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NOTICE
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of Transportation in the interest of information exchange. The United
States Government assumes no liability for its contents or use thereof.

The contents of this report do not necessarily reflect the official view
or policy of the Coast Guard; and they do not constitute a standard,
specification, or regulation.

This report, or portions thereof may not be used for advertising or
sales promotion purposes. Citation of trade names and manufacturers
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V O L U M E  3 - A P P E N D I C E S
T A B L E  O F  C O N T E N T S

SECTION I I I  - DEVELOPMENT OF A TEST METHOD AND MODEL FOR PFD WEARABILI TY AND
ACCESSIBILITY

• APPENDIX Il l-A Variable Definitions and Codes

• APPENDIX Ill-B Wearab ility/Accessibility Study Crosstabulations

- Cross tabu la ti on with NV 1
- Crosstabulation wi th V 29

- Cross tabula tlon w ith NV 5
- Crosstabulation with NV 15

- Crosstabulation with NV 16
- Crosstabulation wi th NV 8

SECTION V - DEVELOPMENT OF RELIABILITY TEST METHODOLOGY FOR PFDS

• APPENDIX V(A)-A Review of Factors Relevant to Establishing A
Methodology for Determining the Reliability
of PFDs

• APPENDIX V(A)-B Plans , Procedures , and Techniques for
Accelera ted Agi ng an d Rel i ab ility Assessmen t
of In heren tly Buoyan t PFDs

• APPENDIX V(A)-C Factors Affecting PFD Buoyancy

SECTION VI - THE ACCIDENT RECOVERY MODEL (ARM)

• APPENDIX VI—A ARM Analyst ’s Guide

• APPENDIX VI-B Theoretical Exploration of Extreme LSI Values

• APPENDIX VI-C Example Contingency Tables Used in Selecting
C-Variables for Use in Multistate Benefi t
Calcula ti ons

SECTION VII  - ANALYSIS OF THE LIFE-SAVING INDEX (LSI) SYSTEM

• APPENDIX VII-A Cost Benefit for Minimum LSI Applied to
Al l Dev ices
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D E V E L O P M E N T  O F  A T E S T  M E T H O D

A N D  M O D E L  F O R  P F D

W E A R A B I L I T Y  A N D  A C C E S S I B I L I T Y

• APPENDIX Ill-A Variable Definitions and Codes

• APPENDIX Ill-B Wearability/Accessibility Study Crosstabulations
- Crosstabulat ion with NV 1
- Crosstabulatlon with V 29

- Crosstabulatlon with NV 5

- Crosstabulatlon wi th NV 15
- Crosstabulation with NV 16
- Crosstabulation with NV 8
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APPENDIX Ill-A. VARIABLE DEFINITIONS AND CODES

NV 1 Pro por ti on of time can did ate PFD was worn .
Code NV 1

1 >0.75
2 0.50 to 0.75
3 0.10 to 0.50
4 0.01 to 0.10
5 ~ O.Ol

V 29 Reported customary rate of PFD wear (proportion of time )
Codes same as NV 1

NV 5 Proportion of time candidate PFD was accessible or worn .

Codes same as NV 1

NV 15 Una djusted wearab i l ity factor score (F w)
Code Fw
0 <-2.75
1 :2.75 to -1.56
2 -1.56 to —0.36
3 -0.36 to 0.83
4 0.83 to 2.03
5 2.03 to 3.22
6 3.22 to 4.41
7 >4.41

NV 16 Unadjusted accessibility factor score (FA)

Code FA
2 <-4.53
4 4.53 to -2.54
6 -2.54 to —0.56
8 -0.56 to 1.43

10 >1.43

NV 8 Kind of PFDs tested - placed in one of five categories:

1. Throwables and devices intended for emergency wear only.

2. Wearable devices which are bul ky and unattractive .

3. Yoke or collar type inflatable devices.
4. Vests and jackets.
5. Belt-type devices.
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NV 9-NV 14 Boaters ’ attitudes *

Code NV 9, ..., NV 14
1 0 to 0.333
2 0.334 to 0.666
3 0.667 to 1.0

NV 6 Boating Safety Education

Code NV 6

0 None
1 Completed 1 or more courses

Codes for boating activities (V 54 to V 64)

Code Mean i~~
1 Engaged in the activity shown
2 Did not engage in the activity

*

Designation and
Attitude Dimension Method of Computation

Positive about keeping PFDs accessible NV9 = l/iO(V30 + V38 - 2)
Positive about wearing PFD in rough NV1O 1/20(V31 + V35 + V41 - V45 + 3)
conditions
Bel ieves PFDs are h ig hl y effective NV 1 1 = l /15(V 32 - V37 - V42 + 11)
and reliabl e
Bel ieves he/she needs a PFD in the NV1 2 = l/20(V33 - V44 - V46 + V52 + 10)
water
Image (feels positive about wearing NV13 = 1/40(V34 - V36 + V39 - V40 + V48
a PFD an d others who wear PFDs ) - V49 - V50 - V5 1 + 27)
Positive about wearing PFDs NV14 = l/1O(V47 - V43 + 5)
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APPENDIX 111-B

Wearability/Acces sibility Study
Crosstabu lat ions

Crosstabulati on with NV I
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APPENDIX 111-B

Wearability/Accessibility Study
Crosstabula ti ons

Crosstabulation with NV 15
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REVIEW OF FACTORS RELEVANT TO ESTABLISHING
A METHODOLOGY FOR DETERMINING THE RELIABILITY OF PFDs

1. INTRODUCTION AND OUTLINE OF RELIABILITY PROBLEMS

The development of reliability engineering as a separate discipline has increased rapidly

in recent years. The development of this discipline was necessary in order to obtain the

high degree of reliability required by space—age systems . Most work in the area of

rd lability has centered on determining the rd lability of hardware systems . It is our

intent to apply the techniques and metholdolgy developed by reliability engineer ing

10 the problem of reliability of PFDs .

The problem of determining the reliability of a PFD is an extremely complex one. The issue is

complicated by a multitude of factors . The major ones are outlined as follows:

1. Current requirements for PFDs are not defined in terms of the intended mission

of the PFD . PF Ds are now required to provide 15.5 lb (7.03 kg) of buoyancy

(Type u s and Ills) for a period of 24 hours (48 hours for fibrous buoyant materials) .

Little justif ication could be found for these requirements nor could a consensus

be found among other users of PFDs (FAA and foreign countries) as to what are

justi fiable requirements for a PFD. In order for an accurate prediction of the

re~iobility of a PFD to be made, the intended mission of the PFD must be

accurate ly defined.

2. The definition of a PFD failure should be as consistent as possible with the

definition of what constitutes a reliable PFD . The criteria for designing a

re liable PFD should be able to reflect the PFD reliability definition. Some

results on the test ing of kapok PFDs (References 9 and 15) have suggested

some design guidelines for kapok PFDs .
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3. Any program for developing a reliability methodology must take into account

the large number of factors . For instance, the design of a methodology for
predicting the reliability of a PFD using foam as a buoyancy medium could be
noticeably different from the methodology used for kapok PFDs . This would
be due not only to the construction and material differences but to the different
types of usage each might rece ive . In order to be meaningful , reliability
tests must reflect normal use conditions and characteristics of that particular
PFD. In order to do this, t is necessary to define the requirements c~f the
PFD in terms of mission anduseful life criteria and thet , design the reliability
tests accordingly. This view is supported by W. Yurkowsky, an expert in
the field of reliability engineering.

“Stresses that will not be experienced during actual use or which will
change the physical state of a product’s materials could but will not
likely yield mean ingful results. ” (Reference 1)

4. In order for test procedures to be used to qualify a product for re liability,
these test procedures must be able to predict the performance of a product
after a period of usage. Quality control testing is designed to determine
whether a product meets a set of spec ifications . It is not intended to be
used to predict the reliability of a product . A clear distinction must be
made between these two concepts.
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5. Very little information could be found on the subject of accelerated aging of
PFDs . The information discovered was found to be weak j r types of tests used

and in the development of correlations with norma l aging . The importance of

having valid engineering assumptions in accelerated aging is underscored again

by Yurk~wsky.

“Sound engineering assumptions are required in order to select stresses
and stress levels which will most likely result in the specification of a
valid accelerated test method.” (Reference 1)
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2.0 OBJECTIVES

The objective of this Uterature review is to provide a background on which to build

a rel iability program for PFDs . The long—term goal for reliability is in being able

to provide a criteria and methodology that will be used by manufacturers in providing

the recreational boating public with a safe and effective PFD . A number of areas are

to be reviewed for relevant information. These areas can be defined as follows:

1. An extensive review of possible PFD reUability definitions and information

relevant to these definitions in order to arrive at a consensus as to the definition

of a reliable PFD.

2. A review of past work to determine the important stressors on PFDs and the

subsequent PFD failure modes .

3. A review of currently used reliability test procedures in an attempt to evaluate

the validity of these tests .

4. A review of any PFD accelerated aging that has been done previously, an

evaluation of the validity of this work , and the application of any meaningful

results to Wyle ’s accelerated aging program .

5. A review of accelerated aging methodologies currently available for possible

use in Wyle ’s accelerated aging program.

Figure 1 shows how this information will feed into the reliability program.
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PROBLEM DEFINITION
LONG AND SHORT

TERM GOALS

‘I
LITERATURE SEARCH — PURPOSE — FIND PAST WORK ON:

I. DEFINITIONS AND INFORMATION RELEVANT TO
PFD RELIABILITY

2. IDENTIFYING IMPORTANT STRESSORS AND
FAILURE MODES

3. RELIABILITY TEST PROCEDURES USED CURRENTLY
4. ACCELERATED AGING OF PFDs
5. ACCELERATED AGING METHODOLOGY

_ _

‘I
TESTING PROGRAM

FIGURE 1. PFD RELIABILITY INFORMATION INPUT.
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3.0 PFD RELIABILITY DEFINITION

In general, the reliability ~f a device is the probability that it will operate successfull y for a
specified period of time and under specified conditions when used in the manner and for the
purpose intended.

A more specific definiflon * of PFD reliability can be derived from this general definition .
Reliability of a PFD is the probability that the PFD will provide sufficient buoyancy (TBD **
pounds of buoyancy) to support 95% of the male population, fully clothed, under less than
idea l conditions for a period of ten hours and be able to provide such support for a minimum
of TBD years .

From this definition, it can be seen that several areas need to be considered . Three questions
in parti cular need to be answered:

1. How much minimum buoyancy is required of a PFD to protect a certai n per-
centage of the population?

2. For how long should the PFD provide this buoyancy (mission requirement)?
3. W1,at should the useful life of the PFD be?

The current buoyancy requirement of 15.5 lb (7.03 kg) for Type H and HI PFDs has evolved as
a result of various trade—offs between wearability and effectiveness of a PFD. The Type II
PFD was derived from the Type I PFD by decreas ing the buoyancy requirement in order to
increase wearability. In order to formulate a useful definition of reliabilit y, the minimum
buoyancy requirement must be based upon a consideration of PFD effectiveness alone, rather

than a compromise between effecti veness and wearability.

The buoyancy requirements necessary to support various portions of the population are reported
in Bcoz and Allen (1968) (Reference 2). Wh le this data has been cited in Booz and Al len (1968),

* This report will deal with the reliability of adult PFDs only (> 90 lb (40.82 kg)) . Even
though medium and child size PFDS are not dealt with in this report, the logic for deriving
the reliability of smaller size PFDs would be virtually the same .

