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1,0 INTRODUCTION

.1 __Background

The selectlon of equipment to provide protection from hypothermia
durlng accldental immersion in cold water Is difficult not only because the
ability of the equipment to prolong life Is difficult to assess, but also
because there may be several additional attributes of the equipment which
are variously important to different potentlal users. Merchant marlners
or commercial fishermen require equipment which can be donned qulickly in
the event of an accldent which necessltates prolonged survival In cold
water. Avliation personnel who routinely fly over cold water may require
equipment which can be worn for severa)l hours at a time In warm alr while
they perform their varlous functions in the alrcraft. Because they often
are equipped with electronic devices which render them easy to locate by
search and rescue teams, the avlators may not require protectlon during
prolonged exposure {many hours). Some aviators, such as tactlical afrcraft
crews or even search and rescue crews, may also place considerable demands
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on their protection equipment to be quickly donned. Deck crewmen on

boats and workers on offshore ofl platforms may require equipment that

can be used in a constant-wear mode but which will not interfere with

thelr abllity to perform their dutles elther direct!ly by reducing their
mobility or indirectly by inducing exceptional fatigue. There are other
equipment performance attributes which are Important In making selection
decisions for equipment to be used by dlfferent groups with different
requirements. Thls stud& was formulated to provide an evaluation of
selected attributes for state-of-the-art equipment relevant to such
selection declislons for merchant marliners, Coast Guard operational personne!
and recreational boaters.

1.2 Objectives

The speciflc obJectives of thls study were to select hypothermia pro-
tection devices (test articles) representing the state-of-the-art In funda-
mentally different design approaches and to evaluate the following attributes
as appropriate.

1. cold protection effect!venass

2. mobillity reduction attendant to usage

3. propensity to Induce fatigue and overheating

L. ease of donning (on land and In water)

5. buoyancy

6. aesthetlic appeal and wearer confldence

7. flre reslstance

8. rellabllity
The cold~protection effect!veness was eva[uated through In vivo cold-immersion
testing with volunteer test subjects. The results of this testing were expressed
In terms of estimated survival times In 1.7°C (35°F) water. The mobl1lty reduction
and fatigue Inductlion Investigations were Intended to address the feasibllity
of using certaln devices In a constant-wear mode. Each donning trial (elther
on land or In water) was conducted twice -- once before and once after a lelisurely
equipment famillarization. This provides Information on the potential value
of equipment famlllarization and donning practice with the varlous devices.
The rellabllity Investigation was based simply on observatlions of any deterl-
oration In the conditions of test articles occurring during the performance of
the other Investigations.

-2-




1.3 Scope

The range of equipment to be considered for incluslon In thls study
was restricted to devices which are commercially available and to exlsting
prototype devices. No new prototypes were developed for inclusion In
the study. In addition, the selection of test articles was restricted to
include in the study only one article representing each general type of
equipment. The study wa; not intended to compare the products of dlfferent
manufacturers which employ the same general design features.

The conduct of the cold protection effectlveness Investigation was
restricted to be based on data which could be obtalned from safe, In vivo,
cold-Immersion experiments using human subjects. Thus human responses to
cold-immersion, while wearing the test articles, could be observed o:? over
a narrow range of body core temperatures involving the mildest hypoths-mia.
The estimation of survival times associated with the test articles was, of

necessity, based on extrapolations of observations made in mild hypothermia.




2.0 SELECTED TEST ARTICLES

2.1 Selection Procedure

The selection of articles to be Included in the study was conducted
in two stages. The first stage of activity led to the acquisition of
candidate test articles. In the second stage, these were physically
examined by a panel of concerned Indlividuals Including Coast Guard personnel
and members of the research team. The panel evaluated the candidate test
articles and made final selections of those to be Included In the various

investigatlions.

The objective of the first stage of activity was to identify as many
candidate test artlicles as possible. For purposes of this Inltial review,
a device was regarded as a candldate If It exhiblited the potentlal to pro-
vide protection during cold-Immersion for either merchant mariners, military
crewmen (boat or alrcraft) or recreatlional boaters. No screenlng was done

on the basis of attributes other than potentlal for cold-immersion protection.

The basis for the first stage review was largely vendor publications.
This literature was obtained through direct mal) sollcitations addressed to
the suppliers llisted in Appendix A. A few of them did not respond but the
majority did, providing catalogs and other materials describing their products.
This literature was generally descriptive but was not sufficiently detalled
to support selections of test articles to be Included In the study. It was
used to support a gross screening of the equipment In which ltems that
warranted more detalled examination were identlfled. These items were
requested from the manufacturers or suppliers In order that they be studied
for possible inclusion In the study. Table 1-1 iists the items which were
requested and indicates those which were received and revlewed for possible
Inclusion In the study. The acquisition of these candidate test articles

culminated the flrst stage of the selection process.

The final selection of test articles was performed by a panel composed
of representatives of the Coast Guard Office of Research and Development,
Office of Merchant Marine Safety,0fflce of Qperations, and the research
team. The candidate test artlicles were presented to the panel and verbal

descriptions of the important design features were provided. The panel




TABLE -1
EQUIPMENT REQUESTED FOR EXAMINATION

Recelved
nanufacturers/ and
Suppllers Sult (Model -Number) Reviewsd Selected
Sayley Exposurs Sult ~ neoprens foam Yes Yes
Exposure Sult -~ PVC foam Yes Yes
WeatherMate Plus Yes Yes
Seaufort HK-1Q British Immersion Coverall Yes Yes
oul Abandon Ship Sult No -
Ant | -Exposure Work Sult No -
Super Polar Bear Sult No -
Dive N'Surf Body Glove Wet Sult Yes No
Extrasport One-Plece Actlon Sult No -
Flez-Wright Ant!-Exposure Sult Yeos No
Helly-Hansen Survival Sult (D-600-0) Yas Yes
Divers Gne-Place Suit (F.351) No -
Commodore Floating Jacket (D-303) Yes No
Henderson 21p-On Exposure Sult (2080-%) Yes Yes
Dry Sutt (2021) Yes No
Prototype Jacket Yeos Yes
ILC Industries Prototype Survival Sult Yes Yes
imperlal Survival Sult (1409) Yos No
Wet Work Sult (1407 JP) Yes No
Jeltek Flotation Jacket (Z470) Yas No
Medal Ist Skl Shorty {7010) Yes Yes
Mustang U-VIC Thermofloat (1661) Yeos Yes
Survival Sult (i175) Yes No
Survival Sult (9450/1) No -
Floater Jacket (101) No -
NADC Modifled Wer Sult {CWU-33/P) Yes Yes
Coveralls (CWu-27/P) Yes Yes
Ant1-Exposure Coverall {Cwu-21/P) Yes No
Antl-Exposure Coverall Liner (CWU-23/P) Yes No
Goretex Experlimental Coveratl Yes Yes
Coveral)s {CWu-48/p) Yes No
Coast Guard Jacket Yes No
Or. S.8.Rentsch,dr, Hodlfled mMark VI S.E.1.§, Yeas Yes
S.1.D.E.P. ‘‘Sesstep’' Survival Sult Yes Yes
Stearns Windjammer Jackat (FJ-55] Yes Yes
Flotation Jacket and Pants (FJ-55 JsP) Yes No
0ffshore Survival Jacket (F$-500) Yas Yes
Sans-Soucl PFO {SSv-70) Yes No
Ship or Shore PFO (Fv-105) Yes No
0ffshore Survival Sult (Fs-70) Yes No
Heavy-Duty Offshore Survival Sult (Fs-71) Yes Yes
Survivael Jacker (F$-505) Yes No
Flite Sult Yes No
Teaas Recraation Corp. Vinyl-Coated PFO Yes No
Nylon-Covered PFO Yes Yes
Undersea Systems, Inc. Varlable Volume Dry Sult(ART.NR,3000) No -
Varigble Volume Dry Sult(ART.NA.3003) No -
Thermal Underwear (ART.NR.3141) No -
U. S. Alr Force Mod|fled Antl-Exposure Coveral!l (CWu-21/AP)| Yes Yes
vhite Stag Nylon Two Wet Suft Yas Yes
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discussed the merits of obtalning data from the varlous Investlgations

on each of the sults. Consensus opinions regarding the deslirabllity of
including each sult were developed by the panel. The sults which wers
sealected to be Included In one or more of the Investigations are indlcated

in Table I-1.

This general procedure was applled to essentlally all of the sults
tisted In Table I-l. However, there were some exceptions. The Beaufort
MK-10, fLC Industries prototype, all sults suppllied by NADC, the S.i.D.E.P.
Seastep and the Alr Force CWU-21/AP were unavaflable for review at the time
of the panel meeting. Selections were made by the pane! on the basis of
general descriptive Information avallable to them. In addition the Dive N'
Surf Body Glove and the Stearns Flite Sult were not declded on by the panel.
These sults were ldentified later and were examined by the project director
and the technical monitor. |t was declded that they were not sufficiently
different from sults already Included In the study to warrant thelr addition
to the group of test articles.

The specliflc assignments of the selected test articles to the varlious
investigations Included In this study are shown by x's and numbers In Table
{-2. The numbers (ndlcate that Dr. S. B. Rentsch's prototype was cold-
immersion tested (n two conditlons (with and wlthout reclamation of resplratory
heat loss) while the other articles were tested In one condition. The assign-
ment shown In Table I-2 is the final one which resulted from the Inltial
panel meeting and a number of subsequent revisions which were coordinated
through the project monthly progress reports. One of the test articles
indicated in Table |-| to have been galected does not appear In Table -2,

The coveralls (CWU-27/P) were used as an outer garment worn over the Medallst

Skl Shorty (short wet sult).

2.2 Descriptions of the Test Artlicles

The test articles consldered In this study may be categoirlzed by general

design approach into the following flve groups.

I. Wet sults covering entire body (WE)

2. Wet sults covering partlal body (WP)

3. Dry suits with 1ittle Intrinsic tnsulation (D)
b, Dry sults with foam-rubber Insulation (DF)

S. Dry suits with alr-space Insulation (DA)

ot i sma it s > '
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TABLE -2
ASSIGNMENTS OF TEST ARTICLES TO INVESTIGATIONS
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Sl1212|818|d|i]d]e
Bayley Exposure Sult (neoprene foam) x | x |Ix | x ] x
Bayley Exposure Suit (PVC foam) I X
Bayley Weather Mate Plus [ X | x 1 x §x X X
Beaufort MK-10 British Immersion
Coverall x ] x x I x Ix ]x |x
Helly-Hansen Survival Suit (D-600-0) Il | x | x x | x x | x
Henderson Zip~On Exposure Sult (2080-4) I x I x Ix fx Ix {x ]x{x
Henderson Prototype Jacket | x Ix |Ix Ix Ix Ix tx }|x
ILC Industrles Prototype Survival Sulit | x | x X Ix Ix | x |x
Medallst Ski Shorty (7010) - P Ix Ix Ix Ix Ix tx Ix]x
Mustang U-VIC Thermofloat (1661) L Ix |x Ix Ix Ix Ix }x |x
NADC Goretex Experlimental Coverall | x | x X Ix Ix Ix |x
NADC Modified Wet Sult (CWU-33/P) x | x x Ix Ix |x ]x
Dr. S. B. Rentsch's Prototype
Survival Sult 2 X X
S.1.D.E.P. Seastep Survival Sult | X
Stearns Windjammer Jacket (FJ-55) I x Ix x x
Stearns Offshore Survival Jacket
(FS-500) : b Ix Ix Ix |Ix Ix §Jx ]x |x
Stearns Heavy-Duty Offshore Survival
Suit (FS-71) oIx [x Ix Ix §x Ix }Jx |x
Texas Recreation Corp. Nylon-Covered PFD | X | x
U.S. Alr Force Mod!fled Antl-Exposure
Assembly (CWU-21/AP) I |x |x x Ix Ix Ix |x
White Stag Nylon-Two Wet Suit (3/16") x {x fx Ix Ix Ix {x |x
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The following paragraphs present descriptions of the test articles grouped
into these categories. The anclllary equipment with which they were tested

Is also described.

Two ensembles of ancilliary equipment were standardlzed for use in
testing certaln of the test articles. One, which will be referred to as
'"'standard work/recreatlon clothling', consists of denim jeans, a light-weight,
long-sleeved cotton shirt, cotton undershorts and T-shirt, cotton athletic
socks and low-top canvas.sneakers. The other, referred to as ''standard
anclllary aviator's ensemble'’, consists of one sult of nomex underwear
and undershirt (CWU-43/P and CWU-44/P), one palr of cotton athletic socks,
low-top canvas sneakers, and an aviator's water wings flotation device
(SRU-21 and LPU-10).

2.2.1 MWet Sults Covering Entire Body

Bayley WeatherMate Plus (WEI)

The WeatherMate Plus, shown in Figure I-1(a), Is a two-piece suit
constructed of neoprene foam rubber. The jacket features a deployable
diaper-like closure at the groln, a hood formed from the collar by closing
a zipper and an orally-Inflated flotatlon bladder located mainly in the upper
shoulders area. Cinching, belt-type closures are provided at the wrists and
ankles. This suit was tested over the standard work/recreation clothing.

Henderson Zip-On Exposure Sult (WE2)
This exposure sult, shown In Figure I-1(b), Is essentlally a 3/16 Inch

neoprene wet sult with zippered gussets provided on the arms, legs, hlps and
torso to facllltate donning and to permit tlightening the fit of the suit in

the event of Inadvertent entry of cold water. Accessorles include a hood, three-
finger mitts and hard~soie booties. Velcro closures are provided at the wrlists
and ankles to retard the entrance of outslde water Into the puckers caused by

closing the zlppered gussets. This sult was worn over undershorts only.

Stearns Heavy-Duty Offshore Survival Sult (WE3)

This survival sult, shown In Figure 1-1(c), Is a one-plece jumpsuit,
lined with PVC foam rubber of varyling thickness (thicker on torso than arms).
A hood attaches to the suft by two snaps. Zlppered closures are provided at
the wrists and ankles. Supplemental flotatlon Is provided by an orally-inflated
flotatlon bladder located In the upper chest area. Thls suft was tested over
the standard work/recreatlon clothlng.
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FIGURE I-1

(b) WE2 - Henderson Zip-On Exposure Suit

(c) WE3 - Stearns Heavy-Duty Offshore
Survival Suit

(d) WEL - White Stag Nylon-Two Wet Suit

[




White Stag Nylon-Two Wet Sult (WE4)
This standard wet sult, shown In Figure I-1(d), Is constructed from i

par=—ry

3/16 inch neoprene rubber (Rubatex 1400). Accessorlies Include a hood, 5-
finger mitts and soft-sole bootles. Zlippered closures are provided at the
wrists and ankles. This suit was tested over undershorts only,

2.2,.2 Met Suits Covering Partial Body
]

Henderson Prototype Jacket (WP{)
This jacket, shown In Figure |I-1(e), is constructed of neoprene foam

rubber of varying thickness. An integral hood stows under the collar, :

Zippered gussets are provided on the arms and torso. Velcro closures are

provided at the wrists, A beaver tall, slightly larger than on a standard :
wet sult closes the bottom of the Jacket. It was tested over the standard

work/recreation clothlng and with a small kapok Type |l Mae West flotatlion
ald.

Medalist Ski Shorty (WP2)
This sult, shown in Figure I-1 (f), ls a one-plece short wet sult

constructed of nylon-faced neoprene rubber 1/8 Inch thick. It was tested
in conjunction with a wet sult hood (White Stag 3/16 inch), [ight weight
flight coveralls (CWU-27/P), cotton athletlc socks, canvas sneakers and
the water wings flotation device (SRU-2! and LPU-10). The short wet sult
was worn over undershorts only.

Mustang U-VIC Thermofloat (WP3)
This jacket, shown In Flgure I-1(g), Is 1ined with PVC foam

rubber of varying thickness. Recessed knlt cuffs provide some protection
from outside water entry. A deployable dlaper-1ike device provides groln
protection and closes the bottom of the jacket. A thln hood stows inside
the collar. This jacket was tested over the standard work/recreatlon clothing.

NADC Modifled Wet Sult (WP4)
This sult, shown In Flgure I-1(h), Is a comblnation of a flight sult and

a short-sleeved, one-plece wet sult. The wet sult constructlon Is of neoprene
rubber and features zippered closures at the ankles. Flittings and tubing are
provided in the sult to allow It to be attached to a forced-alr coolling

system to remove excess body heat while in a dry environment. This capability
was not exercised during testing. This suit was tested with one suit of nomex

underwear, athletlc socks and sneakers.
-10-




FIGURE -1 (Continued)
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(e) WP{ - Henderson Prototype Jacket
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(f) WP2 - Medallst Ski Shorty
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Stearns Windjammer Jacket (WPS)
This jacket, shown In Flgure I-1(1), is 1lned wlith PVC foam rubber
of varying thickness. Recessed knlt cuffs provide some protection from outside

water entry. A thin hood stows Inslde the collar. Thils jacket was tested
over the standard work/recreation clothing.

Stearns Offshore Survival Jacket (WP6)
This jacket, shown in Figure i~1(j), Is lined with PVC foam rubber
of varying thickness. An*additional inner liner of 1/8 Inch neoprene foam

may be closed after entering the water providing additional protection to the
torso. This liner Is closed at the bottom by a narrow beaver tall. Recessed
knit cuffs provide some protectlon from outslde water entry. Additional elastlc,
wrap around closures are provided at the wrists. An Insulated hood Is an
integral part of thls Jacket. This jacket was tested over the standard work/
recreation clothlng.

Texas Recreation Corporatlion Nylon-Covered PFD (WP7)

This flotation vest, shown in Figure I-1(k), Is lined with unicellular

foam rubber. The design features no openlings through which water could pass
except the front, which Is closed by three buckles. Selecting for snug fit
reduces the ability of water to enter around the vest. This vest was tested
over the standard work/recreatlion clothing.

2.2.3 Dry Sults with Littie intrinsic -lnsulation

This group of test articles share the property that they are generally
constructed from thin materla)l which seeks to provide a water barrier during
immersfon. This allows one to achleve cold protectlon by imposing beneath
the sult a garment (e.g., nomex, waffle-weave underwear) which will Immobllize
an alr layer.

Beaufort MK-10 Britlsh Immersion Coveral) (DI)
The Mark 10 Immersion coverall, shown In Figure I-1(1), Is a one-plece

suit with Integra)l foot coverings which can be worn under fllght boots. It
Is cqnstructed of double-layered ventile fabric. Ventlile fabrlc |s desligned

to permit the elimlnatlion of waste heat by passing water vapor when In the
dry, but to provide a water barrler during Immersion because of changes that
occur In the fabric. The coverall Is closed by means of a single waterproof
zlpper which closes from the right shoulder to the left hip. Water Is also
excluded from the sult by elastic seals at the neck and wrists. The sult
was tested with one sult of nomex underwear and canvas sneakers.

-12~
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FIGURE I-1 (Continued)

(J) WP6 - Stearns Offshore Survival Jacket

(k) WP7 - Texas REcreation Corporation
Nylon Covered PFD ‘

(1) DI - Beaufort British Immersion
Coverall .
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NADC Goretex Experimental Coverall (D2)
This experimental coverall, shown in Flgure I-1(m), was constructed of

i a light,canvas-type nomex to which ''goretex' had been lalmnated on the

Y inside. The theory of this constructlion |s that [t permits the elimination
E of waste heat in the dry since goretex |s permeable to water vapor while
providing a water barrler durlng Immersion because of changes that occur In
the goretex. The coverall has [ntegral foot coverlings which could be worn
under flight boots. The coverall Is closed by means of a single waterproof
| zlpper which closes from the left shoulder to the groin. Water ls also

excluded from the sult by elastlc seals at the neck and wrists. The sult
was tested with the standard ancillary aviator ensemble.

U. S. Alr Force Modifled Anti-Exposure Assembly (D3) 8
This assembly, shown In Flgure I-1{(n), Is a modification of the CWU-21/P, .
It Is constructed of single-layered ventlle fabric which Is designed to permit
the elimination of waste heat, by passing water vapor when In the dry but to
provide a water barrler during Immerslon because of changes that occur In the
fabric. The assembly has Integral foot coverings which can be worn under

flight boots. The coverall (s closed by means of a single waterproof zipper
which closes from the groln to the throat. Water is also excluded from the
sult by elastic seals at the neck and wrists. The suit was tested with the

standard anclillary aviator ensemble.

2.2.4 Dry Sults With Foam Rubber Insulation
The test articles [n this category share the features that they seek to

keep the occupant dry and warm. Therma)l Insulation s provided in the form

of a foam-rubber-stabilized layer of alr.

Bayley Exposure Sult (DF!)
This exposure sult, shown In Figure 1-1(0), was tested In two types of

foam rubber (neoprene and PVC) each 3/16 Inch thick. The sult Includes
integral head, hand and foot protection and will accommodate shoes inslde.

The sult Is closed by a single waterproof zipper which closes from the

groin to the chin. The Intrinslc buoyancy of the sult Is augmented by

an orally-inflated "plllow"' which attaches to the upper back area by two short
zlppers. Water Is excluded from the sult by a soft rubber seal around the
wearer's face. Flotatlion attitude may be controlled somewhat by expelling

-M-
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FIGURE 1-1 (Continued)

(m) D2 - NADC Goretex Experimental
Immersion Coveralli ]
‘ :
(n) D3 - U. S. Air Force Modified 4
Ant1-Exposure Assembly ¥

g e .

(p) DF2 - Helly-Hansen Survival Suit '%
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excess alr from the legs of the sult through ''valves' located on the toe

area of each leg. This sult was tested over the standard work/recreatlion
clothing.

Helly-Hansen Survival Suit (DF2)
This sult, shown In Figure I-1(p), utillzes foam rubber to Impede

conductive heat transfer and has a metalized foll layer betwsen the outer
material and the foam rupber to Impede the loss of heat by radiatifon. The
sult Includes integral head and foot protectlion and will accommodate shoes
Inside. The suit Is closed by a single watearproof zlpper which closes from
the groln to the chin. Water Is excluded from the sult by neoprene rubber
seals at the wrists and around the wearer's face. Thls sult was tested over
the standard work/recreation clothing. The hands were protected by 3/16 Inch
neoprene three-flinger wet-sult mltts.

S.1.0.E.P. Seastep Survlval Sult (DF3)
This suit, shown in Figure I-1(g), Is constructed of 5 mm thlck closed-

cell, nylen-1ined neoprene rubber. The sult Includes Integral head and foot
protection. Integral flve-finger hand coverings are also provided but are
constructed of much thinner material. The entrance Is a tubular attachment
Jolning the sult at the shoulders. it fs closed by a zipper but the waterproof
seal of the entrance is provided by roliing It and hooking It to a metal ring
on the chest. Thls ring also serves as the focus for a bullt-in harness faci-
litating retrieval by winch from the water. Intrinslc flotation Is augmented
by an Inflatable, front-mounted bladder. The suit does not accommodate shoes
Inside. It was tested over the standard work/recreation clothing, less the

sneakers.

2.2.5 Dry Sults With Air-Space Insulation

The suits In this group share the feature that they seek to provide cold
protectlion through an alr-space which is contained In and controlled (for
thickness) by an inflatable, alr-tlight bladder. This contrasts with the dry,
foam suits which Immobl)lzed an alr-space In closed-cell foam rubber.

iLC industrles Prototype Survival Sult;ijl)

This prototype sult, shown fn Figure I-1(r), consists of two maln components.

