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Ref: (a) Title 46 CFR Subchapter T - Small Passenger Vessels (Under 100 Gross Tons)
(b) Title 46 CFR Subchapter S - Subdivision and Stability
(c) ASTM Standard F1321 “Standard Guide for Conducting a Stability Test (Lightweight
Survey and Inclining Experiment) to Determine the Lightship Displacement and
Centers of Gravity of a Vessel.”

1. Purpose: This Marine Technical Note (MTN) provides guidance for Marine Safety Center
(MSC) review of rigid hull inflatable small passenger vessels seeking Coast Guard certification
under reference (a). These vessels are often referred to as Rigid Hull Inflatables (RHIs), Rigid
Inflatable Boats (RIBs), or Rigid Hull Inflatable Boats (RHIBs). The design and construction
guidelines contained herein should not be considered as absolute standards. Vessels which do not
fully comply with these guidelines may be accepted on the basis of an engineering analysis which
demonstrates an equivalent level of safety.

2. Discussion:

a. A RHI is a mechanically propelled mono-hull vessel consisting of a compartmentalized rigid
hull with a buoyant collar installed at gunwale level. The buoyant collar, which provides a
significant amount of reserve buoyancy, is typically of inflatable tube construction or
fabricated from semi-rigid cellular foam material.

b. Historically, these vessels have been certificated as small passenger vessels by Officers in
Charge, Marine Inspection (OCMIs) with minimal or no technical review by the MSC.
Reference (a) permits the OCMI to accept the hull structure of these vessels on the basis of 46
CFR 177.202(c) or 46 CFR 177.310 and to waive the requirement for a simplified stability test
in accordance with 46 CFR 178.320(c). Detailed inspections and operational tests have been
used to satisfy any stability or structural concerns. While this approach has proven successful,
modern RHIs are becoming larger and faster and there has been an increase in the number
seeking certification. As a result, OCMIs are more frequently requesting MSC review of
RHIs.

c. A RHI does not fall clearly into any of the vessel categories (open boat, cockpit, well deck,
or flush deck) specified in reference (a). However, it can be likened to an open boat with
sufficient reserve buoyancy to remain upright and afloat when fully flooded. These guidelines
are intended to provide a level of safety for RHIs that is equivalent to that of the conventional
mono-hulled vessels envisioned by the current regulations. This equivalence is based upon the
successful operational history of RHIs in severe environments, proven construction practices
and details, specified collar material properties, minimum buoyancy requirements, and an
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annual inspection program which includes over-pressure stress testing of inflatable buoyant

collars.
3. Applicability: This MTN applies to the MSC review of RHIs not more than 65 feet in length,
which carry 49 or fewer passengers in domestic service, and satisfy the buoyancy, structural, and
other requirements specified below. These guidelines more closely reflect the construction
standards for commercial/industrial RHIs rather than those intended for leisure/recreational
service. These guidelines do not preclude the OCMI from applying additional requirements or
restrictions which may be necessary for the requested route and service.

4. Definitions:

a. Length: The overall distance measured from the forward outboard surface of the collar to
the after end of the collar. This dimension is typically greater than, and should not be confused
with, the hull scantling length used in the structural calculations.

b. Breadth: The extreme width of the vessel measured between the outer surfaces of the
buoyant collar. This dimension will always be greater than, and should not be confused with,
the hull scantling breadth used in the structural calculations.

c. Hull Confines: The internal portions of the vessel bounded by the molded lines of the rigid
hull and the inboard surfaces of the buoyant collar, extending vertically upward to the top of
the collar.

d. Internal Buoyancy: The buoyancy provided by inherently buoyant components, such as
foam flotation blocks, independent air tanks, and other acceptable buoyant entities, that are
permanently attached to the vessel and located within the hull confines. It also includes the
buoyancy afforded by any sealed (unvented) void hull compartments. Internal buoyancy does
not include the buoyancy of the collar or any vented hull compartments. For purposes of this
guideline, internal buoyancy expressed in long tons can be converted to an equivalent volume
in cubic feet when multiplied by 35, regardless of whether the vessel will be operated in fresh
or salt water.