** To Be Determi ned
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it was taken from a 1946 study performed by Mellon Institute of Industrial Research (Fellowshi p

No. 316B— 1). Figure 2 shows the buoyancy requirements for various percentages of the adult

male population . The adult mole population was chosen as this represents the ~worst case

condition .” In Figure 2 , the two lines represent necessary buoyancy requirements for two

conditions; the basic requirement for a non—clorhed individual under ideal conditions (non—

stressful ) and the requi rements for a clothed individual under less than ideal conditions . Booz

and Allen recommend that an additional five pounds (2.27 kg) of buoyancy be required to

account for clothing and that an additional one to two and one—half pounds (0.45—1. 13 kg)

buoyancy be added to account for the effects of increased exhalation due to panic or exertion.

As con be seen from this figure, the current Coast Guard requi rement of 15.5 lb (7.03 kg) of

buoyancy supports 95% of the adult male population under non—clothed and ideal conditions .

If, however, less than ideal conditions are encountered by on individual , the percentage of

population covered by this 15.5 lb (7.03 kg) requirement drops to 25%. In order for a PFD

to support 95% of the adult male population in less than ideal conditions, the buoyancy

requirement rises to 22.5 lb (10.20 kg).

The problem of determining the required buoyancy for a reliable PFD will also be addressed

during Phase II of the physica l effectiveness portion of Wyle’s PFD research. Using the

results from this current research combined with the above mentioned previous research , a

recommendation wil l be made by Wyle Laboratories as to a proper buoyancy requirement .

Besides setti ng a buoyancy requirement for PFDs , it is necessary to define the time that a

PFD will be required to provide this buoyancy. Current Coast Guard requirements specify

that a PFD shall still provide the required buoyancy after 24 hours submergence (24 hours

for non—fibrous buoyant materials and 48 hours for fibrous buoyant materials) . This ti me

requirement needs to be reviewed and redefined in terms of the reliability defin tion . In

order for the rel iability definition to be valid, the time requirement must ref lect the intended

use of the PFD. The intended us~ of the various types of PFDS has been defined recently by

Rear Admiral D.F. Lauth, Chief of the Offlce of Boating Safety. Admiral Lauth states that:

“The Type El and Il l devices are recommended for use where there is a probability of
quick rescue , such as areas where boati ng, fishing and other water activities are
likely to occur. ” (Reference 3)
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In order to quantify the phrase ‘probability of quick rescue ,’ it was necessary to find out

how long a person normall y spends in the water due to an accident . This data was available

from ARM4 (Reference 4). Figure 3 gives an anal ysis of accident recovery victi ms in terms

of the percentage of people recovered in “X” minutes or less . The graph shows that almost

95% of acci dent victi ms are recovered within 600 minutes (10 hours) or less . Therefore, it

is recommended that the lengt . ~if time a PFD must perform in the water (mission requirement)

be limited to ten hours .

The last part of the reliability definition is that dealing with the useful life of the PFD. The

useful life of the PFD shall be defined by the Coast Guard. Using the accelerated aging

program developed, it wi ll be possible to determine whether a manufacturer ’s PFDs are conform ng

to the Coast Guard’s requirement for the useful life of the PFD. This requirment combined with

manufacturer’s quality control procedures would provide a meaningful criteria for evaluating PFDs .

A two step procedure is recommended to determine whether a PFD meets both qualit y contro l

standards and a useful life criteria . This procedure is outlined in Figure 4 and 5. Test one

would involve determining the quality of a randomly selected group of new PEDs from the

manufacturer by testing for inftiai quality control (i.e., providing TBD pounds of

buoyancy for ten hours) and determining a percentage passing . If the percentage passi ng this

initial test is greater than some minimum percentage established by the Coast Guard, then the

PFDs would pass the quality control phase .

Test two would involve testing PFDs to determine whether they pass the Coast Guard’s requi re-

ment of minimum acceptable usable life . From the accelerated aging program (Reference 5),

it will be possible to determine how much accelerated wear (y cycles) will correspond to normal

usage (n years). Thus, if the Coast Guard specif ys that a PFD should on the average last n

years, the PFD manufacturer will be able to expose his PFDs to a corresponding y cycles in

accelerated aging to simulate this natural aging process . After the aging process , the PFDs

will be tested for mission requirements . if the percentage that pass this second test is less than

some minimum requirement set by the Coast Guard, then this manufacturer ’s PFDs would foi l

the approval process also. In order for a manufacturer ’s PFDs to be acceptable , it would be

recommended that his group of PFDs pass bath the quality control and usable life requi rements .
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4.0 REVIEW OF PAST WORK ON THE EFFECT OF STRESSORS
ON BUOYANT MATERIA LS AND PFDs

The following IS a summary of the various buoyant materials used in PFDs and the effects of

any stressors that hove been observed or tested for .

Kapok

Kapok , a ce llular material fiber with inherent buoyancy characteristics , is one of the

oldest of the buoyant materials used in PFDs and thus the most extensivel y observed and

tested of current ly used buoyant mediums . The kapok used in PFDs now is enclosed in

a f lexible vinyl plastic covering to protect it from harmful stressors .

The oldest study found was performed by the U.S. Coast Guard (Reference 6) to determine the

effects on buoyancy of exposure of kapok life jackets to various periods of simulated tropical

and te mperate stowage conditions . The results showed that life jackets with kapok enclosed

in vinyl envelopes lost on the average 46% of their original buoyancy after only six months

exposure to “s mt’ ated” tropical stowage conditions . Exposure to temperate stowage conditions

showed losses of 5% of thei r original buoyancy. The reasons for this loss of buoyancy were

attributed to both loss of volume of the vi nyl envelopes and the wadding and packing of the

kapok within the envelopes . No relationshi p was established between these si mulated

tropical stowage conditions and actual tropical stowage conditions .

A study was also performed by the Coast Guard (Reference 7) to determine the effects of exposure

of new and used kapok filled life preservers (without plasti c liners) to agitation in water , water

and oil, and water and gas mixtures. The resultant losses in buoyancy of the life preservers due

to exposure to these conditions were measured. The results showed that exposure of new and

used kapok PFDs to water agitation for a twelve hour period resulted in losses of buoyancy

averaging 19% of their original buoyancy. The used life jackets showed a buoyancy loss

of 2— 3 lb (0.91—1.36 kg) greater than the new jackets . Exposure of used kapok PFDs to

mixtures of water and gos and water and oil resulted in much greater losses averaging almost

69% of their original buoyancy. Earlier results had indicated that new PFDs did not

experience as great a loss as the used ones .
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These results suggest that: 1) New PFDs survived the exposure conditions better than the used
ones . This result can probably be attributed to decrease in the effectiveness of the cover
fabric repellant chemical . Since the histories of the used jackets were not documented, it
was impossible to attribute the loss to any particular type of stowage or usage . 2) The exposure
of kapok to oil and gas will accelerate the loss of buoyancy of the kapok.

An informal examination of kapok life jackets was made recently by a Canadian Committee on
Life Jackets (Reference 8). The committee collected a group of life jackets whose age was in
excess of ten years and examined them for possible failure modes. The committee pointed out
several areas that could contribute to loss of buoyancy:

1. Severe deterioration of the covering fabric and splitting and cracking of the
vinyl envelopes .

2. Possible mildew attack on the kapok .
3. Possibility of an interaction between the vinyl plast ic and kapok contributing

to deterioration of both .

The committee also pointed out , however, that “there was no evidence of any breakdown of
the kapok fibers under these conditions .”

A brief investigation was performed by Wyle researchers (Reference 9) to determi ne the effect
on buoyancy of puncture of the vinyl envelope . A sample of Type IV PFDs that hod been failed
by local Coast Guard units were selected for analysis. The cushions were cut open and the
vinyl envelopes of kapok removed. Buoyancy measurements were taken of the envelopes in a
dry state and then the envelopes were slit and soaked in water for ten hours . The subsequent
measurements revealed an average loss of buoyancy of 25% from the dry uncut stage . The
usefulness of this result from a design and manufacturi ng standpoint are discussed.

Fibrous Glass

Fibrous glass is similar to kapok in that both are usually enclosed within vinyl plastic bags.
Therefore , many of the problems mentioned before with kapok PFDs would possIbly apply to
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fibrous glass PFDs . The one study PReference 6) found suggests that the loss of buoyancy after

• exposure is not quite as severe as in kapok . The results of tests showed that exposure of the

f ibrous glass PFDs to “simulated” trop ical stowage conditions for a period of up to one year

resulted in losses of buoyancy of between 6-16% of their or iginal buoyancy. More extensive

testing is needed.

Foam Filled PFDs

Of the various foam products on the market , polyvinyl chloride (PVC) and polyethylene are

the two showing the most extensive use for flotation purposes today .

Vinyl Foams

‘vinyl foams vary extensivel y in their physical properties . Vinyl foams can be made
into a soft , closed—cell form which has excellent properties as a buoyant medium.
The most popular of these is polyvinyl chloride (PVC).

The three classifications of PVC foams are Types A , B, and C. Type A PVC foam can
be used on all PFD types . Type B PVC foam is restricted for use on Type II and III
PFDs . Type C PVC foam is intended for use only on Type IV PFDs . The major difference
5etween these foams is in their fire retardant ability . The majo r manufacturers of these

foams ore listed in Appendix A.

The earliest known study done on PVC (the exact type was not specified) was the Coast
Guard’s study on the effects of tropical stowage of life jackets (Reference 6). After one

year’s exposure under “s mulated” tropical stowage conditions, the overage percentage
loss in buoyancy was almost 9%. After one year’s exposure under temperate stowage

condllflons, the overage percentage loss in buoyancy was almost 6%. It appears that

most of the lass in buoyancy for both conditions occurred during the first six months .

In 1965, sample lots of B.F. Goodrich’s Type A, B, and C foams were tested for
compliance with Subpart 764 .015 dated September 8, 1965, of 46 CRF, Specification
for Plastic Foam, Unicellular Buoyant, Sheet and Molded Shapes (References 10 and 11).

The results showed that the Type B foam failed the test for volume loss on heat aging.
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Though this test was never directly related to loss of buoyancy, this indicates that
S further testi ng is warranted to determine the relationship that actually ex ists

between heat exposure and loss of buoyancy.

In addition to the literature search performed, major manufacturers of flotation materials
were contacted to find out the effects of environmental stressors on their product and
the type of testing used (see Appendix A for a complete list of manufacturers contacted) .
All manufacturers of PVC foams reported limited testing of thei r foams for effects of

envi ronmental stressors .

Polyethylene

Polyethylene is the other flotation foam that has received wide acceptance as a buoyant
material for personnel flotation devices . Of the various polyethylene foams available,
the low—density foam was found to have acceptable physical properties for use in PFDs .
The major types of polyethylene foams found in use ore : Dow ’s Ethafoam, Voltek’s
Volara A and E and Minicell , and Gilman’s Surlyn.

In 1962, the Coast Guard sponsored a study of the effects of two usage environments
on the buoyancy of Dow ’s Ethafoam (Reference 12). The study consisted of taldng initial
buoyancy measurements on twelve PFDs, storing two under a controlled air—conditioned
situation, and distributi ng five each for a year’s use by Coast Guard units in New York
and Miami . The results showed the average loss of buoyancy for PFDs in New York at
4.1% of the original buoyancy; in Miami at 3.9% of the original buoyancy. The loss of
buoyancy for PFDs stored in the control environment was 2.5% of the original buoyancy.
No relationship was demonstrated between service and exposure and loss of buoyancy.

The only other testing found on the effects of environmental stressors on polyethylene
was a weatheromefer test of Voltek ’s Volara flotation material (Reference 13) . This
test was performed by University of Lowell , Lowell , Massachusetts , using an Atlas
Weatherometer. Various types of Voltek’s flotation material and a PVC foam were
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exposed to combinations of light and spray for varying periods of time . Tests were

made for characteristics such as tensile strength, elongation and tear resistance. The

polyethylene showed much less wear (cracking) than the PVC foam. No tests were

performed for loss of buoyancy . Also , no correlation was demonstrated or implied

between this accelerated aging method and natural aging.

