication.

On foams that are poured or sprayed in place , visual inspection of the foam consistency should be conducted on
every boat. Careful inspection should be made to insure that there is an adequate amount ot’ flotation material on - 

-

thinner applications where no guide or gauge is used. As previously stated , some met hod of assuring proper
quantities is recommended other than conjecture. At times, w hen the calculated amount ol’ required foam has been
fIgured close , and long, narrow spaces are being filled, insufficient flotation results. An inadequate flow of’ foam
often causes rapid surface hardening and high density.

INSPECTION

(I) Visually ins pect each boa t , particular ly in long, narrow spaces and shallow
surface app lications.

(2) Inspect for adequate flow of material ,

PRODUCTION WEIGHT TOLERANCES:
On-line inspection should Include weighing a representative sample of production boats to insure that the weights
used in the flotation calculations are maintained, Use the heaviest boat , itr nrost case s, to verif y weight calculations .

SAMPLING AND CONTROL

(1) Weigh sampling of pro duction boats.
(2) Use weig ht of heaviest boa t to ve rify flotat ion material requirements. (This

may not be true in wooden hulls.)
(3) Keep running check on the total nun iber of boats produced and total flotation

material used as a quick qua lity control method.

$
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WEIGHT CALCULATIONS

OUTBOARDS WITH MOTORS OF 2 HORSEPOWER OR LESS:
183.320( b) (1) and (2)

Model 
_____________________________________ HIN _

Maximum Weight Capacity 
_______________________________________________________________________ lbs.

Persons Weight Capacity 
— lbs.

Weight of Engine and Controls lbs .
TEST WEIGHT EQUALS :

Persons Weight:
i33 x Persons’ Capacity of Boat = a. lbs.

Dead Weight:

Maxim um Weight Capacity —(minus) Weight from Table II Column 6 (20 pounds)
= zzz

ThEN:

ZZZ — Persons’ Capacity of Boat
= YYY

ThEN: - 
-

.25 x YYY = b. lbs.
TOTAL (a. + b.) = lbs.

*NOTE: The result b. must not be less than zero.

I
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WEIGHT CALCULATIONS

OUTBOARDS WITH MOTORS OF MORE THAN 2 HORSEPOWER:

183.220(b) (1) and (2)

Model ___________________________________________ 
HI N 

__________________________

Maximum Weight Capacity ~~lbs.

Persons Weight Capacity _____________________________________________________________________lbs.

Weight of Engine, Controls and Battery lbs.

TEST WEIGHT EQUALS:

Persons Weight :

.50 x The first 550 lbs. of the boats Persons’ Capacity (maximum result is 275 lbs.) = a. lbs.

THEN:

.125 x The remainder of the Persons’ Capacity = b. lbs.

Dead Weight:

Maximum Weight Capacity —(minus) Weight from Table II Column 6

= zzzz
ThEN:

ZZZZ — Persons’ Capacity
= Yry’Y

ThEN:

.25 x YYYY = C. lbs.

TOTAL (a. +b . +c .) = lbs.

NOTE: The result c. must not be less than zero.
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OUTBOARD BOAT

LEVEL FLOTATION TESTS :

• DATA RECORDING FORM

Model ____________________________ H IN _________________________ Date ________________

AM
Date and Time of Precond it ioning Start / / ______ 

PM

Date and Time of Tests / / ______
PM

Capacity Plate Information:

Maximum Hor sep ower Capacity ________________________________ HP

Maximum Weight Persons ’ Capacity _______________________________ lbs .

Maximum Weight Capacity _______________________________________ lbs.

Other Information:

Boat Weight (without Engine , Controls, Battery, etc.) 
__________________ 

lbs.

Swamped Buoyancy - Boat Alone: Positive (Floats) 
_______________ 

Negative (Sinks) 
-

(Speci fic Grav ity: If Positive - Less Than 1; If Negative - More than 1)

Fuel Tank Capacity: 
_______________

gallons. (If Permanent Tank 
__________ 

x 6 = lbs.)

Weather Conditions:

Air Temperature 
_________ 

°F Water Temperature 
_________

Wind Strength 
_______

miles. Height of Chop_ inches

Test Check List:

Photographs: Before Test 
___________________ 

During Test (when Stable) 
______________

Fuel Weight (simulated for Test) 
___________________ 

lbs.

Air Chambers Flooded (over 2 horsepower )

Bait-Storage Wells , Open and Flooded

Upholstery Parts Prepared ___________________ 
Removed ____________________

All Shipping Materials Removed -

All Factory Offered Options Aboard ________________________________________

Loose and Not Required Equipment Removed ______________________________

Reference Areas Marked __________________________________________

Passenger Carry ing Areas Marked _________________ ___________

Stabi’ity Test Passenger Weight Area Marked _______________________

All Entrapped Air Vented _____________________________________________

TEST PERFORMED BY:
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LEVEL FLOTATION TEST FORM:
Model _________________________ HI N  

___________________ Date
,,, ~~~

Date and Time of Start of Preconditioning Submersion I /

Photographs: Before Start 
________________ Precon d it ioning 

— Test —

Initial Angle of Heel 
— 

° Pass 
— Fail 

__________

(IF NECESSARY - WHAT WEIGHT OR FLOTATION MATERIAL ADJUSTMENTS WERE MADE?)

