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WEARABILITY ASSESSMENT OF SCBA EQUIPMENT
ABOARD U.S, NAVY SHIPS

PURPOSE

The following is an assessment of the wearability of open-circuit, self-contained breathing
apparatus by firefightars aboard U.S. Navy ships.

BACKGROUND

Inthe past, U.S. Navy damage control and fire-fighting personnel used Oxyger: Breathing
Apparatus {OBA) equipment to provide breathing air in unsafe ambient conditions.
Reference (1) identifies & number of areas where OBAs do not fulfill the necessary
requirem=nts, One of the options proposed to meet firefighter's equipment requirements i«
to replace the OBAs with opsn-circuit Self-Contained Breathing Apparatus (SCBA)
equipment. The configuration of SCBA equipment differs from the configuration of ar
OBA {far example, SCBAs are worn on the back as opposed to the front-wern OBA).
These differences in configuration raise concerns about wearability of SCBA equipm 2nt by
firefighters aboard U.S. Navy ships. To address these converns, a series u! losts weie
conducted on the ex-USS SHADWELL to assess the capability of firefighters to meneuver
shipboard obstacles while wearing a firefighter ensemble and breathing apparatus. This
report suramarizes the results of the ex-USS SHADWELL breathing apparatus wearability
tests.

This report also summarvizes the results nf an SCBA trial use evaluation conducted by Nave
Noz-Developmental Items (NDI) on board the USS KIDD (DDG 993} from Juue 1 to
September 2, 1994, Part of this evaluation was to record crew member vpiais vn SCBA
equipment vse and wearability versus the Navy OBA.

SUMMARY

Results of tests conducted aboard ex-USS SHADWELL and USS XIDD show that, with
respect 10 wearability issues, usage of SCBAS by shipboard firefighters is n viabls alternative
w the Navy Type A-4 OBA. The results show thut Srefighters wearing SCBAs could
perform the same functions as firefighters wearing OBAs. The rasults also show thas use of
SCBAs with 30-minute air cylinders offer shipboard firefighters the best mobility. Use of
SCBAs with 60-minute air cylinders can significantly limit the mobility of shipbos: d
firefighters, Use of SCBAs with 45-minute air cylinders cause some significan! mobility
problems, but provide firefighters with better mobility than SCBAs with 6i-minute air
eelinders.




Test subjects that were SCBAs wilk 30-winute alr cylindess had better wobility in confiucd
spaces, better range of motlon, and better forward vision as compared with test sujects
that wore the OBA. In additior, the SCBAs do not have breathing air bags that arc
suscuptible to collapse while the firefighter is in a confined area such as a scuttle.
Firefighters aboard USS KIDD commented that it was much easier to don and doft an -
SCBA than an OBA. Donning and doffing an SCBA required less time and assistance and
required less training. The results for the FFBA show that test subjects had severs maohility
probiems that would limit its use by shipboard firefighters,

Tables 1 and 2 summarize the results of wearability tests conducted aboard

ex-USS SHADWELL. Table 1 provides a summary description of the subjects involeed in
the testing. Table 2 provides results for cach obstacle encountered by the test subjcets,
The results are based upon a review of References 2 and 3. The following is a summary i
the results from the ex-USS SHADWELL testing.

Test subjects that wore SCBAs with 30-minute air cylinders experienced only 2 few minor
mobility problems while traversing the test route. Test subjects that wore SCBAS with
'arger air cylinders (45.minute and 60-minute) experienced several significant mobility
problems. The test subjects were not able to pass through an 18 inch scuttle and had some
problems passing through 2 21 inch hatch, The larger air cylinders tended to become
caught (near the air cylinder valve) on the knife edge of the hawch. The test subjects had
difficuity descending an Inclined ladder. The usual practice of the test subjests was to face
away from the inclined ladders while descending, Air cylinders larger than 3G-minutes
tended to bump (neaz the air cylinder valve) against the steps of the ladder. The test
subjects had difficulty when maneuvering through confined spaces such as small tanks or
narrow passageways. The overall width of the SCBA (with the larger air cylinder) and test
subject was about as wide as the confined space being traversed. The air cylinder tended to
bump nearby obstacles which slowed the test subject's movements.

Test subjects commented that the overall fit and comfort of the SCBA were good. It was
noted that some devices need a chest strap to better support the unit and prevenr strain on
the firefighter's back and shoulders.