These results can best be used to point up problem areas in flotation materials. However ,

more systematic and statisticall y significant results must be gathered in order to develop

effective and valid reliability test methods .

- 
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5.0 REVIEW OF CURRE NT TEST METHODS

H The purpose of this section is to review the methods currently used in testi ng PFDs for reliability

and to review any accelerated aging methodology that would be useful .

Contact was made with Canadian and Australian governments and two German testi ng organi-

zations to assess the state of their PFD reliability program (Appendix A). The Australian testing

program provided tests for resistance to corrosion, crushing, heat , petroleum products and flame .

While several of these tests were related to percentage loss of buoyancy, no justification could

be found for the use of these tests as they relate to the recreational boating environment . The
0 0heat test of 60 ÷ 2 C for 168 hours IS si m, tar to that recommended by ASTM standards .

Canadian standards use tests For breaking strength and elongation, tear resistance and buoyancy

after heat aging. The buoyancy after heat aging test is similar to the Australian and ASTM

standards in that both an initial buoyancy and then a percentage loss of buoyancy after

exposure to 60° ± 3°C for 168 hours is determined . No justification in terms of representative

conditions found in recreational boating could be found for these tests either.

In addition to the Canadian and Australian governments contacted, two German testing groups

were contacted (see Appendix A). Responses were received from these organizations, but

a review of their recommended references showed nothing that would be of interest .

Several manufacturers of buoyant foams reported that ASTM testi ng methods are used in

testi ng their products . These were reviewed for relevant material:

ASTM D—1667—70 — This specification lists several general tests that are recommended

for closed—cel l polyvinyl chloride foams . General methods for determining compression

deflection, compression set under constant deflection, volume change on heat aging,

low temperature test , water absorption and density are outlined.

ASTM D—1056—73 — This specification covers some tests for flexible cellular materials —
sponge or expanded rubber . Tests included are general physical test requirement ,

aging tes t , compression set , fluid imme rsion and low temperature test .
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ASTM G—23 through G-27 - These are recommended practices that cover basic principles

and standard operat ing procedures for light and water exposure apparatus .

These tests may provide a useful index of the general characteristics and quality of the tested

materia l; however , they are of little use in developing test methods to predict the reliability

of PFDs under recreational boati ng conditions . These tests are only useful when used in

conjunction with test results From natural aging, otherwise they correlate to nothing and thus

mean nothing. ASTM recognizes this and says , “. . .While useful for other purposes , results

obtained by the use of this recommended practice should not be represented as equivalent to

those of any natural weathering test or tests until the degree of such correlation, if any, has

been established for each material .”

Another source of information on general and accelerated testi ng were Military Test Procedure

(MTP) 6—2—532—Sunshine Test and MIL—STD—8 lO—Envi ronmental Test Methods . These methods

are again quite general and thus preclude detailed coverage of any specific item. These

methods mak e no attempt to correlate to any natural aging.

In 1946 (Reference 14), the Coast Guard developed an apparatus for accelerating wear of

life jackets . The device, called the Lucas Life Jacket Testing Machine , drags life jacket

clad dummies through an obstacle course to simulate wear conditions that jackets might meet

in actual conditions . However , the problem was again found to be “ ...no corre lation has

been demonstrated between the accelerated wear given in the Lucas Machi ne to actual ship—

board wear

As was mentioned before , a more recent study (Reference 13) was sponsored by Voltek to test

flotation materials in an accelerated weathering apparatus called the Atlas Weatherometer .

The accelerated weathering consisted of various cycles of light and spray . After exposure to

this weathering for different durations, the flotation material was tested for elongation, tensi le

and te& resistance . The problems with this test were : 1) no attempt was mode to measure loss

of buoyancy with aging, and 2) no attempt was made to correlate the accelero meter aging with

natural aging.
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Underwriter ’s Laboratories has recently published U.L. 1191 — Specifications for Buoyant

Materials . This standard recommends that testi ng for the effect on buoyancy of heat aging,

compression, and oi l immersion be performed. The standard also recommends tests for tensile

strength and flexibility. The problem with U.L. 1191 is si milar to those discussed previously.

Apparently, no attempt was made to determi ne whether the tests are representative of natural

conditions .
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6.0 CONCLUSIONS

The review of testi ng done on flotation materials and PFDs revealed that most tests were of an

observational and qualitative nature . That testi ng which did produce quantitative resu lts was

not organized and performed in a manner which led to statisticall y reliable or representati ve

findings . Therefore, previous testi ng on flotation materials and PFDs can only be taken as an

indication of problem areas .

The results of the studies on the use of kapok as a flotation material hove indicated that failures

(loss of buoyancy) may occur as a result of either loss of the water—ti ght vinyl envelope or loss

of the inherent buoyancy of the kapok. Loss of the water—ti ght vinyl envelope could be caused

by puncture, repeated compress ion, drying and cracking of the envelope or a combi nation of

these factors . Loss of the inherent buoyancy of the kapok could be caused by breakdown of

kapok fibers , mildew, wadding of the kapok , and possible interaction of vinyl and kapok .

Current evidence suggests that the breakdown of the vinyl envelope is a greater problem than

the loss of the inherent buoyancy of the kapok . If this is the case , design strategies can be

applied to solve the problem (Reference 9). Research is needed to pinpoint the problem .

Fibrous glass presents a problem si milar to kapok PFDs in that the fibrous glass is also enclosed

withi n a vinyl envelope . Very little is known on factors affecting the inherent buoyancy of

fibrous glass . The methodology employed to improve the design of kapok PFDs could also be

used on fibrous glass PFDs .

The results of the review of studies on polyvinyl chloride (PVC) foams suggest that heat and

light could hove a degrading effect on the foam material . Testing is needed to determi ne the

effects of these stressors on buoyancy.

Preliminary testi ng on the use of polyethylene foam PFDS under one year’s actual use showed

that the PFDs demonstrated very little loss in buoyancy. Further testi ng is also needed here .
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Due to the lock of information on stressors that contribute to the failure of PFDs , i’r is necessary

to design experi ments that wil t point out the environmental stressors and any interact ions of

stressors that degrade PFDs . The information from these experi ments is necessary in order to

make sound engineering judgments as to the type and level of stresso rs to be used in developing

the accelerated aging program.

The results of the literature search on PFD testi ng revealed two main problems with previous
testing:

1. The type of tests used on PFDs failed to test for conditions representative of

what a PFD would normally be exposed to.

2. The accelerated tests failed to reflect the total spectrum of environmental

and usage stresso rs that a PFD might be exposed to nor did they attempt to

relate accelerated stressors to normal stressors (aging).

In order for a program on reliability to produce meaningful and useful results , these two

problems must be remedied . Failure to remedy the above problems would produce meaningless

and useless results because the question of how the PFD stands up to “real—world” environmental

and usage stressors will not hove been answered . The use of tests that do not address these

problems will only increase the cost of the PFD through unnecessary test ing and design require—

ments . The application of the principles outl ined in this report could result in testing require—

ments for PFDs which are less stringent and less complicated than current test procedures .
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APPENDIX A e LIST OF MANUFACTURERS AND TESTING GROUPS CONTACTED

Organization Product Comments

Airex , A.G. PVC Foam Type S30.5 No Response to Letter

Dow Chemical Company Polyethylene Foam - Letter and Telephone Contact
Ethafoam

Gentex Corporation Type A Foam Telephone Contact

G tman Corporation Polyethylene Sheet — Telephone Contact
Surlyn

Housatonic Everfloat Company Type A and C PVC Foam Telephone Contact

Inmont Corporation PVC Foam Telephone Contact

Marine Flotation Products, Type A, B, and C Telephone Contact
Incorporated PVC Foam

Rubatex Corporation Type A Foam Telephone Contact

Voltek , Incorporated Polyethylene - Telephone Contact
Volora A, Volara E,
Minicell

Uniroyal, Incorporated Type A PVC Foam - Telephone and Letter Contact
Enso Ii te

Bernhard—Nocht—Institute Testi ng Letter Response
(West Germany)

Isitut Fur Warenprufung Und Testi ng Letter Response
Qualitutsuberwachung
(West Germany)

I
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PREFACE

The purpose of this Technical Brief is to provide G—DSA with an outline of
Wyle ’s approach and methodology for assessing the reliability of new and/or
exist ing PFDs and for predicting their reliability due to aging .

An extensive literature search was performed by Mr. Michael Pfauth and will
be presented in a Forthcoming companion Technical Brief. Through Mr. Pfauth ’s
analysis of the purpose and intent of the aging plan, outlined herein, the

Environmental Profile Data Sheet was derived to provide a vehicle for gathering
and recording relevant environmental and usage data . This is a key item Tn

the sample population screening .
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PLANS, PROCEDURES, AND TECHNIQUES FOR
ACCELERATED AGING AND RELIABILITY ASSESSMENT

OF INHERENTLY BUOYANT PFDs

1 .0 INTRO DUCTION

The problem of determining the reliability of PFDs is a complex one because of the following

complications:

1. Many different types of flotation material s are used for a given

PFD type.

2. There are many manufacturers employing different manufacturing

techniques with varying degrees of quality control .

3. Buoyancy requirements (i.e. 15.5 lb) to which a PFD type is designed

and manufactured presentl y represent a compromise (trade—off) between

buoyancy and wearability . These buoyancy requirements are, there-

fore, inconsistent in their relationship to a given percentage of the

population , thus forcing a very flexible definition of what constitutes

a reliable PFD.

4. Previous and current testing of PFDs has had no significant relationship

to real worl d usage and environmental effect s and subsequently little

to do with product outgoing quality acceptance tests and their rela—

tionship w ith the product reliability.

Before getting into the purpose of this Technical Brief, which is to present a rational e and a

methodology for accelerated aging of inherently buoyant PFDs, a few background ideas and

def initions are in order.

• Definition of PFD Reliability

In general , reliability of a device is the probability that it will operate successfull y for a

specified period of time and under specified conditions when used in the manner and for the

purpose intended.
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A more specific definition of reliability as applied to PFDs was derived. Reliability of a

PFD is the probability that the PFD will provide sufficient buoyanct to support 95% of the

male population fully clothed ( *  pounds of buoyancy ) for a period of 10 hours** and be

able to provide such support for a minimum of *~~~* years.

The buoyancy required to support 95% of the fully clothed male population is approximately

22 .5 pounds while that required to support 99% is 24 pounds (Reference 1). While this data

has been cited in Reference 1, it was taken from a 1946 study performed by Mellon Institute

of Industrial Research (Fellowship Number 316B— 1) and will be verified in the physical effec-

tiveness port ion of the PFD study.

There are three implications that can be derived from the above definition as follows:

• A failure occurs when the PFD does not have the capability of

supporting 95% of the fully clothed male population or, in other

words, prov iding (TBD) pounds of buoyancy for 10 hours.

• Maltreatment of a PFD beyond the designed purpose and intent

could result in the PFD’ s inability to perform its function. Occur-

rences of such treatment should not constitute Failures as these

random—type events are independent of quality of manufacturing,

materials, design speci fications, environmental factors , and normal

usage and degradation.

• Sufficient buoyancy must be provided initially to accommodate

buoyancy loss due to degradation with age so that the minimum

buoyancy remains for (TBD) years of useful life .

With most hardware items, components, and systems, the definition of a failure is less subjec-

t ive and is often recognized by a discrete event such as inadvertent termination of operation.

