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SUMMARY ',

The purppse of this study was to evaluate the role of knit
structure in lerwear on  thermoregulatory responses. Underwear
manufactured fram' 1008 polypropylene fibers in five different knit
structures (1-by-1 rrib, fleece, fishnet, interlock, double-layer rib)
were evaluated. All five underwear prototypes were tested as part of a
pmtotypodcﬂﬂngw. Measured cn @ thermal manikin these clothing
systems had tptal #themul resistances, Itqt, of 0.243, 0.268, 0.256,
0.248 and 0.25D m2+<-w-1, respectivaly (includes I,=0.104 m2-K-Wl).
Human testing was done on eight male subrjects and took place at Ta=5°C,
Tag=-3.5°C and va-o:.az m's~1, Tha test comprised a repeated bout of 40
min cycle exekcisa (315 Wem™2; 52:4.9% VOjmax) followed by 20 min of
rest (62 Wem=2). WO, heart rate, esophageal temperature, local skin
tenperatures, dmbient air temperature, dew point temperature at three
skin sites and in the arbient air were monitored. Onset of sweating was
evaluatad fran tha dew point sensor recordings. Non-evaporated sweat
acamilated in the flothing was determined, Changss in the subject's
evaporation rate during the test and total evaporative weight loss were
obtained with & Potter platform balance. Skin wattedness was calculated
from the measyred points and temperatures. The differences in knit
structure of the underwear in the clothing systems resulted in
significant differpnces in mean skin temperature, local and average
skin wettednas§, noh-evaporated and evaporated sweat during the course
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INTRODUCTION

Tharmoregyla responges of tha nude man resting and exercising
in varicus mniy envircnments are well described (Saltin and
Hermansen 1966; Stalwijk et al. 1967; Nielsen 1969). This is not the
case for the d man. The clothing intervenss as a dynamic thermal
enclosure aroxd t#ah.mn body creating a thermal microenvironment.
Clothing buffeys heat exchange of man with the surrounding climate;
however, it myy limit the possibilitias for heat dissipation. The

addition of cl produces different thermoregulatory responses at
the skin of the |[dressed man campared to the mude man. Mean skin
tamperature, skin ature distribution, evaporation of sweat and
skin wettedness same of the responses that may change with

different clothing |paramsters. The hest exchange bstween the skin
surface under thes clothing and the ambient enviranment through the
clothing worn ¢n ing man camnot be explained only in terms of
standard textile acteristics. In addition to the heat exchange
across the textile layers, passive and forced convective air movements
in the clothing through the openings of the garment remove a
varying smount of hiat energy depending on garmant design, and also on
body movementa, air velocity, wetting, campression and other factors
(Hall and Poltie, 1956; Nialsen et al., 1985). Also, changes in ambient
air hunidity o will change the humidity within the clothing
which may prodyce ting of the clothing. As a result, transient heat
exchange startqy to0 devalop within ths clothing. This affects the heat
exchange betwdan skin surfece and ths microenvircoment, and

to the thexmoragulatory responses at the skin

ensembles used in cold enviraments are camprised
of two or more layers: underwear, possibly middle layers, and
The majority of the skin surface 1is not in

interface and bs of inportance for the resulting micro-
environmant skin.

In the 114 (Fonseca 1970) the addition of thermal underwear
to a clothing is supposed to add little extra wamth and

protection for the and in terms of differences in intrinsic
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themalruutmooqfthoundmmmmdmathmnlmikmtheu
differences are ignificant as long as the fit and design remain the
sams (Qlesen ard Ni 1983). However, it was shown on humans that
the textile materidl in the underwear of a clothing system slightly
influences the themoregqulatory respcnses during intermittent exrcise
in a cold envi it (Holmér 1985).

The purpose of the present study was to investigate if underwear
manufactured fram u‘?e same fiber typs material, but in different knit
structures, ag a part of a clothing enserble, caused different
thermoregulatony in persons performing intermittent exarcise
in an enviroomgnt ting in both pericds of sweating and chilling.