Test subjects that wore the QBA aboard ex-USS SHATYWETLL experienced sevars!
significant problems with mobility and often sxperienced collapsed breathing air bags.
Breathing air bags coliapsed most often when test subjects passed through tight aceessey
(such as un 18 inch scuttle and a 21 inch hatch), and when test subjects had to manevver in
a prone position (such as in a water tank cell). Some test subjects also reported thay the
OBA would move around on the body more thar an SCBA, end that the OBA put & strain
on the upper back around the shoulder area, Test subjects also commented that the OBA
restricted mobility in the front of the body and restricted forward vision. The restricted
forward vision caused problems during transition from ladders to decks,
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Significant mobility problems were also encountered by o test subject that wore the
Firefighter Brﬂathmg Apparatus (FFBA), Because of the size of the FFBA, the test subicet
had difficulty passing through a 21 inch hatch and was not able to pass through an 13

inch scuttle withou first doffing the apparatus. The test subject bad some difficulty with
ascending and descending inclined ladders due to the size of the unit. The device tended! to
strike the ladder railings and other obstacles near the ladder, and tended to bump against
the steps of the ladder. Moving through narrow passageways while wearing the FER A wiss
also difficult due to the size of the unit, Because of these problems, the test subject's
movements were slower than test subjects that wore the smaller breathing apparacus
(SCBA and OBA). The test subject commented that often the air hoses leading to the
mask became caught on obstacles, In one instance, during egress from a water tank cell
through a 21 inch manhole, the mask became caught and was pulled away from the test
subject's face,

{c details were avaiiable regarding the specific obstaclee that firefighters ebosrd
USS KIDD encountered, For the wearability assessment aboard USS KIDD, the resuits
ars baged upon the information provided by Reference 4. Most of the firetighlers aboara
88 KIDD commented that they would want SCBAs to be standard personnel procection
equipment in a repair locker. The few concerns of the firefighters included: (1) several
SCBAs lacked a chest strap that would better support the device and fmit fatigue 10 the
firefighter's shoulders and back; and (2) the device should have some means of voice
amplification,

DISCUSSION

Sixteen test subjects (11 men and 5 women) of varying physique and age participated in
SCBA weerability tests conducted aboard ex-USS SHADWELL. Table 1 pruvidss «
summary description (age, height, and weight) of the test subjects. The sixteen test subiects
are experienced Navy firefighters, some of whom are instructors at Navy fire-fighting
schools. Test subjects were outfitted in full firefighter ensembles and a breathing spparatus
for each test. The breathing apparatus used were four models of open-circuit SCBAs and
two models of closed-circuit apparatus. The open-circuit epparatus used were the MSA
Custom 4500 MMR, the Survivair SIGMA, the IST Magnum, and the Seatt Air-Pak. The
closed-circuit apparatus used wers the Firefighter Breathing Apparatus (FFBA) and the
Navy Type A-4 Oxvzen Breathing Apparatus (OBA), The OBA was included in the tests
t0 provide baseline results to assess SCBA wearability. Three different size eir cylinders
(30-minute, 45-minute and 60-minute) were used with the open-circuit SCBAS.

Tests performed aboard ex-USS SHADWELL consisted of three to five test subjects at &
time, with different breathing apperatus, traversing a predetermined route abeard the siip.
The route contained obstacles aboard a ship that a firefighter might encounter, including
confined spaces (narrow passageways and water tank cells), an 18 inch scnttle and a 21 inch
hatch, vertical and inclined ladders, and a vertical escape trunk. The water tank cell
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dimensions are 2.25 feet high by 3 feet wide by 8 feet long, Atthe end of sach rest, test
subjects had to crawl the length of a water tank cell and egress through a 21 inch vartical
manhole. Test subjects were videotaped as they managed each obstacle during the tests
(Reference 2). Tes: subjects then documented their opinions on the fit of the breathing
apparaius, their mobility while wearing the apparatus, and any problems that they
encountered during the tests (Reference 3). ‘Table 2 provides a summary ot SCBA
wearahility assessment shoard the ex-USS SHADWELL, including a description of specific
wearability observations made for each type of obstacle described above.