Also, it is often a binary situation where the device either functions or does not function.

However, in other cases, total cessat ion of operation s not essential for the item to be

* To be determined .
** The 10 hours was derived by Mr. C. Stiehl and Dr. 1. Doll of Wyle Laboratories

from ARM4 data .
To be determined.
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def ined as having failed but rather a sufficient amount of degradation in its performance can

signify a failure. PFDs resemble the latter case in that a minimum effective buoyancy (TBD)

is required for a minimum number of years (TBD). The definition of reliability for PFDs has

been carefull y constructed so that is encompasses both the mission reliability (short term ) of

providing * pounds of buoyancy for 10 hours and the required life (long term) in years for

which the PFD will have to be able to provide that mission reliability.

* lo be determined.
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2.0 STRESSOR MODELING

The environmental stressor modeling, designated as Phase 1* for work breakdown purposes,
invol ves eight major steps. Figure 1 is a flowchart showing the sequence of the major
activities. Each of the eight steps will be discussed in the fol lowing sections.

Step 1 — Selection Criteria

The intent of this step is to narrow down the scope of the analysis to a manageable size by a

screening process. Figure 2 shows that within the conventional categories by type, t here

are many similarities based on the flotation materials used. A particular flotation material

may be found in all four types of PFDs. Another important factor in the selection process

invol ves possible differences in a PFD’ s performance due to manufacturing techniques . It is

felt that this variance can be minimized by testing only a particular brand within a given

type/style/flotation material grouping at a t ime . If one manufacturer ’s products are more

prone to failure than another, it will become apparent.

Step 2 — Stressors Identificaflon

The most apparent and obvious stressors that potential ly have an effect on the degradation of
PFDs and subsequently their reliability are the fol lowing:

a. Solar radiation (primarily ultraviolet light)

b. Temperature (high and low geographic reg ional excurSions)

c. Humidity -
d. Salt spray

e. Water/moisture (wetting and d7ing cycles)

F. Other factors (possibly mildew)

Step 3 — Env ronmental Profile Data Sheet

This is a very crucial step in the stressor madeliç~g process. The development of this item

requires a thorough analysis of a large number of possible situations and tentative answers

* Phase I (and also Phase II) as used in this Technical Brief hcve reference to the scope of the
act ivities defined and discussed herein and should not be mistaken for the Phase I PFD study
w hich was completed in July 1976.
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or solutions in the event of their occurrences . It represents the basi c scheme for gathering

essential data on individual environmental stressor history for a particular PFD and data

consolidation for the sample population . Since the primary purpose of the data sheet is to

provide a vehicle for assuring that the essential details for environmental stressors are not

neglected, it must have sufficient depth to enable a real istic simulation of the environment

to be obtained. Many of the data cells on the data sheet are mutually exc lusive thereby

reducing or, in some cases, eliminating certain data cells. The Environmental Profile Data

Sheet is exhibited in Figure 3.

Step 4 — Selection

In this step of the environmental stressor modeling flow, a segment of the overall PFD popu-

lation is screened and selected . The individual units of this sample population of a specific

type, style, manufacturer , and flotation mater ial must be the same age and experience

somewhat the same environmental factors and usage factors. Such a sample population will

provide a data point on a reliability versus time plot . At least two such sample age groups

wi ll be required for the analysis. One group of age (n) and the second of age (n+x).

Step 5 — New Population

For purposes of the reliability analysis, it is apparent that this population must be identical

to the two sample populations of ages (n) and (n+x) years . That is , it must be of the same

type, manufacturer, style, and flotation material . This sample population will enable the

reliabH ty to be determined For a new population. A degradation—with—age function, thus,
can be constructed from the three age group samples (0—years, n—years , and (n-Fx)—years).

Such a function would resemble the one illustrated in Figure 4. This step (Step 5, Phase I)

does not require the buoyancy measurement nor a reliability assessment of the three sample

populations. These are required in Step 6 of Phase II, the accelerated aging process , and

both will be discussed there.

Step 6 — Historical Data

This is a key step in environmental stressor modeling process. As stated in Step 3, the data

sheet provides a measure of assurance that the engineer/analyst wi ll not neglect specific
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cruc ial stressors and factors that are essential to the envi ronmental stressor modeling during
the interviews . Once a PFD has been screened by the engineer as to its type, sty le , manu-
facture r, and flotation material , the age must be determined . If the age is either (n), or

- (n-1-x ) (e.g. n = 4, (n+x ) = 9), some predetermined age groupings, the interview will be
continued. The engineer must be able to acquire reasonable estimates of various environ-
mental and usage exposures from the interviewee . Other data will be extracted from the

Local Climatological Data (LCD) prepared by the Environmental Data Service , National
Oceanic and Atmospheric Administration. The LCD will provide the monthly hours of solar
radiation, days of rain, overage monthly temperature , and average re lative humidity.

Abusive usage or other abnormal exposure of a PFD to certain stressors would be grounds for

exc lusion from the sample population as being atypical and not representative . The actual
mechanics employed in interviewing, in gathering and recording relevant information on a

single PFD can become a time consumi ng and burdensome task .

Step 7 — Data Reduction

In this step a composite environmental profi le for the sample population will be derived

from the individual environmental profi le data. It should represent the environmental and
usage stressors to which a typical PFD of n—year sample population experienced in a specific
geographical region . This is depicted in Figure 5 , Stressor Modeling Process . The diagram

shows that a composite environmental profile data sheet , which represents the mean environ—
mental profi le for the sample population, wil t be further reduced to individual stressor
model s for solar radiation, temperature, etc.

Step 8 — Stressor Cycles

Final ly, a schedule will be constructed from the individual stressor models that show discrete

stressor cycling that will simulate the actual field exposure . The purpose of such a schedule
is to enable the usage of various pieces of test equipment . In such a schedul e, no attempt
is made to accelerate the st ressors , that is to shorten the time exposure to a stressor by
increasing the level of the stressor above that which would normal ly occur in usage .
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3.0 ACCELERATED AGING

The accelerated aging process is designated as Phase II and is presented in Figure 6. It is a

Flowchart of sequential events and activities required to accelerate the aging and assess the
reliability of sample populations. Although ten steps are shown, the actual process
may involve repetition of some steps. it is an iterative procedure with feedback and control
looping until the desired results are obtained. Each of the ten steps will be briefl y discussed .

Step 1 — Overstress Experiments

Thus far all concepts discussed that pertain to environmental modeling have been only con-
cerned wit h nominal stress levels. Such simulated stressing attempts to matc h the expected
stressors on a one—for—one basis (e.g. the level of stressors is not increased). This type of
modeling, however, requires an extraordinary amount of time and, therefore, is not Feasibl e
within the short turnaround time of this project . Therefore, in order to shorten the ag ng
(test ) time to something within the realm of feasibility, overstress ing (acce lerating the
stressors ) must be performed . Accelerated testing is extrapolatory in nature in th0t inferences
are made from actual happenings in a time compressed situation and compared to supposed
happenings if the stressors were normalized and a longer test time used. Overstressing must
be confined to some limiting envelope . For example , in buoyancy versus temperature,
there is a limit on the independent variable of temperature beyond which the predictability

of the independent variable of buoyancy is meaningless . This step of the flow will establish

some basic parametric experiments that will be conducted on smal l sample of PFDs of partic-

ular flotation materials. The objective of the experiments will be to determine which param-

eters (stressors) are significant to buoyance degradation and the range of overstress (stress

level limits) for reasonable predictability. A simplified example of buoyance behavior

under increasing leve ls of stress is exhibited in Figure 7. This figure shows the anticipated
• degradation of buoyance with stress and assumes a given test duration t ime. It is, also,
• expected that as the test duration increases, holding the stressor(s) at a constant level , the

buoyancy will decrease. This concept is shown in Fiqures 8 and 9. The former depicts a

response surface for buoyancy cs a function of the test duration time and temperature . The

latter shows a response surface for buoyancy as a function solar radiation level and test
duration. The purpose of these experiments is to determine buoyance behavior characteristics
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under various stress conditions. The response surfaces are shown in sl ices taken at various
test duration times. Behavior trend data can be derived from selected slices .

It is desirable to combine as many environmental stressors in the accelerated testing as the

“real conditions” dictate . The stressor profiles will help in devising applicable combina-
tions. It may be that induced buoyancy degradation due to two independent stressors taken
sequentially is entirely different from the effe ct of their simultaneous appUcation . Figure 10
shows a response surface of buoyancy as a function of temperature and sol ar radiation. In
this example the interaction effects of the two stressors can be noted. Test duration time
was held constant in Figure 10.

Step 2 — Experimental Indicators

The previous step explained the rationale and general logic involved in the overstress experi-
ments as discussed and the measurement of buoyancy degradation of the experiment sample
due to the various stressors. Figure 11, Buoyancy Test and Procedural Flow , illustrates the
fundamental breakdown of the procedure and Logic involved . The first four operations are
part of Step 2 and these are as follows:

1. Submerge experiment sample PFDs for a 10—hour time period.
This follows from the basic definition of reliability as explained
in the introduction .

2. Measure the buoyancy of each new (not stressed) PFD and record,
BN., (i = 1 through n of the sample size).

3. Perform overstress experiments on PFDs in accordance with Step 1,
prev iously discussed in detail .

4. Measure buoyancy of each overstressed specimen PFD and record,
B0..

Step 3 — Experiment Assessment

The first decision box of Figure 11 initiates the beginning of Step 3. The objective of the
comparison test is to determine the importance of various stressors to the aging process . If
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it is indicated that a particular stressor has rio si gnificance , the test process wi ll be examined

to assure rio errors were introduced that could account For this occurrence .

Step 4 — Accelerated Stressor Cyc les

The information derived from the overstress experiments wi ll be fed back to Step 8 of Phase I

of this plan . If necessary , the stressor cycles will be modified to reflect the learnings from

the experiments . Some stressors may be dropped altogether as having rio significant e ffects ,
while the level range of effectivity of other stressors may be altered .

Step 5 — Accelercted Ag ing

This step is the beginning of the accelerated aging (overstressing) on the sample population .

Previous overstressing experiments were a pre ude to this step and should not be confused

with it. In this operation the new PFD sample population is processed through some (y)

number of artificial or simulated aging cycles such as presented in Step 8, Phase 1. The

number (y) is an arbitrary number but,with engineering judgment that will be accrued at the

time of the test , should be a fairly close approximation of the actual aging process under

normal environmental and usage conditions.

Step 6 — Measurement of Reliability (Assessment )

The sample population that was aged (y) cycles in Step 5 now wi ll be tested to determine

its reliability, R .  The reliability assessment is relative to some lower boundary limit of

buoyance (TBD in the physical effectiveness portion of the PFD study). Figure 12 indicates
the reliability assessment for the new population, R0, and after artifical ly aging through (y)
and (y+a) aging cycles. The numbers shown are for illustration purposes only. In addition
to assessment of the reliability of the artificially aged population, the reliability of the
naturally aged population must , also, be assessed .

Step 7 — Natural Aging/Artificial Ag ing Comparison

The purpose of the comparison is to determine when to cease the aging cycle. This is
essentiall y a trial—and—error process using feedback and control iog ic. The process is illus-
trated in Figure 13. A sample population, naturally aged for (n) years represents the target
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buoyancy/reliability for the stressor aging cycles . The figure shows a density function for
buoyancy after one aging cycle and the density function for the same sample population
after two cyc les . The process is iterat ive in that it will be repeated until the test popula—

- - tions ’s density function approximates that of the naturally aged population . Note that in
Step 7, when R

~ 
= R , the process will be ceased and it will be concluded that (y) cycles of

artificial aging corresponds to (n) years of natural aging.