MATERIAL AND
Garment description. Underwear manufactured from 100% polypropylene
fibers in 5 dTgrqht knit structures (1-by-1 rid (K1), fleece (K2),
fishnet (K3), integlock (K4), double-layer rib (KS)) were evaluated.
Measurements of selected physical characteristics of the experimental
textiles were performed on single and multi-layer samples of cloth in
accordances with ard procedures: febric thickness in mm (ASIM:
D1774-64), thegmal |resistance in m2-K-W-l (ASTM: D1518-77) and water
vapor r.sistanm/\( : 54101). The results are shown in Table 1. Before

any testing was dade, all sarples were laundered and air-dried five
times without the of any detergent. This was done to remove excess
finishing chemicals in the textiles. All five underwear prototypes were
tasted as part of a| typical, standardized clothing system on human
subrjects. The ¢l system was canprised of a two-piece lang-sleeved
/long-legged urderwgar ensemble, a Battle Dress Uniform (BU) shirt and
trousers (50% cottgn/50% nylon), woolen socks, gym shoes, and woolen
gloves. Each subject had his own separate clothing system. Before any
testing was dane on hunans, all underwear and the rest of the clothing
system were as described above. For each subject, the order
in which the imental underwear was tested, wes randomized.

n M Pasnl




consent. Nene of the subjjects did more than two
- They had ean average (i8.d.) age of 23x4.9
years, weight of 74i11.6 kg, haight of 17724.7 om, DuBois surface area

fran density
equation (DuBois

1956). Ap, weas determmined by use of the DuBois
DuBois 1916). Maximal asercbic power (VO max) was
subject during seperats tests using a cortinuous
protocnl on a cycls exgometer (Rowell 1974).
Conditions wers designed 80 as to mimic
real-life situgti in which sweating and after-exerciss chill would
develop, and shnroithis typs of clothing would normally be worn.
Testing occurred in'a climatic chavber at an air tamperature (Ta=Tg) of
5.0£0.52°C, a dew point tempersture of -3.510.31°C (=54 % relative
hmidity), and an gir valocity of 0.32 m's~l, The air flow was created
by large fans 4nd directed towards the front of ths subject.

To standardize the i{nitial heat content of tha five clothing systems
and thus eliminate this as a factor of variation for the heat exchange
body~clothing-gnvi t during the experiment, a rigid procedure was
followed. The was stored in the antechamber at an air
temperature of 29°C and 20% relative humidity (6.0 kPa) at least two

experimental procedure began. The elaborate,
standardized dgess procedure of the subject also tock place in this

of the day for riments to avoid any circadian variation in body
tamperature, After| arrival he was weighed in the mude and then
instrurented with electrodes for heart rate (HR), thermocouples

the shoes, was wai and then pit on the subject. When he was
campletaly tad, a dressed weight was recorded. Upon entering
the test envi t the subject was instrumented with dew point
underneath the garmment befors he maunted a cycle
ergonaveter pléced a Potter balance. Zero was adjusted on the
balance and & bration wes done at this time. Approximately ten
minutes aftar entering the test chamber the subject began the 2-hour
test. The test ised- a twics repsated bout of 40 minutes cycle
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exercise (60 r.p.m.j 1.8£0.37 kp) fallowed by 20 minutes of rest on the
ergonameter (EX1, %mmm; Each subject always exercised at
thammmmmbmﬁty,tbathadbemdmmsoitmm
approximate S54 ofh.is ¥0,max. Esophageal, skin and air temperatures,
aswouasdwpam temperatures at the skin and in the avbient air
were mnitored on § HP200 corputer every minute during the test and

during the last 5 minutes of the first exercise
and rest period, valy. Two minutes after cessation of the test
the subject left test chamber and undressed immediately in the
antechamber. Nyde bady weight and individual clothing camponant weights
were recorded dfter 'the subject had undressed.

ical varishles. Electrocardiograms were obtained with chest
electrodes and a jelectrocardiograph (MP1S00B). Oxygen uptake (VO,,
liters O,'min~1, ), Carbon Dioxide excretion and pulmonary
vantilation were by open circuit spirawetry using an autcmated
system (Sensommedids Horizon MAC). Internal temperature (Teg) Was
measured by a | o-tipped catheter inserted through the nose

into the esoph4pus to the sane level as the heart. Skin temperatures
were monitored with a nine-point thernmocouple skin harness (calf,
thigh, chest, . back, upper back, upper am, forearm, hand, and
forehasd). The were constructed in such a way that they
could make skiri conact without being covered by tape.