Eighteen SCBAs were issued to USS KIDD for use from June 1 to September 2, 1994 o
evaluate the performance of SCBAs aboard the ship (Reference 4), Assessment of SCBA
wearability aboard USS KIDD was part of the evaluation, Table 1 provides s summary
description (age, height, and weight) of the test subjects used aboard USS KIDD. The 12
SCBAs issued to the ship consisted of five MSA Custom 45005, five Survivair SIGViAs, &ve
IS1 Magnums, and three Scott Air-Paks. Three different size air cylinders (0-iwirute, 45-
minute and 60-minute) were used with the SCBAs,

During the three month shipboard evaluation period, firefighters used the SCBAs while
responding to five main space fire drills, thirteen at-sea fire party drills, numecous gas-fren
cngineering jobs, and one casualty response. Firefighters aboard USS KIDL> also practiced
donning and doffing the SCBA (with assistance and without assistanice), and evaluated the
fit of each apparatus while wezring a full firefighter's ensemble. Results of SCBA
wearability assessment aboard the USS KTDD are included in the summary section of this
report.
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September 1994,
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Videotape of SCBA Wearability Tests Performed Aboard ex-USS SHADWELL
September 12.13, 1994,

3. SCBA Fit and Access Appraisal Checklists and Data Sheets for Tests Conducted
abourd ex-USS SHADWELL September 12-13, 1994,

4. CINCLANTFLT Letter Serial N432/004331, “Shipboerd (USS KIDD) Assessment of
SCBA Wearability," dated October 24, 1994, ,




Table 1

.......

SCBA Wearability Assessment Conducted Aboard
USS KIDD (DDG 993) and ex-USS SHADWELL

Tests A 3-raonth period of SCBA shipboard Twa days of tests were periormed aboarc
Conducted performence evaluations wag conducted | ex-USS SMADWELL. Tests consisted nf
aboard USS KIDD. Assessment of 3105 test subjects at a tme, wearing
SCBA wearability was part of this diffsrent breathing apparatus. traversing &
evaluation. During this time, firefighters | predetermined route aboard ship, The
used the apparatue during 5 main space route contained shipboard obstacles thar g
fire driils, 13 at-sea fire party drills, firefighter might encounter including
numercus gas-free engineering jobe, and |} confined spaces (narrow pascageways and
one casualty response. Testsubjects also | water tank cells), an 18" scuttle and &
cvaluated donning and dofflag SCBAs, 21" hateh, inclined and vortizal ladders,
and evaluated the fit of each apparatus and 8 vertical escape trunk.
while wearing a full firefighter enssmble,
Breathing 18 Total 26 Totai
Apparatus
5 MSA Custom 4500 MMR 6 MSA Custorn 43080 MMR
5 Survivair SIGMA $ Survivair SIGMA
5 ISI Magnum 2 IS8T Magmum
3 Scotr Air-Pak 3 Scott Alr-Pek
1 FFBA
9 NRA
Number of At least 18 (all men) 16 Total (11 men and 5 wontew) I
Test Subjects i
Age of Test Average: 24y Mer Women
Subjects Oldest: 41 yrs Average: 31yrs Average: 3lyis
Youngest: 15yms Oldest: 3G yrs Oldesty 38wrs
Youngest: 24 yrs Youngast. 27 yrs
Height of Average:  3-11° Men Waopen
Teut Sthjecty Taliest: 5. 4" Average: 5. 107 Avergge: 5L 5%
Shortest: s. 4 Tallest: 6~ 3" Tallest:  3-9
Shottest: 4'-11" Shorters: 51"
Weight of Average,  1761bs, Men Women
Test Subjeats Heaviest: 230 Ibs, Average: 190 Ibs, Average: 136 Ths.
Lightestt 125 Ibs, Heaviest: 230 bz, Hesvigst: 175 s,

Lightest: 165 Ibs,

Lightest: 125 jbs.
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Table 2

Results of SCBA Wearability Assessment
Conducted Aboard ex-USS SITADWELL

1(
Ascending a SCBA, 30k, - no mobility Test subjects that wore SCBAS had no mobslity !
vertical, open problems problems when ascending a vertical, opex jsdder,
Iacder SCBA, 45-mig, - 0o mobility
prublems
2CRA.60-pdn, - no maobility
problems

