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AF3iLRSD liEDTCAL RESEARCH LABOR.ATORY
Fort KnoXf Kentucky

SHfEA 727-2 
Prefect Ho. T«5

28 September 1945

1- PROJECT: Ho, T-5 - Teat of Plameprcofed Clot hing,
Report, Slibjecti Test of Physiological Heat Load of Fiaeieprocfed Clothins.

a. Authority: Letter Headquarters Army Gro-mrt Forces, Vlashingtoa,
D.C., File 426 (9 Sept. 1945) CNR:T-ll/40812, dated 9 Sept. 1945.

b, ^irpese: To determine the phyeiologlfInduced by
the wearing of flameproofed clothing.

2. DI-^CUSSIOH:

This report ie a continuation of the studies,on the influence of 
wearing flaaeproofed garroente on the ability of e.en to work in hot enwiron- 
.eate. In the present teats, i new coi«ercial f^proofing,"»n-
fXtmtf" wes eyaluated froei the standpoint of heat load and general accept­
ability to troops.

3. CCHCLUSKNS:
Herringbone twill uniforms -rade of cloth impregnated by the "3anriame" 

ADG process do rot impose any greater load on acclimatized men th^ ord^ry 
herringbone twill. Tests were perfonned at ^th

R,H. 265J) and hot h'imid 88®F., V. .3. 84 F., P..H. 851) environBsnte,^

That <f field tests show the gartwnt to have satisfactory durability, 
•Banflaee" treated uniforms be considered suitable for Issue. ^
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AiTKNDIX 

1,    SUnjBOTS.  EXPERniEHTAL CGNDITICNS  ftND ^XEDt'HES; 

This Investigation was conduct*! In the laboratory hot room   luring 
August and S«pt«ib«r 1%5.    TWalve nonaal healthy «oWler« ««re »tudied.   Their 
tM« rangwi fro« 20 to 31 y«ar« (average 25)I heights fror. 67 to 71 inches 
(»wag« 69)| weight from 135 to 190 pounds (arerage 155) and surface areas 
tvom 1.7 to 2.0 squsr« oieter« (average 1.9). 

The clothing was tested on men in two different enviromrente which 
wer* representative of two types of hot climates. 

a. Het dry - D.B. 120OF., W.B. B60Fo, R.H, 26« 
b. Hot humid - D.B. 88°?., W.D. W.0F., R.H, 85« 

Throughout the teats, the dry and wet bulb tenperatures were aeasured 
every fifteen «Inutes with four motoi^-driven fan psychroreters st a level of 
four feet frm the floor.    The values rarely varied from *>« desired dry or wet 
bulb tasperature byaore than l0r.    The teKperature of the walls, floor and 
ceiling was measured twic- daily.    In the 120of envirüisnent lb« average ofthese 
mMSurments was 116 J l*T. and in the («0r.  environment the average was P? 
i O.JPT. 

A «dldly turbulent air Boven.ent in all parts of the  rood res-ailed fran the 
easblnstlon of hot air inflow from four anemostats in the celling and four 16-lnch 
fans operating on the floor In the center of the rooii.   Wind velocity was not 
Measured but was essertlaUy that produced by the movement of the cen aarchlng 
tt 3 »ph. 

The »en lived In barrseks and were in the hot roo« five hwrc each 
day.    The standard test, work consisted of carrying a 20-pound pack and walking 
for four continuous hours at 2.9 iph around a 67-foot track in the hot rooii. 
This work rate was previously determined to be »pproxiaately 250 Calories per 
hour.    Acellaatijalion U the heat was achieved by having the men march In the 
hot roos for 25 days before the clothing was tested.    Afternoon «arches were 
takes to ■alntain physical fitness. 

All water drunk during the test periods was C,l« »olution of sodi» 
chloride.    In the 120^. environnent the salins solution was kept at. a tempera- 
ture of 960Fj in thj 88V. envlrorawnt, it was kept at ttPT. 

"Banflamrf" is the trade name for a coaswclal flaaeprooflng process» 
formulated by Joseph Bancroft and Sons Company.    It is »»lied to the uncut 
fabric.    The specific treatment received by the cloth ol the garment« tested 
was the "Banflajne ADO process" which imparts a launder resistant flameirooflng 
which is satisfactory.    The ADG process is an improvement over the former 

•Pho«ph»t»-ure» mixture Impregnation. 
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Bancroft pror«8!<e9 which hsv» b«en tested «t other laboritories (1,2).    The 
«'td-on is apnro)tiTAtely 20%,    Teats of t.enülle strength have revealed it to 
be somewhat Impaired by thl« iinpregnat ion.    The sl^nlfieanne of this finding 
is being studied elsewhere.    This clothing protects against  flame alone and 
affords no gas-proofing.    It  is superior to other TlunaprooCed ,;krment!> tested 
In th»t the afterglow is negligible. 