Dew point tempdratutes at back, chest and thigh were cbtained by use of
autcmatic dew goint sensors (Graichen et al. 1982) directly attached on
the skin underrmath [the gamment. Onset of sweating was evaluated fram
the dew point sensox recordings. Sweat accumulation in the clothing was
weighing of each individual clothing componant,
, on & Sauter balance (model X12). Changes in the
ation rate during ths test ware obtainad with a

Potter platform (model 23B). Tota) evaporative weight loss from
the subject way fram the Potter balance recordings, and in
addition by the dressed subject on a Sauter balance (model
KR120) before gnd the experimant.

Mstabolic ensrgy (M) .wes calculated fram the messurements of
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oxygen consumption l\102) as (Gagge & Nishi 1977)

Me [0.2 .77) *V05°K* 60" Apy,~2 (Wem2)
in wmchRQi.sttbrspiratorymdmngaratio,vozistbouygm
cam:ptiminlitanozmin‘l and k is the anergy equivalent of
oxygen (5.873 W-h-1liters O,'min1),
Mean skin tampera (Tgx) was calculated as an area-weighted average
of measurementy fran the nine different skin sites using the formula
(modified fram and Nishi 1977):

Tak = 0.05Men3$0.07(Trorearm*Tupparazmt Thead ) +0+ 20Tcal £40. 19Tenigh
+o.115(wc*mt+('rum.rm+w)/z) (*C)

Body temperature, » was calculsted as (Hardy and DuBois 1938)

Trody = 0.8Tqs + 0.2Tgy (*C)
Evaporative hdat Jloas fran the dressed subject (Swe) during the
exparimental p‘riod-, was determined fram the continuous monitoring of
weight loss on the Potter balance corrected for weight of respiratory
water 10SS (Epgg’ (0468°60°An,)~1 g'min~l) (Panger, 1970) and metabolic
weight loss ‘\'102-&44@0-32)/22.4 g'min~l). This weight loss rate
converts to the ¢vaporative heat loms rate (Eg) 4n wem2 by
miltiplying by the factor 0.68:60°Ap,;, where 0.68 is the latent heat of
water (Wwh'g~l), Diipping rerely toock place, because excessive sweat
was absorbed 4in t& clothing. Total non-evaporated sweat 1083 (Swng)
was measured ag the' difference between clothing weight bafore and aftar
the experimant cor*actcd for weight of water absorbed in the clothing
fram the envirdnmant. Hanging the preconditionsd clothing system in the
experimental evi t for 130 minutes resulted in a weight gain of
18g. Total sweat over the test period (Swioe) was calculated as
the sum of Swg :and ne*
Vepor pressurgs at the akin surface and in the ambient air were
determined fram the local dew point temperature recordings using the
Antoine equatign. Agsuning that the measured vapor pressure at the skin
surface (Pgx) dbta fram the dew point sensor truly reflected Ereq:
local skin (w) on back, chest and thigh was calculated as
we(Pgk-Pa)/(Pgg~Pa]. Where Pgqy is the satursted vapor pressure at the
local skin teqmpergture and P, 1s ambient water vapor pressure. An
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: Repsated-measures analysis of variance (ANOVA)
was used to whether the factor 'knit structure' had any
significant effiect dn tharmoregulatory responses during the course of
thea test or on accumulation in the clothing. An ANOVA wes
calculated on the data of esophsgeal temperature, local and msan mkin
tarwperatures, 1 and average wettedness and skin evaporation for
every 10 minute ( aged over 8, 9 and 10 minute, and s0o on). In the
event that ANDVA trevealod significant main effect, Tukey's critical
difference was calcylated and used to locate significant difference
between means. A [paired t-test was used to test if there was any
difference in requlatory responses between the first and second
test period. Data presented a3 meanis.d. All differences reported
are significeny at p<0.05 level.