EXBA - minor mobility problems | The shoulder-to-shoulder width of the EXRA

cauicd the test subject to bump the apparans

against the Jadder sun‘oundmgs {(presumably,
tulkhead-mounted equipment) szveral t;mcs

OBA - minor mobility problems | Test subjems that wore the OBA had restricte
forward vision that caussd difficulty finding ths

first ladder rung. o
1
Descending a SCBA, 30-min, - no mobility Test subjects that wore SCBAs with 30-mingte wr |
verticei, escape problems Cylinders accomplished this task satsfactorily.
trunk ladder Test subjects that wore SCBAS with 45-minute
SCUA. s2-min, - minor mobility | and §0-mimate air cylinders stated that they ofien
problems became stuck near the bottom of the verical,

, - , - escape trunk ladder becsuse of the tightness of
S$CBA, 60-min, - minor mobility { .o escape trunk and the size of the breathing

|
i
i
i

FFBA - minor mobility problems | The shoulder-to-shouider widih of the FEBA
caused a tight fit berween the apparatic and the
escape trunk. The test subject had 10 move slowiy
! ang carefully to avoid bumping the asparatus
gainst the surroundings.

QDA - minor mobility problems | Tost subjccts that wore the OBA had restricted
forward vision that cansed diffieulty find.ng rie
first ladder rung.

Verticsi Iadder | $CBA, 30-min, - ao mobility

Test subjects that wors SCRAs had no e ity

{open or escape problems preblems when moving from 2 vertical ladder 1o
trunk; to deck T bl the deck.
problems

SCBA, §0-min. - 1o maobility :
|! groblams
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Vertical ladder
(open or sscape
trunk) to deck
transition
{continued)

Arcending an
irclined iadder
through a

21" horizonial
hatch
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Table 2 (Continued)

Results of SCBA. Wesrability Assessment
Conducted Aboard ex-USS SHAD'WELL

FEBA - no mobility problers

‘The test subject that wore the FFBA had no
mobility problems when moving from a vertic:)
ladder to the deck. '

OBA - uwino wwbitity problews

SCBA, 30-miy, - 0o mobility
problems

SCBA.45-min. - minor mobility

problems

SCBA, 80-min. - minor mobility
probiasms

Tust subjocts thut wore the OBA stated thar they
had difficulty making the trensition from u .
verdcal Jadder to the deck bacause of the
restricted farward vision when wearing 2z CB4.
Wearing the OBA also limited the tzst subiects
range of motion because of the length of the
apparatus on the front of the vody.

Test subjeots (hut wore SCBAS with 2C-ninute ai f
cylinders had no problems passing through the

21" haweh. Test subjects that wore 45-miznte and
60-mipute air cylinders had difficalty passing
through the hatch because of the size of ihe wir
cylinder, The top of the air cylinder wourd bumgp
against the edge of the hatch.

ZEBA - minor mobility prodlems

ihe sheulder-to-shouider wid'h of (he FFBA

caused a tight fit between the apparatus and the ,
edge of the hatch. The test subject’s mo-sienis 1
were slow and cautious when ascending i wugh
the 21" hatch as compared with the movuments of ;
test subjects that wore other bresthing apparatus.

OBA - significant mobility
problems

1

Several test subjects experienced coilapsed OBA. i
breathing air tags while passing through the 2:¢
hatch. These test subjects were following proser
procedures for passing through shipboard hatches
while wearinﬁ_an OBA.

Descending an
inclined ladder
through &

2 horiconial

i| hateh

SCBA 30-min. - no mobility

problemy

SCBA 4S5-min. - minor mobility

problems

SCBAO-min, - miser moblifty
problems

Mot test subfects had satisfactory mobility white
wearlug apparatus with a 3C-minuls air vplinder,
A few of the air cylindsrs became sangh: {near i
1hg air cyinder valvs) on the kaife edge of we ;
hatch, This problem ocewrred moze aften for test [
subjects wearing apparatus with 45-marvte and 2
60-misute gir cylinders. Test subjects thas ussd
30-minute air cylinders noeded loss time 1o pass
through the 21" hatch thag test sulsjects tha; wore
cther braathing apparatus,




Tzble 2 (Coﬁtinucd)

Results of SCBA Wearability Assessment
Conducted Aboard ex-USS SHADWELL

Desvending an
inclined ladder
tharough &

21" Horizontal
hatgh
{coatitned)

EEBA - minor mobilily problems

The shoulder-io-shoulder width of the FFBA

caused a tight fit between the apparatus and the
edge of the haich, The test subject's movements j
were slow and cautipus when descencing through
the 21" hatch as compared with the movements cf
test subjects that wore other breathing apperatus.

