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SUMMARY PAGE

THE PROBLEM

I To evaluate the accuracy of Giveni—Goldman's formulas for the prediction of rectal
temperature response of heat-acchmatized men to heat stress when applied to a sample of
Marine trocps undergoing different levels of heat stram.

2. To evaluate the accuracy of rectal temperature values projected from early observed
vaiues by use of the power function equation, v = ax

~

FINDINGS

1 Closest agreement  between  observed  values and  those  predicted by
Gwoni-Goldman’s formulas was obtained when the heat strain, at comparable times of
cxposure. was highest. Conditioning the men in heat had the effect of lowering observed
salues of rectal temperature below predicted values.

2. Values of rectal temperature mathemaucally projected from carly observed values
tended to be lower than observed values when the heat strain was relatively high. and higher
than observed values when the heat strain was mild.

RECOMMENDATIONS

1. Gwom-Goldman's formulas should perhaps be evaluated 1n a greater variety of
conditions before being used to determine now long a period of time, on the basis of the
predicted rectal temperature, any particular set o? heat stress conditions can be safely
tolerated The formulas should be used only where conditions prerequisite to their
application are fulfilled, 1.c.. all subjects are young. healthy. physically trained, and fully
heat acchmauzed. It 1s not recommended that any specific studies be devoted to further
evaluation of the formulas® accuracy.

2. Because of the varnability in indwvidual response. mathematical projection from a
few carly observed values should not be used to predict a subject’s rectal temperature at
later umes of the exposure. For this same reason, no research into the feasibility of using
such means for the prediction of heat stress responses is recommended.
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This study was supported by the Naval Medical Research and Development Command,
Navy Department. under Work Unmit MF51524.023-1011, report 1. Interim report.
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The authors acknowledge the technical assistance of Mr. H.J. Burns, Mr. J. Hamby, and
Mr R Jackson.
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ABSTRACT

Forty vouny male Marmes i a “short™ exposure to work i neat. bcfurc.and after a
tegume ot condittomng i a hot or thermoneutral environment. underwent sufficient stress
to rane ther mean rectal temyperature 1o a level of 38.39C or hgher. Toer mean rectal
wmperature at the end ot the 100 mnute waik 1 the heat was, contrary to eXxpectations.
overestimated atter bur not betore conditioning by Givont Goldman’s equations for the
prediccon of rectal temperature of heatacchmanzed men Closer agreement between
observed ang predeeted values was apparent waen the subjects showed the mgher degree of
heat stramn, ren betore anyv conditioning tweatment or an o those conditioned in the
thermoncutral rather thar in the hot chmate ~

Thirty voung Marines who, without any condittoning, experienced the least degree of
Neat strain 1m 4 four-hour exposure to work m the neat nad a final mean rectal temgerature
38 19°C that was overestimated the most by a mean value of 0 79C) by the predictive
L'qu:l[lﬂnb.

The majority of the differences between observed and predicted values. when the
actual mean rectal emperature was greater than 38.5°C, was less than 0.5°C. When the
rectal temperature was less than 38 5°C after an hour of working i the heat. the majority
of such differences was greater than 0 39C Tnus. st an accuracy of less than 0.5°C is
desirable, tne predicuve cguations should be apphed to men wao will experience a relatively
high degree of heat stramm, wacther they are accdunatized or not. Even so. the degree of
vartation 15 likels to be considerable with poor correlation between observed and predicted
values for individual subjects.

Rectal temperature values of these subjects observed at 15, 20 and 25 minutes of the
same work-m-heat Cxposures were used to determune, by a least squares fir, the values of
intercept fa; and slope 1b; for the power function cguaton, v = axb With substitution of
such mtercept and slope values n the equaton, rectal temperature values of individual
subjects at later nme points of the cxposure were calculated

Comparson of the calculated and observed rectal temperatures for time pomts of 100
minutes to 230 minutes showed that. while the mean value of differences was small and
more than 50% of differences were less than 0 5°C, inamdual values of such differences
could be as large as 1°C. The calculated values tended to be lower than observed values
when the subjects oxperienced a relauvely nigh degree of neat stran. as in the “short™
exposure before conditioning For individual forccasting of rectal temperature resgonse. this
method thus had an accuracy that some might consider unaceeptable. especially since the
magnitude of individual differences between observed and predicted values could not be
related to the carly observed responscs.