Steps 8, 9, and 10 — Additional Ag ing, Measurement, and Comparison

From Step 7, when > R>,~ (y) wi ll be incremented by some number (a) of aging cyc les and,
again, the population will be assessed and compared. The process is methodical arid repe-
titious but provides good assurance of results . The last item on Figure 6 states that the
same procedure would be utilized to simulate the aging of the second natural ly aged popula-
tion of (n+x ) years . Figure 14 shows the trend in degradation with increasing cycles of
stressor aging. Again, the cycling will be ceased when the reliability of the test sample
population is approximately the same as that of the naturally aged population of (n+x) years .
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4.0 OVERSTRESS TESTING

Let us make the assumpHon that if a PFD will be expected to perform in an environment of
stress, x, that it will be designed and cor’structed wit h some strength, y, such that y > x.
In this case the reliability would be 1 .00. However, due to imperfections and nonuniformity
in materials and processes , the strengths of a group of PFDs are statistically distributed.
Also, the stressor factors operating on a given PFD population will , from time to time, vary
and, therefore, could be considered a random variable. Figure 15 illustrates this situation.

LU
(5-,z

S g(x) S~ = f(y)

stress density strength density

~~~ 4L ATK
STRESS and STRENGTH

FIGURE 15 , STRESS AND STRENGTH DENSITY FUNCTIONS UNDER
NORMA L STRESS CONDITIONS

In overstressing, higher than normally designed for stresses w ill be applied to the specimen
PFDs. Essentially this moves the stress density into the region of the strength density as
shown in Figure 16. At this point, the reliability of the sample population will be less than
one (e.g. R < 1 .00). In an extreme case of overstressirig, as shown in Figure 17 where the
stress density exceeds the strength density, the reliability of the sample population will be
zero.

In Figures 15, 16, and 17, it was assumed th0t the testing was nondestructive since the
stressor levels were shown to be increasing and the strength density was relatively constant .
In reality, the strength will be degrading with the various environmental stressors, as shown
in Figure 18. It is, in fact, this characteristic that is the subject of the analysis. Figure 18
also represents the shift in strength that takes place under wear in normal usage .
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STRESS and STRENGTH

FIGURE 16. STRESS AND STRENGTH DENSITY FUNCTIONS UNDER
CONDITIONS OF INCREASING STRESS
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STRESS and STRENGTH

FIGURE 17. STRESS AND STRENGTH DENSITY FUNCTIONS WHERE
STRESS EXCEEDS STRENGTH
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STRESS AND STRENGTH -

FIGURE 18. STRESS AND STRENGTH DENSITY FUNCTIONS
WHERE STRENGTH IS DEGRADING

In accelerated aging, the relationship between the relati ve movement of the stress (various

stressor) density and strength density functions is sought as a predictor of how overstressing

in a compressed time frame correlates with normal stressing in a normal time frame . In the

Accelerating Aging Process presented in Figure 6, buoyancy as a function of the stressor

levels was discussed . Since this is a crucial facet of PFD reliability task , the key idea of

aging the new sample population through iterative cycling will be briefly summarized.

Figure 19 shows a comparison between the buoyancy density function of a sample populaf ion

of (n) years old with a new sample populat ion’s buoyancy densities for various aging cycles .

It shows that the simulated aging will be terminated after (3y) aging cycles as this corre—

sponds to (Ii ) years of natural aging.

A minimum of two sample populations are essential . Figure 20 depicts the same process for

two age groups. in this example (7y) cycles of simulated aging corresponds to (ri+5) years

of natural aging.
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It is expected that an accelerated aging to “real world” aging correlation will be obtained
for various types of PFDs and various flotation materials such that the life of any particular
make can be predicted by subjecting a sample population to the aging process (Step 8 of

• Phase I of the current contract). Assuming a goal or standard of useful life can be decided
upon (U.S.C.G. decision), for inherently buoyant PFDs, a performance standard for relia-
bility can be obtained both in terms of mission (short—term reliability) and useful life (long—
term reliability). This concept is shown in Figure 21. Rg is a short—term or mission goal for
the reliability of new PFDs. This is a control of outgoing product quality (acceptance sampl-
ing). If the measured reliability of the sample, R , is less than Rg~ (R5 < Rg)~ then the

“make/brand” should not be approved. If the rel iability of the sample exceeds the goal
(e.g. R5 > Rg)i but after the sample has undergone the accelerated aging process (derived
from this study), fails the life goal, R1, then the “make/brand” should, again, not be

approved. The logic of this process is illustrated in Figure 22.
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APPENDIX V(A)-C - FACTORS AFFECTING PFD BUOYANCY

As a result of various research efforts by Wyle Laboratories , Underwriters ’
Laborator ies , and severa l manufac turers , several factors besides norma l degrada-
tion have been found to infl uence the buoyancy of PFDs . The factors of water tem-
perature, atmospheric pressure, and soak time have all been found to affect the
buoyancy of certain PFDs. A discussion of the available information is presented
below .

Wa ter Temperature and Atmos pheri c Pressure

The results from the testing of various foam materials by Underwriter ’s Laboratories ,
Wyle Laboratories and various manufacturers have shown that in some instances tem-
perature, pressure and possibly humidity will affect ~he buoyancy readings obtained .
Data was obta ined from one manufacturer of a PVC foam on ~he readings of water
temperature and atmospheric pressure at the time buoyancy readings were made. These
results were analyzed to determine whether a rel ationship exists between the two
independent variables of temperature and pressure and the dependent variable of
buoyancy. The results showed that there existed no significant relationship
between the independent and dependent variables when a multiple linear regression
was performed.

Contact was also made with a second manufacturer of a PVC foam. The manufacturer
of this foam indicated that he had performed a similar experiment and analysis on
the effects of temperature and pressure on buoyancy readings . The results indicated
that some sort of relationship did exist; however , the relationship did not follow
the ideal gas law.

Recently, contact was made with Mr. Samuel Wehr of the office of Merchant Marine
Safety on resul ts of temperature and pressure experiments on buoyancy readi ngs of
kapok PFDs. He indicated that he had found a rel ationship between temperature/pres-
sure and buoyancy and that the relationship followed the i deal gas law.

The above results show a wide range of responses of buoyancy mediums to temperature
and pressure. This suggests that the effects of temperature and pressure on PFD
buoyancy cannot be ignored in many cases i f cons istently reproduc ib le resul ts are
to be obtained. Two methods are availabl e for handling the problem: 1) Establish
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standard conditions for any factors found to infl uence PFD buoyancy, and 2)
Establish correction factors for buoyancy readings taken under non-standard con-

ditions.

The major problem with method 1 , of course , lies with the difficulty of controlling
all influencing factors. This difficulty can be alleviated if correction factors
can be derived for the non-standard conditions . Underwri ters ’ Laboratories has
established in UL 1191 a method for calculating a correction factor for temperature
and pressure variations from standard conditions. This correction factor, however ,
was derived to reflect conditions under the ideal gas law. As reported earlier ,
the empirical evidence obtained does not support the assumptions found in the ideal
gas law. If a correction factor is to be used for correcting to standard tempera-
tures and pressures when measuri ng buoyancy, the correction factor must be derived
to reflect the characteristics of that particular buoyancy medium and not be based
purely on theoretical cons iderations .

Soak Time

The effect of soaking a particular type of PVC foam for a peri od of 24 hours was
examined . Both jsed and new PFDs were measured for buoyancy prior to and after a
24 hour soak period . The results showed that new PFDs exhibited between 0.1 and 0.2

lbs of buoyancy loss after a 24 hour soak period . The results from the testing of
used PFDs that ranged in age from 2 years to 5 years old showed the loss in buoyancy
after a 24 hour soak period rose to only 0.3 lbs of buoyancy . No difference was
found between those at two years and those at five years.
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approximately 3.6 million adult devices could be expected to be sold. Thus, we

would have an annual increase in cost of 3.6 million x 14.50 dollars - 52.5 mil l ion

dollars. This is 52.2 million dollars divided by 105 lives per year , or a cost per

life saved of S497 thousand . The latter figure is higher than costs usually

accepted by regulatory agencies for safety programs .

TABLE Vu -Al . DEVICE COSTS AND MARKET SHARE

Estimate of Percent of Approved or
Certifi ed PFDs on Board Recrea tional Boats

20 Yrs After Implementation
with

Type of PFD Cos t Currently Minimum LSI = 0.23
AK-i S 7.00 49.5 0.0
Type III Vests 25.00 16.0 45.2
Type III Fl otation Jacket 40.00 1.3 3.8
Type IV Rings/Horseshoes 30.00 6.5 0.0
Type IV Cushions 8.00 26.7 0.0
Belt Type Inflatable 20.00 0.0

Hybrid Vest with about 
- ~ 32.50 0.0 50.0

15 lbs inherent buoyancy
Hybrid Vest with about 30.00 0.0
10 lbs inherent buoyancy

TOTAL 100.0 100.0

Average Device Cos t $12. 07 $26.57
Average Device LSI 0.14 0.26
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APPENDIX V u —A. COST BENEFIT FOR MINIMUM LSI APPLIED TO ALL DEVICES

This appendix presents the cost and benefit calculation for setting a minimum
LSI of 0.23 and allowing existing devices to remain in service until they expire .

The benefit derived from the LSI depends upon how it is applied . If the minimum
LSI is set so low that all the currently approved PFDs remain approved or certi-
fied , then the benefit will be small. Inspecting the overall LSIs for various
types of PFDs in Table VU-Al , we see that the LSI for AK-is (0.11) is appreciably
l ower than the others. In order to illustrat e the potential benefits of the LPM ,

we will first assume that the minimum LSI is set at 0.23. This value is used for
purposes of illustration only. The determination of the minimum LSI and similar
criteria is a policy decision which must be made by the Coast Guard . The purpose
of this discussion is simply to illustrate a tool which the Coast Guard can use
to evaluate alternative programs . Assuming that the minimum LSI is set at 0.23,
AK-ls and Type IVs would no longer be approved or certified .

The percent of various kinds of PFDs on board at 20 years after (assuming all
PFDs presently in use but not having LSIs of at least 0.23 are phased out over
20 years) implementation assuming a minimum LSI of 0.23 are shown in Table VII-2.
The average overall LSI 20 years after impl ementation was calculated as discussed
earlier for the current population of PFDs on board and equals 0.26.

The maximum benefit of the LSI system is approached 20 years after implementation.
At that point , estimated annual benefit as compared to the current PFD approved
system is 105 lives per year (see equation in Section VI) for 0.12 change in the
LSI.

On the cos t s ide , Table VU-Al provides cost estimates, in 1975 dollars , for

the device types and the market share of those devices in 1975 and after 20 years
from Tabl e VU-Al . Table V u -Al also shows the average device cost in 1975 and
20 years after implementation. Using 1975 as a base year , the average increase
In device cos t Is $14.50 . and approximately 7.2 million devices could be expected
to be sold (see Figure VI I- 15) if the devices had the same expected life as the
devices sold in 1975. Assuming a 50% increase in expected life occurs as a result

of better device design and that 75% of the total device market is adult devices ,
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APPENDIX VI—C
EXAMPLE CONTINGENCY TABLES USED IN SELECTING C-VARIABLES

FOR USE IN MULTISTATE BENEFIT CALCULATIONS

The following three tables are just a few of the hundreds of crosstabulations used
in selecting the C-state variables which were used in multistate benefit estima-
tions.

The counts represent victim populations multiplied by a factor of one hundred.
As described elsewhere in the report, this factor was requi red in order for the
SPSS computer program to properly weight the ARM sample victim frequencies. Each
raw chi-square val ue was adjusted for this factor by multiplying it by A
second factor was also used to adjust for the victim weighting. In the case of
the PFD use benefit estimations, this factor was 0.0778, the ratio of the
(unweighted ) ARM sample size for when PFD use was known (1126) to the correspond-
ing weighted population size (14,473). No adjustment was needed for the uncer-
tainty coefficients as these statistics are independent of sample size. Note
that the uncertainty coefficients II

~41th PFDAU Dependent~ were the ones applicabl e
to our analyses.
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single variable 0= E
H 

= Ew = E) and brought outside the brackets. In that
case , there would be no way to compensate , and the LSI would have to be low.
Likewi se, if wearability and accessibility were both very low , there would
be no way to avoid a low LSI.

In fact, reliability tests for existing devices , and data from the Accident
Recovery Model (see Section VI) indicate that rel iabili ty is typically very
hi gh (0.97 or greater) for inflatables and fixed flotation PFDs. This is based
upon a definition of reliability in terms of minimum effectiveness and desi gn
standards. For examp le , a PFD wh ich was des i gned to give only five pounds
of buoyancy and gave fi ve pounds , would not have a h igh  reliability , since five
pounds of buoyancy is not sufficient for most of the boating population (i.e.,
it does not meet minimum standards).

Since the available data on reliability indicate that it tends to be high , this
allows the manufacturer to change the parameters of effec ti veness , accessibility ,
and wearability of his device to increase the LSI value for his PFD. If his
device is designed to be held , for example , he can improve the LSI va l ue for
his device by making it accessible , very effective when held and making it
easy to hold. He thereby forces much of the burden in the LSI calculation
on the third term within the brackets of the LSI formula , where ‘AC’ ~H’ 

and
EH have been improved . Another option to the same manufacturer would be to
increase the effectiveness of his device when worn , and/or increase its weara-
bility . He may choose to exercise both options.

Once the LSI parameter values for a given PFD were determined , the areas wi thin
the LSI function which would provide the greatest opportunity for improving the
life saving capability of the device (and its LSI value ) could be determined .
Then a manufacturer could choose to work to improve his device in those areas.
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1) R = l.0

2) ‘W ’4
~ ‘AC = 1.0

3) ~ = 1.0 and/or EH = 1 . 0  (NOTE : If ‘AC > 0 and 
~H 

> 0, then

Ew and EH must = 1.0 for LSI to equal 1.0; otherwi se only Ew
must = 1.0 for LSI to equal 1.0 when 1AC = 0 or 

~H 
= 0, and

only EH must = 1.0 when ‘AC = ‘.0 and = 1.)

Thus , when LSI = 1.0, reliability and effectiveness must be at their maxima l
values. Wearability and accessibility are free to vary, so l ong as any dev ice
which is not worn is accessible. The probability that a device is donned in the
water is not constrai ned. The probability of holding must be 0.0 when

1AC > 0 and EH 
- 1.0 in order for LSI = 1.0.

In the case where there are rio benefits from PFDs , an LSI = 0 assum pti on was
made . As with the maximal benefit assumption (LSI = 1.0), the LSI can be made
to equal 0 in many ways. If reliability equals zero, then LSI equals zero,

regardless of the values of the other parameters . If R > 0, then each of the
three parts of the sum inside the brackets of the LSI equation must equal zero
in order for the LSI to equal zero. These three parts of the sum inside the
brackets will each be zero if the effectiveness parameters are zero (Ew and EH).
If the index of accessibility 

~‘Ac~ 
is zero, or the probability of donning 