RESULTS }

Physiclogical observations. The factor subject had a significant
influence on all iological variables.

Work intensity (W) dveraged 5619.01 W-m™2 during the 40 mimutes bicycle
pericds, and 0 W during the 20 minutes rest periods

The metabolic on (M) measured during exercise averaged
315445.5 W2 and during rest 62£11.9 Wem™2. M was not influanced by
the clothing system worn. The exercise intensity correspands to 52:4.9%
of the subjects’ .

Core temperatune as represented by Teg (Figurs 1) was not influenced by
the knit structure gf the underwear worn, except at 50min where Teg(XS)
was higher than Teg(Kl). In the first minute of EX1 Tee averaged 36.7:
0.24°C for all 40 ts. After 10 to 20 minutes of exercise a steady-
state valus of 37.5:0.20°C was reached. During KEl Tee decreased
quickly to reagh an average value of 36.9:0.17°C just before the start
of EX2. The cqurse of Teg during EX2 and RE2 was similar to its course
and similar temperature values were measured at the

. Averags values for mean skin temperaturs and
for each clothing system are plotted in Figure
first minutes of thes tast, the knit structure of
significantly influsnced ‘l‘, . At the beginning of
B0 Tgx averaged 31.3:0.75°C (n=40). During the first 10 to 20 mirutes
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different ratey deg t on the knit structure of the underwear worn.
After 10 minutes of ‘EX1, Tgy(K3) was significantly lower than Ty (K2)
end this diffdrence parsisted throughout the rest of the 2-hour test.
While Ty (K3) during EX1 continued to decrease to reach a steady state
valus of 30.120.764C, Tg(K2) began to increase after 17 minutes of

exercize, and a steady state level of 31.5:0.80°C after 23
mirutes of . Tha course of Ty (K1), Tyr(K4) and Tgy(KS) were
alike and they all values in betwean Tgy(X2) and Tgr(X3) (see
Figure 1). At w both Ty (K2) and Ty, (K3) had became significantly
different from three. Immediately after the cessation of EX1 Tgy

increased 0.1 to0 042°C with all clothing systems, but after 5 minutes
of rest Ty, began b Gecrease again. Throughout RE1 Tgy(X2) was higher
than the Ty with the other four knit constructions, sxcept in the
fina) mimites ¢f where Ty (K2) (30.141.09°C) was only significantly
higher than Ty (X3) (29.420.88°C). Dus to the decrease of Tgy during
RE1, all Tyy's were lower at the beginning of EX2 when conpered to the
start of EXl1. In clothing systems the decrease of Ty, continued
over the first. of BEX2, hut after a varying length of time, Tge
began to increase with all clothing systems: with K2 after 10 minutes
of exercise, with K], K¢ and X5 after approximately 15 minutes of
exercise and with X3 after 20 minutes of exercise. After 10 mirutes of
EX2 (70min) Tgy(K2) was still higher than Tgy(K3). At 80min and during
the rest of EX2, 7T.x(X2) wes higher then Tg (K1), Tgr(Ke) and Ty (K5)
which all were hi than Tge(K3). A camperison of Ty during EX1/RE1
and during EX4/RE2 showed that at the end of EX2 T, was at average
(nN=40) 0.4°C lawer at the and of EX1, and except for K5 this was
significant for clothing system, The course of all Ty 's during
Mmamluto‘mrhnm.wmt all temperatures were 0.3
t0 0.4°C lower during the second period .