e. Collar Volume: The buoyant volume of the collar measured in cubic feet. On an inflatable
collar, this is the volume displaced by the collar when inflated to the design pressure. For
purposes of this guideline, a collar volume can be converted to an equivalent buoyancy in long
tons when divided by 35, regardless of whether the vessel will be operated in fresh or salt
water.

f. Required Buoyancy: The sum of the actual collar buoyancy and the corresponding minimum
internal buoyancy.

g. Swamped Condition: The state that exists when the hull confines of a RHI are filled with
water until it spills over the transom or top of the buoyancy collar. All areas of the hull
confines, with the exception of internal buoyancy spaces, are subject to flooding. Any deck
scuppers or drains are considered to be closed or plugged in this condition.
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h. Freeboard and Least Freeboard: Traditionally, freeboard is the vertical distance measured
from the waterline to the deck edge at any given point along the length of a vessel. However,
RHI collars do not have a fixed “deck edge” in the classical sense. The “deck edge” on a RHI
is the uppermost point on the collar which shifts around the circumference of the collar as the
vessel heels. The least freeboard is the minimum freeboard measured along the length of the
vessel. It is located at the low point in the sheer line or transom and its position may shift
longitudinally with vessel trim.

5. Action: RHI plans and calculations submitted to the MSC will be reviewed for compliance
with the applicable regulations in references (a) and (b), the guidelines contained in this MTN, and
any specific requirements established by the OCMI or MSC to ensure safe operation of the vessel.
The submitted plans must provide sufficient detail to permit accurate modeling of the collar, rigid
hull, and the internal hull and collar compartments. The major assumptions and elements of this
review are outlined below.

Inflatable Collar Condition

a. The materials used to fabricate RHI collars have a finite life span due to deterioration with
age and environmental exposure. Available data indicates that ultraviolet radiation, ozone, and
perhaps even suntan oil have adverse affects on the strength of inflatable collar fabric over
time. These guidelines are based upon the premise that the collars will be maintained in a
serviceable state and be capable of providing the required buoyancy under all operating
conditions. To ensure this integrity, the Coast Guard inspection regime should include detailed
visual collar inspections and inflatable collar pressure tests during the initial inspection, after
collar repairs, and during annual inspections. The recommended tests are described below:

1. Visual collar inspections should be performed at all periodic inspections. They should
address the condition of the collar material, integrity of the fabric seams, and the adequacy
of the collar to hull attachment. It should be noted that there are acrylic latex coatings on
the market which promise to restore, renew, and protect fabric materials such as RHI
collars. These aftermarket coatings may mask defects, such as color fading and minor
abrasion, which would otherwise be noted during visual inspections. Their use should not
be permitted.

2. Working pressure “leak” tests should be performed on newly fabricated collars, after
significant collar repairs, and when the collar integrity is questioned by the OCMI due to
damage, deterioration, or age. They can be performed with the entire collar under pressure
and/or with alternate compartments pressurized to verify the integrity of the baftle between
compartments. These are long duration, one to two hour, tests to detect small leaks and
fabric porosity by measuring the pressure drop over time. These tests should be conducted
under nearly constant temperature conditions (i.e. not in direct sunlight) to reduce the
possibility of temperature induced pressure changes. This will necessitate performing the
test in a sheltered location or during periods with minimal temperature variations. Since
atmospheric pressure changes can also affect the results, the starting and ending barometric
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pressures should be measured and corrections applied, as required. The inflatable liferaft
pressure test requirements contained in 46 CFR 160.151-31(e) can be used as guidance for
duration, allowable pressure drop, and corrections due to ambient temperature and pressure
changes.

3. Overpressure collar “stress” tests should be performed during annual inspections and
following the “leak” test described above. The purpose of this test is to ensure that the
overall residual strength of the inflatable collar is adequate for expected in-service
loadings, including peak impact pressures. The test must be performed with alternate
compartments inflated in order to verify the integrity of the baffle separating adjacent
compartments. This means that the test must be conducted in two stages in order for all
compartments, and their separating baffles, to be checked under pressure during each
inspection. A soap solution should be applied to accessible seams, fittings, and suspected
defects during this test to identify external leaks. It is recommended that 125 percent of the
operating pressure be employed during annual “stress” tests and that the pressure be
increased to 150 percent of the operating pressure for initial collar inspections, after
significant collar repairs, or when collar condition is questioned by the OCMI.