A Latin Square method of testing wa.- us«<U.    Each of the cen wore new 
unlaundered herringbone twiil fatigues which had been treated with the "Banflam«1' 
flaaaeproofing and ne»; untreated herrlrifbone twill uniform'" onci? <n egch of the 
ttvo environments.    The clotjiinß was a}w*y3 wcrn In the name iranner; trcuser l«gl 
tucked inside of the pulled up socks. Jacket   shirt tucked into the waist of the 
trousers, and top button of the Jacket buttonsd.    This affoiris greatest protec- 
tion against flame and since it reduces bellows action of clothing, these testa 
were carried out with the clothing  imposing a maxL-rum heat load at the given 
enviroiwent. 

o 
Upon arrival  in the morning,  the men remained  In a room at 75 K.  until 

indiTldually call^i Into the hot room 8-10 alnutes ..efore beginning to walk. 
Each h-.an entered the, ;iot room ecmple*.elv nude, urinated, dried off any sweat 
present and was weighed  (within 1Ü grams),    uiaultaneously the Jacket and trouters 
he was to wear (placed in the hot room 30H!*5 irinutes earlier) were individually 
weighed (within 5 ^rams).    The subject quickly dressed  In these garments and 
stood erect i> minutes during which the heartrate, rectal temperature and skin 
teaperature were determined.    He then h«-aii marchinp.    During the walking period 
all water drunk, urine voided, and vomitus »ore carefully measured.    At hourly 
Intervals, the heart rate, rect«! temperature and akin temperature were measured. 
He then stripped completely, urinated, dried off ail of the sweat ind was weighed. 
«. the same time his removed clothing was weighed.    Throughout the entire test, 
ro"ords were  kept of the general appeiranre and reactions of the men. 

The  skin tecperature of five area? of the body, three covered and two 
uncovered (che?t, forearm, calf, cheek, palm) were determined with a radiometer. 
For clothed areas, the clothing was pushed aside Just sufficiently to permit 
placing of the radiometer.    Undue exposure of clothed areas was avoided.    The 
skin temperatures of individual aretswere integrated into an avira,"« skin 
temperature by v.he following weighting lormula based on the original fornula 
of Hardy:    chest, O.UU-, forearm, O.U; calf, 0.23; cheek, O.lüj palm, C.09. 
Henceforth the term skin temperature will refer to this weighted average f 
akin temperature.    Hectal temperatures were measured with calibrated rectal 
thermometers. 

1.    MM Project  JiC, No, 27, July Pro.-.reis Report, d»t.ed 10 August  1%5. 

2, Clothing, H.3.T., Effect of KUmeproof Treatirent onjCllmatic Res 
Laboratory, Provisional rteporte I-IV, Test No. 155, dated 2U Vaj, 
1 August 1%5. 
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2, RESULTS!

a. Heat Load at a HigVi Dry Bulb T>inipe^ature;

L.B. 1T0°P,, W.3. P6®P,, R.H, 26%

This environment siaulated that found in buttoned-np tanka operat­

ing in the einuaer at Camp Polk. Th% huniditjr la higher than that found in 
deaert environnente. The rerponsen of the nan working at this tonperature sheer 
that inpregnatlon Inposed no added heat load on the men (Table 1).

b. Heat Load at a Lcerer Dry ^ulb Temperature;

D.3. n.3. «»®P., R.ii.

Thia enTlronment simulates a typical tropical envirorcnent. Again 
the raaponae of the men indicated that the impregnation imposed no added heat 
Imad (Table 2).

c. Physical Characteristics of the Clothing:

The ■'banflame’’ clothing is almost indistinguiiha le from untreated 
herringbone twill in appearance (Photographa No. 1 and 2). Similar patterne irt 
Bweat uptake by the clothing occurred ir bott envlronii-erts. The sweat uptake 
characteristics of the "Banflame" garment a^-e very similar tc tiicse of the 
herringbone twill unlfont.

The following table rej;: e-.enVJ tge average data on 11 men ind 
their clothing.

TEST CLOTHING
AWEJlAGE of FC'JR-HOUk 

SttiitT LOSS PEP MAN 
(GRAMS)

UPTAICE CP 
G'.VEAT 

(GPAM3)

pehce:;t cf total
S/fEAT IN 
GAPJ/Furr

D.3. 120® 
W.B. 8f'3

Plameproofed
Uniform 6,V23 862 12

Herringbone
Twill

Uniform
7,035 883 13

D.B. 8«o 
i.B. 84®

Plameproofed
Lkiiform 3,^>01 1,004 28

Herringbone
Twill

Uniform
3.30C 1,037 31 t
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do A'-ceptability *o Men;

Eleven of tne iwelve subjects sUted that they preferred wearing the 
"Banflame" garments to wearing ordinary untreated herringbone twill uniforms.
None of the men ii?d ary comola''nt6 concerning the gament. The subjecti^^ reactions 
of the men are of importance in vleK of tne fact that in combat the men can wear 
or discard any item of riothlng at will.

e. Flameproof 'oalitles:
■ ■ #

Preliminary tests have indicated that herringbone twill fabrics * 
impregnated by pnosphate-urea mixtures not only have superior flameproof qualities, 
hut are gioitproofThese qualities are maintained following laundering and irae 
mersion In sea water. As no information was available regarding the possible 
effect of large amounts of sweat in leaching out the impregnation, the garments 
used in this test were sent to whe Climatic Research Laboratory of the quarter­

master General. It is understood that this organization-will report on the 
flameproof and glorr.roof qualities of the worn clothing in the near futtire.

* The Flameprocfing of Army Clothing. July Progress Report: 1945 N.P..C.,
Project :UC, No. 27. National Research Council Laboratories, Columbia University,
N. Y,
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