SECTION 1

APPLICATION OF GIVONI GOLDMAN'S EQUATION TO THE PREDICTION OF RECTAL
TEMPERATURE IN HEAT STRESSED MALE MARINES

INTRODUCTION

Predicting the tolerance of men to heat has involved many studies. A criterion often
used to judge whether conditions are tolerable is the level of rectal temperature.! = The
ability to predict the level of rectal temperature of a group of men having certain
characteristics at any given time of a heat cxfosure by mecans of formulas would be very
useful 10 making decisions regarding the tolerability of some given set of heat_stress
conditions. This would be especially so if the values of the various factors used in the
formulas could be readily (thcrmincd. Such formulas for the prediction of rectal
temperaturc responses of young, fit. heat-acclimatized men to variations in work, clothing,
and climate were recently published.*

The formulzs (equations) for the prediction of rectal temperature (Tre) have thus far
been evaluated only by those who developed them. Heat stress experiments in our
laboratory with male Mannes provided the opportunity to further evaluate the equations.
Since phystological responses in our men were recorded both before and after a program of
conditioning, we considered it of interest to apply the equations to the responses of both
acclimatized and unacclimatized men.

Our purpose i determining, 1 a hmited way, some 1dea of the accuracy of the
prediction equations may be regarded as a random application of the formulas. [n addition,
our experimental data provided ar opportunity to assess the formulas’ accuracy relative +o
the heat strain experienced by the subjects. It has not been our intent to analyze for sources
of prediction error. In view of the many factors that enter into the formulas, such an
analysis would encompass a much more comprehensive nvestigation than is represented by
our experiments. The results of our application have been an:%yzed in terms of differences

between observed and predicted values.

METHODS

Young male Marine volunteers were the subjects of these experiments. Their physical
characteristics as well as some of their observed responses. such as body weight loss, water
intake, and oxygen intake during work in the heat. are presented in Table 1. Maximum
oxygen 1ntake, determined accorc%mg to the procedure of Mitchell et al.,5 and height of the
subjects were measured only once, at the time of the first assessment exposure.

In a “short” exposure experiment, conducted 1in March, the subjects were assessed in a
110-minute exposure to heat. They rested for 10 minutes in the heat chamber before
beginning the 100-minute walk on the treadmill. dressed 1n shorts and boots. Cool water, in
plastic pint containers, was provided for each subject. The water warmed to various degrees
toward the temperature of the environment and was replenished as it was consumed ad lib.
Table 1 shows that the amounts of water consumed were quite variable. either per se or in
relation to the amount of water (body weight) lost. The assessment exposures of this
experiment immediately preceded and followed 14 consecutive days of one-hour periods of
bench-stepping, either 1in a hot (989F, 67% RH) or in a “cool” {70°F, 50% RH) chmate.
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During conditioning in the heat. the men worked at rates (12 and 24 stclpsfper munute)
sufficient to raise and maintain they rectal temperatures at a mmnimum level of 38.39C. As
conditioning progressed, more time at the faster stepping rate was required to reach this
temperature lcv:Fso that more work was performed during the latter than during the nitial
days of conditioning. Those subjects conditioned in the cool environment worked for a time
at the two siepping rates equivalent to the average work ume of the heat-conditioned group
on the same day, so that by the end of the conditioning period there was no difference in
the r.ean work outputs of tKe two groups.

In a “long™ exposure experiment, which extended from Apnl through August. each
subject workgg in a single exposure to heat without any conditioning treatment. The
exposure consisted of an initial rest period of 45 minutes in the heat chamber, followed by
an attempt to walk for four 50-minute periods, separated by 10-minute intervals of rest in
the heat. If a subject attained a rectal temperature of 35.2°C or a heart rate of 180 beats per
minute or showed symptoms of heat distress. such as dizziness. headache, syncope, the
exposure was discontinued. The men were clothed in denim uniforms and boots. While
walking on the treadmill, they wore a helmet and carried a 50-pound backpack. Drinking
water, of cool to warm temperature, was supplied at the rate of 800 cc per hour.

Values of climatic factors and mean values of the other factors required for the
solution of Givoni and Goldman’s predictive equations are presented in Table 2 for the
short- and long-exposure experiments.