: The oourse of the various local temperatures
during the test varjed according to location on the body (Figure 1).
They all decregmed initially during EX1, but except for the terperature
at the lower back the foreamm they either began to increese after a
certain tima or a steady state level. After cessation of
exercise all lacal tamparatures had an initial increase before
they all decr¢ased throughout the rest pericds. At the beginning of
EX2, thigh skin rature was the only skin tempersture that was not
significantly Jower than that at the start of BXi1. During EX2 all skin
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temperatures, the foreamm, incressed much more than during EX1,
but only skin atures on thigh, chest and forehsad reachad the
sane values as gt end of EX1. _
Knit structure of underwear significantly influenced the course of
the skin terpers on the trunk (chest, upper and lower beck) and on
the .alf. Diff seansd to exist also in thigh skin tamperature;
however, thesa dififerences were never significant at the 0.05-level
(p<0.l). On thp Tealf(X2) was always higher than Tep,) #(K5), at
most times higher | than Tca1#(X3) and at scme times higher than
Tealf(K4). On the Tak(K3) was generally lowsr than the skin
tamperatures urger 'the other knit structures. on the chest significant
differences only occqurred in the last part of the two exsrcise periocds
(29min & 3INUN1 | Tohegt (K2)>Tchest (K3)) (79min, 89min & 99min:
Tehest(K2)> Tehast (K3): Tchest(X5)>Tchast (K3)). No  differences in
Techest betwean t structures were demonstrated during the rest
pericis. On the lowqr back Typ,(K3) decreased more than Ty;, under the
othar knit ons and at 39min Typ(K3) wes lower than Typ(K2)
(p<0.05). Also, Typ(X)) tanded to be lower than Typ(K4) and Ty)(K5),
but this was anly significant occasionally. The skin tamperature on the
lower back to quite low values even during work. In most
subjects values 25 and 27°C were recorded, and in the heaviest
suoject with 2% fat an even lower skin temperature of 22°C was
maasured,
Mean rature was significantly influenced by knit structure
from 2omin and' the test (29-119min: X2> K3; 69-109min: K2>
K1; 89-99min: k2> K4). Body temperasture was at average 0.07-0.20°C
1ovar1nm/m to EX1/REl (n=40; p<0.05); however, this was
lig\ificumtorKZatmtm and for K1 and K5 only at time 9 vs

ofmat considered to take placa when the dew point
muﬂammmmmvaporpmmmnbagm
at average 9136 (range 4-19 min) after the start of the
exercise. An ANOVA did not confirm any difference in the tims to onset
of sweating the five clothing systems; however, there was a
tendency towards earlier cnset of sweating in X2 and X5 compared to
K1, X3 and K4. was no Qifference in the tims to ocnmset of sweating
between BEQ od . Eveporation of sweat registered on the Potter

balance, begen at age 12 min- after the start of the exercise and
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thus 3 minutes qftJr the onset of swasting (Figure 2). No differences
between knit types qould be deamonstrated and no differences bstween EX1
and EX2. atidn rate, By, was at average 50, 40, 45 and 43 Wem2
in the pericds of q; REl, EX2 and RE2 (that is, 2.4, 2.0, 2.2 and 2.1

g'min~l) (n=40). significant differences could be attributed to the
knit constructipns, the varistion in Eg, wes rather large. However,
in B0 Egi(K3) and: Egc(K¢) tanded to be lower than Eg, with the other
knit structures (wi.:.). The amount of sweat evaporated from the skin,

Swe, was significantly influenced by knit construction and the
diffmbeﬁvem)ﬂndothmgsysm increased during the course of
time (Figure 2). At the end of EX1 (40min) Swg(K3) was lower than
Swe(KS), at the of (60min) and EX2 (100min) Swe(K3) was lower than
Swg(Kl), Swg(K3) Swg(X5), and Swg(K4) was lower than Swg(KS). At
the end of the test |(120min) both Swg(k3) and Swe(K4) were lower than
Swe(Kl), Swe(¥2) +nd Swe(KS) (Figure 3). Tha total amount of non-

rated . |SWng, Sweat/Mumidity absorbed in the clothing
ensemble worn ‘during the experimental period, was also significantly
influenced by the t structure of tha underwear (Figure 3). More
sweat was found in clothing system whan X2 was worn corpared to K1,
K3 ard X4. Of this aporated sweat only 8, 22, 8, 10 and 11% wers

located in the r of the five clothing systems (X1 to K5). Total
sweat productidn, , cald only be detemmined at 120min, when
Sweot (K3) and (K4) wers lower cocmpared to both Swyqy (K2) and
SWiot (K5) (Pigyee 3]. 2