~~~i s one , then Ew = 0 i s suff ic ient to cause LSI = 0. Likewi se , if P~ = 0 and ‘AC
= 1 , then E

H 
= 0 is sufficient to cause LSI = 0. When the effectiveness parameters

are not zero, I~ must be 0 (assuming Ew > 0), and/or ‘AC must be 0 (assum ing E11 > 0).

What we have shown in this discussion , is that the LSI is very sensitive to large

changes in reliability . If reliability is very low, there is no way to compensate

for that in the formula. The maximum value of the sum in the brackets in the LSI
formula can be shown to be 1.0. Thus , when reliability is very low , the LSI is

forced to be low. This is not (theoretically) true for other parameters. If
wearability is very low, this can be compensated for by making effectiveness ,

accessibility , and reliability very high. Similarl y, if effectiveness is low

when the devi ce i s worn , then the LSI can be increased by improving: effective-
ness when hel d , reliability , and accessibilit y . Of course , if the effectiveness

when worn or held Is very low , then the effectiveness terms can be treated as a
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APPENDIX VT - B. THEORETICAL EXPLORATION OF EXTREME LSI VALUES

For cne of the benefi t estimation problems in Section VI (relating benefits
to average LSI), values of zero and one were used to determine extreme rela-
tionsh ips for the L3I. The discussion tnat follows explores the theoretical
possibiliti es that could generate such extreme va l ues on the LSI. This dis-
cussion is not meant to reflect actua l parameter values. It is aimed at a
working understanding of the LSI formula and its sensitivity to changes in
PFD parameters.

As defined previously,

LSI = 
~~~ 

E~~~ ‘AC e 
~D 

Ew + ‘AC e 
~
‘H EHI R

where

= The probability that the PFD is worn immediately prior to enter-
ing the water in an accident.

‘AC = The probability that the PFD is accessible to a boater but not
worn iniiiediately after entering the water in an accident.

= The probability that the accident victim dons the PFD in the water.

= The probability that the accident victim hold s or lies upon the PFD
in the water

Ew = The physical effectiveness of the PFD when worn .

EH = The physical effectiveness of the PFD when held.

R = The index of reliability ; i.e., the probability that the PFD
performs up to minimum desi gn standards.

In the case of estimating the maximum possible benefits from PFDs , an average
LSI of 1.0 was assumed. Obviously, this can only be obtained when R = 1.0,
and the average device is extremely reliable. Currently approved PFOs are
not too far from attaining this val ue.

From this point on , the analysis could go in many directions , s ince there are
many ways that, the total inside the brackets of the equation could be 1 .0.

Let us assume , for the moment , that a perfectly wearable device was desi gned.
Then I~ = 1 and ‘AC = ~ Thus , Ew would have to be 1.0, and the device would
have to be perfectly effective. In fact, by inspection of the equation , it can
be seen that, in order for LSI to equal 1.0, under any c i rcums tances : 
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APPENDIX VT-A

A.R .M. ANALYST’S GUIDE

The pages that fol low contain much of the information that you will need to
anal yze acc idents for ARM and fill out the code sheets.

The first four pages contain general information about ARM (its intent and
purpose). These pages are followed by a sample coding sheet from 1976. You will
be filling out coding sheets very much like this one , with a few more columns at
the end for additional information. Read these pages and examine the coding
sheet. Additional helpful information can be found on the pages ininedi ately
fol lowing the coding instructions.

The remaining pages show you exactly how to code all of the information required
by ARM. A row on the coding sheet is to be completely filled out for each acci-
dent victim that is coded into ARM.

The flowchart that is attached ind i cates precisely what you are to do.

1. Select a Boating Accident Report from the fibatch hl given to you.

Keep these in order and process them in order.

2. Decid e whether the acc ident i nvolved a~l of the people on board
or a subset of those people. Capsizings , swampings, sinking s ,
coll i s ions , fires, ex p los ions , and some ‘1 others 1’ typically involve
al l of the POB. Falls overboard , hit by the prop , and some “others~
typically involve only one or two of the peopl e on board . In ARM ,
we want to code information only for those peopl e who actually were
invol ved in an accident.

3. Record (code) the data — more on this later.

4. Eventually both coders will have completed a batch. You will both
be coding the same accidents. When a batch is completed , you will
get together and compare codings . Any disagreements will be ironed
out at that time . When a consensus is reached , present the coded
batch to the project analyst and pick up the next batch.
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ACCIDENT RECOVERY MODEL

Introduction

Research sponsored by the U. S. Coast Guard has examined a variety of probl ems
related to acc ident prevention and recovery i n recrea tiona l boa ting. For exam pl e ,
extensive investigations have been made concerning collisions , fires and explo-
s ions , flotation , boat stability , and the use and functioning of personal flota-
tion devices (PFDs).

These investigations have revealed some 0f the more subtle probl ems and relation-
ships involved in accident recovery and prevention . It has become increasingly
clear that the occurrence of an acc ident, and recovery or fatality after an acci-
dent, are the results of a complex system of events and conditions. Some of the
elements in the system are physical ; others are psychological , physiological ,
econom i c , or social . For example , the factors which determine whether an acci-
dent resul ts in recovery or a fatality can be categor ized as fo llows :

• Accident dynamics , i.e., the type of accident , how quickly it
occurs , etc.

• Physiol ogical state of the victims , i.e., the presence of injury ,
shoc k etc , obviously have a great beari ng on the probability of
recovery.

• Behavior of the victims , e.g., use or non—use of PFDs.

• Environment , e.g., water temperature , water conditions.

• Rescue fac i l i t ies — there are a variety of possible modes of
rescue , including self- -‘escue , rescue by another boater on the
scene , or rescue by the Coast Guard or other agency .

• Equipment — includes types of PFDs available, signalling devices ,
- 

- etc.

The recognition of the complexity of the fac tors determining accident occurrence
I: and recovery or fatality has led to a desire for better understanding of these

systems. It has occurred to workers ‘In this area that there may be effective

VI -A-2

— -5- -_ _  - -- —
~~~~~~~

--— - 
- .-



ways of reducing acc idents or promoting more favora ble outcomes whi ch have gone
unrecognized . There is al so a growing realization that actions which super-
ficially would be expected to produce benefits couli have unexpected and undesir-
able ramifications. For example , improving the stability of small boats could
result in a tendency for boaters to use them under condi tions they would have
otherwise avoided , thus possibly increasing the probability of an accident.

The work has taken the form of an Acc ident Recovery Model (AR M ). Thi s model
descri bes the functioning and interrelationships of the elements of the accident
recovery system. Some o~ these el ements incl ude : PFDs , boat flotation , rescue
facilities , si gnalling devices , boaters ’ behavior , injury and other physiolog ical
conditions , and emergency treatment.

ARM is used to generate quantitative estimates of the benefits associated with
proposed or existing regulatory or educational programs . For example , ARM can
hel p to prov ide answers to the follow ing ques tions :

1) Would it be beneficial to modify PFD design in the direction of
greater “wearability ’ (e.g., comfort, attrac tiveness , etc) even
if this dictates a decrease in their physical effectiveness?

2) Would increased accessibility of PFDs help to compensate for the
low rate of PFD wear?

3) Should PFDs provide greater protection against hypothermia?

4) Should PFDs be designed so that they are easy to don after the
victim is in the water?

5) How might education increase recovery? For exampl e, is the maxim
“stay wi th your boat” always the best course of action?

6) How w i l l  improved boat flotation affect the role of PFDs in acci-

dent recovery?

Duri ng the formulation of ARM , three general methodological principles or objec-
tives emerged. These three principles gave direction to the development of the
model and hel ped to insure that the final product was useful .

VI-A— 3
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The fi rst of these principles was that the model must be empirical . It is based
upon documented cases of recovery or fatality in recreatirmal boating accidents
rather than assumption or expert opinion. By building the model on an empirical
base , one can have greater confidence that the result is a valid representation
of the way recoveries and fatalities occur. ARM involves relatively few assump-
tions. Furthermore, these assumptions were checked and modified , as needed , as
the additional data were gathered. ARM changed and grew to fit the data. In
fact, ARM can be regarded as a structured summary of boating accident recovery
data.