Route Considerations

b. The allowable route for open boats has traditionally been limited to protected waters where
the seas are minimal and the probability of swamping is low. RHIs, like open boats, offer little
protection to the persons on board from the elements. However, their ability to remain upright
and afloat after being swamped provides a seakeeping advantage over open boats which may
warrant consideration for extending the route beyond protected waters. Since swamping will
expose the passengers and crew to the elements, survival issues such as sea water temperature,
safe refuge proximity, weather patterns, seasonal restrictions, and similar factors should be
elements of the route determination. The allowable route, and any associated operating
restrictions, will be established by the OCMI and communicated to the MSC prior to review.

Construction and Arrangement

c. The minimum collar volume (Vcmin) in cubic feet is specified in the equation below, where
Agy 1s the full load (maximum) displacement of the vessel in long tons.

Vemin =21.0 * App

The equivalent minimum collar buoyancy (Bcmin), in long tons, is obtained by dividing Vcmin
by 35. This guideline does not apply to RHIs with smaller ratios of collar volume to full load
displacement.

d. The minimum internal buoyancy (Bmin), in cubic feet, is calculated by the equation below
where Bc is the actual collar buoyancy in long tons and Ay is the full load (maximum)
displacement of the vessel in long tons.

Bimin = 1.15* AFL' 0.7 * Be
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The volume equivalent, in cubic feet, can be obtained by multiplying Bymin by 35. It should be
noted that Bimin will decrease below 0.73 * ArL as the actual collar buoyancy increases above
the minimum value of 0.6 * ArL. The value of Biminis zero when the collar buoyancy is
approximately 1.57 *ArL. By nature of these equations, the required buoyancy (sum of the
collar and corresponding minimum internal buoyancies) will never be less than 1.33 * ArL.

e. Unless specifically approved by the MSC, the buoyancy afforded by any single sealed
(unvented) void hull compartment must not exceed 15% of the required buoyancy, as defined
in paragraph 4.f above. Larger spaces can be credited for internal buoyancy if they are
subdivided into smaller ones or contain inherently buoyant components which reduce the
buoyancy associated with the “void” portion of the compartment to not more than 15% of the
required buoyancy. The “effective buoyancy” of any foam materials used as internal buoyancy
must be determined in accordance with 46 CFR 179.240.

f. The hulls of RHIs are generally fabricated from aluminum or fiber reinforced plastics
(polymers). As with most small passenger vessels reviewed by the MSC, the structure of the
rigid hull will be reviewed to the ABS High Speed Craft Guide or one of the other recognized
construction standards for vessels built using these materials. In addition, the collar, and its
connection to the hull, must also be shown to have adequate strength as prescribed below.

g. Inflatable collars should be fabricated from marine commercial grade polyurethane,
polyvinyl chloride (PVC), rubber based, or other suitable fabric of proven service, coated on
both sides to make them air tight and resilient in a marine environment. Depending upon the
material, the seams may be either glued or thermo-bonded. The collar material must meet or
exceed the baseline/minimum properties listed below. Justification must be provided before
materials having lesser properties, or with properties established by other test methods, will be
considered. The tests to be used in determining the material properties specified below are
ASTM D751-06 and ASTM D3884-01 (Reapproved 2007).

* Breaking/Tensile Strength: 600 Ibs/in (warp and fill directions) [D751-Procedure B]

* Adhesion Strength: 30.0 lbs/in [D751]

* Tearing Strength: 65 lbs (warp and fill directions) [D751-Procedure B]

 Abrasion Resistance: 2100 cycles with 0.00004 g/cycle loss using H18 wheel and
1000 g load [D3884]

* Puncture Resistance: Screwdriver 200 lbs [D751]

h. The material used on cellular foam collars must be a marine grade closed cell material that is
tough, durable, resilient to abrasion and UV rays from the sun, impact resistant, as well as non-
moisture and non-oil absorbing. Materials with a satisfactory service history or those certified
by a recognized organization as meeting applicable SOLAS rescue boat requirements are
considered acceptable. Other materials will be evaluated on a case by case basis.