An outer shell to which goretex has been laminated permits the release of water
vapor in the dry but provides a water barrler durlng Immersion. Inside this

-16-
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FIGURE 1-1 (Continued)
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'q) DF3 - S.1.D.E.P. Seastep Survival
Sult

"

(s) DA2 - Dr. Rentsch's Prototype Survival
Sult
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shell is an inflatable bag which surrounds the entire body. The two layers
of the bag are heat sealed together In round patches at regular intervals
to control the thickness of the air layer when fully Inflated. The centers
of the heat sealed patches were removed to provide paths for water vapor

to escape the body carrying excess body heat with it. Integral protection
Is afforded the feet. An Inflatable hood was also attached to the back

of the suit. The hands are protected by separate inflatable mitts. In-
flating seals are provldeé at the neck and wrists. The sult has fittings

and tubing to allow It to be connected to a forced-alr cooling system to
remove excess body heat while In a dry environment. This capabllity was

not exerclised during testing. The outer shell s closed by a single zipper

(not waterproof) which closes from the groln to the neck. A separate water-
tight closure made of heavy plastic and simllar to the closures of a zip-lock

bag is provided inside this zipper. This sult was tested wlth the nomex under-

wear and cotton athletic socks. The alr bag was orally inflated to the maxi-

mum extent possible.

Dr. Rentsch's Prototype Survival Sult (DA2)

This prototype sult, shown In Figure I-1(s), is a modified Beaufort
Mark VI| Submarine Escape and Immersion Suit. The prototype completely en-
closes the body (except for the hands) with resplratlon being accomplished
through gas exchange oriflices In the bicurved face plate. A separate mouth

port Is provided for Issulng distress calls (e.g., by blowing a whistle). The

sult is an inflatable insulation bladder surrounding the body. A separate i
Inflatable Mae West-1ike flotation bladder Is provided. The two layers of

the insulation bladder are sealed together at regular intervals (giving the

dimpled appearance) to control the thickness of the air layer when the bladder

Is fully Inflated. Integral alr-space protectlion Is provided the feet and

head. The hands are protected by Inflatable mitts. Elastic seals are provided !
at the wrists. The sult closes by a single waterproof zipper extending from g
the groln to the neck and then around the right side of the head to a termlnal !
position at the top, left side of the head. Exhaled gasses are shunted down ;J
a plastic tube to the Inside of the suit In an attempt to reclaim respiraiory
heat losses. Opening the mouth port effectively eliminates this heat reclamation

aspect of the sult. This sult was tested over the standard work/recreation
clothing with the alr bladder orally Inflated to the maximum extent possible.
It was cold-Immersion tested In two conditions: mouth port closed and mouth port

open. This was done to obtaln an Indlcation of the potentlal usefulness of

respiratory heat reclamatlion.
-18-




3.0 COLD-PROTECTION EFFECTIVENESS INVESTIGATION

3.1 Objectives

The objective of the cold-protection effectiveness investigatlion was

to establish a quantitative measure of the effectiveness with which each

VRN W

test artlicle selected for this investigation protects victims of accldental
immersion from potentlally-lethal losses of body heat. To facilitate the
meaningful Interpretation of these quantitative results they were expressed

in terms of survival-time estimates. To facilitate comparlsons among the

PRI, LY

L test articles the survival times were estimated to correspond to immersion

in 1.7°C (35°F) water. It was known that several of the test articles could
not be tested in water that cold, due to test subject discomfort and the
risk of damage to peripheral tissues. Therefore, It was anticlpated that the

survival-time estimates for these test articles would have to be established

using an analytically~based adjustment to estimates assocliated wlith warmer

water.

It was desired that the analysis of the experiment results should pro-

vide the capability to estimate survival tlme for Indlviduals with selected
physical structures (morphologles). Thls capability was needed to determine
the survival times afforded Individuals with morphologles different from the
average. It was also needed to permit comparisons among the survlval times
of the test articles for selected morphologles when the articles were tested
by different test subjects. Achleving thls capability required that a quan-
titative measure of morphology be Internalized Into the analysis methodology.
it was hoped that thls analysis approach would also serve to reduce un-~

explained (random) varliation In the results.

3.2 Methodology

The estimation of survival times was, of necesslity, based on extra-

polations of the core cooling observed in volunteer test subjects wearing
the sults during cold-water Immersions In which only mild hypothermia was
Induced. As indicated In Table 1-3, the determination of a lethal level

of core cooling (measured rectally) Is nontrivial. It was for thls reason

that Hayward, et al., (1978) parameterized on lts value usling 27, 30 and
33°C. For present purposes core cooling |s assumed to be lethal at 30°C.
It 1s at this level that cold-induced physical and mental debilitation re-

move the Iimmersion victim's ability to participate meaningfully In the
% -19-
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°F
99.6
96.8

95.0
93.2

9l.4
89.6
87.8
86

85.2
82.4
80.6

78.8
77.0
75.2
73.4
71.6
69.8
68.0
66.2
64. 4
62.6
48.2

TABLE -3
LEVELS OF HYPOTHERHIA+
-
37.6 "“Normal'' Rectal Temperature
36 Increased Metabolic Rate In attempt to
belance heat loss
35 Shivering maxImum at this temperature
34 Patients usually responsive and normal biood
pressure
33 SEVERE HYPOTHERMIA BELOW THIS TEMPERATURE
32 Consclousness clouded Pupils dllated
mos t
31 Blood Pressure difflcult to obtain| shivering ceases
30 Progressive loss of consclousness
Increased muscular rigldity ]
29 Slow pulse and resplration
Cardlac arrhythmla develops
28 Ventricular flbrillation may develop if heart irritated
27 Voluntary motion lost along with pupillary 1light
reflex, deep tendon and skin reflexes - appear dead
26 Victims seldom consclous
25 Ventricular fibrlllatlon may appear spontaneously
24) Pulmonary Edema develops
23
> Maximum risk of fibrlllation
22
21/
20 Heart Standstlll
19
18 Lowest Accldental Hypothermlc patient wlth recovery
17 ISO-ELECTRIC EEG
9 Lowest Artificlally Cooled Hypothermic patlent with

recovery

+ From Harnett, et al., (1979)
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preservatlion of his 1ife. Table |-3 makes clear that the cold, in
and of itself, Is not necessarlly lethal at 30°C. However, survival below
this level depends upon exogenous support of flotation and freeboard for

breathing passages. While many of the test artlcles considered in this

study provide abundant buoyancy, none Is Intrinsically capable of guaranteeing
breathing passage freeboard. Most could however be supplemented with flotation
devices with sufficient righting moment to support respiratory ventlilatlon.
However, at present the use of flotation devices with this intrinsic capa-
bility Is not required by all individuals at risk of cold-immersion and
therefore may not be relled upon to extend survlval beyond the point of physical
and mental debilltation.

Design of the Expe: iment

The basic experlment'plan called for obtaining § replications of cold
immersions with each of the |7 test articles (Rentsch's prototype twice)
indicated for the cold-protection effectiveness investigation In Table 1-2.
These were to be performed In such a way that each test article was worn by
test subjects exhiblting a reasonable range of physical characterlistics.
Because a study of rewarming theraples (described in Part Il of this report).
was integrated with thils suit Investigation and additlonal rewarmings were
desired, additional experiments were obtained with some of the sults extendling
their sample sizes to 6. Table |-4 shows the sample sizes which were obtained
with each suit and the means and standard deviatlons of the temperatures of
the water and air in which the experiments were done. Two target temperatures
were used 1.7°C (35°F) and 11.8°C (53.2°F). The warmer water temperature
was selected to match that used by Hayward, et al.(1978) and to preclude
injury to unprotected or lightly protected perlpheral tissues.

Table 1-5 presents the physlical characteristics of the 19 male test subjects
who participated in this investigation. The subjects who tested each of the
test articles and the slzes they wore are Indicated In Table |-6. Because of
the special nature of the comparison to be made between the two conditions
with DA2 (mouth port open and closed), special emphasis was placed on arranging
the test subject - test article assignments to Involve the same subjects in
both experiments with thls suit.

This repeated use of test subjects was not possible to accomplish overall.
The volunteers were free to withdraw from participation In the project at any
time - a right some of them exerclsed; e.g., KC, JH, CM, MO, TP, PS and BS.
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Furthermore, these subjects were simultaneously participating in the
study of rewarming therapies In which their useful participation was 1imited
to eight experiments. Therefore, they could not parvicipate in more than

eight cold-immersion sult experiments.

The plan for analyzing the experlimental results was formulated to
relleve the necessity for complete repllication In testing each article with
each subject. Survival-time predictions would be developed from regression-
based relations which quantitatively predict cooling behavior In each par-
ticular suit as a function of the physical characteristics of a selected
individual. A separate regression relatifon would he estabiished for each
suit from the cooling behavior observed during its w0 .. Th. primary
requirements of this approach to developing survivy, | o arae
that a reasonable number of replications he performed v
article and that each be tested by subjects representing the rangs of
physical structures for which survival-time estimates are desired. Table
1-6 indlcates the range of total skinfold thickness (thrze sites: tricep,
subscapular and suprailiac) exhibited by the subje.ts testing each article.
The significance of this total skinfold thickness f{which provides the basis
for Heath-Carter Somatotype Component |) as a quan:ifiar of saysical struc-
ture Is established in Section 3.4. The ranges in s«infoid ti1ickness shown
In Table 1-6 all contaln the 30.6 mm value used as a quancitative descriptor
for the "average'' man. The use of a 30.6 mm total for an average man is
based on the average of the 19 test subjects described in Table -5 and its

significance Is also discussed In Section 3.4,

Experiment Protocol

The cold-immersion experiments were condic:oc - : ool o time,
in a tank of refrigerated water between June i, . S Aald
were conducted beginning in the early afterncon (betwe. . REE
were requested to report to the laboratory having had no sicchel -+ iwil:zation
for 24 hours or food or tobacco for 2 hours. |[f there was doubt as to the
proper size of a test artlicle for a subject to wear, he was asked to try on
the most likely sizes and the one affording the best fit was selected.

After volding his bladder and/or bowels, instrumen:ation was applied to the

subject, including a rectal temperature probe; skin probes for great

toe, thigh, groln, subscapular, blcep and forearm temperatures: ECG and
_25-
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sphygmomanometer. Next the subjects donned clothing appropriate tor

the article they were to test that afternoon (elther standard work/
recreation clothing, nomex underwear and socks, or for WE2 and WP2 just
undershorts). The subjects then began a 30-minute rest period which they
spent recllned on a &' foam rubber mattress and, depending upon thelr
clothing, covered for thermal comfort. Following the 30-minutes of rest,
measurements of thelr rate of oxygen uptake and the other parameters were
recorded while the subjeéis were stll) reclined and resting. The subjects
then donned the test article and entered the cold-Immerslon tank via a
hydrautic chair 1ift. When testing wet-mode sults, a gradual entry into
the water was permitted taking up to 4 or 5 minutes. This reduced the
trauma of the entry and presumably the stressfulness of the exposure
(although blood pressures of 160/100 mm Hg were not uncommon during the
initial phase of the immerslon). The Immerslon was regarded as lInitlated

when the subject was Immersed to walst level.

ODuring the course of the immersion, temperatures were monitored continu-
ously and recorded perlodically with the sampling frequency being determined
on the basis of the rates of changes of the parameters. Measurements of the
rate of oxygen uptake were generally made at |-hour intervals through the
immersion plus an additional measurement was made just before removing the
subjects from the cold water. Oxygen uptake measurements were not made in

test article DA2 (open or closed).

The cold-Iimmersion experiments could have been terminated on the basis
of any one of the followling criterla.

. rectal temperature reduced by 2°C or to 35°C
. any skin temperature reduced to 5°C

. dlscretlion of the test subject

. discretion of the attendlng physiclian

. dlscretlomiof the research team leader

VLW N -

In practice, the attending physiclan never found It necessary to terminate an
Immersion experiment, nor was ore ever terminated because of excesslvely-cold

skin,

The Immerslions were conducted In a steal tank contalning water about 1.67

meters deep with surface of 1.83 by 3.05 meters. The water was aqitated by a
small alr-powered turbulator (primarily intended to delce refrligeration

coils and prevent thermal stratification of the water) and a 12-volt, DC-

..26-
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the immersed subjects). An effective water velocity of 3 to 5 meters per
minute was produced. This velocity Is more than the !.5 meters per minute
shown by Baker (1979) to be required to effectively maximize convective
heat losses due to relative motion of the water. No other provision was
made to attempt to simulate effects of open water.

Throughout the Immersion, the subject's position In the water was
essentially that which resulted from the Inherent flotation of the test
articles. With some test articles this [nherent flotatfon was augmented
by inflating flotation bladders. This was the case for WEI, WE3, WP2, D2,
03, DFl, DAl and DA2. 1nflating the bladder accompanying DF3 had no effect
on flotation attitude In the calm water In the Immersion tank. Therefore,
It was not inflated during the cold Immersions. One test article (WPl)
required supplemental flotation to provide reasonable breathing-passage
freeboard durling the Immersion. Thls was provided by a kapok, Mae West Style
Type || PFD which was selected because of its minimal Interference with the
thermal performance of the test artlicles.

{nstrumentation

The instrumentation used to monlitor temperature data !n thls study was all
manufactured by Yellow Springs Instruments. Skin temperatures were measured
with a Model LATD, 12-channel monitor (50°C face sweep) using Model 409 probes
(1.1 second time constant) taped to the skin. Rectal and esophageal tempera-
tures were measured with a Model 46TUC, 6-channe! monltor (11°C face sweep)
using Model 4Ol probes (7.0 second time constant). The accuracy of temperature
probes was verifled, over the range of 12.6 to 37.8°C.

3.3 Results

The complete rectal temperature-immersion flme proflles are shown graphically
for each immersion of each test article In App‘ndlx B. These graphs show the
changes which occurred In rectal temperatures as functions of elapsed Immersion
time. The first step In analyzing these results ls to adopt a general model
of the cooling process.

Selecting a Model of the Coolling Process
Three considerations predominate the selection of a model of the coolling
process.

i. The parameters of the model must be estimatable
from the data obtalined during the cold-lmmersion
expeariments.

-27-
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2., The model should ''fit' the observed data
reasonably well,

3. The model should have some basls suggesting
that extrapolatlions of the temperature response below
levals seen experimentally are reasonable.
Of these three conslideratlions, numbers | and 3 are very much more Important

than number 2. Consideration 3 will be addressed first.

There is 1lttle realievidence on which to base extrapolations of
core temperatures for individuals protected by equipment of varying
efficiencles. Alexander (1945) presents the time-rectal temperature
profile of a prisoner murdered by cold-water {mmersion at Dachau concentration
camp. The temperature reduction, once It began, occurred at an essentlally
constant rate (about 11°C/hr). One might expect that a well-protected immersion
victim would cool, perhaps linearly, until at some polint the gradient between
the victim and the water Is reduced sufficiently and the mstabollic rate is
Increased sufficliently to collectively reduce the rate of cooling. This would
produce a convexity (deceleration) In the cooling profile. One might also
expect, based on the Information In Table 1-3, that as the core temperature
approaches 32°C, reduced capaclty for shlvering thermogenesls would Increase
the rate of cooling. This would produce a concavity (acceleration) in the
cooling profile.

The problem of axtrapolating the coollng response in the face of
confllicting expectatlons Is paralleled by another such extrapolation
problem that Is recelving Intenslive study at the present time. ‘Tho problem
Is estimation of the carclnogenlic/mutagenic response elicited by low-dose
exposures to a varfety of substances and radlations. The low level of the
response at low doses and Its delayed nature make the magnitude of the
response extremely difficult to measure directly. The present approach Is
to measure the response (In laboratory animals or bacteria) at higher dosage
levels, where the response can be accurately measured, and to estimate the
low-dose response by extrapolation of the observations. As reported by
Marshall (1979) the Committee on the Blologlical Effects of lonizing Radlation
(CBEIR) of the Nationa) Academy of Sclences worked for 2 years.evaluating
the various methods for estimating low-dose risk. After some strife, the
majority of the conmittee reported In favor of basing risk estimates on what
has come to be known as the ''|inear hypothesis''. Marshall reports that the
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CBEIR concluded, '"There Is no truly adequate basls for such estimatlion

(of the effects of low-leve! radiation) but...regulatory declsions require

a position on the estimation of risk...," and that a majority of the commlttee
found the linear hypothesls, ''least objectionable in the absence of clear
avidence as to the shape of the dose-effect curve...'

This situation closely resembles the problem of extrapolating the
cooling response. The de$ermlnatlon of survival time requlres an estima-
tion methodology but there Is no truly adequate basis for the estimatlon.
The asuthors of thls report agree with the majorlty of the CBEIR that a
linear model Is least objectionable In the absence of indlcations to the
contrary.

A Linear Coollng Mode!

Figure 1-2 exemplifies the 1inear model adopted for developing survival-
time estimates. The model antalls three parameters: the maximum elevation In
core temperature (T), the time at which this maximum elevatlon occurred (t),
and the rate of cooling (r) that occurred after time t. The rate-of-cooling
parameter Is simply based on the slope between the observation at time t and
the last observation recorded. The adoption of this particular linear mode)
Involved conslderation | from the earllier list., A simpler, two-parameter model
was considered first. The only parameters requlired to describe this simpler
mode! are the time at which the change In rectal temperature returns to zero
and the rate of coollng following thls Elme. For these parameters to be
estimable from the experimental observatlons (consideration 1), It Is
necessary that the change In rectal temperature must have returned to zero
In each experiment. Thls was not the case as can be seen In Appendix B.
Therefore the three-parameter |lnear mode! was adopted to describe the coolling
process. It was dlctated by consliderations | and 3. Consideration 2, which
may superficlally seem Important, did not enter Into the selectlon of the model.
Secton 3.5 presents a dliscussion of selected observations relating to con-
sideration 2.

Experimental Observations

The results of the cold-immerslion experiments are summarized, In terms
of the linear-model parameters, In Table |-7. The means and standard errors
of the mesans are shown for each of the three parameters for each of the test
articles. The t parameters have been presented In units of hours to facili-
tate later estimatlion of survival times In hours. It should be noted that the
t's range over such small values (less than 0.59 hours) that they would not
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TABLE 1-7
RESULTS OF COLD- IMMERSION EXPERIMENTS ﬂ
Parameters :
Test t (hrs) T_(°¢) r_(°C/hr) ‘
Article Mean S.E.M. Mean S.E.M. Mean S.E.M. S. D.
WE I % .37 16 A .02 0.64 06 .36 j
WE2 .34 .09 .25 .09 0.62 .13 .29 :
WE 3% .33 T g5 .ok 0.46 .10 .23 |
WP 1% .25 .07 .18 .09 1.06 34 .76
Wp2* .36 .0k 5 .05 0.51 .05 i :
WP 3 .32 .07 .20 .08 1.09 .46 1.03 }
WP5* .31 .06 29 .05 1.19 46 1403 %
WPb* .33 .05 b .03 0.48 12 .27 i
P75 .19 .08 .20 .08 1.68 49 1.20 :
D2 * .59 15 .30 .13 0.55 10 .25
03 * .40 .02 .26 .09 1.30 bo .89
DFI (PVC) .22 .09 .04 .02 0.37 .03 .07
DF2 .36 .07 Jd2 .03 0.48 .10 .25
DF3 45 .10 .15 .03 0.47 .07 .16
DAI .54 Y A3 .03 0.33 .03 .07
DA2(closed) .16 .08 .0h .02 0.27 .03 .07
DA2 (open) .42 .12 .06 .03 0.4k .01 .02

* Results obtained [n approximately 11.8°C water, other
results obtalned in approximately 1.7°C water.

>-
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contribute more than a small proportion of reasonable survival times (a

few hours or rore cepenc!ng upon the sult).

.1 4ratvsis and Dlscussion

*= ~t the cold-Immersion experliments, the flrst

step was to . 2o, o o predict, for each test article, the
parameters of tha cod!i 1m0t | for the body structures of interest (thin,
average and heavy,. lecause .he oaraneters t and T were expected to have

relatively little irpact upon s v val=tines estimates, It was decided that

this effort would be necantryised upon nredicting the rate of cooling r and
that the survival-:im» astima:e= for each sult would be based upon the
average valur £ 0! howun n Table !-7.
Development v Loo. ' i 1w :gresslon Praedictors
A set of six ucan:: a7y measures of physical/metabollc attributes ]
were composed and invastigatel to determine If one would explaln the r
variatlon in coollng rates observed with each of the test articles. The .
indices, denoted X! *hrougy X5 are defined as follows. ;
Lo F ____Heath-Carter || ]
o (Reath-Carter ) .(Heath-Carter II) ¢
- H

! XI
' Tiitabolic Rate After |-Hour Immersion]

T ;..»Le.f.ang.___]

SJurface Area

— o

b b = . Mean Reclprocal Skinfold Thickness
| ] X3 3
5. X5 = [ (Surface Area) -{(Mean Reciprocal Skinfold Thickness) fc
{ Matabollc Rate After |-Hour Immersion ?
6, 6 = { Total Skinfald Thickness] )

The firss ind-«, i, 1s hased entirely on the three components of the Heath-
Carter somatotypz -:and, This i~dax was found by Hayward, et al., (1978) to
explain cooling-race variation moderately well. The second Index, X2, was
formulated to de:rarmiye what improvement In the performance of X! would
result from includlng rhe conslideration of the individual's capabilities to

generate heat. Metabollc rate measured after | hour tn the cold was chosen

since it was avallable most consistently, The third Index, X3, Is formulated
to consider the i:!iv1lial's propensitlies to exhibit thermal inertla as
measured by body weiahi and the area that he possesses through which heat

may be lost. The fourth Index, X4, was recommended by Keatinge (1979) as
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having worked well In his experlence. The ''mean raciprocal skinfold thickness"

was computed as ( 13 S|-|)/3 where S, S2 and 53 are the tricep, subscapular

and supralliac skinfold thicknesses. The fifth index, X5, was formulated

to consider the primary thermodynamic factors which should affect changes In ‘
i. core temperature -- surface area, thermal conductivity of surface materfal ;
F and the rate of Internal heat productlon. The last Index, X6, was formulated |
to be a simple measure of fatness. Of the 6 Indices, X!, X2, X4, X5 and X6
were arranged to be direct Indicators of expected cooling rate. That Is,

cooling rate would be expected to Increase as each of them increase. Index

X3 Is arranged In reverse fashlon -- cooling rate should decrease as X3

increases.

Each of these Indlces were computed for each test subject from the data |
presented in Table 1-5. Flrst-order, least-squarcs regression relations were i
establ ished relating cooling rate to each of the 6 Indices for each test

article. They are of form r* = ax + b where the x Is one of the 6 indices

and r° Is the predicted coolling rate. The accuracy wlith which regression
relations conform to data Is often expressed by ''F test statlistics''. The
significance of these statlstlcs may be interpreted by the '"level of signifi-
cance' at which the hypothesis, that the observations follow the ilnear

mode! (r“ = ax + b), may be rejected. Small levels of signlficance Indlcate
that the regresslions conform well to the observatlions. Table 1-8 presents the
significance levels for the r” = ax + b regressions for each Index and each
test article. No regressions were possible with Indices X2 and X5 for test

article DA2 since metabollc rate data during Immersion was unavailable. Table
i-8 also shows the average and maximum of the signiflcance levels for each
Index. The best Indlces are X4 and X6 which exhlblt an average signiflicance :
level of about 2 percent and a maximum significance level less than 7 percent.
This Indlicates that elther of these Indices could be used to predict cooling

: rates for this collection of test articles. Because of Its simplicity Index

} X6 was chosen for use In thls study. ;
: |

Index X6 has a value of 1/30.6 = 0.0327 for the average of the test
subjects participating In thls study. This corresponds to a value of 3 In
component | of the Heath-Carter somatotype method. The ''middle range'' for i
this component is from 3 to 5 (Carter, 1975). Thls Indicates that the group
of test subjects described In Table (-5 (all college students) are thinner 'W
than a comparable group selected at random from the population at l;rée.
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TABLE 1-B
SIGNIFICANCE OF INDICES FOR PREDICTING COOLING RATES
(r° = ax + b Model)
Physlcal/Metabollc Attribute Indlces ]
Test
Article Xi X2 X3 X4 X5 X6
WEI .080 .08k .087 .060 .078 .065
WE2 .050 .048 .031 .031 .034 .032
WE3 .066 .064 .064 .064 .054 .066
WP . Okl .019 .082 .012 131 .006
wP2 .003 .00k .001 .002 .00k .002 :
wP3 .158 213 119 .068 . 165 .067
WP5 .001 .001 .026 .007 .005 .006
WP6 .006 .002 .022 .024 .064 .026 |
WP7 .009 .005 .005 .003 .090 .002 4
b2 .013 .008 .00k .006 .002 .006
D3 133 132 130 .046 .10l .053 '
DF 1 (PVC) .00k .002 .003 .002 .001 .002
DF2 .006 .002 .016 011 .007 .0l1
DF3 .008 .009 .010 .006 .01 .008
DAL .006 .006 .007 .005 .003 .00k
DA2 (closed) .003 - .001 .007 - .007 i
DA2 (open) .000 - .000 .000 - .000 H
i
Average .035 .040 .036 .021 .050 .021 3
Maximum . 158 .213 . 130 .068 . 165 .067 */

Elements In table are levels of significance at which the
regressions may be accepted as accurate predictors of coolling rate.