Skin _wettedneds: knit structure of underwear significantly
influenced the of skin wettedness during the course of the

(Figure 4). After onset of sweating, skin
sbruptly in both exercise periods to reach a
steady state of near steady state level. Immediately upon the cessation
of exercise, parosnt wettedness on the thigh increased, a tendency that
chest, whereas on the upper back no such increase
3 to 4 minutes of REl wettedness began to decrease
and this decreass contimed even after EX2 had begun. With the
different knit average skin wettedness, w, reachsd values
fram S0 to é8% at ed of the exercise periods. w(K2) was always
higher than w(X3). Fran 30min to the end of REl w(K2) was highar than
w(Kl), w(X3) aril w(KS), and from 90min to the end of the test w(K2) was
higher than the 8kin wettedness with all the other knit
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structures. Throughout the test w(K3) tended to bs luwer than
wettedness under fl1 the other knit structures, but being only
significant at 3omin. On the upper bsck skin wettedness was generally
higher than at tha chest and the thigh, reaching everage values from
5% to 71s at ghe edd of EXL and 608 to 77% at the end of EX2.
Influence of kait structure on upper back wettedness was significant at
60min and 70min (K2)K3), and at 110min end 120min (K2>K3; K2>K5). At
the chest the. of knit structure on skin wettedness was more
pronounced. Exdept for the first minutes of the two exercise pericds
(10min and 70Mfin) W(K2) was always higher than w(K3), w(K2) was mostly
(20-40min & 90+120min) higher than w(X1), and at 4Omin and 90-110min
higher than w(K4) wW(KS). At the thigh w(k2) was higher than w(k3)
and w(KS) at 3¢- and at 100-110min. Generally, wettedness was
slightly highet in EX2 and RE2 campared to EX1 and RE1.

DISCUSSION: |

Knit strugture of the underwear in a prototype two-layer clothing
enserble had ng mdum on core tenperature, kut had a significant
influence on the thermoregulatory responses at the skin during
intermittent in a cald envirommant., Both the degres and the
effectivenass of s$weating during the periods of work-produced heat
stress, and the cooling of the skin during the subsequent rest periods
varied depending oh the knit structurs of the polypropylens underwear
worn. Earlier stud%os on the physiological significance of underwear
during intermittent exercise in the cold have focused on the importance
of fiber type mam-iu (Vokac et al. 1976; Holmér 1985), Only small
differences wete observed. Thus, the kait structure of underwear is of
far more imporgance. regarding thermoregulatory responses than fiber
type material, 'when|working in the cold.

The undefwear constructions selected for this study varied in
thickness (3 lévels) and in porosity (3 levels), and these differences
were reflected in measured thermal characteristics of the underwear
textiles (Table 1). When doing a comparison of the thermal
characteristics the five clothing systems under stationary
corditions as descr for standard measurements on two-layer textile
saples and on a manikin, the differences in thermal resistance
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underwear adds little extra dinsulation to the clothing ensemble. The
insulation of the clothing ensemble is primarily determined by the
anount of enclgsed fjon-moving air, end thus by the design and fit of
the outemmost ga t (MQuillough et al., 1985)., Same of the
differences foynd the standard measuremants of the textiles were
reflectad in the mmoregulatory responses. Tha hsavy fleece structure
(K2) was the thickegt tesxtile, had the highest thermal and water vapor
resistance, and it also resulted in the wammest thermoregulatory
responses with hi skin temperatures, highest skin wettedness, most