A setting of two permanent fans in the heat chamber provided the desired air
movement, the velocity of which was measured by an anemometer placed in front of the
treadmill.
Temperature of the
heat chamber was
continuously

TABLE 2

Mean Values of Factors of the “Short™ and “Long” Exposure Experiments

monitored to for the Prediction of Rectal Temperature
maintain nearly
constant dry- and “Short” Exposure
wet-bulb conditions.
Before After

Il n t he Conditioning Conditioning “Long™
short-exposure InHeat InCool | InHeat InCool | Exposure
experiment, dry-
and wet-bulb Total mass (kg) 76121 16614 | 77374 37079 | 95636
temperatures  were DBT (°C) 37.16 37.0. 37.02 37.03 32.28
recoided at frequent WBT (°C) 3060 30.59 30.59  30.60 28 88
intervals by  the RH (%) 62.1 629 629 62.9 7.6
same electronic BP (mmHg) 765.14 76514 | 763.56 76302 | 762.0
system that VP (Hz0) at WBT (mmHg) 3294 3292 | 3291 3294 29.835
recorded rectal
temperature. Walking speed (m/sec) 1.564 1.341
Median values of Walking grade (%) 3 0
dry-bulb and Air speed (m/sec) 1.016 1.028
wet-bulb Exponent foz clo and im/clo 0.3 #0.25
temperatures Factor for clo 0.57 0.99
determined for each Factor for im/clo 1.2 0.75
subject wore used in




the equanions for predicting ms rectal temperature. Medan values of wet-bulb temperatures
were used to calculate the water-vapor pressure during exposure. Median water-vapor
pressure, drv-bulb tempcerature, wee-bulb temgcerature, and a mean barometric pressure were
used to calculate the vapor pressure of the chamber environment.

[
In the long-exposure cxperiment. the drv-bulb temperature, wet-bulb temperature
‘rccorded on:v per houri. and an arbitrarily selected barometric pressure were used to
calculate the vapor pressure ot the chamoer environment.

Insularion and permcability tactors, tor the tvpe of dress. were taken from Givom and
Goldman's Table 1 ° Thenr cquations were used to calculate total and net metabolic heat
production rates tor cach subject.

Predietea rectal temperature at vartous time pomnts during work was calculated for each
subject. The preaictive equations ot Givont and Goldman are presented i Appendix A. In
the calculavon of the imnal Tre at work, the duration of the mical rest period was
combined with the calculated ume delav for Tre to be affected by work. The difference
between this procedure and that ot independent consideration of the two time periods
appears to have neghgible etfect on the predicted rectal temperature at the start of or during
the work peniod  Tac expresston tor tne nme constant (k) given in the footnote on
page 8157 wus emiloved 1n the use of the eguation for calculations of rectal temperature
during work  Variable N m tabulating the results may be due to (a) deliberate exclusion of a
value considared as crroncous. © an unrecorded datum. or ¢ cessation of a subjcct's
performance.

Recral tempcrature was recorded by means of a digital electronic device connected to a
therm:stor witn tne latter .nstrament nserted in the rectum to a depth of 10 cm from the
external sphmcter. Oxyvgen consumgtion rates were determmed with the use of a Beckman
paramagnctic analvzer (E <, anda a spwomcter. These rates were determined from
three-minute exprred arx samples collected at 30 minutes of work in the short-exposure
experiment and at 20 minutes of cach nour of work 1 the long-cxposure experiment.

In the tabulation of results, the imual rest Leriods are not included 1n the specification
of exposure umes. In the long-exposure exgeriment such specified times. following time 0
minutes, are tnose at tne end of s0-m.nute work periods.

RESULTS

Table 3 (columz 2; snows tnat mean values of obscrved Tre at the end of an exposure
were highest :n the stortuxposure expaiment. before conditioming, and lowest in the
long-exposure experiment Tnese values were sucn that tne men stressed 1n carly sprin
(short-exposure expeniment; could be considered to nave experienced a relatively “ingh”
degree ot hcat stramn oefore conditioning and a more moderate degree of strain Eter
conditioning. whercas those subjccts stressed 1n spring and summer months (lor?-exposure
experiment), without any conditioning treatment. experienced a “mild” degree of strain.

Our application of Givoni—Golaman’s cuations indicatea a definite tendency for the
equations to overestimate thnc values of observed Tre. This 1s shown 1n Table 3 (column 9)
by the negative sign of the mean value of the observed minus predicted Tre values at all
three levels of heat swan expenienced by the subjects, 1.c., before and after conditioning 1n

o



the short-exposure expeniment and at the end of cach work period 1n the long-cxposure
cxperiment. It was also demonstrated (not presented 1n a table) by the much greater
trequency 607 or more of negative differences for observed minus prcdxc(cd Tre values 1n
the 5hnrtc\p<)sun experiment and by the observation that all such differences were
negative tollowing the fprst work period 1n the long-exposure experiment.