However, these test subjects may be more representative of military personnel,
merchant seamen and recreatlional boaters who may be more fit than the popu-
tatlon at large. To establish a quantitative description of the "thin' and
Yheavy'! Individuals for survival-time estimation, Heath-Carter component |
values of 2 and 6 will be used. These values correspond to 21 and 62 mm

total skinfold thicknesses, respectively. Reviewing the data describing the
range of total skinfold thickness with which each sult was tested (Table 1-6),
it may be seen that all tést articles were tested at or near a 2I mm total
skinfold thickness but none were tested near 62 mm. This means that the
regression relations for predicting cooling rates are valld for thin (21 mm)
and average (30.6 mm) individuals but are not necessarlly valid for heavy

(62 mm) individuals. Therefore another mode! must be developed In which more
confidence can be placed for predlcting coollng rates of heavy Indlviduals.

As skinfold thickness Increases Its reclprocal (index X6) decreases
approaching zero and presumably the corresponding cooling rate decreases toward
zero. A zero value of the reclprocal of total skinfold thickness, which means
infinite total skinfold thickness, Is of no practical Importance. However,
by forcing a linear coollng-rate predictor to Indlcate a coolling rate of zero
when the reclprocal of total skinfold thickness reaches zero and by simul-
taneously forcing It to glve the best (least-squares) fit to the experimenta)
data, one may achieve reasonable extrapolations of the coolling-rate observa-
tions for large skinfold thicknesses (small reclprocals).

The linear model which passes through the origin Is of form r“ = c-x.
The least squares estimator for the coeffliclient ¢ for a particular test
article is:
n
1 % 0
o 2
TS

where n = the number of cold-Immersion experiments with the test article

x' = index value for subject In experiment | with the article.

" cooling rate observed In experiment | with the article.
These |lnear models were developed for each of the test articles and evaluated
(as the r* = a.x + b models were) with the F test statistics. The levels of
slgnlflcance of the models using Index X6 were calculated for each test article.
The average of them Is about 0.6 percent and the maximum Is about 2.h percent.

This Indicates that these models using Index X6 are quite accurate. Hence,
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they will be used to estimate the cooling rates for heavy Individuals. The
cooling-rate, regression predictors for thin, average and heavy individuals
are shown for each test article in Table 1-9. Both regression models are
based on analysis of the exact values of index X6 and the cooling rates ob-
served with each subject testing each article. The numbers of data points
analyzed for the test articles are indicated in Table |-4 by ""Number of
Replications''.

It Is interesting to note that the only two appearances of negative
values of "a'" (the coefficlent of the first order term In the basic cooling-
rate, regression predictor) occurred for the two sets of experiments con-
ducted with test artlcle DA2. It was previously indicated that the X6 fndex
varies dlrectly with antliclpated cooling rate. The negative coefflclents
of the Index in the DA2 models reverses this behavlior. This Indlcates that
thin individuals cool slower than heavier ones In that sult (a reversal of
the normal relationship). |t should be recalled that DA2 Is a one-size-flits-
all inflatable suit. The reversal might result from thin individuals allow-
ing the suit to inflate to a greater thickness than Is possible with a
larger person wearing the sult. This would provide greater buoyancy and
thermal protection for a thinner Individual. The increased buoyancy and
lighter weight of the thinner individual would reduce the surface area im-
mersed in the cold water. While thls result was not found with the other
inflatable test article (DAl), a relatively small value of 'a'' was found.
The fallure of the sign to reverse could Indicate that, while generally the
same factors described for DA2 were acting, the separate outer shell of DAl,
which preserves more unlform effective alr spacing between wearer and water,

renders it less sensitive to those factors.

Establishing Cooling-Rate and Survival-Time Estimates

To determine the coolling rate estimates for indlviduals with the
three selected total skinfold thicknesses one simply has to evaluate the
appropriate predictor model, glven In Table 1-9, at the appropriate value
of the X6 index (thin 0.0476; average 0.0327; and heavy 0.0161). The
resulting cooling rate predictions are given in Table 1-10. These rates
are those expected when Individuals with the varlous somatotypes are
immersed In water of the temperatures In which the varfous sults were
tested. The negative first-order coefficients discussed earlier for test

article DA2 have resulted In larger cooling rates for average Individuals
~36-
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Test
Article

WE I*

WE2

WE 3*
WP} *
WP2%

WP3*
WPS*
WP6*
WP7*

D2

D3#*
DF1(PVC)
DF2

DF3

DAI
DA2(closed)
DA2 (open)

TABLE 1-9
COOLING-RATE T PREDICTOR MODELS

"Thin And Average'' Individuals

{r- =.ax + b Models)
a b
20.514 =0.125
29,838 -0.319
0.987 0.427
74,746 -1.535
NLY) 0.124
77.702 -1.527
116,224 ~-2.580
31.062 -0.456
132,123 -2.858
20.570 -0.203
76.328 -1.705
7.038 0.119
16.076 -0.138
22,673 -0.378
3.570 0.202
-1.956 0.346
-0.271 0.451

+ Cooling rates given in °C/hr

""Heavy'' Individuals
{r” = cx Models)
c
17.262
19.990
13.435
33.097
14.558
35.391
hi.372
16.546
52.963
15.201
34.505
10.219
12.649
12.775
8.496
6.484
10.738

* Cooling rates predicted for Immerslon In 11.8°C water,
other cooling rates predicted for immersion in 1.7°C water.
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TABLE 1-10

I T~ TR 1\ T

COOLING RATE T ESTIMATES
(Experiment Water Temperatures)
v Morphology
Test Thin Average Heav
] Article Estimate S.D. Estim 5.0, E—T'—;mase S.D.
f‘ WE | % 0.852 484 0.546 424 .278 .588 3
§ WE2 r.101 486 0.657  .305 322,420
WE3* 0.474 588 0.459  .407 .216 Jb2h
WP % 2,023 ,388 0.909  .333 .533 718
WP2% 0.655  .099 0.489 ,083 234 .109 e
WP 3% 2,172 .963 1.0lh 816 570 1.092 '
WPG5* 2,952 .851 I.221  .579 .666 1,285
WP6* 1.023  .355 0.560 .229 .266 .313 i
WP7% 3.431 641 1.462  .540 .853  1.186 i
D2* 0.776  .26! 0.470  .229 245 311
D3* 1.928 .892 0.791  .867 .556 416
DF 1 (PVC) 0.454 085 0.349 .07l . 165 .103
DF2 0.627 ,280 0.388 247 . 204 .ho6
OF3 0.701  .18) 0.363 |49 .206 274
DAI 0.372  .08h 0.319 .,079 137 124
0A2(closed) 0.253 .079 0.282 075 . 104 .75
DA2 (open) 0.438 oLk 0.442 o042 173 .207

+ Coolling rates given In °C/hr

* Cooling rates predlcted for Immerslon Is 11.8°C water, ;
other coolling rates predicted for Immersion In 1.7°C water.
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than for smaller Individuals. This, of course, assumes that these Indi-
viduals (thin and average) are Immersed In the same type of one-size-fits-
all suit. Custom fitting or even simple sizing could change this. It
should be noted that the use of the r° = ¢x model to predict coolling rates

for heavy individuals wearing DA2 Implicitly assumes that sizing to fit will
be done.

Table 1-10 also shows the standard deviations (S.D.) of each of the
cooling rate predictions obtained from the regression relations. These 3

standard deviatlons were computed for each test article and body morphology

as follows. 1/2
2
P _ =
s.0. = (mseofiele 20
(X, - X
i (-8
where MSE = mean square error from analysis of

varlance performed on the respective
regresslon relationship

n = number of subjects testing the article

xP= value of (total skinfold thlckness)-I
for which cooling rate is to be predicted

X,= value of (total skinfold t:hickness)-I for
J subject j testing the article (j = |, 2,....., n)

=% x,)
j£| XJ /n

These standard deviations recognlze the intrinsic error In the regression
relation, the size of the sample upon which it Is based as well as the proxi-
mity of the value of the independent varlable, at which the prediction Is
developed, to the values upon which the regression is based. These standard
deviations Indicate clearly that the coolling rate predictions Involve less
error for the average body morphology than for the thin or heavy ones.

Comparing the standard devliatlons for the average man to those for the
cooling rates in Table I-7, it may be seen that the regression-based approach
to estimating cooling rates which are sensitlve to somatotype varliation has
produced only small reductions In random variation. Thus the maln contri-
bution of the regression-based analysls has been that it allowed survival-time

estimates to be developed for selected somatotypes for all test artlcles.
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core temperature stabllization such as seen for this subject and others



This glves comparabllity In the results even though dlfferent groups of
subjects tested each article. It Is Important to notice that though ran-

dom variation was n ot reduced as much as had been hoped, It was certalnly

not increased to any significant extent by the analysls approach. It

was Increased for only three test articles: WElI, WE3 and DA2 (open); and
these increases are unimportant in the comparison of the test articles
because of the close agrﬁement between the sample means (r) and the re-
gression estimates (r°) for these three articles. The survival time
estimates for thin and heavy Individuals (though their random variation
may be seen to be often large) could not have been developed without the

regressjon-based analysis.

Each survival time Is formulated as the time required for the Indi-
vidual to cool to 30°C core temperature. Thls time Is the sum of that
required for temperature to reach Its peak value plus the time required
for subsequent cooling to 30°C. it will be assumed that the time requlred
to reach the peak temperature Is the mean of these times (t) observed with
the respective test artlcles. It will also be assumed that the individual
enters the water with a ''normal" core temperature of 37.56°C and that hls
initial increase In core temnperature will be the same as the mean of these
values (T) observed with the respective test articles. Thus cooling begins
from a peak temperature of (37.56 + T)°C. The survival-time estimate (S)
Is as follows )

s=t + (37.56+F) - 30
r

where t and T are selected for the appropriate test article from Table 1-7

and r° Is selected for the appropriate test article and morphology from

Table 1-10. The survival-time estimates resulting from this calculation are
shown in Table I-11 ranked In order of decreasing values for the average
individual. The test articles have been divided into two groups In this table.
Those 1isted above the horizontal 1ine were tested In 1,7°C(35°F) water.

Those 11sted below the 1lne were tested In 11.8°C(53.2°F) water. To achleve
comparability among these two groups of test articles, the survival-time
estimates for those tested In 11.8°C water will be adjusted (shortened) to
approximate those which would result when immersed in |.7°C water. It should
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{ TABLE 1-11

SURVIVAL-TIME T ESTIMATES
(Experiment Water Temperatures)

Morphology
Test
Article Thin Average Heavy
DA2 (closed) 30.2 27.1 73.2
; DAl 21.2 24,6 56.7
i DFI (PVC) 17.0 22.0 6.3
DF3 TR 21,7 37.9
OF2 12.6 20.2 38.0
DA2 (open) 17.8 17.7 44,5
WE2 7.4 12.2 24.6
D2* 10.7 17.3 32.7
WE3* 16.6 17.1 36.0
WP2* 12,1 16.) 33.3
WEI* 9.4 th.4 28.0
] WPG* 7.9 1h.1 29.3
D3k h.5 10.3 4.5
WP|* 4,1 8.8 14.8
WP3* 3.9 8.0 13.9
WP5* 3.0 6.7 t2.1
Wp7* 2.5 5.5 9.3

+ Survival time estimates given In hours.

* The estimates for these test articles apply for Immersion
in_11.8°C water.
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be noted that in Table I-1l only the lowest-ranked test article of the
top group would rank below any of those In the bottom group If the groups

were merged.

The problem of adjusting the survival-time estimates for changes in
immerslon-water temperature Is a complex but unavoldable one. ft {s unavoid-
able If one wantsto identify the least-inhibiting sult that will give at
teast 4 hours of survlvah time in 1.7°C water. The problem Is complicated
because much more than mere thermodynamics Is involved. When immersion-water
temperature Is lowered by 10.1°C one can expect a more pronounced elevation
in rates of thermogenesis and possibly more pronounced peripheral vaso-
constriction as well. These dlfferences In physiologlc responses may, to
some degree, offset the Increased rate of heat loss to be expected because
of the Increase temperatu}e gradient exlsting between the immersion victim
and the water. However, these response differences may be expected to vary
among the test artlcles due to varlation in the rates of coollng of different

body surface areas.

The best available approach for quantitatively predicting the impacts,
upon the cooling process, of Immersion In colder water while wearing the
suits which were tested In |1.8°C water, Is to perform a detailed numerical
simulation of the Immersion, Including consideration of characteristics of
the test articles. Part |Il of this report addresses an Investigation of the
accuracy of a varlety of mathematical models for performing simulation of
cold immersion. It is concluded in Part |l that even with the best model
considered (Montgomery's model) and with an Improved metabol Ic rate control
submodel substituted, the accuracy with which the mode! represents actual
observations varles among the test articles. Therefore, one may not assume
that the model produces results which are comparable among the test articles
In colder water.

However, it Is possible to use model simulation results to modlfy
observations obtained In 11.8°C water to produce estimates for 1.7°C water
without assuming that the model |s accurate In an absolute sense. Instead
one must assume only that the model's results, obtained for a given test
article In different water temperatures, are relatively accurate (changes
are proportionally accurate). This weaker assumption enables the estimation
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of proportional changes In the parameters of the cooling models (E, f, ro)

due to changes in immersion-water temperature, which may then be used to

adjust the corresponding parameters developed from the data obtained from

experiments in |1,8°C water. From these adjusted parameters, corresponding

survival-time estlimates can be developed. This process is symbolically

described in the following algorithm,

2.

Define parameters based on results In 11.8°C water.

¢

mean time for temperature to peak in
test article I {1 =1, 2, ...., 10, since 10
sufts were tested in 11.8°C water)

mean elevation in rectal temperature at peak
value in test article 1

regression-predicted cooling rate for
morphology j In test article I (j = | represents
thin, 2 represents average, 3 represents heavy

Define morphologles In terms of model Inputs.

Morphology Ht (cm) Wt (kq) Body Fat (%)*
thin 182.9 65.5 3.2
average 180.4 73.4 9.6
heavy i82.9 86.4 15.3

*Based on estimation In Montgomery's model drawn from Stri

(1956)

Perform mathematical simulation for each morphology in each
test article in 11.8°C and 1.7°C water. Determine

f

ratlo of time for temperature to peak for
average morphology and test article I in
1.7°C water to the corresponding elevation
in 11.8°C water

ratlo of elevation In rectal temperature at
peak value for average morphology and test
article | In 1.7°C water to the corresponding
elevation In 11.8°C water

ratio of rate of cooling (peak to end) for
test article | and morphology j In 1.7°C
water to the corresponding rate of cooling
in 11.8°C water

-43-

TABLE 1- 15

ELEMENTARY MOVEMENTS CONSIDERED AND SELECTED




L. Estimate time for temperature to peak in test article
I in 1.7°C water (KI)'

Ki - fl. tl for t =1, 2, ....., 10

5. Estimate elevation In rectal temperature at peak value In
test article | in 1.7°C water (L')

L, = 9;- T

[ for t = 1,2, ....., 10

1

6. Estimate coollng rate for morphology j In test artlcle
I In 1.7°C water (Mlj)

Mlj = hlj' r‘lj forl =1,2, ...... y 10 and J =1, 2, 3.

7. Construct survival-time estimates for test article |
and morphology J in 1.7°C water (S“j).

(37.56 + L') - 30
Mlj

This approach to adjusting the coolling model parameters is consistent with
the earlier development of parameters based on experimental observatlions in
that distinctlions in values of the mlnor parameters (t and T or K and L),
due to varlatlon in body structures, are not made.

The parameter ratlos (fl’ 9, and hlj) obtained by exerclsing Montgomery's
model including the Improved metabollc-rate-control submodel, 1.7°C-water
results in the numerator and [1.8°C-water results in the denominator, are
shown in Table I1-12. The mathematical model could not simulate the effects
of a device covering only part of the torso. Therefore, no results and hence
no ratios could reasonably be obtained for WP7. For purposes of adjusting
cool ing parameters to allow estimation of survival time in 1|.7°C water, it
was assumed that the parameter ratlos for WP7 are the same as those for WPS.
It should be noted that the ratlos of times to reach peak temperatures range
from 1/3 to 3/4. The ratlos of elevations in temperatures are based on small
numbers, hence their range Is relatively large (0 to 5). The ratios of
cooling rates are generally well behaved among the test articles and among
the body structures.

The cooling parameters resulting with the use of these adjustment

factors are shown In Table I-13. These adjusted parameters are identified
-4y
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TABLE 1-12

RATI0S t OF COOL ING PARAMETERS FROM

MATHEMAT | CAL MODEL

* Ratlos for WP7 assumed same as for WPS
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FIGURE 1-6 (CONTINUED)
SELECTED ELEMENTARY MOVEMENTS

+ Ratlos constructed with |.7°C-water parameters divided
by 11.8°C-water parameters.

Ratlos of
Ratlos of Ratlos of Coollng Rates (hlj)

Test Times to Peak Elevatlons In _
Article (1) Temperatures (f,) Temperatures (gl) Thin  Average Heavy
: WE{ .500 5.000 1.884 1.969 2,250
| WE3 .667 4.000 1.864 2.007  2.118
WP .667 1.000 1.863 1.987 2,092
wP2 . 500 0 1.700 1.769 1.841
WP3 .500 1.500 1.923 1.958 2.240
WP5 .750 1.500 1.987 2.040 2.366
wPé .600 1.250 2.009 2,050 2.446
WP7* .750 1.500 1.987 2.040 2.366
3 D2 .333 2.000 1.793 1.816 2.023
D3 .500 1.500 1.683 1.750 1.912




TABLE 1-13
COOLING PARAMETERS ESTIMATED FOR 1.7°C WATER

Cooling Rates (HU)

Test Times to Peak Elevations In g
Article (1) Temperatures (K') Temperatures (L') Thin Average Heavy :

WEI .19 .55 1.605 1.075 0.623

WE3 .22 .60 0.884  0.921 0.457

WPl A7 18 3.769  1.806 1.115 i

wP2 .18 0 1 114 0.865 0.43) i

wP3 16 .30 4.177 2.013 1.277 O

WPS .23 Ak 5.866 2.491 1.576 a

wPé .20 .18 2.055 1.148  0.651

wP7 b .30 6.817 3.000 2.018

D2 .20 .60 1.391 - 0.854 0.500

D3 .20 .39 3.245 1.384 1.063

L6~

is a composite showlng the elementary movements which were selected for

inclusion In the study. Selectlons were based upon importance of the



by the symbols used to represent them In the algorithm stated earllier.
The survival tlme estimates produced by the last step of the algorithm
for those articles tested In 11.8°C water are shown In Table I-14. To
facilitate comparisons among the |.7°C-water, survival times for all the
test articles, the results for articles tested in 1.7°C water have been
repeated in Table I-i4., The estimated survival times for average men are
presented graphically In Figure 1-3.

Discussion

A number of Interesting observations may be drawn from the results In
Table I-14. The respiratory heat reclamation feature of DA2 seems to
significantly extend survival time. That for the average Individual Is
extended from 17.7 to 27.| hours. It should be noted that ''dry foam' and
“"dry air' sults were categorically superlor to dry sults and wet sults.
This 1s consistent with the results of Hayward, et al. (1978). Sult D3
was regularly observed to contain signlficant amounts of water following
cold-Immersion experiments. It, therefore, should not be regarded as a
proper dry suit. The other dry sult (D2) dld not suffer this difficulty
and performed better than all but one of the wet sults for an average
Individual. The best wet sult was WE2, probably due to lts snug fit and
resistance to flushing. The best wet-mode, partial-body sult, WP2, was
the only one Indlcated to provide a thin Individual more than four hours
of survival time. The next-best sult, WP6, Is Indlcated to provide a
thin individual about four hours of survival time. The longer survival
times for the thin Indlvidual than for the average one Iin sult DA2 (open
and closed) are due to the regression predictors obtained for that sult
and probably result from the factors discussed earller.

3.5 Speclal Observations

Detalled Metabollic Rate Obsarvatlons

During the course of thls investigation, an Instrument became avaiiable
for a short period of time by which the rate of oxygen consumption of a sub-

Ject could be monitored continuously during an experiment. The device is
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Tast
Article

DA2(closed)
DAl
DFI(PVC)
OF3

DF2

DA2 (open)
WE2

D2

WE3*
WP2*
WE | *

wP6*

D3

WP | *

WP3*

WPGk

WPT*

TABLE 1-14

SURVIVAL TIME d ESTIMATES IN 1.7°C WATER

Morphology
Thin Average Heavy
30.2 27.1 73.2
21,2 24.6 56.7
17.0 22.0 b6.3
1.h 21.7 37.9
12.6 20.2 38.0
7.8 7.7 k.5
7.4 12.2 24.6
6.1 9.8 16.5
9.5 9.1 18.1
7.0 8.9 7.7
5.2 7.7 13.2
h.0 6.9 12.1
2.6 5.9 7.7
2.2 4.5 7.1
2.0 4 6.3
1.6 3.4 5.3
1.3 2.8 4.0

+ Survival-time estimates glven In hours.

* Survival time estimates based on adjustments to coollng
parameters observed In |1.8°C water.
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the MRM-1 Oxygen Consumption Computer manufactured by Waters Instrument,
Ilnc. It was used to determine the metabolic rates for subjects BS and GE
(both of whom were wearing test article D3 In (1.8°C water) in a quasi-
continuous fashion. The device repeatedly averaged the rate of oxygen
consumption over consecutlve minute perlods and recorded these average
rates. Because of a known blas In the instrument when measuring low rates
of oxygen uptake (below 0:5 1/min) a linear correctlion, supplied by the
manufacturer, was applied to all such low rate measurements recorded. This

correction is as follows.
Adjusted rate = 0.7539 (recorded rate) + 0.1280

The conversion of oxygen uptake rates to metabollc rates (in kcal/hr)
was done by the standard technique employed when measuring metabolic rate
with a spirometer. That is, by assumlng that an oxygen consumption of |

liter (STP) is equivalent to 4.82 kcal.

The metabollc rate data for subject BS and GE are shown in Figure [-4
and Figure -5 respectively. They show rapld fluctuation of the metabolic
rate around an easily discernable average metabolic rate which Is changing

more slowly. Both changes are of interest in the thermo regulatory process.