total aweat o , and most unevaporated sweat. However, the Ki-
system with the 1-by-1 rib-knit underwsar, shich had ths lowest
thermal raslst*\co a corparably low water vapor resistance, did not
result in the thermoregulatory responses in the human tests.
This was found in K3-system with the open fishnet underwear, where
we observed thg skin temperatures, the lowest skin wettedness

and & low total t production that also resulted in a smaller amount
of evaporated WtY This camparably coalder response could not have
bean expected bas¢d on the textile and manikin data, where the K3-
systam ranked gecond with regard to thickness and thermal resistance,
although lowest in weter vapor resistence.

The 4if betwesn the results frum static measurements on
samples of text and of garments on a manikin, respactively, and
responses in luman tests must be explained fram the dynamic condition
within the micjoclimete of the clothing systems during the exsrcise in
the actual tegt enyironmant. An extemal air velocity of 0.32 m-s—1
will remove part of the insulating boundary air laysr adjacent to the
clothing systém l+nr the resistance to both diffusion of heat and
water vapor (Bartcn-' and BEiholm, 1955). The external air may also
penstrste into the clothing producing convection within the entrapped
and then, eventually, the air directly &t the
convective air movemants will add to those created
within the microcl by bodily movements, resulting in the ballows

will allow for the moving air to sweep directly
over the akin, a heavy and tight construction such as the
a limited degree of air to reach the skin
a steeper gradient frum skin surfece to
microclimate pesul with regard to temwperature and weter vapor
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probably have rssul in differances in the thermoregulatory responses
at the skin in this |stidy. In a clothing ensemble with more leyers than
appliad here, the air msy not reach the skin under a tight
fitting underwgar, depending on closures and the air permesability of
the cuter layeds. |

Alr mmtsgwithm the clothing microclimate can explain the
differences foynd skin temperature, but not the differences observed
in the sweat data, | With skin temperature as one determinant of sweat
production, the cbsdrved high sweat production with K2 and the low with
K3 may result fram different skin temperatures. However, with K1, K4

and K5, mean siin atures wars not different, but sweat production
tended to stant earlier and wes significantly higher with X5 than K4.
The minor differ in the textile characteristics do not provide an
explanation for . Of the total sweat produced, 74% was evaporated,

26% unavaporated the ratio non-evaporated/evaporated was 36% in
both X4 and Ks; butit.he total sweat production was significantly larger
with X5 than K4. If was interesting to note in all clothing systems

that it took y 3 minutes from start of sweat production
until sweat evaporate to the environment.

Regional d4f£f in the thermoregulatory responses wers quite
largsa. Generally back sesmed wanmer than tha front. Differences

batween chest and upper back in regard to skin tempersture and
wettadnass warg with the fleece underwear (X2); however, with the
other knit stoyctures, and especially with the open fishnet underwear
(K3) differenceds more. This supports the theory proposed above,
that air blowing the front of the mubject increases the
convective heat |exchange and removes humidity-laden air, thus
ameliorating tihe itions for diffusion of vapor and heat snergy. The

velocity. This: also ba expected to occur at the lower back;
however, here y low tempsratures ware recorded. Whether this
mpu-anotfm ventilation of the clothing microclimate in this

area, a thicher fat layer than at the other measuring
mmmmtummmmm or mwing down in

I B
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the clothing at
evaporative codling

i
|

back to stop at the lower back so a more effective
take place at the skin, is unknown, and should

be further stufiied. The largest effect of convective coaling and the

paping effect has

rved on the legs, where cessation of exercise

caused an immefiiate increase in both skin temperature and wettedness

before both slaply

were closed &t

temperature on jhe
It wes doql.dad

one continuous exex
by Holmér ( r, )
wetting of | clot

and that this might

in the secand peric

wettedness wes )

1966). With the
decide at what
first minutes gfter
still high hut} ven
period of the npst

For work in a ¢

dress too waimly.
sweat will be grodu

en to decrease again. Although ths BU-trousers
ankleg, there was a large variation in skin
f dependent on knit structure of the underwear.