A second principle was that ARM must summarize the common elements in accident
recovery, while at the same time not sacri ficing important relationships. In any
type of modelling or analysis problem , there is a trade-off between summarization
and representing detail. At one extreme, the average number of fatalities per
acc ident coul d be regarded as a model. Obviousl y, this method sacrifices too
much detail for an overall sumary. The other extreme would be a detailed
account of each of the accidents which occurred , say, in 1974. Thi s al ternative
doesn ’t sacrifice any details , but fails to point out commonalities among acci-
dent recoveries or fatalities . The model was developed in such a way as to cap-
ture important relationships among elements of the accident recovery system that
are common to many accidents .

The third cri terion for ARM was that it must be in a form which is usabl e by the
Coast Guard . This means that events or conditions which the Coast Guard can con-
trol by regulation , standards , or education must appear as elements of the model
This cri terion al so implies that the model must make use of existing accident
data , even though such data is often incomplete and not representative of the
population of boating accidents to be modeled .

ARM consists of a coding sheet and decision trees which treat six different
portions of the recovery problem. Each row on the coding sheet summarizes the
information for a single indi v idual , or “v i c t i m ”, invol ved in a boating acci-
dent. After a sufficiently large number of victims are coded , the info rmation
can be punched on cards and processed by computer.
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The numbers along the top of the coding form represent variable numbers . There
are three types of variables : Variables numbe red 1 - 7 contain file information
which serves to locate the source in Wyl e or Coast Guard files . Variabl es 8 - 23
provide miscellaneous recovery—related information and the information which will
be needed to scale ARM data to reflect the population of boa ting acc iden t s  at

l arge . The l a s t  g roup of v a r i a b l e s  (2 4  - 51) contain the major recovery-related
information. The values to be coded for var iabl es numbered 24, 26, 28, 30, 33
and 36 are obtained from the accompanying decision trees.

It should be noted that the conditions represented in each of the ARM decision
trees were not chosen arbitrarily. The combinations of conditons shown in each

tree are (or should be interpreted as) mutuall y exclusive possibilities. In

other words , only one set of conditions in a given decision tree can apply to any

one victim.
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1. Wyle or BAR Number.
This is the number used to relocate the BAR (if needed again in the future).
For the 1 977 aata , this number is 77xxxx, where the “77” indicates it was
part of the data put into ARM in 1977, the first “x ” is the batch number ,
and the last three “x ’ s” are the accident number within the 1977 samp 1 e.
Thus , 772029 would be the 29th acc ident report used in the 1 977 sample , and
it was processed as part of the second batch.

2. Coded by:

1 = Stuart Bernell; 2 = Benny Smi th ; 3 = Chri s Stiehl
11 = Mark Perry ; 12 = Anne Baune ; 13 Gay Parrott
14 = Ol i v ia Corder

3. Verified by:
Verification is the process by which one coder inspects the coded work of
another to determine if he agrees with those codes. Once the coders agree,
and have verified each othe r ’ s wor k, then one of the codes listed under #2
above is used here to indicate this verification.

4. Leave blank; this variable is going to be deleted .

5. ARM boat number:
This is the boat number in this accident. For almost all accidents except
collisions , this w ill be “01 .” For collisions , this variabl e allows us to
se parate v ictims from eac h vesse l , so when you start coding victims from the
secon d vesse l , enter “02” in this variable. For additional vessels in the
same acc ident, use “03,” etc.

6. ARM victim number:
This is the number of the victim within this vessel . When you move on to the
next vessel (accident), start renumbering victims .

7. Leave blank; this variable will be deleted .

8. State:
Ala bama 01 A l as ka 02 Arizona 04
Arkansas 05 California 06 Colorado 08
Colorado 08 Connec ticut 09 Delaware 10
Dist. of Columbia 11 Florida 12 Georgia 13
Hawa ii 15 Idaho 16 Ill ino i s 17
Indiana 18 Iowa 19 Kansas 20
Kentucky 21 Louisiana 22 Ma ine 23
Maryland 24 Massac husetts 25 Mic hi gan 26
Minnesota 27 Missis sippi 28 Missouri 29
Montana 30 Nebraska 31 Nevada 32
New Hampshire 33 New Jersey 34 New Mexico 35

• New York 36 North Carolina 37 North Dakota 38
OhIo 39 Oklahoma 40 Oregon 41
Pennsyl vania 42 Rhode I s l a n d  44 South Carolina 45
South Dakota 46 Tennessee 47 Texas 48
Utah 49 Vermont 50 Virginia 51
Washington 53 West Virginia 54 Wisconsin 55
WyomIng 56
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NOTE : FOR ALL VARIABLES , UNKNOWN IS CODED AS 8 (1-digit variable) OR 88
(2-digit variable). A LWAYS RIGHT-HAND JUSTIFY THE CODES.

9. Month: January = 01; February = 02, etc. Unknown = 88

10. Year: Code the last two dig its of the year. Unknown = 88

11. Time : Code two dig its (in military time : i.e., 00-24 hours) corresponding
to the time that the accident began. Code the time of the capsizing, for ex-
amp le, when a boat capsized and the people are not recovered for 10 hours ,
code it at 10 hours. Round the time up on or past the half hour , i.e.,
if the accident happened at 9:30 p.m., code it 22; 9:35 p.m. = 22 also .
Unknown = 88.

12. Boat Length:

Code the boat length as a two-digit number , to the nearest foot. If the length
of the boat is given as 14’ 6” , code it as 15’ . Round up to the nearest foot.
Anything over 6” is also rounded up to the next nearest foot. NOTE : For
accidents where the only person (people) actually involved in the accident was
not aboar d a boat , code for the appropriate boat. For falls ove rboar d , this
would be the boat that they left. For hit by the boat or prop , this would be
for the boat that did the hitting, whether this victim had anything to do with
tha t boat before he was hit or not. The same logic applies to all “boat data .”
Code unknown = 88.

13. Number of P.O.B. ( people on board):

Code the number 0f people on board the appropriate boat as a two-digit number.
For accidents involving only a person in the act of water skiing , code only the
skier. List the number of POB as the total people on board that boat (includ-
ing the skier(s)). When the accident type is “struck by the boat or prop,”
or some “others,” and the person that was struck (involved ) was not a pas-
senger on the striking boat (involved boat), code the POB as “99” for this
person . If any additional people are involved in the accident (e.g. the
people on the striking boat), then code the POB for the boat that corresponds
to each individual . Code unknown = 88.

14. Number of PFDs on board:

Code this as a two—digit number for the appropriate boat. Code unknown = 88.

15. Jurisdiction :

1 = state only; 2 = joint jurisdiction
If j urisdiction is not stated , and the BAR is a Coast Guard BAR or on
Coast Guard letterhead , code 02. If the BAR Is not an off ic ial CG BAR
or on Coas t Guard letterhead , code 01.

16. Accident Type :
Code the primary (f i rst) acc ident type. For example , if there is a collision,
causlnq someone to fail out of the boat, that person is coded as a victim of
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a col li s ion, not a fall overboard . Similarly, if a person on a johnboat
fall s over board , causing the boat to capsize , throwing another person into
the water, both victims are coded as falls overboard , since that was the
primary cause of the accident. Sometimes more than one accident happens
consecutively in time . For exampl e, a person coul d fall overboar d and
another person coming to his aid might be hit by a boat or prop. In this
case , the second victim would be coded as hit by the boat or prop and the
two individual s would be coded as victims of separate accident types under
the same accident number. Many of these types of accidents will require
judgment, and the other analysts should be consulted if there is any doubt.

1 = Collisions/groundings
2 = Swampings/capsizings/fl oodings/sinkings
3 = Fi res and explosions
4 = Falls overboard
5 = Struck by boat or propeller
6 = Other
8 = Unknown

17. Boat Type:

1 = Open/manual (not canoe)
2 = Open/power
3 = Cabin motorboat
4 = Sa il + aux iliary sa il
5 = Canoe and kayak
6 = Houseboat
7 = Inflatable
8 = Other
9 = Unknown

18. Activity:

This is the activity at the time of the accident. Water skiing includes
the boat, sk ier, maneuvering to pick up the skier , etc.

I = Pleasure cruising
2 = Fishing
3 = Hunt ing
4 = Water sk i ing
5 = Skin diving or swimming (not underway)
6 = Stopped, reason unknown or not one of the above

• 7 = Racing
8 = Unknown
0 = Other (docking, etc.)

19. Body of Water:

1 = Ri ver, creek , etc .
2 = Lake (other than G L ) ,  swamp, etc.
3 = Great Lake
4 = Coastal bay, inlet , sound , harbor , waterway, etc .

• 5 = O c e a n
8 = Unknown
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20. Di stance to Shore or Another Vessel

Code for whichever distance is shorter (to shore , or to the nearest vessel).
For a collision (or any other accident) code the distance to the nearest
other boat (one not invol ved in the accident ) If it is shorter than the
distance to shore .

1 = 0 - 5 yards
2 = 5 - 300 yards (1/6 mi)
3 = 300 yards (1/6 ml) — 1/2 ml
4 = 1/2 mi — 2 mi
5 = Greater than 2 mi l es
8 = Unknown

21.  Assisting Party:

1 = Boater from same boat
2 = Boater from another boat
3 = USCG
4 = CG Auxiliary
5 = State or local officials
6 = No one
7 = Other
8 = Unknown

22. Victim ’ s Sex: 1 = male; 2 = female; 8 = Unknown
23. Age : 1 = Adult (over 18); 2 = Teenager (12-18); 3 = Child (under 12)

If the age is unknown , but the BAR infers that the person is an adult , i.e.,
marr ied , Mr., Mrs., etc., code as an adult. Use the same logic for teen-
agers and chi ldren.

24. Final Boat Configuration:

Use the decision tree for this variable to find the appropriate code. Read
down the tree as far as the information available will allow. For example ,
if the final configuration was known to be upright and not swamped , but it
~ias not known if the boat was still propelled , code “21 .” A sailboat that
can still sail is coded “1.”

For boats whi ch were swan ped, capsized , or flooded , presure that the boat was
NOT level unless stated otherwise . “Propelled” means actually underway,
NOT “propellable. ”

25. Level Flotation Boat: 1 = Yes ; 2 = No

This question does not refer to whether the boat actually floated level or
not , but to whether it was level flotation equipped. If not mentioned ,
it should be coded “NO;” thi s variable should never be coded “unknown .”

26. Victim ’ s Condition:

H Use the decision tree for this variable to find the appropriate code . As
before , read down the tree as far as the available Information will permit

H and enter the corresponding code . A “swi mmer” Is anyone who can swim at all.
If the emergency treatment that is given is equiva lent to, or better than ,
that that would be given by someone who had had one course In first aid
(high school , etc.), then it Is consi dered “adequate .” If the treatment is
less than that , or none at all , then it is “inadequate .”

VI-A- lO
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If there is no evidence of ill health or injury during the accident , use the
“not seriously injured” branch. Adequate emergency treatment means that
which could be administrerd by a graduate of the standard short course given
by the Red Cross.

27. Health:

l=Good health (use this if unknown )
2=History of heart trouble or known to have occurred in this accident
3=Other poor health

28. Behavior /Circumstances:

Use the decision tree to find the appropriate code. Again , proceed through
the tree only as far as the information allows , and write the corresponding
code . Note that a victim who falls out of a boat and re-enters it is NOT
coded under “in boat,” but under “in water not trapped or entangled. ’ Al-
though his eventua l position is in the boat, the code “4” more accura tely
described his behavior. Therefore review the entire chart once you have
chosen your code, to make sure that you have chosen the best descriptor.
For thi s dec i s ion tree , mov ing down the tree corres ponds to mov ing forwa rd
in time through the events and actions of the accident. The boxes on the
path of the tree that have been chosen should describe the victim ’ s behavior
and circumstances in sequence.