The changes in rectal temperature for these experliments are shown on
page B-1l of Appendix B. For both subjects the average metabollc rate and
the rectal temperature changes track very well. The rectal temperature of

subject GE remalns unchanged for approximately 35 minutes and then starts

dropping rapidly. His average metabollic rate follows a similar time course
except that as the rectal temperature falls, the average metabolic rate
increases rapidly until at approximately 75 minutes it levels off at a rate

which may be the maximum obtainable through shiverlng.

The time course of the rectal temperature and average metabolic rate of
subject BS also follow very closely with an Increase In metabolic rate corres-
ponding to a decrease In rectal temperature. The stabillization of his rectal
temperature after approximately 125 minutes Is Interesting In that there is

also a stabllizatlon of the metabollc rate from approximately 140 to 170

minutes. The dip in metabollc rate at about 170 minutes is not fully under-
stood. |t may result from the reaction of the body's metabolic rate control
mechanism to the stablillization of core temperature. The possible effects of
-50- ?
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core temperature stabilization such as seen for this subject and others
are discussed later In this sectlon.

The short-term variations of the metabollc rate observations for these

two subjects were quantitatively analyzed for periodic components. Because
of the seemingly random nature of the varlatlons, it Is difficult to detect
these components If they are present throughout the time course of the
responses. The method used for detecting perlodicities in these responses

is to correlate the response with Itself by computing its autocorrelation
function. Before this was done, the large average values of the two res-
ponses were removed so that any perlodicltles in the autocorrelation function
would not be obscured. This was done by subtracting the values indicated

by the bold lines shown In Flgures 1-4 and -5, from the response. Only

the first 110 minutes of the response of subject BS were analyzed and the
first 60 minutes for subject GE. The autocorrelation functions were obtained
by computing the inverse Fourler transforms of the power spectral density
functions of the responses. Both of these transforms were obtalned using a
fast Fourler transform algorithm described by Bergland (1969).

The autocorrelation function for the response of subject GE showed a
periodicity In the response having a period of 2 minutes. Thls corres-
ponds to a frequency of twice the sampling frequency and may not be of
physiological significance. However, the autocorrelation function for
subject BS showed a perfodic component with a per{od of 8 minutes was strongly
present in his metabolic rate response. This means that In each 8 minute
period of the metabollc rate data, there Is a maximum rate of oxygen uptake
and a corresponding minimum rate of oxygen uptake. in many of the experi-
ments [t was observed that the subjects exhibited a cycllic shivering pattern.
it Is most probable that the cyclic varlation of the metabollc rate In the
case of subject BS was due to this cyclic shivering.

it must be emphasized that the two sets of metabollic rate data reported
here are not sufficient to establish the behavior of the thermoregulatory
process. However, the results are Intrigulng and suggestive of further
research.
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Observations on the Nature of Core Coolling

In Section 3.3 three considerations were presented which are thought
to be relevant to the selection of a model to represent the coollng process.
One of them was the correspondence or flt between experimental observatlions
and the model over the range of the observations. This consideratlon was
Judged to be of less significance than the others for the purpose (extrapola-
tion) to be served by the.model In this study. It is appropriate, before
concluding discussion of this Investigation, to reflect on certain of the
responses shown In Appendix B which are particularly Interesting and
potentially significant to modellng of the cooling process.

It was earlier argued that a reasonable expectation exists that, after
some cooling, a well-protected Individual might be able, through accelerated
thermogenesis, to reslist further reductions In core temperature. By achieving
and maintalning thermal equlilibrium, signlficant extenslons of surival would
be possible. The occurrence of this thermal equilibrium would, of course,
be strongly dependent upon the temperature of the water and the efficlency
of the protection device. One would also expect that somatotypic factors
would also play a role In affecting the onset of thermal equilibrium.

The occurrence of thermal equilibrium would be assoclated with a more
or less stabilized core temperature. Because of the cycllc nature of shivering
thermogenesis, some variations in core temperature might be antlclpated.
However, the definition of thermal equllibrium Implles that the largér. down~-
ward drift In core temperature would be arrested. This general response may
be seen for the following test articles and test subjects In the data in
Appendix B.

Test Articles Test Subject (s)
WEI JH, SW
WE2 PK
WE3 SW, BH, GF
WPI RM
WP2 KC
WP3 BH, PK
WP6 MO, BH, PK
WP7 JC
D2 GE
D3 BS
DF2 BS, TP, MK
DF3 MO, MK, SW
DAI MH
DA2 (closed) JR, MH
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The apparent ''rebounds'' in the core temperature responses are not unllke
responses reported by the Royal Australlan Air Force (1977).

The problem In interpreting these stabilizations of core temperature
Is the irregularity of thelr occurrence. They occurred over the whole range
of body structures represented by the test subjects. Yet they sometimes did
not occur when one would have thought they should, for example, with test
article DFI (PVC).

Equally distrublng Is the notion that, If Immersion experiments had
been terminated somewhat earller, then relatively short-1ived phenomena
might be misinterpreted as a sustainable thermal equlflibrium. This might
have happened with the following experliments.

Test Arflcles Test Subjects
WEI GF, MK
D2 CM
D3 RM
DA} RM

Stablllzations of core temperature during cold immersion have occurred
and are potentially significant to the estimation of survival times. The
question remains, would the stabillzatlions have been maintained as long as
metabolic substrate was avallable to support the elevated metabolic rate
or are they transient phenomena which would not persist to materially effect
survival. Uncertainty over this question as well as the inabllity to predlct
reliably the occurrence of the stabillizations have prompted the decision
not to Include stabllizations In the survival time estimation process. Of
course, when stablllzations did occur during cold-immersion experiments they
effectively reduced the cooling rate parameters estimated for those experi-
ments. However, these stabilizations remain protentially significant and
warrant further study to develop an understanding of their real Implications
to survival,
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4.0 MOBILITY-REDUCTION INVESTIGATION

One of the central components of the decisfon to select an article
of cold-protection equipment for use In a constant-wear mode Is its Inter-
ference with the wearer's ability to move In the performance of his job.
It would normally be the performance of this job which motlvated the
exposure to the risk of accldental cold-water Immersion In the flrst place.

4,1 Objectives

The objective of the mobillity~reduction Investigation was to quantlta-
tively assess the Interference with mobility assoclated with wearing each
test article selected for thls investigation (see Table 1-2). These articles
are potentlally useful to Individuals involved In a variety of jobs. The
specific kinds of mobllity (e.g., leg mobility versus arm mobl1ity) which
are Important vary among jobs. It was deslired that thls Investigation
provide results which are not only useful for a particular job but which
could be used to determine the sultability of each article for a varlety
of potential uses. It was also deslired that this investigation provide
results which are not only useful for indlviduals with particular types
of body structure but which would be valld for a broad range of body structures.

4,2 Methodology

The flrst step In the mobllity-reduction Investigation was the selectlon
of elementary movements of the body from which overall mobllity Is constituted.
To achieve results appllcable to the broadest possible range of indlviduals
wearing the devices, the general approach employed In goniometry (the measure-
ment of joint motlon) was used (see Cave and Roberts, 1936, and Cole, 197i).
The elementary movements consldered were all angular deflections of joints.
These movements, unlike stepping, reaching and others, are essentlally In-
dependent of the Individuals height and welght over reasonably broad ranges
of these two parameters. The movements which were consldered and selected
for Inclusion In the study are Indlcated In Table 1-15. Movements which
are simply returns to starting positions, such as shoulder adduction, elbow,
knee and metacarpophalangea! extenslons, and splne and cervica) lateral ex-
tenslions, were not considered and are not listed In Table 1-15. Flgure [-6
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TABLE I-15

ELEMENTARY MOVEMENTS CONSIDERED AND SELECTED

Movements Consldered

l.

7‘

Prap—

10.

Shoulder

A.
8.
c.
D.
El

Elbow
A.

Radlo
A.
B.

Wrist
A.
B.
C.
D.

Hip
Al
B,

Hand
A.
B.

C.

Splne
A‘
8.
cl

Al
a.
c.

Flexlon

Extenslon
Abductlion
Internal Rotation
External Rotatlon

Flexion

- Ulnar Joints
Pronation
Supination

Jolint
Flexion
Extenslon
Abduction
Adduction

Flexion (knee stralght)
Extension (knee stralght)
Flexion (knee bent)

. Extenslon (knee bent)

Abduction
Adductlon
Internal Rotatlon
External Rotatlon

Flexlion

Joint
Flexlion
Extenslon
inversion
Eversion

Metacarpophalangeal Flexion
Thumb Abduction
Thumb Adductlion

Flexlion
Extenslion
Latera) Flexion

Cervical Reglion

Flexion
Extension
Lateral Flexlon
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Selected?

Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
No

Yes
Yes
Yes
Yes

Yes

No
No

No

Yes
No
No

Yes
Yes
No

No
No
No
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FIGURE 1-6 (CONTINUED)
SELECTED ELEMENTARY MOVEMENTS
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Is a composite showing the elementary movements which were selected for
Inclusion in the study. Selectlons were based upon Importance of the

movements in most physical actlvity.

The general approach to quantifying the moblllty reduction assoclated
with wearing a particular test article was to measure (followlng the standard
procedures outlined in Appendix C) the ranges of motion of test subjects
for each selected movement while wearing nominal clothing (the standard
work/recreation clothing described In Chapter 2). These measurements were
repeated while wearing each of the test articles. The range of motlon for
each subject and each selected movement In a particular test artlicle was
compared to the corresponding range measured In the nominal clothing and
the reductions were determined. Thls approach uses each subject as his own
experimental ''control’. fhls measurement of ranges of motlon was actually

the second step of a two-step evaluation procedure.

The first step of the procedure was the subjective evaluation of motion
inhibition performed by the test subjects. In this subjective evaluation they
assigned an ordinal score depending upon thelr assessment of each elementary

movement as follows.

Score Definitlion
0 No Interference at all
| Can achieve full motlon wlith extra
effort
2 Slight reductlon of motion
3 Moderate reduction of motion
4 Great reduction of motlon

This subjective scoring of each movement In each test artlcle was per-
formed for two reasons.
I. It was antlcipated that certaln artlicles would not
interfere at all with some of the elementary
movements (e.g., hip movements) because the range

of test articles conslidered In this Investigation
Included jackets.

2. Extra effort required to perform some movements In
some test articles would go unrecognized 1f the
the [nvestigatlion Is based only on measurement of
reduced capacity for motlion.

while Item 2 s conceptually addressed In a separate Investigation iIn
(Chapter 5),It was deemed desirable to conslder It as well In thls

comprehensive study of important elementary movements.
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Following the subjectlve scoring, the reductlon In motion was
determined only for the elementary movements for whlch subjectlve scores
of 2 or greater were obtailned. The reductlon of movement was determined
by measurement of the ranges of each movement In and out of the test
article, as described earller. A reductlion In motion of 0° was asslgned to
each elementary movemant for which a subjectlve score of 0 or | was obtalned.

Flve test subjects ?artlclpated In thls Investigation. Thelr physical
characteristics and normal ranges of motlon are described In Table |-16
These ranges of motlon are the averages of three measurements of each joint
movement made while the subjects were wearing the standardized work/recreatlion
clothing. An age range of 26 years ( 2) to 47) Is represented. The total
Intrinsic mobility of each of these subjects, as Indicated by the sum of
their ranges of motion for the elementary movements, Indicates that the
oldest subject (FS) dld not exhlblt the least Intrinsic mobility. The suit
sizes worn by the test subjects during this Investigation are shown In
Table 1-17.

A number of the test articles feature elther deployable attachments
or zlppered gussets to Increase comfort In the normal mode of wear while
retaining cold-protection effectiveness. In general these articles were

tested -.iii these devices positioned so as to maximize comfort and mobl}lity
in the dry. To avold any confusion about the modes In which certaln of

the articles were tested, the followlﬁg brief descriptions of test condi-

tlons are provided.

Test Article Mobillty-Reduction Test Condlition

WE| Dlaper stowed, wrist and ankle
cIinches open, hood off

WE2 Gussets open, beaver tall open,
hood off

WE3 Wrist and ankle zippered closures open,
hood off

WEL Beaver tall open, wrist and ankle
zlppered closures open

WP Gussats open, beaver tall stowed, hood off

WP3 Dlaper stowed, hood off

wPs Hood off

wPé Underliner open,beaver tall stowed,bhood
off, wrlst closures open

DAL Sult deflated, mitts off, hood off
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TABLE I-16
DESCRIPTIONS OF MOBILITY-REDUCTION SUBJECTS

!
Subject
MH MK JR Fs SW
Attribute }
i
Age (years) 25 22 21 47 22
Height (cm) 182.7 183.0 178.5] 177.8 1 177.5 |
Welght (kg) 6h. 1 75.9 60.9] 79.4 | 66.3 MEANS ;
Flex. 156 168 165 164 169 164
Shoulder Ext. 50 56 67 64 66 61
Abd. 180 180 180 | 180 | 180 180 i
In. Ro. 60 32 62 5| 53 52 i
Ex. Ro. 90 90 90 90 90 90 !
o H
£
< Elbow Flex. 131 136 139 133 135 135
(o]
S
'é Flex. (st.) 61 74 68 74 61 68
5 Ext. (st.) 33 31 21 21 " 23
pi Flex. (bent)] 97 102 101 100 100 100
= Abd. 33 38 41 29 52 39
z Hip Add. 28 17 25 24 17 22 E
§ In. Ro. 27 4 b 38 40 37 :
o Ex. Ro. 29 3 49 34 27 34
L
b ;
o Knee Flex. 122 16 17 116 11 16 :
Y .
o
3 Hand Flex. 86 93 8 | 92 | 8 89 5
i
Spine Flex. 105 103 105 9| 86 98 '
Ext. 34 26 38 17 3 29 '
TOTAL 1322 1334 1397 1318 1316 1337 ]
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TABLE |-17
SIZES OF TEST ARTICLES
USED IN MOBILITY REDUCTION INVESTIGATION

Test Subject 1y MK JR Fs W

Articles
VED W W W W ]
VE2 M L M M M
VE3 M M M " M
WEL M L M * M
WP H M M M L
WP2 M M M M L
WP3 M M s M M
WPk MR LL L MR MR
WP5 M M M M M
WP6 S/M S/M S/N S/M S/M
DI 68-71" |es-71n | e8-7» 68-71" 68-71"
02 4oL - 4oL 4oL 38R
03 M M M M M
DF2 M M M M M
DAI X X X X X

* Subject wore medium pants, large jacket

S ]
H -
L -
S/M =
L/€ =
MR -
L -
38R =
oL =
68-71" =
X -

Small

Medlum

Large

Small/Medium
Large/Extra Large
Medium, Regular Length

Large, Long Length

38" Chest, Regular Length
40" Chest, Long Length
68-71" Helght

Unsized Prototype

A 3
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No flotatlon bladders were Inflated and no supplemental flotatlon devices
were worn during thls Investlgation. All closures, other than those listed

above, were tested In the closed positlion.
4.3 Results

The results of this Investigation are of two kinds. Flrst the results
of the subjective scorlnq are presented In Table 1-18. The cells of thlis
table contalin the subjectlve scores assigned to each elementary movement
In each test article by the flve test subjects. These scores are In the form
of ""pentuples'’ -- sequences of flve single-diglt scores. They are arranged
for the subjects in the order (left to right): MH, MK, JR, FS, and SW. No
scores are shown for cells which received flve scores of zero. Test article
D2 could not be donned by subject MK. The absence of hls scores are Indlicated
for that sult hy X's.

Scores of | were asslgned when full range of motlion could be achieved
but extra effort was required. Table 1-18 Indlcates In Its bottom row the
total number of scores of exactly | which were asslgned to each of the :

elementary movements. The elght elementary movements most often indlcated
to necessltate extra effort to achleve full range of motion are the following.

Elementary Movement Total No. of I's

Shoulder Flexion 32

Elbow Flexlon 32

Shouldar Abduction 26

Hip Flexlon (knee bent) 22

Knee Flexlon 21

Shoulder Extenslon 18 i
Splne Flexlon 18 |
Spine Extension 15 ‘

The remaining nine elementary movements are minimally Impllicated as ''extra l
effort' movements. The reader should keep In mind that full range of motion
was achlevable when each of these scores of | was assigned. Table i-18

also Indlicates that the seven test articles most Implicated In necessitating

extra effort to achieve fuil range of motion are the following.

Code Test Artlcle Descriptlion No. I's Per Subject f
WED White Stag Nylon-Two Wet Sult 5. !
WPh NADC Modified Wet Sult 5.6 v
02 NADC Goretex Experimental Coverall b.5 .
WE2 Henderson Z!p-On Exposure Sult 4.4 ;
DAI ILC industries Prototype Survival Sult 3.8 |
WEI Bayley WeatherMate Plus 3.4 p
WPt Henderson Prototype Jacket 3.2 l
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The subjective scorings In Table I-18 provided guldance In addressing :
the attribute of the test articles which Is the primary concern of this
Investigation -- reductlons In mobility. The subjective scoring obvlated
the necessity for measuring, and Including In the analysis, reductions
In mobility which are so small as to be masked by measurement error.
Reductions in range of motion were determined for the elementary movements
receiving a subjectlve score of 2 or greater. Subjective scores of 0 or
|, by definlition, Indlcag; a O-degree reductlion In Jolnt motion. The
results obtained for each elamentary movement In each test article consti-
tute a sample of 5 observations of reduction in range of motion. The means
of these samples and thelr standard errors are glven In Table 1-19,

L. L4 Analysis and Discusslion

The borders of this table show the totals of these means for each i
elementary movement and each test article. The movements Indlcated to be
most inhibited, by all the test articles collectively, are the following.

Ly AT - S

Elementary Movement Total of Mean Reduction(®)
Hip Flexion (knee bent) 89
Shoulder Abduction L2
Shoulder Flexlon 35

These three movements were among the top four (order reversed) Indicated
earlier to require extra effort to achleve full range of motion. The reversal §
of their ordering in these 1Ists is conslstent with the mutually-exclusive
nature of these two analyses (a subject cannot Indicate extra effort to be §
required to achieve full range of a movement and simultaneously indlcate re-
duced movement). That these three movements ranked high in both 1lsts ¢
Indicates the considerable extent to which they are inhibited by the test 3
articles collectlively.

The test articles Indlcated in Table 1-19 to Inhiblt mobility are the
following.

=

Code Test Arttcle Descriptlon Total Mean Reductlon(®)
D2 NADC Goretex Experimental Coverall 57
WPY NADC Modifled Wet Sult 4
wP2 Medallst Skl Shorty 28 i
WEI Bayley WeatherMate Plus 20
DAl ILC Industries Prototype Survival Sult 18
‘ WE2 Henderson Z!p-On Exposure Sult I
WEk White Stag Nylon-Two Wet Sult 10
WE3 Stearns Heavy-Duty Offshore Survival Sult 6
DF2 Helly-Hansen Survival Sult 3
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Ranking the test articles on the basls of mean reduction In motion totaled
over the movements consldered assumes that all the movements are equally
important (uniformly weighted). Of course, this might not be true for a
particular Intended use. For example, In a certaln Job, squatting (a
combination of hip flexion with knee bent and knee flexion) could be very
Important while shoulder flexion |Is unimportant. For this job, WE! would
not be as approprlate, on the basis of mobllity reduction alone, as WP4
even though WE| Is less lﬁhlbltlng ovaerall. This kind of analysls for
particular speciflc Jabs Is not the subject of thls report. However, thls
analysls may easily be done using the data given In Tables 1-18 and 1-19.
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5.0 FATIGUE-INDUCTION INVESTIGATION

Many of the cold-protection articles test~d in this study are designed
to be worn by individuals while pursuing their normal duties or activities,
It is conceivable that the cold-protection features of these articles may
reduce the ability to do useful work by inducing fatigue in the wearer,
Therefore, in this section‘ the fatiguing effect of these articles is addres-

sed.

5.1 Objectives

An'objective of this study is to quantify and compare the propensities
of several constant-wear, cold-protection articles to induce fatigue.in the
wearer. In other words, how much more tiring is one article to wear than
another. The standard work/recreation clothing is used as the basis of com-

parison., A second objective is to determine the increase in skin surface’

temperatures resulting from wearing these articles.

Probably the two most important elements of fatigue associated with the
wearing of é cold-protection article are first, the increase in energy ex-
penditure resulting from wearing the article and second, the increase in temp-
erature that an individual would experience due to the insulating effect of
the article. This would be especially important to military aircraft or boat
crewmen who muét wear cold-protection articles while on duty over cold-water,
regardless of the ambient air temperature, Increased energy expenditure can
result from the added weight of the article, from any motion constraining char-
acteristics of it or from both., Increased environmental temperature has been
shown (Bell, et al., 1964) to have a detrimental effect on vigilénce and mental

It has been shown in data summarized by Simonson (1971, p. 332) that
Therefore the

tasks.
work output of individuals decreases as heat stress increases.

increases in energy expenditure and body temperature associated with these

articles are examined in this study,

5.2 Methodology

The increased workload associated with wearing the cold-protection

articles could be assessed most directly by measurement of oxygen use and
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carbon dioxide elimination per unit of time in test subjects wearing the test
articles. Knowing these parameters the respiratory quotient could be found.
The type of food substrate being oxidized could then be determined and the
energy expenditure calculated. Oxygen consumption itself can be used to imply
energy expenditure if one assumes a constant respiratory quotient. The linear
correlation of exercising heart rate with the rate of oxygen use (Shephard,
1969, page 62, and Astrand and Rodahl, 1977, page 349 and 357) has been well
established. This plus thé fact that the experimental procedure was for the

subjects to serve as their own controls, indicates that heart-rate measure-

ments could be used to infer the increase in energy expenditure associated

with wearing the test articles. For a given activity, heart rate increases

as environmental temperature goes up. Thus heart rate should indicate both the
increase in energy expendithre associated with wearing a suit and the increase

in micro-environmental temperature that the body sees inside the article.

It would be impossible to predict the exact working activities of all
individuals who might wear the cold-protection articles. Therefore, it was
decided to test the articles with subjects engaged in three levels of exercise
from which various working activities could be implied. The first exercise
was sitting, The second exercise was touching the toes, and the third was
stair climbing. The first exercise could be used to model a sedentary type
of activity such as flying an aircraft, The second, an exercise which involves
mostly upper body motion, and the third exercise.which involves mostly lower

body motion, could be used to model more strenuous types of activities,

The sitting exercise consisted of resting in a chair for a 30 minute
period, Studying or quiet talking was allowed. Body movement was kept at a

minimum,

The toe-touching exercise was done at a rate of 30 toe touches per
minute, Subjects were not actually required to touch their toes but rather

only extend to a comfortable level, about ankle height for most.