The difference between observed and predicted values at the end of work pcrxods n
*he heat was least in subjects experiencing a high degree of heat strain and greatest in those
experiencing a mild degree of strain. Thus, in the short- exposure experiment. the mean of
such differences before conditioning was smali and nonsignificant. It was.practically zero 1n
that group of subjects. conditioned later in the cool environment. having the higher mean
vaiue of observed Tre (Table 3. columns 9. 12, and 5) Bota the mean of differences and the
mean of the observed final Tre of the heat-conditioned group were significantly different

TABLE 3

Data with Respect to Observed and Predicted Rectal Temperatures (°C) During Work 1n the Heat
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fromh such means of the cool-conditioned group only after conditioning. Significarce at P
level of 0.01 was determined by “t’ test with formulas appropriate for equal and unequal
variances.®

More than 75% (P<0.01)" of differences between observed and predicted temperawures
at end of the exposure were less than 0.5°C before conditioning treatment. After
conditioning, the mean of such differences became much greater and significant, with a
larger mean value observed in the group (conditioned in the heat) having the lower mean
value of observed Tre (Table 3, columns 5 and 9). In this latter group. only a small and
significant” percentage (25%) of the differences after conditioning between observed and
predicted Tre values was less than 0.5°C. In the long-exposure experiment, the mean of
differences was greater than 0.5°C (Table 3, column 9) and the percentage of differences
(30% or less) < 0.5°C was significantly small after the first work period.

The magnitude and sign of differences between observed and predicted values of Tre
were quite variable. The magnitude of variation is dlustrated by the large size of the
coefficient of variation i Table 3 (column 11), especially when the mean value of
differences was least (column 9). Table 4 shows that maximum differences could be 1°C or
larger (e.g., in the longcxposure experiment where the mean of differences was also large)
or that a positive difference could be as large as a negative difference (eg., in the
heat-conditioned group before conditioning where the mean of differences was small). The
presence of lew and nonsigmificant values of the rank correlation coefficient (Table 3,
columns 13 and 14) also illustrate indirectly the quite variable nature of the differences
between observed and predicted values.

DISCUSSION

The results of our applicavon of Givom—Goldman's equations showed a greater
accuracy for subjects experiencing a relauvely high degree of strain. The results were
contrary to those expected since the equations. devc?oped to be applied to heat-acclimatized
men, yielded closer approximations of observed values of Tre before than after heat
acclimatization. In subjects experiencing lower levels of heat strain. as 1n those after heat
cor.ditioning in the short-éxposure experiment and in those of the long-exposure experiment
who had probably acquired a certain degree of ‘‘natural” acclimatization. the rectal
temperature tended to be consistently overestimated. While dependence on this
characteristic of the predictive equations should have the effect of protecting subjects from
the risk of developing excessive body temperature. the magnitude of the overprediction
could make such dependence wasteful :n a decision of whether or not to expose
acclimatized subjects to a certain degree of heat stress.

While our results represented a limited apphcation of the predictive equations. they
illustrate the large variation 1n accuracy that is possible in a random application. That the
body temperature of acclimatized men could be overpredictec. by more than 0.5°C in a
majority of the subjects might be considered by some to be beyond the accuracy required in
a practical application.

.
P value was dcter(;mnca by the bmom.al iL:dunon cn iae basis trat the expected freguency of such diffezences
egual 0 ot less than 0.27C equals 3%



TABLE 4

Maximum Postive and Negative Differences Between Qbservea
minus Predicted Rectal Tempetatures (°C;
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The mote or less consistent overcst:mation of the values by the predictive equations
suggests that better accuracy might be obtained by an adjustment of the equations. Because
of so many factors in the equauons, and consequently a large number of possible
adjustments. the task of trying to sigmficantly improve the accuracy might be considered, 1f
not offening a small chance of success, uneconomical with respect to the effort involved.
Since measurements were taken, however. of two factors which are estimated by the
cquavions and wnich have relatively large effects on their results, we thought 1t would be of
interest to use the observed rather than the esumated values of such factors to determine
the cffect of such substitution on the predictive accuracy. These measured factors were the
rectal temperature at start of work and the rate of oxygen consumption converted 1nto rate
of heat production (on the basis of 5 kcal/liter of O and 1 16273 watts/kcal/hr)