— Falls Overboard - Starts in the water
- Capsizing - Starts in the water
- Coll i sion - Starts in the boat (unless the victim is thrown

out of the boat immediately upon impact. If
t h i s  occurs , start the victim in water.

- Swamping - Starts in the boat

If the victim winds up in neither the boat nor the water (on shore , on a
doc k, etc.) then code “99.” Presume that the victim remained in the water
(22) if the available information does not indicate that he re-entered the
boat. Presume that the victim “fell or was thrown out , etc.” (10) or
“abandoned boat due to fi re, etc. ” (3) if it is not known or mentioned that
he swam for shore or another source of flotation, but it is known that he
(she) was separated from the boat.

29. Time In/With Boat:
31. Time Until PFD Donned or Removed : (if unknown if victim used a PFD code 88 UK).
38. Time in Water:

For each of these variables , use the codes listed below. All of these times
are the total time from the beginning of the accident until recovery or death
(variables 29 and 38), or until the PFD is donned or removed (variabl e 31).
For any of these , if the variable is not applicable to the person (time to
donning, for example , is not applicable If the person never dons a PFD), then
use “99” = not applicable. If a victim exited and re-entered the boat several
times, time in or with the boat is the sum of these separate times. Similarly,
time In water is summed .
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1 = 0 - 2 m m .
2 = 2 — 5 m m .
3 = 5 — 15 m m .
4 = 1/4 - 1/2 hr.
5 = 1/2 — 1 hr.
6 = 1 - 1½ hr.
7 1½ - 2 h r .
8 = 2 -  3 hr.
9 3 - 4 h r .

10 = 4 - 5 hr.
11 = 5 — 10 hr.
12 = > 10 hr.
88 = Unknown

30. PFD Availability and Use :
Use the decision tree to find the appropriate code, reading down the tree
as far as the availabl e information permits. Note the codes for peopl e who
have an accident and then remove or don a PFD after the accident has begun
or happened. In these cases , the time to removal or donning shoul d also be
recorded as variabl e 31.
“Took PFD off... ” (11) refers only to voluntary acts . If the vi ctim slipped
out of the PFD, or the waves ripped it off of him (her), it should be coded
as “Did not take PFD off” (1). If unknown if victim used PFD , code 88 =
unknown.

31. See 29 above.

32. Sufficient PFDs on Board :

This question refers to any time of PFD. If the question concerning suffi-
cient CG approved PFDs is checked “yes” on the BAR , then this should be coded
1 = “yes ” for ARM. It should also be coded “1” if there were sufficient
PFDs aboard , even though some of them may not have been CG approved .

33. PFD Type:
Code PFD type for each victim. Use the decision tree to find the appropriate
code. Note that those victims wi thout any type of flotation aid are coded as
“09” and unknowns are “88”.

34. PFD Mal function :
Code a “1” = yes if the PFD did not perform properly. If it is an inflatable ,
it may have had a leak , or not inflated. If a buckle didn ’t work , or a strap
broke on a PFD, that would be a malfunct ion, etc. If unknown if victim used
a PFD, code 88 = unknown .
If victim used PFD and no malfunction is mentioned , assumed no (02). If you
know he did not have one on (or use one), then code = 99.

35. Improper PFD Use:
Code a “1” - yes If the person used the PFD improperly. For example , if a• cushion was wo rn on a person ’s back , that would be improper use. Again ,
suspicion = 88. Unknown = “no ” - assume proper use unless stated otherwise.
If you know he did not have one on (or use one), then code = 99. No = 02.
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43. Number of PFDs Aboard of Type I 
______  

- 0 = No ne

44. Number of PFDs Aboard of Type II 
_______

45. Number of PFDs Aboard of Type III 
_______

46. Number of PFDs Aboard of Type IV 
_______

47. Number of PFDs Aboard of Type V 
_______

48. Number of Unapproved PFDs Aboard 
_______ 

- 0 = None
49. Number of Unknown Type PFDs Aboard 

_______ 
- 0 = None

Code the number of PFDs aboard of each type, in the order specified on the
coding sheet. The “8” for unknown, and use “9” for eight or more PFDs .

50. Type of Power:

O = Other
1 = Ou tboard
2 = I/O
3 = Inboard
4 = Sail only
5 = Auxiliary sail
6 = Sail , but unknown if auxiliary
7 = Jet drive
8 = Unknown
9 = Manual

51. Al cohol :

1 = This person was known to have been drunk (autopsy, etc ).
2 = This person was known to have been drinking
3 = Drinking suspected (some evidence, other person said so , etc )
4 = Known that this person wasn ’t drinking (autopsy , etc)
5 = No mention of alcohol , or unknown
6 = Other drug definitely present (autopsy, etc )

FINAL NO TES :

Be sure to right justify all codes . A “9” is coded “09” for a two—digit van -
able , etc .

IF YOU CODE I~ Y TH IN G AS “UNKNOWN ” or “NOT APPLICABLE ,” BE SURE TO READ THIS:

The code corresponding to UNKNOWN is NOT PERMITTED for the fol lowing
• variabl es:

25 26 27 36

The code corresponding to NOT APPLICABLE is permi tted ONLY for the follow-
ing variabl es :

13 28 31 34 35 36 38
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36. Distress Notification:

Use the decision tree to find the proper code . Be sure to note the defini-
tions on the same sheet as the tree.
Code 13 is used if the boat and equipment is observed after the accident by
someone other than the victims .
Code 12 is used when the victims use a makeshift signal device , e.g. , PFD
tied to boat paddle , smoke signa ls.
Code 11 is used when signal is made by radio communications , flare gun ,
signal flag, flashlight , etc .
99 - is used when no distress signal is necessary , e.g. partially swamped
boat is evacuated of water and resume s normal operation , and hit and “ runners ”
are examples . Coder must obtain approval from N. What ley or C. Stiehi
before using code 99.

37. Wa ter Temperature :

Code the two digits most closely corresponding to the water temperature in
°F. For water temperatures of 87 or more , use “87 ,” and don ’t use any codes
above 87 except “88” for unknown .

38. See #29 on previous page .

39. Water Condition :

1 = Calm
2 = Choppy/Rough
3 = Swift Current
8 = Unknown - if water conditions are unknown but BAR states that water

conditions are not a factor in thi s accident , assume calm.

40. Outcome :

If the victim survived the accident , he/she is a recovery = “1. ” Otherwi se ,
use “2 ° for victims who die and “8” if the outcome is unknown .

41. Hull Identification Number :

If the HIN is known, or if the Federal Boat Documentation Number is known ,
code “1,” code “8” otherwise. (If the HIN does not conta in  12 consequent
digits , reference FR 181.25 , then code 8.)

42. Year of Manufacture :

Code the last two digits of the year that the boat was manufactured (model
year). 88 = unknown
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§ lrl.25 Hut ! identitleatiun ni,n,bec Types of Personal Flotation Devices
formal.

Each hull iden tification number re- Type I—
quired by I 181.23 must consist of 12 ~‘ r~ I PFD is any approved wearahie device desi gned
characters as follows: to t~ r i, asa unconscious oe rson in the wa : . r from a t 3CC(a) The first three characters m ust down position to a verticai or sli ghtly backward position.• consist of a manufacturer identification
assigned under I 181.31. and to have more than 20 poun ds of buoyancy. Recom-.

‘b Characters 4 through 8 inU.st be iii~iid~d for offshore cruising.assigned by the manufacturer and must
be letters of the English alphabet or Type II—
Arabic numerals or both, except the let- A T~~~ ii ~~~~~ ~ any approved wearable device design.-iters I, 0, and Q.

~c Characters 9 through 12 must in- 10 #.aflI an unconscious person from a face down position ~o
dicate the date of certification. The a ‘vertical or slighth- backward position and to have at )e.ist
characters must be either— 153 pounds of buoyancy . Recommended for doser in~”crm.(1) Arabic numerals with characters -

9 and 10 indIcating the month and char- Cruising.
acters 11 and 12 indIcating the last two Type 111—numerals of the year; or

(2 A combination of Arabic flu- A Type HI PFD is any approved wearable device ds
mera]s and letters of the English alpha- signed to keep a coiiscios&s person in a vertical or s1igh~~bet with character 9 indicated as “M,” backward position and to have at learn 155 pot”~da ofcharacters 10 and 11 the last two nu-
merals of the model year, and character buoyancy. While the Type [II baa the same buoyancy r
12 the month of the model year. The the Type II PFD. it has a less turning moment. It do
first month of the model year, Augnat. however, allow greater wearing comfort and is porticr~ar~must be designated by the letter “A,” useful when water skiing, sailing. hunting , or engag~the second month. September, by the
letter “B,” and so on until the last month other such water sports. I t is recommendeG for use on iak~s
of the model year. July . impoundments, and close inshore operation.
§ 181.27 Addit ional character, in hull Type IV—ideruification number.

A manufacturer may display additional A Type IV PFD is any aporo .ed device designed to • -

characters after the 12 characters re- thrown to a person in thr water. It is not desivaed to ,,
quired by 1 181.25 if they are separated worn . It is designed to have at least 165 pounds of bu /from the hull Identification number by ancv. The mo~-t common Typ e IV devicc is a buo~,uia hyphen.

cushion. A r ing buoy is a a Type IV device.§ 131.29 Hull identi fication num ber
d;~pluy. • 

Typ e V—(a ) The hull identification number
must be carved, burned, stamped , em- A Type V PFD is any approved wearable device designed
bossed, or otherwise permanently affixed for a specific and restricted use. The exact specificationsto the outboard side of the transom or ,
11 there is no transom, to the outermost and performance of a lwpe V PFD will vary somewhat with

• starboard side at the end of the hull each device. THE ONLY PRESENTL Y APPROVED DE.
that bears the rudder or other steerin g VICE THAT FALLS INTO THE TYPE V DESIGNATI ONmechanism, above the waterline of the IS THE “WORK VEST’. THIS IS A DEVICE DESIGNEDboat in such a way that alteration, re-
moval , or replacement would be obvious AND MARKED SPECIFICALLY FOR USE BY PERSONS
and evident. WORKING AROUND MERCHANT VESSELS.

(b) The characters of the hull Iden-
tification number must be no less than ALL PERSONAL FLOTATION DEVICES PFDS 1
one-fourth of an inch In height. THAT ARE PRESENTLY ACCEPTABLE ON RECREA .
§ 181.31 Manufactu rer iden~ I1eation ar. TIONAL BOATS FALL INTO ONE OF THE FIRSTsigned. FOUR TYP E DESIGNATI ONS ALL WEARABLE(a) Each person required by I 181.23 PFD’S SHALL BE U.S. COAST GUARD APPROVED.to affix a hull identification number may
request a manufacturer identification READILY ACCESSIBLE. fN SERVICE ABLE CONDI.
from the Commandant (OBEC) . 400 TION . AND OF AN AP ‘ROPR lATE SIZE FOR THESeventh Street SW.. WashingtOn, 

~~ PERSON WHO INTENDS Th ‘~V EAR IT. TYPE IV20590. There is no charge for the assign-
ment. DEVICES MUST BE !MM~ r .j ATELy AVAILABLE.

Effective date. This amendment shall -

become effec tive on November 1, 1972.

Dated : July 27, 1972. -
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T H E  A C C I D E N T  R E C O V E R Y  M O D E L

• APPENDIX VI-A. ARM Analyst’s Guide

• APPENDIX VT-B. Theoretical Exploration of Extreme LSI Values

• APPENDIX VT-C. Example Contingency Tables Used in Selecting
C-Variables for Use In Multistate Benefit
Calculations
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