The stair-climbing exercise was done on two nine-inch stairs., Subjects
climbed up and down the stairs always in a forward facing position. One re-
petition was accomplished with six paces or foot placements. A rate of 100

paces per minute was used for this exercise,

For both exercises the rate was controlled by an electronic metronome,

These rates were chosen to achieve two different levels of energy expenditure.
-70-




The subjects did the above exercises tor seven days before the actual experi-
ments started. Descriptions of the five test subjects participating in this
investigation are shown in Table 1-20,

TABLE 1-20
DESCRIPTIONS OF FATIGUE INDUCTION SUBJECTS

Subject Age Height (cm) Weight f(kq)

[}

KB 21 177.8 70.0
MM 22 175.0 65.9
AM 24 168.3 63.6
SwW 22 177.5 66.3
™ 23 177.0 74.5

Only one experiment pe} subject was done each day. This avoided any resi-
dual fatiguing effect that might be encountered with multiple experiments in one
day. Experiments were carried out on consecutive days at the same time of day
for each subject. The same prohibitions against medications, alcohol, food and
tobacco were placed on the subjects as for the cold-immersion investigation
(described in Chapter 3). The correct size article for each subject was deter-
mined at the beginning of the experiment. The subject was next instrumented
and then dréssed in the appropriate attire for that experiment, Table 1-21
shows the size suit each individual wore. Table 1-22 shows the manner in which
the articles were tested. No flotation bladders were inflated and no supple-
mental flotation devices were worn. All closures, other than those listed in

Table 1-22 were tested in the closed position,

Shown in Table 1-23 are the total weight of the ensemble as worn by the
subjects. This includes the weight of the canvas-top sneakers which were worn
with all suits. These experiments were carried out in a room which had an
average temperature of 22.4%C with a standard deviation of 2.0°C. The rela-
tive humidity averaged57.5 percent with a standard deviation of 7.3 percent.
Following application of the instrumentation, the subjects rested for 30 min-
utes, Next they performed 5 minutes of the toe-touching exercise followed
immediately by 5 minutes of the stair-climbing exercise. Heart rates and skin
temperatures were recorded at the 27th, 28th and 29th minute of the sitting
period, the lth and 5th minute of toe-touching, and the kth and 5th minute of

the stair-climbing exercise (see Flgure 1-7). An average heart rate and skin

-7'-
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; TABLE |-21
; . SIZES OF TEST ARTICLES USED IN
é FATIGUE- INDUCTION INVESTIGATION
|
E
Subject
Test
Article K® MM RM SwW ™
WEI M M M M M
WE2 L M M M L
WE3 M M M M M
WE4 L M M M L
WPI L M M L L
wP2 M M M M M
WP3 S S S S S
WP4 MR MR MR MR MR
wPsS M M M M M
WP6 S/M S/M S/M S/M s/ '
DI 68-71" 68-71" 68-71" 68-71" 68-71" g
D2 hoL 38R 38R 38R hoL J
D3 M M M M M
DF2 M i
DAl X X X X X i
|
i
S = Small ]
M = Medium 1
L = Large |
38R = 38" Chest, Regular Length L
hoL = 40" Chest, Long Length l
S/M = Small/Medlum i
X = Unslized Prototype
68-71'""= Helght In Inches
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ArIfEfe
WEI

WE2
WE3
WEb

WPl
WP3
WPS
WPé

TABLE 1-22

TEST CONDITIONS FOR TEST ARTICLES

Article

WEI|
WE2
WE3
WEh
WP
WP2
WP3

WP6
Dl
D2
03
DF2
DAl

Fatigue Induction Test Conditions

Diaper stowed, wrist and ankle clnches open,
hood off

Gussets open, beaver tall open, hood off
Wrist and ankle zlppered closures open, hood off

Beaver tall open, wrist and ankle zlippered closures
open

Gussets open, beaver tall stowed, hood off
Diaper stowed, hood off
Hood off

Under!iner open, beaver tall stowed, hood off,
wrist closures open

Sult deflated, mitts off, hood off.

TABLE 1-23

WEIGHTS OF TEST ARTICLES T

Weight (kg)
4,40

445
4 .40
3.75
4.37
2.90
3.34
3.60
3.17
L.bs
b.15
2.68
2.77
5.60
4.67

+ Size medlum was used for all articles with multiple slzes except WP3

for which all subjects were a size small
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FIGURE 1-7
FATIGUE INDUCTION MEASUREMENT SEQUENCE j
s Touching Climbing :
Sitting Toes Stairs ‘
. . .
4 \ 4 h 4 N
WF L) L3 L) RJ L m 1 L L v o N :ﬁ

bag y b b

b
Indicates times at which measurements
were made, :




temperature for each location was obtained for each activity. Three measure-
ments were made at the end of the sitting period due to the variability of

the resting heart rate.

For each subject two experiments were conducted with only the standard

work/recreation clothing described in Chapter 2. The articles were then tested

on subsequent days and a final experiment using only the standard work/re-

creation clothing was conducted after all articles were tested.

The heart rate of each subject was monitored with a Zenith system 808
electrocardiogram display unit and strip chart recorder. A lead placement
scheme was used which reduces muscle artifact (Blackburn, et al.,, 1967). The
"right-arm'' lead was placed over the sternum, the '"'left-leg'' lead was placed
at the bottom of the left rib cage and the '"right-leg" lead (the indifferent
lead) was placed on the back over the third thoracic vertebra, The '"lead i"
position of the monitoring unit was then used. Standard reusable electrodes

were taped to the above mentioned positions.

The temperature monitoiing Instrumentation used was that described in
Section 3.2, The three skin temperatures monitored were at the mid-thigh

of the left leg, the mid-ferearm of left arm and right subscapula.

5.3 Results

To determine the relative propensities of the cold-protection articles
to induce fatigue in the wesier, the percent increase in heart rate for each

article and each subject was calculated for the three exercises (sitting,

touching toes, and stair climbing). For each exercise this percentage increase

was based on the lowest heart race that a given subject exhibited during the
three experiments in normal clothing. These generally occurred during either
the second or third normal experiment. |In only one case, that of a resting
heart rate, was the heart rate lower during the first normal experiment. The
average heart rate for sitting was 67.6, for touching toes was 100.7 and for

~tair climbing was 125.7 beats per minute,

There was not an obvious or statistically sigrificant change in the heart
oo ohveerved in the second and third experiments in the standard clothing,
v ates that all significant training occurred during the 7 days of cx-

o tu the start of the experiments.
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An average percent change in heart rate for each article and activity
was calculated and is presented in Table 1-24, The standard error is also
shown for each mean. Those entries which have negative signs indicate that the
mean heart rate was less for that test article and condition than for the
standard clothing. However, these negative differences are not statistically
significant at any reasonable level of significance (say 0,10). Therefore,
the correct interpretation of the results for these suits is that they are
equally fatiguing as the standard clothing ensemble. One should not conclude
that these reduce fatigue. This is clearly the case for articles WP5 and WP6

which are worn with the standard clothing underneath.

The results obtained in measuring skin temperatures are expressed in
terms of mean elevations in skin temperature and are shown with their standarvd
errors in Table 1-25, Welghted averaging over the three temperature sites for »

each subject was done as follows:

¥ = .4 T o+ 39T +.19 T,

Where T_ = subscapular temperature

Tt = thigh temperature

Tf = forearm temperature

T Y I T

The three weighting factors were derived from Hardy and BuBois (1938) and

indicate the proportional distribution of surface area between the torso (in-

e

cluding the head), legs and arms, respectively. Mean increases in temperature )
were determined by subtracting the mean temperatures in the standard clothing

from the corresponding mean temperatures in the test articles. '

5.4 Analysis and Discussion

i
|
The large standard errors of the means shown in Table 1-24 indicate the i
difficulty of directly comparing all the suits. However, general differences
between types of articles do become apparent. For example, article DF2 causes the
largest iIncrease in heart rate for all activities, indicating that it is
probably the most fatiguing article. Table 1-23 also shows that this article

weighs the most, further supporting the heart rate data. The wet-mode articles

WEl, WE2 and WE4 and WP1 alsy show large percentage increases in heart rate Er
for the three activities, These articles were also among the heaviest as in-

dicated by Table 1-23, The jackets WP3, WP5, and WP6 cause only slight iL
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TABLE 1-24

PERCENT HEART RATES INCREASES

FOR THE THREE EXPERIMENTAL EXERCISES

-=._‘-~.55:::ii:i1‘ SITTING TOE_TOUCH ING STAIR CLIMBING
Suit Mean S.E.M. Mean S.E.M. Mean S.E.M.
VE! 13.06  8.35 b9 5.72 12,26 bk

WE2 1248 7.17 9.66  5.11 | k.59 4.0l

WE3 3.69 5.07 3.47 6.62 5.39 4.07

WE 2.16  5.70 9.74  2.10 14,69  3.47

WP| 1817  3.77 8.87  2.k6 1.5 1.97

6.66 4.42 0.87 3.16 4.56 3.55

7.39  4.03 -0.32  2.65 3.83  4.80

h28  5.86 ik 3.39 l0.bh  3.39

b.55  4.60 -3.37  3.23 1.59  2.32

6.09 7.5 2,34 2,74 1.h6 3.4

15.22 9.9 -0.36  7.85 10.70  4.13

12,26 7.02 2,20  7.50 6.10  3.88

8.32  2.54 -0.03  2.59 1.25  4.07

23.76 b.45 11.47 3.75 21.95 2.89

15.82  4.39 7.94  h.28 10.62  3.65




TABLE 1-25 ?

i ron e Tone e R AR s ;
i ‘
:§ Exercises %
; Tast SITTING JOE_TOUCHING STAIR CLIMBING :
f Article Mean S.E.M. Mean S.E.M. Mean S.E.M. ;
E WE| 192 .35 2,30 .25 2.94 45 i
| | WE2 1.40 .28 2.06 .3h 2.72 42
i % WE3 i.58 .22 2,08 .26 2.70 .34
5 WEA 1.92 <37 2,66 4y 3.28 Lk
WPl 1.04 .39 1.52 .36 1.7h 43
WP2 1.00 .38 1.38 .34 /.88 .36
wP3 0.96 .32 1.16 Al 1.50 46
WPk 1.38 .30 2.08 .31 2.58 4o
wPS 1.02 24 0.96 .34 1.06 46
wP6 1.28 .25 1.50 .34 1.80 .36
DI 0.8k4 .10 134 12 1.52 .20
02 0.64 .22 0.90 19 0.76 A7
D3 0.64 .26 0.98 .29 0.82 .30
DF2 1.86 .28 2.68 .33 3.56 .27
DA 1.46 .31 1.82 .27 2.10 .34

t+ Temperatures in °C.




elevations in heart rate and indicate as might be expected that these
articles are not very fatiguing to the wearer. The 'dry’ articles D!,
D2 and D3 which are worn with nomex underneath appear to cause llittle

fatigue especlally In the two active types of test exercises.

Different jobs requlire differing amounts of actlivity and exertlion on
the part of the Indivldual. Therefore, In order to address this sltuation,
five basic types of activjitles have been postulated for which the fatigue-
induction implications of the test articles could be evaluated. These ac-
tivity types represent: uncertaln activity, general vigorous activity,
general sedentary actlvity, mostly upper-body activity and mostly lower-
body activity. These activities are described by the welghting factors

\ shown in Table 1-26. .
TABLE 1-26 B
WE IGHTING FACTORS OF THE FIVE ACTIVITY MODELS f
3
Number Physical Activity Sitting Toe Touching Stair Climbing '
| Uncertaln .33 .33 .33
2 Generally Active .10 A5 45
3 Sedentary .80 .10 .10
4 Mostly Upper Body movement .10 .80 .10
5 Mostly Lower Body movement .10 .10 .80

The welighting factors were assigned to-sum to 1.0 for each activity model

and to utflize a value of .10 for each exercise which is of 1ittle Importance
In each type of activity being modeled. The remalning factors were assigned
values uniformly within each model.

Welghted-average percent Increases In heart rate have been computed with
these weighting factors and are shown for each activity in Table 1-27. The b
rankings of the test artlcles, in order of Increasing fatigue, for each type
of activity is shown in Table 1-28. It may be seen that WP5 Is uniformly
least fatiguing while DF2 Is uniformly the most fatlguing of the test articles

considered in this investigation. The only two test articlies whose ranking
depends greatly upon the nature of the actlvity for which It is to be used
are WE4 (ranked (3th under activity model 2 but 3rd under activity model 3)
and 03 (ranked 3rd under activity model 2 but 8th under activity model! 3).
Other test articles can be seen to vary much less widely in their ranking

PR T STy o
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TABLE 1-27
WEIGHTED MEAN PERCENT INCREASE IN HEART RATE :

R P wn e ot

Activity
Model
AI:T:Ie ' 2 3 4 5
WEI 9.82 8.70 12.08 5.88 11.52
WE2 12,24 12.16 12.41 10.44 13.89
WE3 418 4. 36 3.84 3.68 5.03
WE4 8.86 .21 by 9.48 12.94
WPl 12.85 10.99 16.57 10.06 .91 ¥
wP2 .03 3.1 5.87 1.82 h.4o ;
WP3 3.63 2.32 6.26 0.87 3.77 :
WPh 5.29 5.64 b.58 2.39 8.89 %
wP5 0.92 -0.35 3.46 -2.08 1.39 .
WP6 1.74 0.21 4.78 -1.12 1.54 ;
] 8.52 6.18 13.21 2.30 10.05 i
D2 6.85 4,96 10.64 3.60 6.33 jﬁ
D3 3.18 1.38 6.78 0.93 1.83
DF2 19.06 17.42 22,35 13.75 21.08
DAl 11.46 9.93 th.51 8.99 10.87
;




TABLE 1-28

’;
' RANKING OF TEST ARTICLES BY MEAN PERCENT HEART RATE INCREASE

FOR FIVE ACTIVITY MODELS

A

Activity
Model
'

Ranking | 2 3 b 5
| WP5 WPS WP5 WP5 wP5
2 wPé WP6 WE3 WPé WP6

3 D3. D3 WEL WP3 D3
4 WP3 WP3 WP4 D3 WP3
5 WP2 WP2 wP6 WP2 wP2
6 WE3 WE3 WP2 DI WE3

7 WP4 D2 WP3 WPL D2
8 D2 WPh D3 D2 WP4

9 DI DI D2 WE3 ]|
1o WEL WE! WEI WE! DAL
B WEI DA WE2 DAI WEI
12 DAI WP DI WEL WP
13 WE2 WEL DAI WP WEL
14 WPl WE2 WP WE2 WE2
15 DF2 DF2 DF2 DF2 DF2
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it

(e.g., WP2 varies from 5th to 6th, D2 varlies from 7th to 8th and WE!
varies from 10th to Iith). Therefore, it Is concluded that the fatigue-
induction properties of the test articles are not strongly dependent

upon the specific nature of the activity to be performed.

Table 1-29 shows the statistical slgnificances of the differences among
the mean percent increases in heart rate under activity model |, The table
shows the levels at which the mean Increases with the test articles indicated
by the rows are slgnlf!ca;tly superlor to (smaller than) the mean Increase
with the article indicated by the column, These levels of significance
were determined by an approximate t-test employing Satterthwalite's approx!- ;
mation for degrees of freedom. The only assumption Iinvoked for this analysis
is that the random varlation In heart rate changes is normally distributed. .

The analysis of the propensities of the test articles to over-heat the
wearer is based on actlvity mode! | (uniform welghting of results from the 1
three exercises). The mean I[ncreases In the weighted average skin surface $
temperature |s shown for each test article In Table 1-30. The test articles

have been ranked In order of Increasing elevations in skin temperature.
Artlicle DF2 has the largest mean temperature Increase, reinforcing the fact
that i1t was the most fatiguing of those articles tested., The wet-mode,
entire-body articles (WE}, WE2, WE3 and WEA) tend to rank next in causing
large surface temperature Increases. The dry sults (DI, D2, and D3) cause
relatively small lIncreases In mean sklﬁ\temperature, with the double~layered

entile, DI, causing more than the single-layered 03 or goretex 02. The
rest of the articles tend to fall between these extremes. Table 1-31 shows
comparisons among the surface temperature elevations similar to those shown
for heart rate data In Table 1-29.




TABLE 1-29
; COMPARISONS AMONG MEAN HEART RATE INCREASES
g FOR THE TEST SUBJECTS

inferior
Test
Article *WPs IWP6 03 I3 wp2 |WE3 JwPh D2 |D1 MEL |WEL [DAI WE2 M1 |DF2
Superior
Test s
Article
WPS5 - l.ug }.220.27 ) .25 {.29 | .19 |.20].18].04].11].03].03 |.ot |.01
wPé - t.31l.371.33].35{.27{.25|.24.09}{.15}.06}.05].03 | .01
D3 - |.42 }.49 |.50 .4t |.35}.29.13}.21].08].08 .02 {.0O1
WwP3 - .44 }.ub ]34 |.30{.26].08{.18].06].06 .01 | .01
WP2 - l.49 {.40 {.3t].29.14].21{.09].08 |.03 | .01
WE3 - .43 {.36{.31].21{.24].13].12].08 | .02
( WPk - |.41].39.22{.27].14].12].06 | .01
: D2 - |.43.38].371.27{.23{.19 | .06
DI - l.usl.uul.36).324.29 | .11
; WEh _1.uu].30}.25].15 | .02
WE) lai].zel33 |1
DAI - |.43].381.09
WE2 - {47 ].14
WwP1 . {.09
f DF2 i

e %

f




TABLE 1-30
INCREASES IN WEIGHTED AVERAGE
SKIN SURFACE TEMPERATURE

' . Test Mean t Increase

j Rank Article In Surface Temperature (°C)

L[ ! 02 77
2 03 .81
3 WP5 1.01
b w3 .21
5 DI 1.23 :
6 wP2 1.42 é
7 WPI 143 g
8 wP6 1.53 ]
' DAl 1.79 ‘f
10 WPL 2.0l §
1 WE2 2,06 :
12 WE3 2.12
i3 WE! 2.39
th WE4 2.62
15 0F2 2.70

+ Means computed usling actlvity model |.




TABLE 1-31

COMPAR|SONS AMONG MEAN SURFACE TEMPERATURE

INCREASES FOR THE TEST SUBJECTS

Inferior

Test

rticle

Superior D2 | 03 . WP5 [ WP3 | DI [WP2 | WPI | WP6 WDAI WP4 ME2 |WE3 |WEI WEA [DF2
AIE?SIe

D2 - 45 1 .26 .17 [.03].08 [.08 |.o4 [.01].01}.01].01].01].01].01
D3 - .33 |.22 f.tif. 00 .01 .06 [.02).01).01}.01].01}.01].01!
WwP5 - .36 [.28].21 [.21 [.15 |.06] .03}.03}.02].01].01}.0t
wP3 - J-471.35 |.32 ].27 |.14] .081.07].05].02].02] .01
DI - 1.32 .32 [.2! |.07| .0hk}.04].0t].01].01].01
WP2 ’ - (.49 J.41 }.22}.13].12].08].04].03].01
WPl = .43 |.24) .14].13].09].05].03].02
WP6 = |.28} .15].14] .09] .05] .03} .01
DAl - |.33].29{.23|.12].07].03
WP4 - ].46] .40} .23].12].08
WE2 - |.45].26].13].10
WE3 - 1.28].13].09
WEL - 1.271.25
WE4 - {.45
DF2 -




6.0 EASE OF DONNING INVESTIGATION

As mentioned In Chapter !, the rapldity with which items of equipment
intended to provide protection against hypothermia can be donned is of
considerable Interest to a variety of groups. These Include search and
rescue boat and alrcraft crews, tactical alrcraft crews, merchant mariners
on sinking ships and Indlviduals who find themselves accidentally immersed
with protection equipment accesslible to them.

6.1 Objectlives

This Investigatlion was formulated to determine the ease with which
the varlous test artlcles can be donned In and out of water. No dry sults
(D, DF or DA) were tested for ease of donning [n the water. in addition, It
was desired that the tests reveal the potentlal significance of practice
and equipment famillarlzation to the rapldity with which an Individual can
don these devices. It was also desired that this investigation fdentify
speclific design problem areas which had relatlvely large Impact on the
donning of the test articles. Test article DA2 was not Included in this
investigation. Donning times with It would be quite long; and it Is not
clear that an unasslisted Individual could don 1t without practice.

6.2 Methodology

The general methodology used In this Investigation was to conduct a two-
phase, timed donning trial usling different subjects for the water and land

donnings of each selected suft. The first phase addressed donning with minimal

famlllarization. The second phase was performed after a lelsurely period of
equipment fam!llarlzatlon which followed the flrst donning trial. Different
subjects were used for the water and land donnings of each particular test
article to eliminate the effects of any specific learning which would have
occurred during the first test condition.

General Protocol

The sequence of events for a land or water donning was as follows. First,

the subjects received an Introductory briefing during which the following
points were made.
. '"You are about to conduct a timed donning trial.

You will be given 60 seconds to examine the sult
before you begin. 86
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2. You should work at your fastest productlive speed.
The trial will not be terminated until the suit
Is donned properly and completely -- all closures
closed.

3. After this first trlal we will familiarlize you
with the sult and answer any questions you may
have. Then we will repeat the timed trial."
No Instructions or suggestions were given as to how to don the

sults, evan If It was obvious that the subject was proceeding incorrectly.
If something was Incomplete or improperly done at the time the subject
indlcated he was finlshed, he was told what was wrong and the recording of
time was continued until the problems were remedied. Descriptions were
recorded of the speciflic deflclencles which exlsted at the time the subject
flrst Indicated he was finished.

The sults were presented to the subject In thelr normal carrylng case,
If they came with one, or In a general-purpose, zippered, gear bag. Any
manufacturer-supplled donning Instructions were Included with the sult.

The characteristics of the subjects particlpating In the donning exer-
cises are listed In Table 1-32. These subjects participated In donnings on
land or in water but not necessarlly In both.

Donnings on Land

The donnings on land were conducted In a closed laboratory. Ambient
alr temperature was generally around 22°C. The subjects donning the various
test articles on land and the suft sizes they wore are llsted in Table 1-33.
Each article was donned by flve different subjects.

The complete ensembles described In Chapter 2 were donned In this Investi-
gation with the following exceptlons.
I, Test artlicles worn over the standard work/recreation

clothing were donned w!th these clothes already In
place.

2. No supplemental flotation was donned.

3. No Inflatable compartments were Inflated
during the timed trial.

L., Sneakers were not Included in the donnlings of
WP2, WP4, DI, D2 or D3.
The nomex underwear was included In the materlials to be donned with several

of the sults. This presented the opportunity for a subject donning more than
-87-
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TABLE 1-32
DESCRIPTIONS OF
DONNING INVESTIGATION SUBJECTS

Subject Age Helght !cmz Weight gkg!
JA 23 180.3 68.2
cs 23 185.4 81.8
KB 2| 177.8 70.0
Jc 21 182.0 88.2
KC 22 185.0 85.4
Sc I8 179.7 65.0
GD 30 172.7 70.4
GF 24 178.2 67.3
MF 19 180.3 65.9
96 21 177.8 63.6
MG 21 165.0 60.9
TH 20 175.3 58.2
MH 25 182.7 6.1
BH 23 178.9 82.7
GH 22 180.3 75.0
JH 21 170.3 70.4
PK 2] 183.9 91.4 X
GK 21 180.3 74.4 .
MM 22 175.0 65.9
MO 21 180.0 76.4
L4 25 185.2 76.4 t
HS 20 175.9 74.1
¢S 18 177.8 72.7
sW 22 177.5 66.3
™ 23 177.0 74.5




AD=AD80 470

UNCLASSIFIED
202

o
2080270

CLEMSON UNIV S C COLL OF ENGINEERING

F/6 6/17

EXPERIMENTAL EVALUATIONS OF SELECTED IMMERSION HYPOTHERMIA PROT==gTC (U}

T 79 R M HARNETT» £ M O*BRIEN, F R SIAS
USC6~0=79-79

DOT=CG=T7207u=A




N ooy S

L1e s3ty 9Z|

WBIdH = ,1L-89
§ au0 a0 9dA30304d PIZYSUN = X
yibueq Buol ‘3Is3Y) O = 0%

yibuaq Je|nbay ‘3assyy ,8f = ¥BE
obie eaix3ysebiet = 3I/1

wnipow/LLBWS = W/S

9b4e
wn{pay
jlews

N E I

X

W

Ms

104

SJ

gt 1

SH

W/S 1 1 1 W

di

W | L

OW

W :_hlw@ 9

A9

Ad

Hf

W wi(-89 1

K9

M . 1 1 W

He

ugt W

Hl

W/s

I

0%

o

W wil-89

£}

W | W W W

39

ygt

a9

W wtl-89 W

S

3/1 1

N

n 1

r

n 7 R 1 7

82

W wll-89

ve

(344d)

\val €40p zi0 | 140

Aocounoocv
(EL]

€qf zqf 14 odm | wam | €am | zam | 1M ] 43N | €3N

e3m

13M

$37J114Y 1S3l

$133rans
1s3L

(pueq up sbujuuog)
$31214¥V 1$31 OL S123r8nS 40 LNIWNIISSY

g€~ 378Vl

-89-

RS




one of these test articles to learn techniques with the nomex portion which

would shorten his time required for that portion of the exercise In later
trlals. Therefore each subject testing these sults donned the nomex for

timing purposes only for the flrst sult tested. The subjects began a))

such subsequent donnings with the nomex underwear In place and thelr times
for donning the nomex alone (with and without practice, respectively) were
added to the sult-donning times to get total donning times for later trials.