OBA - significant mobility

problemy

Several test subjects experienced coilapsad OBA
browtling air bugs while passing throngh the 23° !
hatch, These test subjecte were following propsr
procedures for passing throvngh sipboard
hatches while wearing an OBA,

‘ Passing through
a confinsd space
(water tank zell)

SCBA, 30-win - no mobility

probiems

with larger air cylinders had probleius because

SCBA, 43-min. - minor mobiiity

problems

SCBA. §0-min, - significant
maobility
problems

Test subjecis that wore SCBAs with 20-minute air
cylinders had no mobility problems. Test sublocts

the smul] gize of the water wak cell Ymited the
test subject’s movements. One test subject
wearing a 60-minute air cylinder nad doffed tre
apparatus before entering the water tank ¢all.
Angtaer test subject wearing a 60-minute air
cylinder had significant problems moving becsuee
of the size of the apparatus.

Tegt subjects had to crawl on the deck of tha
water tank cel just before exiting threugh a 2:°
vertical mashole, (The mobiliry assessmen: ‘or
passing through the vertical munhols is given
below.) In preparing to pass throuph the
menhole, moet test subjects remained nr thejr
hands and imees on the deck, A fow test subjects
lay on their backs bafore atterapting to exit
through the 21" vartical manhola.

EEBA - minor mobility probletms

The test subject had minot problems with
mobility because the shoulder-te-shoulder width
of the FFBA and the small size of the warer tznk
cell imitad the tesr subjeet’s mavements

Q3A - minor mobility problems

A few test subjects reported that their range of
motion was severely limited because of the length !
of the OBA on the front of the person’s body. |
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confizad space
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Table 2 (Continued)

Results of SCBA Wearability Assessment
Conducted Aboard ex-USS SHADWELL

SCDA, 30-min, - no mobility

problems

SCBA, 45-min. - minor mobiliry

problems

SCBA 60-min, - significant

Most 124t subjocts that wore SCBAs with
30-minute air cylinders maneuvered this obstagle
satisfuctorily. Test subjects tha: wore SCBAS with
43-mizute air cylinders had some difficulty
because the air ¢ylinders bumped the edge af the
marhole,

Test subjects that wore SCBAs with 60-mimute air
cylinders had sigrificant mobility problsms
passing through the 21" manhole. One tast
subject doffed the apparztus before passing
through the manhole. Another test subject went
through head first and on his hunds and knees

mobility The air cylinder buraped the edge of the manhcle
problems several times unti), after a significant a=1ount of
time, the test subject squeezed their body und the
apparetus through the manhols.
EFEBA - significant mobility The showlder-to-shoulder width of the FFBA

problems

caused a tight fit berween the apparatus and the
edge of the manhole. The test subject passed
thraugh the mankhole feer first and on his haok.
The air hose to the facs piece caught on the
mazhole and puiled the face mask awsy from the
test subject’s face.

OBA - significant mobility
problems

breathing air bags while passing throuph the

21" verticel manhole, Thase test subiects were
foliowing proper procedures for passiny through |
shipboard manholes while wearing an OBA,

i
t
Several test subjects experienced collapsed OBA |
!
I

Ascarding an 3GBA, 30-min, - no mobility Test subjects that wore SCBAs with 30-minotc
inclined indier problems and 43-minute air cylinders had no problems with
- mobility when ascending an inclined ladder. Test
SCBA. 43-min. - no mobility subjects that wore 60-minute air cylinders had
problems minor problems with mobility, The larger ze of
- - — the 60-minute air cylinders caused them 1o ump
SCBA, §-min, - mivor mobility egainst the ladder railings and the ladder
problems surreundings.
FEBA - minor mobility problems | The thoulder-to-shoulder width of the FFBA
caused it to bump against the ladder railings and
P the ladder uurrcundings. j

.-
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Table 2 (Continued)

Results of SCBA Wearability Assessment
Conducted Aboard ex-USS SHADWELL

QBA - a0 mobility problems Test subjucts that wore OBAs had no mopility
prablems when ascending an inciined ladder.