1. Inflatable and cellular foam collars will normally be fabricated from combustible materials.
However, they are considered as satisfying the intent of 46 CFR 177 Subpart D as long as they
are not located in an enclosed space or in close proximity to a source of ignition.
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j. The MSC will not approve passenger seating on RHI collars. However, this type of seating
may receive special consideration by the OCMI on the basis of vessel route, service, and /or
special operating conditions in accordance with 46 CFR 175.550. When this type of seating is
shown on a plan, the submitter should be advised that acceptance is reserved pending a final
determination by the OCMI.

k. The inflatable collar thin walled pressure vessel hoop stress (o1,) should be calculated using
the equation below. It must be shown that there is a safety factor of at least 10, based upon the

fill or warp (as applicable) breaking/tensile strength of the collar material.
ohn=P*r/t

In the equation above, oy, is the hoop stress in psi, P is the collar relief valve setting in psi, r is
the collar radius in inches, and t is the fabric thickness in inches.

1. Several methods for connecting the collar to the hull have proven effective in commercial
service. Chemical adhesion (glued) and mechanical attachments such as bolt rope and
fastener/flat bar clamp are examples of proven fastening techniques that may be employed.
These connection methods normally require local reinforcement of the collar material and the
hull in way of the connection. Calculations must be submitted which demonstrate that the
mechanical collar connections and tensile strength of the collar material have a safety factor of
at least 10 based upon the designed collar loading. Calculations demonstrating the adequacy
of glued collar connections must also be provided. Collar loading should be computed using
the following equation:

F= Pd*Ws

Where F is the force per linear inch of collar connection in pounds/inch, Pq4 is the governing
design hull bottom pressure in psi, and Wy is the horizontal distance that the collar extends
outboard from the rigid hull in inches.

m. Inflatable collars can be subdivided into either an odd or even number of individual
compartments. The minimum number of collar compartments is specified in the following
table:

Vessel Length Minimum Number of
in Feet Collar Compartments

20<L <=30 4

30<L <=40 6

40 <L <=50 8

50<L<=65 10

Each collar compartment must be approximately the same volume in accordance with the
following equation:

Compartment Volume = (V¢/N) + 20%
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Vcin the above equation is the actual inflatable collar volume in cubic feet and N is the
number of collar compartments. This volumetric relationship will also establish the maximum
and minimum permissible compartment lengths. Special consideration will be given to the
collars on vessels under 20 feet in length; however, the minimum creditable inflatable collar
compartment length on any vessel is 6 feet. Each compartment must be fitted with one or more
relief valves of suitable capacity to dissipate high speed impact loads without causing damage
to the collar.

Stability in the Intact, Swamped & Damaged Conditions

n. In general, stability tests must be conducted in accordance with reference (c). However, it
may be necessary to reduce the maximum heel angle, below the specified 3 to 4 degree range,
in order to prevent collar submergence or emergence from significantly altering the waterplane
area. In these instances, the pendulum length must be proportionally increased to ensure that
the desired 6 inch pendulum deflection, to each side, is obtained.

o. The applicable intact stability requirements of reference (b) for the intended route and
service must be satisfied. This entails demonstrating compliance with 46 CFR 170.170,
170.173, and 171.050. An additional passenger crowding criteria, specified paragraph in 5.s
below, must also be met.

p. When performing the calculations required by 46 CFR 170.170 and 46 CFR 171.050, the
reference freeboard is the least freeboard in the unheeled condition. The value of “T” is the
smaller of the heel angle resulting in a freeboard equal to 62.5 percent (5/8) of the reference
freeboard or 14 degrees. For the above calculations, vessel trim should remain fixed at the
initial value as the vessel heels. For compliance with 46 CFR 170.173, and when performing
the swamped condition calculations specified in paragraph 5.t below, the vessel should be free
to trim as it heels. Note that this may cause the downflooding point to shift longitudinally
from the initial (zero degree heel) position. In addition, the top of the collar is the "deck edge"
for downflooding purposes. It rotates inboard around the circumference of the collar as the
vessel heels and effectively increases the angle of downflooding relative to the vessel baseline.
The downflooding point should be adjusted to account for both of these changes when
determining compliance with 46 CFR 170.173 and swamped condition criteria. The vertical
and transverse coordinates of this virtual “deck edge” should be recomputed for periodic heel
angles during the righting arm analysis, such as every 5 degrees.