The mean value of differences between observed and predicted values of final Tre was
reduced but remained sigmifizant (P<0 01; after substitution of observed values of either
initial rectal temperature or metabolic rate. Mean values were reduced by 0.05°C with
substitution of rectal temperature values and by 0.02°C with substitution of metabolic
rates, but the variation of such differences was not reduced. A “t™ test of differences with
no substitution versus differences with substitution showed that a significant reduction in
differences was obtained with substitution of observed values of 1itial Tre (P<0 025) but
not weth those of metabolic rate (P>0 10; This result reflected the fact that the difference
between observed and predicted mean values of imual Tre was significant {P<0.01) but such
difference in metabohe rate was nonsignificant (P>0.10). The presence of a sigmificant
difference (P<0 01) between observed and predicted final temperature values, even after
simultaneous substitution of observed valucs of both factors. showed that additional facters
operated 1in producing the orginal discrepancies. Tne fact that the difference between
ogservcd and predicted values of nmial Tre was poorly and nonsggnificantly correlated
(r =005, P>0.05) with such difference of final Tre 1n the same group of subjects after
acchimauzation also ndicated that the esumation of imtial Tre was not the only source of
ciror i the prediction of final Tre. We conclude from tms analysis that some improved
accuracy of prediction may be obtained by an adjustment of G:vom—Goldman’s formula for
estimating the 1mitial Tre value, and we concur with Givont and Goldman that the prediction
of this value needs more experimentation *



Presumably, observed responses could be overestimated by the prediction equations, as
seen in our experiments, if applied to subjects who, by reason of being more highly trained,
produced less of a heat load than did those used in the development of the equations. Men,
when working in the heat, undergo less strain after than before a regime of training 1n a
cooler climate during which their body temperature is kept elevated and as a consequence of
which therr oxygen requirement for the work task is reduced and their physical fitness (and
presumably max VQ,) is improved.”-8 It would seem doubtful that a difference in heat
production for the work task employed in the present experiments between our subjects
and those used by Givoni and Goldman would be great enough to account for the results
that we obtained in application of the predictive equations. Our two groups of subjects in
the short-exposure experiment after conditioning di?fered significantly (P<0.005) from each
other with respect to the discrepancies between observed and predicted final temperatures
without differing significantly in max Vo, rates (P>0.20) and the oxygen consumption
rates during the walk in the heat (P>0.10).

Part of the variation in differences between observed and predicted values of Tre
during and at the end of a heat exposure could possibly be due to the variations in water
intake and the degree of heat acclimatization, especially of those subjects assessed without
any conditioning ircatment during spring and summer months. In the absence of
conditioning treatment and with water intake, on the average, insufficient to replace that
lost, values of observed Tre were still lower than predicted values. If these factors had been
important in influencing the differences between observed and predicted values of Tre, then
one would expect that the observed values would have been underpredicted rather than
overpredicted. It would seem unlikely that the overprediction would be due to “cooiness”
of the water consumed since it was drunk in relatively small quantities and over time periods
when it warmed to various degrees toward the temperature of the body. Even if the
variation in predictive accuracy could be reduced by more rigorous control of influential
factors than was obtained in our experiments, the equations should still perhaps be applied
with caution, especially in view of the many factors that can influence thermoregulation,’
all of which are not included in the equations.



SECTION If

RECTAL TEMPERATURE PREDICTION BY MATHEMATICAL PROJECTION
OF EARLY OBSERVED RESPONSES

The 1ectal temperature-time response curve for men exposed to heat stress, in showing
a decreasing slope with time unnl a steady state s reached. describes a relationship that
appears to fit the mathematical equation, v =axb We thought 1t woulld be of 1nterest to
determine, 1n a random samgle so to speak, how accuratcly rectal temperature response at
various times of exposure might be predicted oy projection of the curve from a few early
observed responses. Such a response curve, determmed for an indvidual. if reasonably
accurate, could provide a means by which to estimate how long the conditions of exposure
might be safely tolerated by the individual

The heat stress responses of young male Marines who participated n the experiments
reported 1n Section | ofPthxs report were used to test the predictive accuracy of the power
function equation. Values of rectal temperature (Tre) obscrved at 15, 20 and 25 minutes of
a work-mn-heat exposure were substituted 1n the eguation for a least squares determination
of intercept (a) and slope (b). then, with substitution of tnese latter values 1n the regression
equation, the subject’s predicted temperature at later ume points of tne exposure were
calculated The differences between such predicted and observed responses 1n a “‘short™
exposure (110 minutes) and a *‘long™ cxposure (230 minutes) were analyzed.