SCEA0-min, - no mobility Tect subjects that wore SCBAS with 30 wiauts air
problems cylinders had no problems with mobfiity when

descending an inclined ladder, Test subjects with |

SCBA, 45-min, - minor mobility | latger air eylinders dascended slower because the
probviems uir vylinders bumped (near the air cylfader vawe)
against the staps of the ladder. 'This cecurred

p : ey whiie test subjects descended facing away fram
SCBA, 60-min, - minor mobili .
problems ki the ladder which was the most common way fest

subjects descended the inclined ladder,

EFBA - minor mobility problems | The size of the FFBA. canscd it to bamp against
the steps of the ladder and slow the test subject’s
tlestent,

QDA - no mobility problents Tast subjects that wore OBAs had ro maobliity
10blems when descending an inclined ladder. l

SCBA, 30-miy. - minor mobility | Test subjects that wore SCBAs with 30-minuie air

problems cylinders had problems with the top of the air
cylinders burping against the knifs cdge of the
seuttle. Very slow, carefui movement was
required to pass through the scuttle.

SCBA, 45-min. - significant Most test subjects that wore SCBAS with
mohility 45-minute or 60-minute air oylinders wara vnable :
preblems 10 ascend through ap 18" scatti without doffing |

the apparetus frat and passing it through
separately. One test subject wearing a 45-mmrute

air ¢ylinder was unable to pass through the

SCBA.G0-min, - significant scuttle, (He did not attempt to pass through the |
mobility souttle by doffing the apparams ) Another rest |
problers subject got canght betwean the edges of the

scuttle. This teat subject maneged 1o pass throvgh
the scuttle after s significant amount of time.

FEBA - significant mobility The test subject that wors the FFBA would not
problems pass through the scustle while wearing the
appazatus because the shoulder-to-shouider width
of the FFDA was t0o large. The FFBA Lad w: Ly

doffed and passed through separately.

-10-
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Table 2 (Continucd)

Results of SCBA Wearability Assessment
Conducted Aboard ex-USS SHADWELL

‘ Ascending an
inclined iadder

through an

18" horizontal

scutile

| {continued)

QBA - significant mobiljty
problems

Several st aubjects experiensed collapsed OBA |
breathing alr bags while passing through the
18" scuttle, These 128t subjects were following
praper procedures for passing thraugh shipbosrd
scuftles while wearing an OBA, The OBA also
often cauﬁht on the edge of the scuttie,

Descending an
inclined ladder
through en

18" harizonta)

SCBA. 30-min. - minor mobility
problems

scuttle

SCBA, 43-min. - significant

mubility
problems
SCBA, 60-min, - sigoificant
mobllity
problems

Test subjects that wore SCBAs with 30-minute air
cylindess had problemns with (he air cylindezs
becoming caught (near the air cylinder valve on
the knife edge of the scurtle, Very siow, carsful

movement was required (o descend through the
seuttle.

Test subjects that wore SCEASs with 45-minute or
60-minute air cylinders were not zble to descand
through an 18" scuttle without doffing the
epparatus first and passiag it through separately.

FEBA - significant mobility
problems

The test subject that wore the FEBA was unuble
to descend through the scustie whils weanng the
apparatus. The FFBA had t¢ be doffed and
passed through separately.

ODA - significant mobility
probiems

Several tast subjects expericnced colispsed ODA
breathing air bags while passing throngh the

18" scuttle. These test subiects wers foitowiry
proper procedurss for passing through shipboard
scuttlss while wearing an OBA. The OBA also
often caught on the edge of the scutdle,

Passing through
& confined space

2CBA. 30-pit. - a0 mebility

probloms

{narrow
passageway)

SCBA. 45-min, - minor mobility
problems

SCBA. §0-mip. » minor mobility
problems

Test subjects that wore SCBAs with 30-minute air
cylinders had no mobility problems in a narrow
passageway. Test subiects with lasger air

cylinders had minor mobility problews becauss of
the air cylinder bumping against chiacts
surrounding the nerrow passageway.

FFBA - mingr mobility problems

The size of the FFBA caused it 0 bump against
the surryundings of the numow passHgeway and
slow the test subject’s movement,

OBA - no mobility problems

W

Test subjects that wore OBAs had ne mobility
problems pasking through the narrow p