g. The weight of passengers should be taken as 185 pounds per person. When using this
passenger weight, the value of "K" in the equation of 46 CFR 171.050 is 18.16 rather than 24.

r. As noted above, the determination of whether passenger seating will be permitted on the
buoyant collar will be made by the OCMI. However, regardless of this decision, the collars
should be considered as part of the passenger deck area for calculating the passenger heeling
moment in 46 CFR 171.050 and the passenger crowding criteria described in paragraph 5.s
below unless suitable passenger railings are installed at the inboard sides of the collar. The
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minimum passenger vertical center of gravity (VCG) used in the calculations should be 12
inches above collar for seated passengers and 39 inches above the deck for those standing.

s. Calculations must be submitted to demonstrate that the least freeboard is not less than 37.5
percent (3/8) of the maximum collar diameter after applying the passenger crowding condition.
The crowded passenger heeling moment is obtained by distributing the total number of
passengers along the rail, at one side of the vessel, with a distribution of 2 square feet per
person. If suitable passenger railings are not installed, the passenger weight should first be
distributed along the collar, on one side of the vessel, at a spacing of 18 inches per person
(simulates passengers seated on the collar). Any remaining passengers should be distributed
on the deck adjacent to the collar at a distribution of 2.0 square feet per person, with the
outboard boundary located one foot inboard of the collar. Loading conditions involving less
than the maximum number of passengers must be considered if they result in a more severe
vessel heel. The passenger VCG specified above should be used in these calculations.

t. This MTN is based upon the premise that a RHI will float upright and provide a stable
platform for the personnel on board in the swamped condition. Partial swamping must also be
considered if it results in a less stable condition. The following must be satisfied when an
intact RHI becomes swamped, or partially swamped, in any permissible condition of loading:

1. The point of least freeboard must not submerge in the static condition;
2. There should be no appreciable change in vessel heel;

3. The range of positive stability beyond equilibrium must be at least 5 degrees for
protected waters, 10 degrees for partially protected waters, and 15 degrees for exposed
waters;

4. There must be at least 2.82 foot degrees of righting energy from the equilibrium heel
angle to the angle of vanishing stability; and,

5. The maximum righting arm must be at least 0.33 feet.

Additionally, an inflatable collar RHI must also be shown to satisfy items 3 through 5 above
with any one collar compartment deflated (damaged). The least freeboard may be negative
(collar top submerged), but the equilibrium heel angle cannot exceed 10 degrees in the
deflated condition.

u. Each RHI must be equipped with efficient means of pumping/draining water from the hull
confines while at rest and when underway. Compliance with the swamped condition stability
requirements, specified in paragraph 5.t above, is sufficient to exempt sealed hull
compartments from bilge pumping requirements in accordance with 46 CFR 182.500(c).
Sealed (unvented) hull compartments are not required, nor permitted, to have fixed bilge
pumping equipment. Vented void hull compartments fitted with internal buoyancy
components which occupy more than 90 percent of the compartment volume can similarly be
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exempted from fixed bilge system requirements. However, all of these spaces must have
openings, fitted with watertight/air tight covers, which will permit internal inspection and
provide access for a portable bilge pump suction hose. Vessels with self bailing decks may
have the deck drains located in the transom. These drains need not meet the freeing port area
requirements of 46 CFR 178.450 if it can be shown that a fully loaded vessel, in the swamped
condition, will effectively drain or can be mechanically pumped. All required fixed
mechanical and/or portable bilge pumps must comply with 46 CFR 182.500 through 182.530,
insofar as reasonable and practicable, to the satisfaction of the OCMI.
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