to use an intermittent exercise test rather than
cise period followed by a period of rest as applied
985). It was hypothesized that a dampening or
hing system would occur over the course of EX1/REL
change the course of the thermoregulatory responses
d. A lower mean skin temperature and a higher skin
y observed. The hydrophobic polypropylens fiber
hindered extensive sweat accumulation in the

ocuter garment layer, especially the jacket.
have a sweat soaked textile in contact with the
the conductive heat loss, and, the lowar skin
in the second period nust be explained by a
insulation of the clothing system caused by the
of ths ansenble. It has earlier bsen shown that
lowers its insulation (Hall and Poltke 1956; Pugh
usad in the present study it was not possible to
the absorption of sweat took place. However, the
cessation of exercise whan sweat production is
ilation is considerably decreased, was probably the
absorption.

old enviraomant it is usually recamended not to
The rationale is, that with a warmer dress, more
bad, more sweat then be absorbed in the clothing

resulting in 4

decrease in clothing insulation, and finally a

greater cooling of |the body in subsequent rest periods. The data

obtainad 1in
minutes of
underwear (KZ)

reumtobuli’n

study does not support this idea. After 20
gkin temperature wes still higher with the wamm
rad to tha fishnet underwsar (K3). There is no
a longer rest period would change this. However,

e —
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with a more hyfirophilic fiber type material such es cotton, this may

In sutmary, knit construction of underwear in @& clothing ensemble
core temparature, but had a significantly large

regulatory responses at the skin during
in 2 c0ld environment. Both the degree and the

periods varied t on the knit structure of the polypropylens
underwear worn.

The experimenta) of this work was done while Ruth Nielsen held a
National Reseprch ! Council-USARIBM Research Associateship. Drs.
R.R.Gonzalez andolf are acknowledged for their review of the

Dermark for use jof their thermal manikin, and express their

, opinions and/or £indings in this report are those
not be construed as official Department of
icy, or Gecision, unless 80 designated by other
. Hman subjects participated in these studies
after giving ir |free and informad voluntary consent. Investigators
adhered to AR 70-35 and USAMRDC Regulation 70-25 on the Uss of
Volunteers in Hesearch.
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Table 1.
__f
Knit Structure ; 1-by-1 rib Fleece Fishnet Interlock 2-layer BDU
K1 X2 X3 X4 X5
'
TEXTILE |
Fabric (mf) .84 1.65 1.04 1.04 .81 .58
+ BDU on top | 1,33 2,06 1.40 1.43 1.30
Thermel res * .156 193 139 .148 147 .12
+ ;ith P .165 .208 .166 .160 .164
(me-K-w-ly
watar vapor ™™  15.0 19.5 17.1 15.4 16.0 12.5
+ with BDU on 21.7 23.8 20.2 23.8 23.4
( 'P‘QW'I, "
1
'7
THERAL MDY
the: | ance (Reat) *™*
( -x-vrfm) thsist Feot
Underwear mu'lfalo y .13 Q66 140 144 .144
Clothing systanj 243 .268 .256 .248 .250
*  Includes resistance of air: .106 m2-K-w1
**  Includes r reaistance of air: 8.8 m2-pa-wl

wxx Includes resistance of air (Rq): .104 mé-K-w2
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LEGENDS
Table 1. characteristics of the textiles applied and of the
measured on 8 thermal manikin.
Figure 1. rd mean skin tempersture and local skin temperatures
1

ca.\m of the intermittent exercise (n=8).
» K2R K3 >, K4 0, K5 %,

Figure 2. age jevaporative weight loss during the course of the
1!(15: F 1'tmt exarcise (n=8). Symbols: K1 s, X2% K3 >, K4 o,
Pigure 3. production, evaporated and non-evaporated sweat

:Lng course of ths intermittent exercise

).
Figure 4. wltagrm at avorago, and locally on upper back, chest
t Kl o, K28, K3 >, K4 O, K5 *,
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