Donnings in Water
Water donnings were conducted In the diving pit of the Clemson University

swimming pool. The water temperature was approximately 27°C. Only test
subjects who could swim and tread water were allowed to participate In these
experiments. Test subjects recelved essentlally the same Initlal briefing

as before donnings on land. Test articles were presented to the test subjects
on the deck adjacent to the diving plt., Carrying cases or general-purpose

gear bags were used to transport and enclose the test articles. A 60-second
period was allowei for the subject to examine the test article before beginning
the timed trial. After the examlnation perlod, the subject entered the water.
The test artlicle was thrown to the subject In the water. The timed trial began

when the subject touched the test article,

Test articles which conslist of multiple pleces (WEI, WE2, WEL and WP2)
were thrown to the subject one plece at a time to preclude the pleces from
dlspersing over the water and delaying the donning. Thus all donning tlimes
reported In this chapter are times spent In actually working to don the test
articles. To ellminate any Influence on donning efflclency caused by the
order in which the pleces of the multi-plece test articies were donned, the
subjects were required to request the pleces In the order that they wanted

them.

During donnlngs in the water subjects were observed from the deck and
from under the water. The objective was to provide maximum opportunity to
ldentify specific causes of any dlfflculty encountered during the donnings.
Following the first donning a lelsurely equipment famllfarizatlon period was
provided. The subjects were encouraged to reread any Instructions provided
by the manufacturer. Partlcular problems encountered during the first donning

were discussed with the subjects.

The articles donned [n the water are Indicated In Table !-34 along wlth
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TABLE 1-34
ASSIGNMENT OF SUBJECTS TO TEST ARTICLES

-9'-

‘ (Donnings iIn Water)
(} TEST ARTICLES ) ]
{ Test ;
'% Subjects WEI WE2 WE3 WEY WPI WP2 WP3 wPé %
§ cs L H
KC M L L f
GD L
GF M M L
MF M ﬁ,
JG S :
MH M M M S/M }
1 H M M M L ]
' PK M L L/E P!
s_‘ 6K L L
3 MO M L M S/M ;
} G L :
3 cs L ’
:; SW M M M M L S/M
'g TW L L M L/€ :
|
S Small '
M Medium ;
L Large ’
S/M = Small/Medlum |
L/E Large/Extra Large

i



the respective subjects and article sizes used. Of course, no dry-mode ;
articles were considered for wet donnings. Also WP4 was omitted since It i
Is a constant-wear device for mllitary fllght personnel. Articles WP5 and '
WP7 were omltted because of the trivial nature of thelr donning require-
ments. The remalning test articles In Table |-34 were donned In their :
entirety (as described in Chapter 2) with the followlng exceptions.
l. The,sults were donned over bathing sults
only 4
2. No supplemental flotatlon was donned

6.3 Results

Donnings On Land

The results of the donning on land are summarized In Table 1-35.
The test articles have been ranked In order of Increasing mean donning time
with practice. It should be noted that only five of the test articles
could be donned In about | minute or less. Table !-35 shows the reductlions

(in percent) In mean donning times resulting from equipment familiarization
and donning practice and Indicates the nine test articles which exhibited
differences in mean donning times (with and without practlce) statistically
significant at the 0.05 level. The reductions {n mean donning time range
from 7 percent for DFi (neoprene) to 56 percent for DF3., The significances

of the reductions were determined with the nonparametric randomlzation test
for two Independent samples. Though nonparametric, thls test makes use of
the interval-level, donning-time data. The use of a non-parametrlc test was
based on the author's agreement with the general notlon that task-performance
times tend not to follow a Gausslian dlstributlon.

To Investigate the statistlical significances of the differences In
mean donning times among the test articles (within each practice conditlion),
the randomization test was appllied to compare each palr of articles which
could be selected from those Included In the donnings on land. Rather than
performing the comparlsons at a partlicular level of signiflcance producing
for each a corresponding dlscrete result (difference elther Is or Is not

slignificant at the chosen level), a more descriptive statistlc has been
computed. For each palr of test articles, the level of signlflcance has

i
f
{
!
i

been computed at which the respective mean donning times are significantly
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3 TABLE |- 35
g t

: TIMES REQUIRED FOR DONNINGS ON LAND

Test WITHOUT PRACTICE WITH PRACTICE Percent
Articles “Mean  S.E.M. Mean  S.E.NW. Improvement
VE3 0.90 .17 0.76 .10 16
WP2 0.91 .08 0.84 .07 8
OF! (neoprene) 1.0! .16 0.94 .09 7
WP6 * 1.60 .08 1.05 .03 34
DF3 * 2.39 .38 1.06 .19 56
DF! (PVC) 1. h2 .23 .17 .29 18
DF2’ 1.39 .22 1.27 .25 9
WP| * 2.65 .60 1.28 .06 52

Dl * 1.79 .18 1.32 1 26
03 * 1.72 .15 1.37 .10 20

D2 * 2.66 .29 1.50 .10 bk
WP 1.95 .28 1.60 .24 18
WP3 * 3.94 .83 1.79 .30 55
WEI * 3.06 il (.93 .22 37
WE2 3.26 .37 2.63 .28 19
DAl * 4.37 43 2.68 .30 39
WEL h.53 49 3.76 .53 17

+ Times glven in minutes

* Differences in mean times with and without practice
significant at the 0.05 level




different. These levels of significance are shown for comparisons among

donnings without practice In Table 1-36 and for donnings with practice

in Table 1-37. In each table the test articles have been arranged in
order of Increasing mean donning time. The numbers In the tables are

the significance levels at which the test artlicle corresponding to the

row [s significantly superior to the test article corresponding to the
column In terms of mean donning time (superior implies shorter mean donning
times). DIfferences of dreat significance are Indicated by small numbers
in these tables. [t may be regarded as a positive Indication for a test
article to have many small numbers In Its row and a negative Indicatlon

for one to have many smal! numbers In Its column. Of course, someone
Interested only In a subset of the test articles (e.g., dry sults) could
consider the differences among them by Ignoring the rows and columns corres-
ponding to wet sults.

During the performance of the donnings without practice on land a number
of specific difficulties were observed to occur with some frequency. The
difficulties which were observed two or more times out of the five repll-
cations are listed with thelr frequencies of occurrence In Table 1-38,

Donnings in Water

The results of the donnings In water are summarlized in Table 1-39. The
test articles have been ranked in order of Increasing mean donning time with
practice. Table 1-39 also shows the percent improvements In mean donning time
resulting from equipment famlliarlzation and donnlng practice and indlcates
the two test articles for whlch mean donning times were found to be signlfi-
cantly shorter, with practice than without It, at the 0.05 level. The per-
cents improvement In mean donning time range from essentlally 0 percent for
WE2 to 54 percent for WP3. Statlstlically significant Improvements were found
In the water for WPl and WP3 as they were on land.

Comparisons of the significances of the differences among the test article
results obtained In donnings In water have been developed In a manner similar
to those previously shown for donnings on land. The comparisons among donnings
conducted without practice are shown In Table I1-40 and those for donnlings
conducted with practice are shown In Table |-41.

Speciflc difficultles which were observed In two or more of the water
donnings without practice are )isted with thelr frequency of occurrence In

-9l
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Test

[ WP6
I DF3
DF}
DF2
WP 1
D3
WP3

WE|
DAI

WEL

A AR e R T TR T L T IR T e

Article

(pve)

TABLE 1-38

SPECIFIC DIFFICULTIES IN DONNINGS WITHOUT PRACTICE ON LAND

AN

Specific DIfficulty

Missed top and bottom snaps on jacket
Did not roll entry

Slight difficulty with hood

Missed face tle

DIfficulty with hood closure

Zipper stuck

Difffculty finding clips for diaper
Zipper stuck on adjacent loose fabric

DIfficulty with velero closure on dlaper
DIfflculty with wrist and ankle closures

Difficulty with zlp-lock closure
MIssed hood

Difflculty with boots and gloves
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TABLE |- 39
TIMES = REQUIRED FOR DONNINGS IN WATER

1.

Test WITHOUT PRACTICE WITH PRACTICE Percent
Arg?cles Mean S.E.M. Mean S.E.M. Improvement
wWP2 2.15 0.33 1.48 .25 31
WE3 2.55 0.53 1.99 .22 22
wPé 2.91 0.66 2.17 43 25
WE | 2.80 0‘38 2.18 31 22
WPl * 3.15 0.23 2.18 .08 31
WP3 * 5.54 1.27 2.57 .34 54
WE4 L.95 0.64 4.29 .75 13
WE2 5.89 0.86 5.88 .68 0
t+ Times given In mlautes
* Differences In mean times with and without
practice significant at the 0.05 level
TABLE {-40
COMPARISONS AMONG DONNINGS
WITHOUT PRACTICE IN WATER
inferior
Test
; Article
f Superior
Test
Article wP2 WE3 WEI wPé WP1 WEL WP3 WE2
WP2 - .26 2 A7 .02 .0l .02 .0l
i WE3 - .36 .30 A3 .02 .04 .0l
r WE| - A5 .22 .0l .05 .0l
l wP6 - |.38 |.03 |.06 |.02
i WP i - .02 |.07 ].02
E WEL - .34 .19
§ WP3 S Y
| WE2 -
f




TABLE |-4I
COMPAR{SONS AMONG DONNINGS
WITH PRACTICE IN WATER

Inferlor
Test
Article
| superior .fwez | wes | wee | wel | wei | w3 | wek |wE2
! Test
' Article
wWP2 - .08 A .06 .02 .02 .01 .0l
WE3 - .36 .33 .24 .09 .01 .0l
‘ WP6 - 48 | .50 | .25 | .02 |01
WE! - .50 .20 .0l .0l
WPi - b .0l .0l
WP3 - .03 .0l
WEL - .08
WE2 -
TABLE [-42
SPECIFIC DIFFICULTIES IN DONNINGS
WITHOUT PRACTICE IN WATER
‘ Test Frequency Of
ﬁ Articles Speclflc DIfflculty Occurrence
} WE3 Hood came off 3
WE! Difflculty with velcro closure on diaper 4
WPl Beaver tall snaps out of sequence 2
WP3 DIfflculty finding cllps for dlaper 3
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Table 1-42. The test articles are ranked as they were in Table -39 to

facilitate comparisons.

6.4 Analysls and Dlscusslon

Donnings On Land

It is I[nteresting to note the distribution of the categories of test
articles through the ranking shown in Table 1-35. Three of the four WE
test articles (WE's numbe}ed i, 2 and 4) were among the last four ranked
positions. However, WE3 is In flrst place Indicating extreme varlation In
donabllity after practice. The same kind of varlation occurred in the
flrst donning as well. The WP-type sults exhibited simllar but less extreme
varlation, ranging from WP2 In second place to WP3 In thirteenth place. By
contrast, the two dry types of sults which were represented by multiple sults
(D and DF) exhiblted much less variabllity In these results. The four DF
suits ranked from third thrcugh seventh, while the three D sults ranked from

ninth through eleventh,

The improvements in the mean donning times shown result largely from
overcoming the speciflc dIfficulties, listed In Table 1-38, which were ex~
perienced during the donnling without practice. The absence of Information
for a particular artlicle iIn Table |1-38 does not mean that no difflculty was
experienced In donning ft. Rather It means that no speclfic difficultles
were experienced repeatedly. It Is nof‘necessarlly a negatlve indicatlon
for an article to exhibit multiple speciflc deficiencles for donning without
practice nor a positive Indicatlon for one to exhiblt none. Such speciflc
deficiencies, once ldentified, may be easlly remedied. General deflciencles

may be much more difficult to remedy.

The specific difflculties observed with WP6 resulted from the subjects
simply not noticing the small snaps provided to hold the jacket closed.
Closing these snaps after prompting during the without-practice trial in-

volved relatively small additional times.

The fallure of the two Individuals to roll the entry on DF3 Is of
conslderable potentlal Importance. Rolling this entry ls necessary to
provide a water-tight closure. Allowlng water to enter the sult would,
of course, defeat a primary design feature of thls sult. Fallure to roll

the entry relates to a general lack of attention glven, during the donnlng

- 100~




without practice, to the plcture-sequence tnstructions provided to fazlli-
tate correct donning. Efforts should be directed toward packaging and
marking these Instructions to capture the attentlon of someone donning this
suit for the first time In an emergency situation. It should also be noted
that the direction In which the entry Is rolled may be critical to achieving
a water-tight seal. One cold-immersion experiment had to be aborted because
the entry leaked. In donning for thls particular cold-immersion the entry
was rolled forward rathet than backward as shown In the plcture sequence.

If this aspect of donning Is that critical, then some emphasis should be

placed upon it in the donnlng Instructions.

The face tie, left untled In three donnings of DF2, Is Intended to
reinforce the face seal against water entering the sult. This relnforcement
is of greatest lmportancé when entering the water by Jumping from some
height, say 3 meters. Having the subjects tie It during the donning wlthout

practice added a relatively small amount of time.

The difficulty with the hood closure on WPI resulted primarily from
confusion concerning the snap halves permanently attached to the upper chest.
They function to hold the polnts of the Jacket collar down retaining the
hood in its stowed position. They have no function In closing the hood
when in position on the wearer's head, but they distracted the subjects.

Equipment famillarization easfly overcame this difficulty.

Difficulty In finding the clips to deploy the diaper on WP3 provided
major delays In lts donning. These cllps are hldden In the jacket's front pockets
to preserve lts appearance. Although mentloned In the donning instructions
sewn into the jacket, their location should be emphasized. Equlpment famillari-
zation remedied this problem. A problem which is less easily remedied through
equipment familiarlzalton Is the zipper sticking. A thin fiap of material is
provided to cover the back of the zipper when closed. It Is probably in-
tended to retard the rate of seepage of outside water through the zipper.
However, the flexibility and thinness of this flap allows It to get under
the zipper silde causing a jam. This difficulty could best be eliminated
by equipment modiflicatlion.

The velcro attachment on the dlaper of WEl involves Inserting a '‘tongue'
coated with velcro wool on both sides Into a '"jaw' lined Inside, top and
bottom, with velcro hooks. This type of attachment was apparently unfamiliar
to the subjects. All parts wers colored black making It difficult to locate
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and ldentify the Jaw, The tongue was difflcult to Insart fully Into the
Jaw because of the tendency of the velcro parts to attach themselves

bf prematurely. Thils problem was partially remedied by equipment familiari-

h zatlon. However, design Improvements are undoubtedly possible which would
ald the flrst-time user of this sult. Some difficulty was also encountered

|

In operating the cinch-type ankle and wrlist closures. This could be
reduced by constructing the cinching balts of more pliliable webbing and
securing the belt so that they can not come unthreaded from thelr D-ring
# buckles.

The water-tight closure used on DAl deserves some conslderation. It
was dlscovered In donning for cold-Iimmersion experiments that this closure
was difficult to close securely. More Importantly, It was noticed that
1t Is very difficult to determine when thls closure s sealed properly.
Great care had to be exercised to achleve a secure seal. {in view of the
difficulty inherent In detecting Improper closure of thls device, one would
anticlpate that some users, donning DAl In a time-critical slituation, might
overlook an Improper seal. The water-tight Integrity of this closure, and for
that matter all other seals (wrists and neck) as well, |s absolutely vital
to the functlioning of the sult In prolonging survival in cold water. The
F other difficulty observad with DAl was the omisslon of donning the Inflatable
hood which was stowed Inside a zlppered compartment In the collar. This
difficulty was, of course, remsdied by aquipment famitlarizatlion.

P, PTG e

Donnings in Water

As with donnings on land, the Improvements In mean donning time In the
water resulting from the practice and equlpment famlllarlzation were due In
part to eliminatlon of tho specific difflcultlies )isted In Table I-42.
Statistically significant Improvements were seen In two test articles (WPI
and WE3). These were among the nine articles with which statistically
significant differences were found during donnings on land.

—————

The specific difficultles which were experlenced In the water were In
some cases essentlally the same as was experlienced on land (e.g., WEI and
WP3). DIfficulty was experlenced with WE3 in that the hood, which ls held
to the back of the sult by two simple snaps, separated from the sult and
had to be retrieved to complete the donning. This difficulty could probably
be eliminated by the use of "pull the dot' - type snaps to hold the hood
to the sult.
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In two donnings with WPI, the four snaps which secure the beaver
tail In lts deployed position were attached out of sequence giving In-
complete closure of the jacket at the groin. This difficulty could
possibly be eliminated by alternating male and female snap parts so that
a misal lgnment by one snap In elther direction (the most common mlstake)
would be Impossible.
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7.0 BUOYANCY INVESTIGATION

7.1 Oblectives

The obJective of the buoyancy fnvestigatlon was to develop data
describing the 11ft force which Is Intrinsic to sach of the test articles
considered In the study. By Intrinsic 11ft It Is meant that this 1ift
does not depend upon any supplementation, by davices not integral to the
test artlicles, or upon th; Integrity of any Inflatable chambers. Thus
all test articles which featured Inflatable chambers were Investigated for
buoyancy with these chambers emptied to the maximum extent possible. This
investigation included conslideration of only the magnlituda of the 11ft
force Intrinsic to each test artlicla. No conslderatlion was given to
breathing passage freeboard, righting moment or flotation attftude, although
the latter was (1lustrated by photographs In Chapter 2.

7.2 Methodology

The approach used to datermine l1ft force was to measure first the
weaight (wl) of each test article while anclosed submerged In a container
with suffliclent welghts to make the aggregation negatlively buoyant.

Next the welght (wz) of the container and welghts submaerged wlthout
the taest article was measured. Of course, this latter weight was the greater

of the two If the test article was positively buoyant. The arithmetlic
differance between the two welghts (w2 - Nl) was taken as the buoyancy of

each test article.

The conditlons under which the welghts (Nz) of the tast articles,

contalner and welghts were measured are as follows. Prlor tu loading each ;

test article Into the contalner, It was moved to different orlentatlions

In the water unt!l all pockets of alr trapped beneath It wers released. When i

no further movemant of the test article released trapped alr, it was loaded ,

Into the weighted contalner and submerged under 2 inches of fresh water for f

24 hours. The welght of the test articla, contalner and welghts was measured L
!
:
|

In that poslition.

A nylon mesh bag with a "purse-string' closure was used as the sub-
merging contalner for the measurements. Welght measurements were made with a
Chatitlon spring scale (Mode! No. P/N DPPH-100). '

~10k-
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7.3 Results

The Intrinsic 11ft force determlned for each of the test articles
in fresh water is shown In Table 1-43. These buoyancles are graphically
itlustrated In Flgure 1-8. The test articles have been ranked in order
of decreasing buoyancy. The corresponding 1ift forces in sea water and
would be expected to be about 3 percent greater.

L]
7.4 Analysls and Discusslon

The results of this Investigation are straight forward and easy to
Interpret. However, a brief word of cautlon Is in order for the results
shown for DAl, DA2, WEI|, WE3, DF3 and DF! (PVC and neoprene). These test
articles all have Inflatable chambers of some size assoclated with them.
Since it was deslred that only Intrinsic buoyancy be included in this
investigation, the sults were all studlied with thelr Inflatable chambers
emptied to the maximum extent achlevable by physically compressing them.
it is likely, however, that these chambers still contained sone small
amount of trapped air which would contribute to the 1ift forces indicated
in Table 1-43. The magnitude of this contribution Is thought to be very
small. Therefore, while the forces indicated for these test articles are
upper bounds on thelr iIntrinsic buoyancy, they may also be regarded as

reasonably accurate estimates of the buoyancles.

The test articles have arranged themselves, In Table 1-43 and Figure
1-8, In remarkably coherent groups. The most Intrinsically buoyant articles
are the DF sults followed closely by the WE's, then the WP's and finally
the D's. The two DA-type sults are mixed among the WP's, The only other
exception to this complete segregation of the test articles Is the occurrence
of WEL among the WP's.
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FIGURE 1-8
TEST ARTICLE BUOYANCY
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TABLE 1-43
BUOYANCY OF TEST ARTICLES
Fresh Water
Code Test Article Descriptlion Size* LIft Force(kg)
DF! (PVC) Bayley Exposure Sult (PVC) X 19.1
DF! (neoprene) Bayley Exposure Sult (neoprene) X 18.4
DF2 Helly-Hansen Survival Suit M 13.3
DF3 S.1.D.E.P. Séastep Survival Sult M 12.4
WE3 Stearns Heavy-Duty Offshore Survival Sult M 1.
WE| Bayley WeatherMate Plus M 9.0
WE2 Henderson Zlp-On Exposure Sult M 8.0
WP3 Mustang U-VIC Thermofloat M 7.4
wP§ Stearns WIndjémmer Jacket M 7.3
wP6 Stearns Offshore Survival Jacket S/M 7.1
WP7 Texas Recreation Corp. Nylon-Covered PFD M 6.8
WEL White Stag Nylon-Two Wet Sult M 6.7
DA2 Dr. S.B. Rentsch's Prototype Survival Sult X 5.1
WP4 NADC Modifled Wet Suit MR 5.1
WPI Henderson Prototype Jacket M 3.3
DAI ILC Industries Prototype Survival Sult X 2.5
WP2 Medalist Skl Shorty M 1.9
D2 NADC Goretex Experimental Coverall 38R (N
DI Beaufort MK-10 British Immersion Coverall 68-71" 0.8
D3 U.S. Alr Force Modifled Anti-Exposure Assembly M 0.!

* § = Small
M = Medium
S/M = Small/Medium
MR = Medium, Regular Length
38R = 38" Chest, Regular Length
68-71'" = Height in Inches
X = One-Slze-Flts-All or Unslized Prototype

[ ALY
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8.0 AESTHETIC-APPEAL/WEARER-
CONFIDENCE INVESTIGATION

It Is obvious that hypothermia protection equipment which is not %
used [s of no value. The different sectors of the overall population :
at risk addressed in this study may be expected to be more Inclined
to use some types of protection equipment than others. Recreattonal
: boaters who must purchase: their equipment may be very consclous of its
d cost. Their use of It Is also likely to be influenced by Its looks ;
(aesthetic appea!) and comfort as well as thelr perception of Its cold-

protection effectiveness (wearer confldence). Mllitary crewmen and i
merchant mariners may be unconcerned with cost and aesthetlic appeal.
But their inclination to use a partlicular device will probably be much A
influenced by its comfort and thelr confidence In it. One might expect
that the willingness to endure dlscomfort would be reinforced by strong ;

feelings of confldence that the device would perform well If It was

needed. Thus wearer confldence might be partlcularly Important In devices

intended for use In a constant-wear mode.

8.1 Objectives

The objectives of this Investigation were to obtalin evaluations of
the intrinsicaesthetic-appeal of each of the test artlicles considered In
this study and the wearer confldence engendered by them. It was deslired

that the aesthetlc-appeal evaluatlon should be based upon physical exami-

nations of the test artlcles and that It should not be influenced by overt
presentation of Informatlon concerning non-obvious design features. It
was desired that the wearer confidence evaluation be performed with the
benefit of genera)l Information about the design features incorporated into

each test artilcle.

