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infrequently, however. Dependent variables were rectal temperature Tre , mean
weighted skin temperature Tsk (from chest, forearm, thigh and lower leg) and subjective
evaluation of garment performance. Tests were terminated after 2 hours or when
subject Tra= 35°. The results showed linear T ra cooling rates (OC.hr1) for cold-water
immersion as follows: FS=6.1 ± 1.7; WS = 1.7 ± 1.0; AC= 2.7 ± 1.8; BC = 2.9 ± 1.4; NI
= 0.8 ± 0.4; NX = 3.3 ± 1.3. Coolin9 rates atop the capsized boat were: FS = 2.7 ±2.1;
WS = 1.0 ± 0.3; AC = 0.7 ± 0.2; BC =0.9 ± 0.5. Coolin9 rates in the Iileraft were: FS =
3.3 ± 2.3; WS = 0.6 ± 0.2; AC = 0.7 ± 0.3; NI = 0.7 ± 0.2; NX = 1.2 ±OA. Significant
differences (p<0.05) between cooling rates in the water and those atop the boat or in
the iileraft were found for all garments except NI. Significant differences were found
between NI and NX for all environments. T sk changes paralleled those of Tra for each
garment/environment. The results demonstrate that survivors have a slower onset of
hypothermia out of the water, even when exposed to continuous cold wind and spray
and occasional breaking seas, than when remaining immersed. With respect to
protection against immersion hypothermia, tight-fitling "wet" suits are betler than loose
fitting "wet" garments, and intact "dry" suits are better than "wet" suits. Leaky "dry"
suits, however, provide no better protection than do loose-fitting "wet" suits in cold,
rough seas.

41 Human body proportions: The problem of variation and the
construction of population norms
R. Ward, School of Kinesiology, Simon Fraser University, Burnaby, British
Columbia, Canada

The variation in human somatic proportions is a matter of interest for human biologists
and of concern to clothing manufacturers. This paper concerning the quantification of
human proportio'ns is divided into two parts. Part one illustrates the variation in
proportions by application of the Ross and Wilson Phantom tactic for proportionality
assessment to four large anthropometric data sets. These data sets are:

1) CooRO - the Coquitiam Growth Study, 441 boys and 465 girls aged 6 -18
years

2) CANAD -199 university femaies and 221 university males aged 18 - 35
years.

3) MOGAP - Montreal Olympic Games Anthropological Project, 338 maie and
149 female Olympic athletes.

4) LIFE· YMCA Lifestyle Inventory and Fitness Evaluation program - >19,000
males and females 15 - 75 years of age.

Significant differences in proportions of girths and limb segment lengths were shown
with reference to differences in height, age, sex, race and athletic training.

The second part of the paper addresses the need for large scale norms for
comprehensive batteries of anthropometric measurements. The LIFE data is an
example of a very large sample but with a limited (only 11) number of measurements.
Using regression equations developed in the smaller samples, measurements for new
variables were predicted for the LIFE data in order to produce a comprehensive
anthropometric data base. The accuracy of these predictions was tested using a split
sample design on the small data sets. This approach was found to be satisfactory 10r
the production of large scale norms based on known relationships in smaller samples,
Recommendations were made on how norms for me~$ur~rn~-"t$ pertinent to the
clothing industry might be deveioped.

42 Physiological response of subjects wearing vapour permeable
anti-exposure garments during Immersion
H. IN. Kaufman and K. Y. Dejneka, The Naval Air Development Center, Warminister,
Pennsyivania

Vapour permeable constant wear anti-exposure garments may effectively protect air
crew during cold water immersion.
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The effects of environmental stresses simulating those encountered by downed air
Qrew wearing antiw8xposure garments were evaluated. Test conditions were: water
temperature ~ 7.2°C; air temperature ~ O.CPC; and an air velocity of 7.8 M/s Iitres per
second. All testing was performed in calm water. Fourteen subjects aged 21 to 40
were studied in eight configurations for maximum 120 minute exposures. The eight
configurations consisted of intact and damaged polytetraflurethylene (PTFE) anti
exposure suits worn with various combinations of cotton/polypropylene and olefin
liners. Parameters used to assess physiological effects were: duration (DUR), rectal
temperature (Tsk), body temperature (Tbd), heart rate (HR), total body heat loss (S),
and subjective comfort.

Mean duration of all configurations were greater than 109 minutes, with no sign~icant

differences observed. Signficant differences were observed among configurations for
the Tsk,Tbd, HR, and Sf values being most extreme when a two inch tear was present
in the PTFE suits were with a wet cation/polypropylene liner.

When intact, the vapour permeable PTFE anti-exposure suits appears to provide
effective .protection during cold water immersion, independent of underlying insulative
garments. Since leakage reduced the protection provided by the suits, further study
of its impact on protection appears just fine.

Session VIII
Evaluation of Thermal Characteristics of Clothing

Abstracts 43-47

43 Physiological tests and evaluation models for the optimization of
the performance of protective clothing
K.H. Umbach, Bekleldungsphysiologisches lnstitut e.V. Hohenstein,
Bonnigheim, Federal Republic of Germany

Clothing in general, but protective clothing in particular, must possess a biophysical
function. Thermal insulation and moisture permeability have to be adapted to specllic
climatic and activity conditions in order to give thermal comfort to the wearer. For the
manufacturer of protective clothing it is essential to evaluate the physiological
characteristics of his products. Because for the textile and garment industry today
time-consuming and expensive wear trials are no longer a suitable means for testing, a
system of laboratory measurements has been developed, by which specific quantities
of textiles and garments can be determined, which directly show their physiological
performance.

In this system with a thermoregulatory model of human skin (Skin Model), simulating
heat and moisture exchange from the skin, the thermal insuiation as well as the
moisture permeability of fabrics are measured. These quantities are not only
determined under stationary ("normal") wear conditions but also under transient
situations, characterized by sweat pulses resulting from strenuous body activity. Thus,
a complete set of specific fabric quantities can be measured, which are inserted in
predictive for"!ulae, yielding the physiological comfort of fabrics,

However, the wear properties of a clothing ensemble consisting of several garments
are not only determined by the fabrics but also by the interspaced air layers'
contribution to thermal regulation. Thus, for the evaluation of total clothing ensembles
a life-sized movable manikin has been developed. With this manikin the thermal
insulation and moisture transport of garments, as they become effective for the wearer,
can be measured. Because the manikin can perform body movements, ventilation
effects in the microclimate between the garments and their influence on thermal
comfort can be evaluated. Thus, the effects of garment patterns on thermoregulation
can be made visible.

With the manikin again a set of physiological quantities, now specific for the total
clothing system, is resulting, which inserted in a predictive model shows the system's
range of utility. This range is limited on the one hand by a minimum ambient