4

Angle of Heel-Second Trial 0 Pass 
____________ 

Fail 
— 

Photograph 
—

Forward Reference Area : Submerged inches - Above Surface inches
Aft Reference Area: Submerged

________ 
inches . Above Surface 

___________ 
inches

Reference Depth 
________inches Pass 

____________ Fail 
_________ Photograph 

______________

(IF NECESSARY — WHAT ADJUSTM ENTS WERE NECESSARY TO A11’AJN PROPER DEPTH?)

Secon d Trial : Pass 
_______________ 

Fail 
______________ 

Photographs

TEST CONDUCTED BY:

‘ p  ‘
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STABILITY TEST FORM :

Model _____________________________ HIN _~~~~~~~ ____________ Date __________________

$ Passenger Weight Removed from Cente r _________________________ lbs. dry

Passenger Weight Placed at Starboard Side ____________________________ 
lbs. dry

Angle of Heel ,~~ — 
° Pass ____________ 

Fail ____________ 
Photograph _________________

Forward Reference Area: Submerged _______ 
inches - Above Surface — inches

Af t Reference Area: Submerged ________ 
inches ’ Above Surface j nches

Reference Depth ________
inches Pass ____________ Fail -

Passenger Weights Moved to Port Side ____________________________lbs. dry

Anq~e of Heel ________ 
° Pass ___________ 

Fail ___________ 
Photograph

Reference Depth — inches Pass _____________ 
Fail _____________

Forward Reference Area: Submerged ________ 
inches ‘ Above Surface — 

inches

Aft Reference Area: Submerged ________ 
inches - Above Surface — inches

Pass _________ 
Fail ___________________ 

Photograph

TEST CONDUCTED BY :

a
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AD—A052 758 A~~RICAN BOAT AND :ACHT COUNCIL PEW YORK FIG iS/tO
LEVEL FLOTATION COMPLIANCE GUIDft I PE . (U)
JAN 78 DOT—CG—t601—96

UNCLASSIFIED usce—o— oo *—ye Nt.
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BASIC FLOTATION TEST

INBOARD BOATS, INBOARD/OUTDRIVE BOATS, AND AIRBOATS:

DATA RECORDING FORM

Model _____________________________ 
HIN ___________________________ Date_

Maximum Weight Capacity _______________ lbs. Fuel _________________ giHons.

Persons Weight Capacity ________________ lbs. x 6

Engine, Control, Drive 
____________________ 

lbs. dry 
__________________

lbs.

lbs. swamped

Battery Wei ght 
____________________

lbs. dry

_________________ 
lbs. swamped

Volume-Two Largest Air Chambers (if used) ____________________________ cubic feet

(Weight to be added to hull IF air chambers are not completely flooded for test.) x 62.4

c. 
_____________ 

lbs.

Persons Weight to be Added for Test:

.133 x Persons’ Capacity of Boat a. lbs.

Dead Weight to be Added:

Maximum Wei ght Capacity —(minus ) Persons ’ Capacity

= Dead Weight

Dead Weight x .25 b. lbs.

Air Chamber Compensating Weight (c. from above) = c. 
________________

lbs.

Engine and Control Weight = d. ________________ lbs.

Battery Weight = e. 
_________________ lbs.

TOTAL TEST WEIGHT 
_____________lbs.

Weather Conditions:

Air Temperature _____________ °F

Water Temperature _____________ °F

Wind Strength

Height of Chop(if any)

Test Check List:

Photographs:

Before Test 
_______________________

During Test (Stable Attitude) 
___________________

Tanks, Filled and Sealed ___________________________

Air Chambers Flooded 
____________________________

OR
Air Chamber Compensating Weight Added 

__________________________

Bait.Storage Wells , Ice Chest, Compartments (opened and flooded) 
_____________________________________
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Upholstery Parts Prepared
OR

Removed ______________________________________________

• All Shipping Material Removed ____________________________________________

All Factory Offered Options Aboard and Secured ____________________________________________

All Loose and Not Required Gear Removed ______________________________________________

NAME OF PERSON CONDUCTING TEST _________________________________________
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FLOTATION MATERIAL

RECEIVING INSPECTION:

Date: 
______________________________________________

Order Number: ________________________________ Order Number Date: ______________________

Supplier:

Received By: 
—

Visual Inspection By: 
_________________________________________________ ________—________

Accepted : 
______________ 

Rejected : 
________________

IF REJECTED - SUPPLIER NOTIFIED DATE:
COMMENTS:

Tests:

Pus Fail
Density

Compression 
__________________ ______________________

Fuel Resistance 
__________________

Buoyancy _________________ ____________________

Other:

COMMENTS:

SUPPLIER NOTIFIED OF FAILURES: 
_______________ DATE: _______ -~~~~

TEST PERFORMED BY: 
_________________________ DATE: _________________________

I

100



INDEX

SUBJECT PAGE

ABS 55.56
Air Chambers 56, 57. 58. 70,91
“B” (See Buoyancy — Flotation Material) 34. 36
Balsa Wood 56

w Basic Flotation 3, 19, 22.43
Battery 27
“C” 35 , 39
Calculations (Section 3.0) 23—47
Compliance 3, 65
Conversion Factor , “K” 32 , 34, 36, 43
Dead Weight 66
Dynamometer 82, 83
Fb (See Swamped Boat) 29. 32 . 40. 43
Fc (See Live Load) 29,32 .35,40,43
Fp (See Propulsion System) 29. 32 . 34. 43
Flotation Material — Installing (Section 6.0) 57—63
Flotation Materia ls (Section 5.0) 55. 56
Flotation Material Requirements (Section 4.0) 49—54
Foam 55 , 58, 60
Forms 93—100
Formulas 34—45
Four and Twelve Inch Levels 49. 51 . 52, 53
Glossary (Test Usage)
Inboards, Inboard/Outdrive ’s, Airboats 22 . 43 , 44, 45
Installation, Flotation Materials (Section 6.0) 57 —63
Integra l Air Chambers 57
Introduction 3
Inboard/Outdrive ’s 22 . 43 . 44.45
“K” (See Conversion Factor) 32 , 34. 36, 38.46
Level 69. 70
Level Flotation 3 , 19 , 20.21. 23
Live Load (See Load Capacity) 32. 35 , 37 , 39 , 40.43 . 2
Manual Propulsion 21, 42
Material Requiremen ts (Section 4.0) 4() 54
Matenials(Section 5 .0) 55 , 5~Maximum Weight Capacity 35 (NOTE 2)
Non-Integral Air Chamber 58
Outboards (Over 2 Horsepower) 20.34

(2 Horsepower and Less) 21 ,40
Passenger Carrying Area 66, 70, 71 , 72, 80, SI
Passenger Support (Live Load) 23 , 28. 2~ , 30,31 ,32 . 35 , 39, 40. 43
Perman ent Fuel Tank 38
Persons ’ Capacity 35 (NOTE 2)
Polyethylene 55 . 56
Polyurethane 55. 56
Polystyrene 55 , %
Precond i t ioning See CAIJTION . 34, 70, 73
Propuls ion Equipment (~~ropulsi on Sys tem) 32 , 34, 36, 3& 43,47
P.V.C. 55 .56
Quality Control 85—91
Reference Area 66, 67

) Reference Depth f~ , 67, 76, 77

101



~
. - -,- ,~~~~~~~~~~~ —~~~~~~~-~~~-- .- -~~~~~~~~~~~~~ .~~~~~~~~~~~~~~~~

32, 36, 38
Stability 23, 74, 76, 77, 78
Stat ic Floating Position 49,50
Summary 19—22
Swamped Boat 23, 30,32.33, 34,36, 38,40,41, 43
Testing (Section 7.0) 65—84
Test Tank 65,82
Test Weights 65, 73, 74, 75
Venting Compartments 68, 70
“Wd” (Dry Deck Weight) 32, 33, 34, 36, 38, 41
We ights — Test 65, 73. 74. 75
“V/h” (Dry Hull Weight ) 32, 33, 34, 36, 38,41

102

~~~~~~~~~
.—

~~~~~~~~~~~~~~~ -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~ —-—- .--~~~ — —-



-

~~~~~~~~~~~~~~~~~~~~~~

I LLUSTRATI ONS

FIGURE PAGE
I

Requirements 20. 21 . 22
3.1 Placement of Flotation Materials 24
3.2 Placement of Flotation Materials 25
3.3 Placement of Flotation Materials 26
3.4 Flotation Material for Propulsion System 27
3.5 Placement of Flotation Materials 28
3.6 Placement of Flotation Materials
3.7 Redistributing Flotation Materials 30
3.8 Placing Passenger Support Materials 31
3.9 Elements of Calculation Formula 32
3.10 “Wd” and “Wh”
4.1 Static Floating Position so
4 .2 Installation Requirements 52
4.3 Installation Requirements 53
6.1 Installation Hints
6.2 Installation Hints
6.3 Installat ion Hints 62
6.4 Insta llat ion Hints 63
7.1 Reference Areas 67
7.2 Level Wi

7.3 Test Weight Location 7 1

7.4 Stability Test Weights 72
7.5 Weight Shift for Stability Test
7.6 AngIe of Heel
7.7 Center of Gravity - Weights
7.8 Passenger Carrying Areas SO

7.9 Passenger Carrying Areas S
7.10 Dynamometer Test Arrangement
8. 1 Sample Test Mold
8.2 Buoyancy Material Test Cage 8’)

103



TABLES

TABLE PAGE

United States Coast Guard Table “4” 14

Table I — Conversion Factors 46

Table II — Weights -- Motors and Equipment 47

Table Ill Foam Types and Characteristics 56

Table IV lleel Ang les and Reference Depth 78
I

L 
_ _

U,S. ~~ R~W4ENT PR~NT1WC C’rF1C ~ I~~7B o_7~~ _OaL6~ 4

104

—— 5,, 5 — . .  
-‘- -,———-

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
, 

_ _ _