8.2 Methodology 3

These two evaluatlions were performed by speclially-selected test subjects ﬂ
who had not participated In any other investigations In this study. They

were selected to provide the broadest possible spectrum of backgrounds and
Interests. Relevant characteristics of these subjects, all of whom were |

college students, are presented in Table |-44, !W
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Group |

{r

DD

Group 2

GS

TABLE |-44
DESCRIPTIONS OF

AESTHET | C-APPEAL/WEARER-CONFIDENCE INVESTIGATION SUBJECTS

20
21
20
26

29

23

20

20
31

Year Major Hobbles/Interests

Junlor Administrative Management Golf, basketball, sports cars
bottle collecting

Junlor Zoology Photography, running

Junior Accounting Skydiving

Junior Mechanlical Engineering Sports, reading

Senlor Forestry Hunting, fishing, racquetball,
tennls

Graduate Zoology Camping, hlking, fishing,

Student

Graduate Bloenglneering
Student

Sophomore Civil Englineerling

Sophomore Civil Englneering

Senlor Forestry

SCUBA diving

Salling, swimming, Jjogging
snow skting, hlking

Snow Skiing, swimming, salling,
racquetball, handball

Bowl ing, racquetball

Tennls, reading, newspaper




These subjects ware selected to participate In thls Investigation
{n two groups of five subjects each, as shown [n Table i-4k. This was
done to keep to a reasonable slze the group of Individuals who had to
Inspact the test articles at any one time. In order to remove any blas
which could result from mode! names or deslgnations assigned by the manu-
facturers, the test articles were randomly assigned reference numbers
which were used exclusively In referring to the articles and also In
ordering their presentatidn to the subjects. Test Article DAl was evaluated
by only the first group of subjects.

Aesthetlc-Appeal Evaluatlion

For purposes of the aesthetic-appeal evaluation, the test articles
were displayed to the subjects In the conditions In which they would
normally be worn. All beaver talls and diapers were (n the stowed position
as were stowable hoods. All gussets were in the open position. The DA-type
sults were shown in the deflated condition. No descriptlions of the test
articles were provided.

The instructions glven prlor to the aesthetic-appeal svaluation are
shown In Figure 1-9. The score sheet used Is shown in Flgure I-{0. The
flve subjects were asked to start at one of the followlng reference numbers:
i, &, 7, 10 and {3 and to progress through them iIn order of ascending
reference numbers. At the concluslon of this evaluation the aesthetic-appeal
score sheets were collected.

Wearer-Confidence Evaluatlon

For purposes of the wearer.-confidence evaluation the test articles
were displayed to the subjects In approximately the conditlons In which they
serve to protect the wearer agalnst cold exposure. The beaver talls and
dlspers on jackets were not put Into place since the sults were not being
displayed on mannequins but rather were simply removed from thelr stowed
position to call attention to thelr presence. The same Is true of stowable
hoods. All gussets were closed and the DA-type sults were fully Inflated.
The subjects were provided the general Instructions shown In Flgure !-11.
They rated the test articles on the score sheet shown In Figure 1-12, The
subjects al! began at the tast article with reference number | and progressed
In reference-number order reviewing the articles simultaneously. Audio-taped
descriptions of the test articles were played while each was being conslidered.
After each had been examined and scored, the taped descriptions were repeated
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FIGURE -9 !
AESTHET1C- APPEAL INSTRUCTION SHEET l

Aesthetlc-Appeal

In this experiment you are asked to rate, on a scale of 0 to 10,

the aesthetic appeal of several cold water protection sults. In other

words, how well do you llke the '"'looks' of these sults.

You may assume that the sults wlll be avallable In any color.

Therefore, color should not be a factor In your ratings.

During this experiment you should not discuss the sults or the

scores you have given them with anyone else.

instructions

Each suit has been glven a number. On the followling page you will
find a rating line corresponding to each sult number. Mark an "X'" on
the line to rate the sult. Also In the blank space on the right fil1l In
the numerica) equlvalent of your rating. Flctitious sult number zero on

the following page Is shown as an example of the rating technique.

You will have ample time to look at each sult. You may plck the sults
up to examine them. Take as much tlme as you need. You may come back and

re-examine any sult. You may change the rating of a sult at any time.
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WEARER~CONF {DENCE INSTRUCTION SHEET

Wearer-Confidence

Introduction

In this experiment you are asked to rate, on a scale of zero to ten,
your confidencein the abillty of several sults to protect you agalnst
the effects of cold water (e.g. 35°F).

Basic Principles

The human body must malntaln lts core or central temperature withlin
narrow limits for survival. |f too much heat s removed from the body,
Its temperature will drop resultling In death. Insulating the body will
decrease the amount of heat removed.

The thickness of an insulatlon layer and the type of material from
which it Is made will determine lts insulating value. For any material
the thicker the better. Stagnant (non-moving) alr Is the best lnsulating
material available. The value of the fiberglass Insulation used in homes
Is not in the fiberglass itself, but In the alr trapped between the fibers.

Water Is a poor lInsulater. Therefore, a ''dry"” sult may have advantages
over a ''wet'' suft (one which allows water to come In contact with the body).

In "'wet" suits, stagnant water, which will soon warm up, [s to be
preferred over the case where cold water can contlnually flush into or under-
neath the sult. Therefore, tight seals and snug fit are important deslgn
features for the ''wet'' sults.

The more body surface that [s protected the better. 1t Is espectally
important to keep the torso or trunk portion of the body covered In order
to protect the internal organs such as the heart.

fnstructions

The suits have been numbered. On the followlng page you wlll find a
rating line corresponding to each sult number. Mark an "X on the llne to
rate the sult. Also, In the blank space on.the right of each line, fill In
the numerical equlvalent of your rating. Flctitlous sult number zero is
shown as an example of the rating technlque.

The protective features of each sult will be read to you. You may go
back to any sult and reread its protective features. You may change the
score of any sult |f you wish.

You may assume that addltlonal flotation devices will be provided if
the sult will not float you by itself. Those sults requlring extra flota-
tion will be polnted out to you.
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while the subjects were allowed to freely lInspect the articles. When
each subject indlcated that he was satlsfled with his scores for the
test artlcles, the score sheats were collected and the subjects were

dismlssed.
8.3 Results

The results of the aesthetlc-appeal and wearer-confldence evaluations
(]
are presented, In terms of the mean score for each test article and the
standard error of these means, In Tables |1-45 and |~-46, respectlively. The

test articles are ranked In these tables In order of decreasing mean scores.

8.4 Analysis and Discussion

It may be seen In Table 1-45 that, on the basls of aesthetlic-appeal,
the test artlcles have been essentlally dlchotomlzed Into wet-mode and dry-
mode articles. A clear preference Is shown for the wet-mode articles. The
statistical signlflcances of the differences among the aesthetic-appeal
results obtalned for the test articles are shown In Table I-47. This table
shows the levels at which the aesthetlc-appeal scores assigned the artlcles
indicated by the rows are superlor to the artlcles Indicated by the columns.
The only assumption Invoked Is that the random varlation in the scores s
normally distributed fcr each test article. An approximate t test has been

used with Satterthwalte!s approximation for degrees of freedom.

The mean wearer's confldence scores shown In Table |-46 agree reasonably
well with the survival-time estimates given In Table 1-14. The coefficlent
of correlation for these data (using the ‘'closed" survival-time estimate for
NA2) 1s 0.85. This Indicates that people are capable of anticipating with
reasonable accuracy the potentlal of various devices to provide protectlon
during cold-water Immersion. The statistlcal signlficances of the differences
among the wearer-confldence scores are shown In Table |-48. These data are

analogous to those shown In Table 1-47.
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TABLE 145
AESTHETIC -APPEAL EVALUATION RESULTS

Test

Article

WE4 - White Stag Nylon-Two Wet Sult

WE2 - Hendarson Zip-On Exposure Sult

WP7 - Texas Recreatlon Corp. Nylon-Coverad PFD

WPl - Henderson Prototype Jackat

WP2 - Medallist Ski Shorty

WP5 - Stearns Windjammer Jacket

WP6 - Stearns Offshore Survival Jacket

WEl - Bayley WeatherMate Plus

WE3 - Stearns Heavy-Duty Offshore Survival
Sult

WP3 - Mustang U-VIC Thermofloat

DF2 - Helly-Hansen Survival Sult

DAl - {LC Industries Prototype Survival Suft

DFl - Bayley Exposure Sult

D2 - NADC Goretex Experimental Coverall

DA2 - DOr. S. B. Rentsch's Prototype Survival
Sult

DF3 - S.).D.E.P, Seastep Survival Sult

WPh - NADC Mod!fled Wet Sult

03 -~ U.S. Alr Force Mod!fled Antl-Exposure
Assembly

Dt - Beaufort MK-10 British Immersion

Coveral)

=116~

SCORES
Mean S.E.M.
8.13 .53
7.89 .37
7.86 s
7.52 .37
7.21 .61
7.16 .28
6.90 40
6.84 .59
6.65 .36
6.47 N
5.75 .62
5.74 .75
.53 .51
3.28 .53
2.85 37
2.49 77
2.40 .36
2.38 .36
2.4 .37

‘
¥
¥
3
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. Test
Article

DA2 -

DALl -

DF2 -
OFi -
DF3 -
WE2 -

WE3 -

WE4 -
02 -
o -

WEI -

03 -

wP6 -

WPl -

wp2 -

wP5 -
wP7 -

TABLE 146

WEARER-CONFIDENCE EVALUATION RESULTS

Dr. S.B. Rentsch's Prototype Survival
Sult

ILC Industries Prototype Survival
Sult

Helly-Hansen Survival Suilt
Bayley Exposure Sult

S.1.D.E.P. Seastep Survival Suit
Henderson Zip-On Exposure Sult

Stearns Heavy-Duty Offshore Survival
Sult

White Stag Nylon-Two Wet Sult
NADC Goretex Experimental Coverall

Beaufort MK-10 British Immersion
Coverall

Bayley WeatherMate Plus

U.S. Alr Force Modlfled Ant!-Exposure
Assembly

Stearns Offshore Survival Jacket
Mustang U-ViC Thermofloat
Henderson Prototype Jacket
Medalist Skl Shorty

NADC Modified Wet Sult

Stearns Windjammer Jacket

Texas Recreatlon Corp. Nylon-Covered
PFD

SCORES
Mean S.E.M.
9.08 .34
8.82 .57
8.53 .23
8.4 3!
7.34 k6
7.4 .49
7.02 bl
6.84 .64
6.19 .52
6.18 .62
5.93 .61
5.84 .53
4.9 A7
4.09 47
3.74 .54
3.69 .59
3.35 .55
2.19 i
0.27 .08
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9.0 FIRE~RESISTANCE INVESTIGATION

The flame resistance of some hypothermla protection devices may be
important. If a device is elther flammable or easily degraded by exposure
to flame, It should not be used In an environment which entalls signlficant
risk of fire. The potential for disaster Is In no case more apparent than
with the D-type articltes. While their nomex undergarments are highly flame
resistant, thelr cold-protection effectiveness is entirely dependent upon
the integrity of thelr dry outer shell. |If this Integrity is easily deteri-
orated by flame exposure, then these devices should not be used where the
risk of flame exposure is slgnificant. Of course, the cold-protection
effectlveness of foam rubber articles would be expected to be less easily
deteriorated by flame exposure.

9.! Objectlves

The objective of this Investigation was to assess, for a number of
speclally-selected articles, the susceptibllity to damage by exposure to
flame and any propensity to sustaln burning oxidatlion after the flame
exposure. The test artlcles to be considered In this Investigation are
Indicated In Table 1-2.

9.2 Methodology

Two kinds of results are reported In this chapter. They Include the
results of flame-exposure tests conducted by Underwriters Laboratories at
their Tampa, Florida Testing Station. These tests were conducted with whole
garments in accordance with ''Standard for Marine Buoyant Devices' (UL 1123).
This standard specifies 2 seconds of exposure to the flame of a gasoline fire
In a vertical position 229 mm (9 inches) above the shallow contalner holding
the gasoline. The flame Is produced by 25.4 to 50.8 mm (| to 2 Inches) of
gasoline, floating on 12.7 mm (1/2 Inch) of water In a 305 by 457 by 63.5 mm
(12 by 18 by 2.5 inch) metal pan which ahs been burning freely for 30 seconds.
The results of UL flame-exposure tests are Included for WP3, WP5, WP6 and
DFi (neoprene). Following flame exposures, the three WP-type devices were
tested for tensile strength at a tenslon reduced to 102.3 kg (75 percent of
the normal test value). The tensile testing procedure described in UL 1123

was employed for this test. These results were released by UL, for Inclusion
-120-
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In this report, after recelving the authorlzation of the respective manu-

facturers.

Test article WE3 Is of very similar construction to WP5 and WP6
regarding flre resistance. |t would probably normally be covered by an
outer envelope of 200 denier fabric as were WP5 and WP6. Thls would render
the same fire resistance results seen for them easily achievable In WE3.

Seven of the test articles considered In this investigation are con-
structed of neoprene rubber. They are DFl(neoprene), WE!, WE2, WEL, WPI,
WP2 and WPL. 1t wlll be assumed that the Intrinsic flre resistance of
neoprene rubber would produce with each of these articles flame-exposure
results similar to those described in this chapter for DFl(neoprene) and
WPI. Test article WP! employs two exposed plastic zlppers on the torso which
would be subject to considerable weakening during flame exposure. They
are the primary closure and the torso gusset, both of which must function
for the article to provide signtficant protection In cold water. Article
WP| was tested using generally the flame exposure protocol described In
UL 1123, The following deviations were made. The metal pan was 40.6 by
43.2 cm (16 by 17 inches), the water and gasoline layers were {.9 cm
(0.75 Inches) deep, and the pre-and post-flame-exposure tensile strength

tests were done using cylinders |1.4 cm (4.5 Inches) In diameter.

The remalining test articles (DI, D2, D3 and DAl) are addressed by flame
exposure testing swatches of goretex and ventile fabrics. Three laminated
composite fabrics including goretex were tested. Each of the composite
fabrics Is composed of three layers, with the middle one being goretex.

One composite Included an outer layer of nomex twlll and an Inner layer of
nylon tricot. This Is the materlal of which article D2 Is constructed. The
second had an outer layer of nomex type 456 (plain weave, 4.7 oz/ydz) and

an Inner layer of nomex jersey knit (1.5 oz/ydz). The third had an outer
layer of nomex (plain weave, 1.9 oz/ydz) and the same Inner layer as the
second composite. The swatch of woven ventile cotton fabric had stretch
Inserts of polychloroprene coated nylon. It 1s generally similar to the
material from which D! and D3 were constructed.

The protocol for testing the swatches Is as follows. Each swatch was
draped over the open top of a clrcular steel contalner 216 mm In dliameter.

-i21-
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The outside of the swatch was on top. A depression was made In the swatch
and it was secured to the edges of the contalner by spring clips. Two
hundred and thirty-seven mil11il11ters (8 fluld ounces) of water was placed

In the depression. It arranged itself in a roughly clrcular shape, approxi-
mately 133 mm in diameter, with a maximum depth of 25 mm In the center. |t
was allowed to stand for two hours and the volume of water passing through
the fabric was measured. ,This procedure was repeated after exposing the
fabric swatches to flames to determine 1f any deterioration in thelr water
repellient propertles had occurred. |t was deslired that the flame exposure
be restricted to Impinge directly only on the outslde of the fabrlc as

it would if someone wearling coveralls constructed of the materlals was
exposed to flames before entering the water. To accomplish thls, rectangular
swatches 30 by 40 cm were folded In half to dimensions 30 by 20 cm (with

the inside surface toward the inside of the fold) and sealed around the
three open edges by a 2-plece, U-shaped wooden frame held together by
C-clamps. This protected the Inside surface of the materlal from direct
exposure to the flames. The usual 2-second exposure to gasollne flames at

a height of 22.8 c¢m (9 Inches) was used. The gasollne was floating on 1.9
cm (0.75 Inches) of water and had been burning for 30 seconds before a
swatch was inserted.

3.3 Results

WP3 - Mustang U-VIC Thermofloat (200-denier, fabrlc outer envelope)

The results of the UL flame exposure test with WP3(UL reference: Flle
MQ269, page TI-11, issued 5-19-77) are stated as follows:

“No fallure. Sliight discoloration due to smoke.'

WP5 - Stearns Windjammer Jacket (70-denler,fabric outer envelope)

The results of the UL flame exposure test wlith WPS (UL reference: File
MQ 29, page TI-4, Issued 12-14-72) are stated as follows:

"No fallures of any kind."

WP6 - Stearns Offshore Survlval Jacket (200-denler, fabric outer envelope)

The results of the UL flame exposure test with WP6 (UL reference: Flle
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MQ 29, Vol. |, Sec. 4, page T1-8, Issued 11-3-77) are stated as follows.

""No failure. Slight dlscoloration due to smoke.'

DF! {neoprene - Bayley Exposure Sult

The results of the UL flame-exposure test with DFl{(neoprene) (UL
reference: unknown) are stated as follows.
'"Only 11ght Scorching on the legs and foot resulted

from the test. Slince the damage was only minimal, no
follow-up testing was conducted.'

WPl - Henderson Prototype Jacket

The flame exposure testing with WPl produced only slight scorching
of the material. Tensile.strength tests conducted with 136.4 kg (300 ibs.)
before flame exposure and 102.3 kg (225 lbs.) after flame exposures
produced no failures of any kind. The performance of the article would

not be impaired by 2-second exposures to gasoline flames.

It should be noted that Stoll, et al., (1976) reported severe damage
to nylon-faced neoprene wet sults exposed to a somewhat more stressful
test condition. Thelr protocol involved a 3-second exposure to fully-
enveloping flames of burning aviation gasoline. Their results included
melting of the nylon facing, adheslions of the neoprene and self-sustaining
combustion of the neoprene (possibly supported by combustion of the adhesive
material used to bond the nylon facing to the neoprene). The flame resistance
of neoprene appears to be very dependent upon the specliflc nature of Its

flame exposure.

Nomex Twi)l/Goretex/Nylon Tricot Swatch

In the test of water tlghtness before the flame exposure, no water was
seen to pass through the swatch In 2 hours of hydrostatlic loading. After
the 2-second flame exposure, the swatch was observed to be puckered on the
nomex side but not on the nylon-tricot side. The nomex layer appeared to
have separated from the goretex/nylon tricot layers. The conditlon of the
goretex layer, between these two, could not be cbserved directly. It was
separately determined that when a sample of goretex Is exposed to the flame

of a paper match at a distance of approximately 2 cm it contracts very

-123-
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rapidly into a more dense aggregation of material which reslsts being

stretched back to its original shape. When the swatch was again tested for
its integrity as a water barrler, several small droplets of water formed

in the receptacle under the swatch. However, the volume of water was too
small to measure directly. Thls suggests that there had been some deteriora-
tion in the capability of the goretex to resist passage of water. Quantita-
ting this observation Is made difflcult by the propensity of the water to
"wick'! slowly through the nomex twlll outer layer and to drip from the
material. Another serious concern ralsed by the puckering observed Is that
if the goretex layer of a survival sult were to shrink significantly,
subsequent movement by the wearer could tear the goretex without damaging

the other fabric components and create a massive leak In the water barrier.
This could catastrophically degrade the Immersion hypothermia protection pro-

vided by the survival sult.

Nomex (4.7 oz/yd%)/Goretex/Nomex Jersey Swatch

In the test of water tightness before the flame exposure, no water was
seen to pass through the swatch In 2 hours of testing. The heavy nomex
plain weave outer layer was seen to ''wick' as the nomex twill outer layer had.
After the 2-second flame exposure, the swatch was observed to be puckered
on both sides. This indicates that shrinkage of the goretex had occurred and

was sufficiently pronounced to produce this puckering. The jersey knit layer

could be seen to have separated from the goretex In the vicinity of the puckers,

Puckering primarily occurred In the area of the material positioned closest

to the flame. Some discoloration (from white to belge) occurred on the jersey
knit side (Inside) of the swatch. When the swatch was tested for Its water
tightness after the flame exposure, no water was seen to pass through the

material.

Nomex (1.9 oz/xﬁ%)/Goretex/Nomex Jersey Swatch

In the test of water tightness before the flame exposure, no water was
seen to pass through the swatch In 2 hours of testing. The 1ight nomex plain
weave outer layer was seen not to ''wick'' as the other outer layers had. After
the 2-second flame exposure, the swatch was observed to be puckered on both
sides. The puckered area was approximately three to four times the size of

that seen with the 4.7 oz/yd2 plain weave outer layer. The Jersey knit was
-i2h4-
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separated from the goretex to a larger extent and the discoloration visible
on the inside of the fabric was more profound (to a darker beige). When
the swatch was agaln tested for Its integrity as a water barrler, no water

was seen to pass through the materlatl.

Ventile Cotton/Stretch Polychloroprene Swatch

The water-tightness test before flame exposure resulted In no water
passage through the swatch durlng the 2-hour hydrostatic loading. No tendency
was observed for the water to 'wick' through the materlal or even to pene-
trate the surface. It should be noted that this swatch (obtained from NADC)
appeared to differ from the fabric used In the construction of D3 (the Cwu-21/
AP) which was obtalned from the U. &. Alr Force. After the flame exposure, y
no physical change in elther the ventile or polychloroprene portions of the ;
swatch could be detected. The repeat of the water tightness test resulted
in the finding that no water had penetrated the fabric.

-125-
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10.0 RELIABILITY INVESTIGATION

When any physical system s employed to perform a speclfied function
there Is always some chance that the system will not be in "working order"
when it Is called upon. The rellablllity of a system Is generally taken to
be the llkellhood that It will be in working order when it Is needed. The
failure of a system may result from many separate causes, Including defects
In materlal or workmanship, Improper preventive malntenance, and underrating
the system for the stresses of Its operational environment. The propensity
of physical systems to fall Is generally assessed through l1fe-testing a large
number of them, perhaps at elevated levels of stress. This type of test-bed
evaluation is not the subject of this chapter.

0.1 Objectives and Methodology

The objective of thls Investigation was to gather and report speclfic
observations of the occurrences of fallures during the testing of the articles %
conslidered In this study. These observatlons Indlcate the number and type of :
equipment fallures which could be expected at levels of stress comparable to
those encountered In the other Investlgatlons In this study. To the extent

-

that these stresses emulate a candldate operational environment, the results
of this Investigation may be Interpreted as a lImited test of operational
reliabillty.

XM

10.2 Results

The results of thils Investigatlon Include ldent!fications of ail fallures
observed with all test articles Included In the study. This includes some
fallures which are not critlcal to the performance of the test articles in
prolonging survival but which may Indicate malntenance nulsances {f some
design or manufacturing Improvements are not made.

WE| - Bayley WeatherMate Plus

Fallures were observed In the adhesive holding patches of velcro hooks

1 inside the jacket. These patches serve to hold the dlaper In Its stowed
: position. :

e

] WE3 - Stearns Heavy-Duty Offshore Survival Sult

The fallure of the snaps, holding the hood to this survival sult, to meet
the stresses Imposed upon them during donning exercises In the water has pre-
viously been discussed In Sectlon 6.4. An additlonal fallure whlich occurred

.
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during a donning exerclise in the water was the breaking of the zipper
which serves as the primary closure of the sult.

D2 - NADC Goretex Experlimental Coverall

A fallure of the elastic neck seal was observed during a donning
exerclse on land. The fallure was In the form of a tear about 4 cm long
beginning at the neck orlflce. The affect of this fallure would have
been, at worst, a partlal.loss of the Integrity of the neck seal.

i

D3 - U. S. Alr Force Modlfled Anti-Exposure Assembly i
Fallures of the elastlc stocklings, Integral! to thls sult, In the form |

|

|

1

I

}

of tears occurred during the fatigue-Induction Investigation. This type of
fallure completely defeats the dry aspect of the design of this sult. - It

Is possible that the canvas sneakers with which this sult was tested Imposed
stresses upon the stocklings, durlng the two-step protocol, which far sxceed g;

that which they are deslgned to endure.

DF1_(PVC) - Bayley Exposure Sult 9
A leak deveioped around the seam of the flotation "plllow" which attaches i ]

to this sults The only consequence of this fallure was the necessity for

perlodic reinflation of the blllow to maintaln a constant flotation attitude.

DF2- Helly-Hansen Survival Sult E{
A minor fallure occurred In one of the neoprene rubber wrist seals on thls A

sult. The fallure was In the form of a tear approximately 2 cm In.length.

The tear did not penetrate the nylon facling of the neoprene rubber. The

wrist seal exhiblited the strength to resist significant enlargement of the tear

through several uses of the sult In cold-water Immersions and fat!igue-Iinduc-

tion experiments which were performed after the tear Initially formed. The

effect of this materlal fallure was no loss of suit performance.

DA2 - Dr. S. B. Rentsch's Prototype Survival Sult
Three of the clircular patches, seallng the outer and Inner layers of the
primary air bladder together, separated. This results In a proportional loss
of control of alr space thickness and presumably some deterloration In the
‘ : total rate of heat loss due to an Increase In the convection component. ;
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11.0 SUMMARY

Py

A procedure for analyzing cold-immersion test data has been applied

which allows estimation of cooling behavior for individuals with selected

physical structures. This enabled the development of comparable survival- 'i
time estimates for a spectrum of articles tested by dlfferent groups of !’
subjects. The procedure was applled to estimate survival times for thin,
average and heavy Individlals wearing the test artlcles In |.7°C (35°F)
water. This estimation Involved the use of a mathematlcal thermal model
of a protected man in a cold envirenment to account for the fact that not

all of the articles could be tested In |.7°C water. 1

These survival-time estimates revealed the general superlority of dry,

insulated survival sults In preserving iife., Among these sults, those em-
ploying Inflatable alr bladders as Insulating medla performed varfably well.
The effectiveness of respiratory heat reclamatlion has been clearly established.
An increase in survival time of approximately 10 hours has been indicated

in Dr. Rentsch's prototype due to respiratory heat reclamation. Efforts to

effectively Integrate this life-sustaining feature Into practical surv:iv-1-
suit configurations should begin Immediately.

The data which Is most relevant to the problem of selecting equipment
for varlous uses Is summarlized In Table 1-49, The test articles are ranked
in order of decreasing estimated survival time for an average individual.
This is regarded as the primary decision criterion. Test articles not included

in the cold-immersion Investigatlon are listed at the bottom of Table 1-49

to facilitate comparisons Involving thelr results from other lInvestigations.
The survival times estimated for thin Individuals are also included In Table
1-49 so that any desired minimum times may .e assured for them as well.

Next, the mean mobillity reductlons per subject have been summed over the

elementary movements and are shown for each test artlcle. This index [s

!
obviousiy Irsensitive to the relative Importances of the varlous elementary '
movemerts to an intended, constant-wear use. The distributions of these 3
totals acrcss the elementary movements may be seen In Table |-13. The i
requirements for the wearer to exert extra effort to perform the elementary
movements are Indlcated for each article In Table 1-49 by the total number
of subjective scores of | (indicates that full range of motion could be
achieved but extra effort was required), summed over all elementary movements
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and test subjects, dlvided by the number of subjects testing each article.
These indlces are an Indication of how much a wearer might be fatigued In

the process of overcoming article resistance to achieve full range of motion.
The next data Is also related to Increases In fatigue Induction. They are
the mean percent Increases In heart rate averaged over the test subjects
(uniformly) and the three experimental exercises {(In accordance with activity
mode! 1), The tendencles of the articlies to produce overheating have been
expressed by mean Increasés In skin surface temperature averaged uniformly
over the test subjects and experimental exercises but using weighted averages
of the three skin surface sites. Also, the mean times for donnings with
practice on land are shown, as are the measurements of Intrinsic buoyancy.
Finally, the mean scores assigned In the subjectlve assessments of aesthetlc
appeal and wearer confidence are listed.

Table 1-49 shows survival-tlme superlority for the two test articles
Involving Inflatable alr-bladder insulation medla. Of course DA2(closed)
also has the benefit of respiratory heat reclamation. Test artlcle DA2 was
judged not to be a candldate for use In a constant-wear mode. Therefore,
it was not Included In the tests for constant-wear suftablllity. Since DAl
was configured as a fllght garment, lt was Included In the Investigatlons for
constant-wear suftabllity. These revealed the 5th-largest reduction In
mobllity, the Sth-largest requlrement for extra effort to achleve full range
of motion, the hth-largest Increase In heart rate, and the 7th-largest Increase
in skin temperature. Its 2.7-minute, mean donning time Is the 2nd-longest
observed on land, but could probably be significantly reduced by replacing
the primary, water-tight closure with a zipper. Its Intrinsic buoyancy
(2.5 kg) is among the smallest measured, but this was to be expected with an
alr-bladder sult. [t received an aesthetlic-appeal score sllightly above
mid-scale but the 2nd-largest wearer-confldence score.

By comparlison, DF2 exhibits a very small reduction In mobillty, but
also the largest Increases In heart rate and skin temperature. |Its mean
donning time of 1.3 minutes Is generally acceptable for most purposes, as
Is Its 13.3 kg Intrinsic buoyancy. It received aesthetlc-appeal and wearer-
confldence scores almost fdentical to DAI,

A major decrease In survival time occurs when moving to the next article
In Table 1-49 (WE2). The est!mate for an average i{ndividual drops by 8

hours. The artlcle affords no real Improvement In wearability as indlcated
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by the mobillity, heart rate and skin temperature data. When compared to
the standard wet sult (WE4) It may be seen to afford reductions in the j
extra effort required to achleve full moblllty and In the elevations in

skin temperature it Induces. However, an increase In heart rate elevations
may also be seen with WE2., Its donning time Is relatively long, but Its
H Intrinsic buoyancy is adequate and [ts aesthetlc-appeal and wearer-confidence

scores are relatlvely high.
[)

Test article D2 offers some Improvement In general wearabillity. It ex-
hibited the smallest elevation In skin temperatures, but appears to severely
restrict mobility. In reallty this restriction Is due to the ''slim' talloring
of the prototype Included In this study, see Flgure I-1(m). A more generous

use of materlal In constructing the article, as was done with D3, Figure
I-1(n), would probably eliminate this problem. A more serlous concern with
D2 is its flre resistance. Based on the test described in Chapter 9, It
appears that the goretex may be adversely affected by flame exposure re-
sulting In degradatlon of its water resistance property. Thls finding indi-

oy

cates that goretex-based dry sults should be not used In an environment

posing serlous risk of flame exposure In conjunction with cold-water immer-

ston, until more extensive testing Is conducted. The Intrinsic buoyancy
of the dry coverall Is vary low as one would expect Indicating the need
for supplemental flotatfon. The D2 coverall was scored very low in aesthetic

appeal but above average In wearer-confidence.

The next test article, WE3, offers 9 hours of survival-time to an average
individual. While lts wearablllity Is not outstanding it may be seen to
offer considerable Improvement over a standard wet sult (WE4). The most

PR

Important Improvements are In the extra effort required to achieve full
mobility and the heart-rate elevations It Induces. It provides a small Im-

provement in the elevations of skin temperatures.

It has been shown that a wet-mode sult coverling only part of the body
(WP2) can provide an average Indlvidual nearly 9 hours of survival time when
used In conjunction with a 'water-wings' PFD. However, It entalled rela-
tively large mobllity reductions and It requlired non-trivial extra effort
to achieve full ranges of motion In some movements. Its 4 percent elevation
In heart rate ranks 5th (from top of Table |-49) and its 1.4°C increase in

-|3|_
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f surface temperature ranks 6th.
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Another such article (WP6) provides nearly 7 hours of survival time
for an average Individual and 4 hours for a thin one. |t imposes no reduc-
tions in mobility and requires only a little extra effort to achieve full
range of motion. Its |.7 percent Increase In heart rate ranks 2nd. However,
Its 1.5°C increase In surface temperature ranks only 8th.

Test artlcle D3 was observed to provide an unrellable water barrler
during the cold-immersion‘experiments. Even so, It provlides nearly 6 hours
of survival time for average Individuals and excellent wearabillty. However,
it provides only 2.6 hours of survival time for thin individuals. This Is
56 percent less than for average Indivliduals, closely resembling the 53

percent difference seen in the minimally-protective WP7.

Test article WPl provides about 4.5 hours of survival time for an
average individual but only 2.2 hours for a thin one. It Imposes no reduc-
tlons in mobility but signlficant extra effort s required to achieve full
ranges of motion. This 1s consistent with Its 12.8 percent Increase In
heart rate which ranks lb4th.

Test article WP3 affords 4 hours of survival time for an average
Individual and 2 hours for a thin one. On balance It appears to be one
of the more wearable of the test articles. It possesses adequate Intrinsic

mobility and was scored well above average in aesthetic appeal.

The purpose of Including the PFD (WP7) was to determine if there is a
survival advantage afforded by the vest-thpe device which fits the torso

snugly. In Table !-10 a coollng rate of |.46°C/hr was shown for an average i
individual in 11.8°C water. A survival-time estimate of 5.5 hours was 3
developed for this morphology and water temperature. Hayward, et al.,

(1978) showed a mean coolling rate of approximately 2.32°C/hr., for a com-
parable group of Indlviduals wearing kapok, keyhole-type PFD's in [1.8°C

water. Using the survival-time formulation developed In Chapter 3 an estimate
of 3.5 hours results for the kapok PFD. Therefore, an extension of 2 hours

in survival-time is estimated to result with the vest-type PFD in 11.8°C water.
This corresponds to a 57 percent extenslon and must be judged to be signi-

ficant indeed.

1t Is important to recaplitulate the conditlions in which the cold-immersion
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experiments were performed and, therefore, those In which the survival-

time estimates would apply.

The positions of the subjects In the water were
those resulting from flotation characteristics
of the test articles with supplemental flotatlon
as described in Chapter 2.

The water velocity was malntained at a level (3-5
m/min) which would effectlively maximize convective
heat loss,

No wave action was simulated; hence minimal hydrodynamic
force was present to encourage flushing of cold water
underneath the wet-mode test articles. Therefore, the
survival-time estimates developed in this study for wet-
mode articles are longer than those which may be expected
in turbulent open water.

A number of speclific objectives related indirectly to the equipment-

selection problem have been addressed through ancillary studles. The

results of these studies have been dlscussed In the preceding chapters but

are not summarized In Table (-49. These studies address the following

points.
l.

6.

it is not

The propensity of the test articles to induce fatigue
and overheating for varlfous models of activity. General
Insensitivity to the specific nature of the activity
was found.

The ease wlith which each test article may be donned in
water.

The reductions in donning times (on land and in water)
resulting from equipment famillarlization and recent
donning practlce.

The identification of specific problems in donnings which
may be reduced or eliminated through equipment mod!flca-
tions.

The Identification of a potentlally signiflcant impact
upon the performance of DF3 which results from Improper
donning.

The ldentification of relfability problems which could
effect equipment performance and/or malntenance
requlrements.

possible to prescribe the best equipment cholce for all possible
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users because of lack of informatlon concerning the fine structure of
thelr priority system. However, a basis for ratlonal selections has been
developed and described In this report. It Is hoped that this Information
will be used to make Informed declisions which will reduce the loss of 1ife
due to accldental cold-water Immerslion.
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APPENDIX A

EQUIPMENT MANUFACTURERS/SUPPLIERS




safety Division

Bayley Sult, finc.

900 South Fortuna Boulevard
Fortuna, CA 95540

Attn: Ms. Sue Forbes

Beaufort Air Sea Equipment Ltd.
Beaufort Road, Birkenhead
Merseyside L&41 1HQ

United Kingdom
Attn: Mr. Walter Oldham

Fitz-Wright Manufacturing Ltd.
17919 Roan Place
Surrey, BC V3S 5Kl

Canada
Attn: Mr. Jim Cartwright

Helly-Hansen, A.S.

P. 0. Box 218, N-1501
Moss, Norway

Attn: Mr. Knut Lindlov

Henderson Aquatics, lnc.
Buck and Sassafras Streets
Millville, N. J. 08332
Attn: Mr. Allan Edmund

imperial Manufacturing Co.
P. 0. Box k119

Alrport Industrial Park
Bremerton, WA 98310

Attn: Mr. Nik Salmela

Jeltek, Weatherguard Works
Halheath Dunfermline

Fife KY |1 5EP Scotland
Attn: Mr. G. Leiser

Medalist, Cut N Jump

11525 Sorrento Valley Road
San Diego, CA 92121

Attn: Mr. Bill Freimuth

Lonza, Inc.
Fair Lawn, N. J. 07410
Attn: Mr. T. J. Johannsen

[oPa—

Engineering Divislon
Alrcraft &€ Crew Systems
Technology Dlrectorate

Naval Alr Development Center

Warminster, PA 18974
Attn: Mr. J, Harding

S. B. Rentsch, Jr., M.D.
242 Hubbard Street
Glastonbury, Conn. 06033

S.l.DLE.P.
16, Rue Des Belles Crolix
91150 Estampes

France
Attn: Mr. M. Sohm

Stearns Manufacturing Company

P. 0. Box 1498

St. Cloud, Minn., 56301
Attn: Mr., Maurlice 0'Link

Texas Recreatlon Corporation

P. 0. Drawer 539
Wichita Falls, TX 76307
Attn: Mr. R. S. Scheurer

Mustang Sportswear, inc.
540 Beatty Street
Vancouver, B. C. V6B 2L3
Canada

Attn: Mr. Grant Smlth

W. L. Gore & Associates, lnc.

P. 0. Box 1220
Elkton, N. D. 21921
Attn: Mr. Dan Grohlke

ILC Dover Divislon

P. 0. Box 266

Harrington Road
Frederica, DElaware 19946
Attn: Mr. Jack Rayfleld

Life Support SPO (ASD/AELS)

Wright-Patterson AFB, Ohio 45433

Attn: Lt. Col. Weekly

>
T . \

Dive N Surf

504 Broadway

Redondo Beach, CA
90254

Attn: Ms. Sue Wilson

Diving Unlimited
international
{ 148 Delevan Drive
San Diego, CA
92102
Attn: Mr. Richard W.
Long
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APPENDIX B

COOLING TEMPERATURE PROFILES
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APPENDIX C

STANDARD PROCEDURES FOR MEASURING
ELEMENTARY MOVEMENT RANGES OF MOTION
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I. Shoulder
A. Flexlon and Extenslon

Poslitlion
Subject s standing with arms at side.

Movement

Limb should travel forward with the palm of the hand facing the
ceiling. Measurement Is made from lateral aspect of the body.
The subject's.arm moves anteriorly In flexlon and posteriorly In
extension.

Method of Measurement

The gonlometer is centered on the shoulder just below the acromion.
The stationary arm of the gonlometer s placed parallel to the
mid-axillary 1ine of the trunk; the rotating arm is placed parallel
to the longltudlinal axls of the humerus.

Normal Ranges of Motlion
Flexton: 0° toward !70° to 180°
Extenslon: 0° toward 50° to 60°

Notes
Flexion: (a) Avolid extenslon of the trunk and abductlon of
the shoulder
(b) Avold elevation of the shoulder
(c}) Keep moving arm close to the body

Extension: (a) Keep subjects hand facing forward
(b) Measurement may be made with elbow straight or
flexed. We wlll use stralght elbows.
(c) Avold forward flexion of the trunk
(d) Avold abductlon of the shoulder

B. Abduction

z‘

Positlon
Subject Is standing with his back to the operator.
Arms are at subject's side.

Movement

Thumb leads [n the directlon of the movement, with the

palm of the hand facing forward. Abductlion is movement of the
limb outward, away from the central plane of the body.




3. Method of Measurement
The goniometer Is centered on the posterlor aspect of the
shoulder jolnt (on a level with a llne projected posterlorly
from below the acromion). The statlonary arm of the gonlometer
Is aligned parallel to the midline of the body (vertebral column).
The rotating arm of the gonlometer Is aligned with the long!-

tudinal axls of the humerus.
)

4. Normal Range of Motlon
Abductlon: 0° toward 170° to 180°

5. Notes
(a) Avold lateral flexlon of the trunk
(b) Avold elevation of the shoulder girdle
(c) Avold flexlon or extension of the shoulder jolnt

External and Internal Rotatlon

1. Positlion
Subject Is suplne. Abduct the arm as near to 90° as possible
with the elbow flexed to 90°. The full length of the humerus
should be resting on the table top with only the elbow over the
edge of the table. The forearm !s perpendlicular to the body with
the palm facing the feet. If the subject Is supine the humerus
must be elevated with a pad to the plane of the acromion plane.

2. Movement
Keeping the humerus statlonary, the forearm Is rotated toward the
feet for Internal rotatlon and away from the feet for external
rotatlion.

3. Method of Measurement
The gonlometer Is centered over the olecranon process. The statlonary
arm of the gonlometer will be perpendicular to the floor (with the
patient supine). The other gonfometer arm is aligned with the
longitudinal axls of the forearm.

4, Normal! Ranges of Motlon
External Rotatlon: 0° toward 90°
Internal Rotatlon: 0° toward 90°

5. Notes
(a) Avold decrease or Increase In abductlon of the shoulder.
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I1. Elbow

l.

(b) Operator may steady subject's arm by placing a finger under

the elbow to keep a reference point.

(c) Avold flexion, extension or elevation of the shoulder.

A. Flexion

Positlion

Subject Is standing with the arm parallel to the lateral mid-line
of the body and In the anatomical position. Palm of hand Is facing
forward.

Movement
Forearm remalns In supination and rotates about elbow with palm
facing ceiling. In flexlon the hand moves toward the head.

Method of Measurement

The gonlometer Is placed over the elbow joint laterally. One
arm of the goniometer |s parallel to the longitudinal axls of
the humerus and the other arm is parallel to the longltudinal
axis of the radlus. The axls will fall somewhere In the vicinlty
of the lateral condyle of the humerus. Set the Instrument arms
first and do not sacriflice thelr positions to secure the axls In
a certaln place.

Normal Range of Motlon
Flexion: 0° toward 145° to 160Q°

111. Hlp Joint
A. Flexion and Extenslon (knee stralght)

2,

Position
Subject Is supine for flexlion and prone for extenslon measurements.

Movement

In flexion (subject supine) the leg will plvot about the hlp,
away from the table. In extension (subject prone) the leg also
moves away from the table.

Method of Measurement

The center of the gonlometer w!1l fall In the region of the greater
trochanter. The stationary arm of the goniometer Is placed parallel
to a line from the greater trochanter of the femur to the crest of
the I1lum. This would paraliel the long axlis of the trunk. The
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c.

moving arm Is placed along the lateral midline of the femur
toward the lateral condyle. These placements are used for
flexlon and extenslon.

4. Normal Ranges of Motion
Flexion: 0° roward 110° to 125°
Extension: 0° toward 10°

5. Notes ,
(a) In extension, avoid an arched back and an elevated hip

(b) Knee will not be flexed.

Flexion (Knee bent)
I. Positlon
Subject Is supine with knee bent

2. Movement
While keeping the knee bent at approximately the same angle, the
entire leg Is plvoted antarlorly about the hip.

3. Method of Measurement
The center of the gonlometer will fall in the reglon of the
greater trochanter. The statlonary arm of the gonlometer Is
placed parallel to a 1ine from the greater trochanter of the femur
to the crest of the Il1ium. Thls would parallel the long axis of
the trunk. The moving arm is placed along the lateral midiine of
the femur toward the lateral condyle. These placements are used
for flexion and extension.

4. Normal Range of Motlon
Flexion: 0° toward 110°

Abductlon and Adductlion
i. Position
Subject Is supline In anatomical positlion.

2. Movement
in abductlon, leg moves away from body, rotating about hip. In
adductfon, the leg moves toward the uninvolved leg. The uninvolved
leg will have to be moved to allow for adductlion.

-




b

internal and External Rotatlon

Method of Measurement

The statlionary arm of the goniometer Is placed on a 1ine
between the anterlor superlor lllac spines. The moving
arm of the Instrument s adjusted on the anterlior surface
of the thigh so that It parallels the dorsal midline of the
femu; toward the midline of the patella.

Normal Ranges of Motion

[ ]
Abductlon: 0° toward 45°
Adductlon: 0° toward I5°

Notes
Adduction: (a) The pelvis will drop In movement, but this need f

not Interfere with the placement of the Instrument

(b) Avold the body curlling In the direction of
mot lon

PRS- 4

Position

Subject Is sltting on table with knee flexed to 90° over the edge
of the support provided. S!t erect and check the hip and leg

line as follows: The anterlor superlor spine of the lllum, to the
midline of the patella, the midline of the dorsum of the ankle, and
the Interspace between the second and third toes should be In the
same sagittal plane. In the 0° positlon the tibla Is perpendicular

[ES———

to the floor.

Movement
In the preferred position using the left leg, Internal rotation

—— e e
< 3

Is movement away from the uninvolved leg. External rotation Is
movement toward the uninvolved leg.

i S,

Method of Measurement
The gonifometer should be centered over the mid-patella reglon and

remain perpendicular to the floor, even though the leg will move
from that position. From the 0° starting position, adjust the -

stationary arm parallel to the mid-llne of the tibla. Place the ;.
moving arm of the gonlometer along the crest of the tibla to a

point midway between the malleol!l (anteriorly). This procedure

was followed for Internal and external rotation.

c-5




4. Normal Ranges of Motlion
Medial Rotatlon: 0Q° toward 45°
Lateral Rotatlion: Q° toward 45°

5. Notes
(a) Avold hip flexion, extension, abduction or adductlon’

1IV. Knee Joint
A. Flexlion
1. Positlion

Subject |s prone on table with toes extending over edge
k of table.

2. Movement
The subject plvots the lower leg about the knee In a plane
with the leg.

3. Method of Measurement
The gonlometer [s centered over the knee jolnt laterally;

the statlonary arm Is parallel to the longltudinal axis of
the femur on the lateral surface of the thigh; the moving
arm Is parallel to the lateral midline of the flbula toward
the lateral malleolus,

4., Normal Range of Motlon
Flexion: 0° toward 110° to 130°

V. Hand - Metacarpophalangeal Jolints
A. Flexlon
i. Postition
Subject places hand In any restful stable posltion with the
| thumb and fingers extended.

2. Movement

' Subject flexas each finger at joint In question.

3. Method of Measurement

T e e s =

The gonlometer s cantered over the joint In question. The
stationary arm of the gonlometer Is placed on the dorsum of
the hand. The moving arm s placed parallel to the longltudinal
axis of the finger belng measured.
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Normal Range of Motlon
Flexion: 0° toward 90°

Spine

A'

Flexlon and Extension

Positfon
Subject Is standing In anatomical position wlth his side
to operator.'

Movement

In flexion, the upper torso Is plvoted about the hips so the
face Is looking at the floor. In extenslon, the subject

tiits his upper torso back so he Is looking up. The legs should
be kept perpendicular to the floor.

Method of Measurement

The stationary arm of the gonlometer Is parallel to the floor

on a l1lne with the crest of the !1ium. The moving arm Is placed,
at the end of the motlon, along the mid-ax!ilary lline toward the
tip of the shoulder.

Normal Range of Motlon
Flexlon: 0° toward 80°
Extenslon: 0° toward 20°

Notes
(a) Avoid rotation and the tendency to flex the knees
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