The analysis showed that wnile as many as 81% at the ¢nd of the “*snort” exposure and
70% at tne end of the “‘long™ exposure of tne differences between observed and predicted
Tre were <0 5°C, vatn mean values of differences of 0.3°C or less. some subjects had
differences as large as 0.6 to 1°C Observed values of Tre were. on tne average, greater than
predicted values where the heat strain was relatively high (as inaicated by a mean observed
Tre value of 38 9°C at the end of the “shoii” exposure) and less than predicted values
where the heat strain was muld (as indicated by a mean observed Tre value of 38.1°C at the
cnd of the “long” exposure). Mean differences became greater with successive 50-minute
work pertods 1n the “long” exposure.

Tnese results indicate the precariousness of utihzing this means of tectal temperature
prediction for the purpose of estimating an individual's tolerance to neat stress. especally
since the magnitude of differences between final values of observed and predicted Tre nad
no apparent relationship to the early observea rectal tempcrature 1csponses and, nence,
precluded the possibility of forecasting a large discrepancy 1n the predicted value of a given
subject On the other hang, tne rcsu%ts indicated tne possibility of estimating the mean
response of a group of subjects with wnat may be considered a recasonable degree of
accuracy, cspecially when the means of prediction 1s apghed to responses to moderate neat
stress of less than four hours of duration.
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APPENDIX A

Givoni—Goldman’s Equations for the Prediction of Rectal Temperature of
Young, Physically Fit. Heat-Acclimatized Men in the Heat

{Note: In expressing the negative sign of an expdaent, the sign is placed in parentheses preceding the abbre-
viation, exp. For instance, e (-} expw = W)

1. Equilibrium Tre >

Tre (equil) = 36.75 + 0.004 (Mr or Mnet} + (0.025/clo) (DBT — 36) + 0.8 e exp HE
Mr = 105, used to find equilibrium Tre at rest
Mnet = Mw — W, used to find equilibrium Tre at work
Mw=mm[@7+12u—07ﬂ53+cw2ymu9u_07m
w = 0.098 mvG
exp HE = 0.0047 (Er — Em)
Er = Mnet + SA/1.8 (11.6/clo) (DBT — 36)
Em = SA/1.8 (25.5) (im/clo) (44 — VPa)
clo (rest) = fa (Va) (—) expa
clo (work) = fa [Va + 0.004 (Mw — Mr)] (=) expa
im/clo (rest) = fb (Va)exp b
im/clo (work) = fb [Va +0.004 (Mw — Mr)] exp b
VPa = VP - 0.00066BP (DBT - WBT) (1 +0.00115 WBT) (from Handbook of Chemustry
and Physics, 45th ed.. p.E-27)

2. Tre at time t of rest

Tre (rest) = Treq + (Tre (equil) ~ TreQ) (0.1) exp 0.4 exp (tr — 0.5)
Treg = 36 + 0.015 BW; for Tre (equil), use the value for rest

3. Tre at time t of work

Tre; (work) = Treg + (Tre (equil) — Treg) (1 — e (—) exp w)
Treg = Rest or Recovery Treg for t = tg; for Tre (equil), use the value for work
expw =2 (e (—)exp0.17 (Tre (equil) — Treg) (tw — td))
t4 = 58/Mw

4. Tre at time t of recovery

Tre, (rec) = Treg — (Treg — Tre {equil)) (1 — e () exp rec)

For Tre (equil), use the value for rest
Treg = 0.5 (TreT (work) — Trey (work)) + Trey (work)

T =t (work) + td (rec)

td (rec) =0.25 e (—) exp 0.5 CPeff SA
CPeff = {[0.27 (im/clo) (44 — VPa) + (0.174/clo) (36 — DBT)] — 1'57}1_5
For CP.ff, use rest values of im/clo and clo )
exp rec =a (t (rec) — td (rec))

2=1.5(1 —e (~) exp 1.5 CPeff)
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Meaning of symbols

Tre = rectal temperature (°C)

Mr = metabolic rate at rest (watts)

Mnet = net metabolic rate (watts)

clo = clothing insulation unit

DBT = dry bulb temperature (°C)

Mw = metabolic rate at work (watts) : »

m = total weight (body and load) (kg)

n = terramn factor (= 1 for treadmill)

v = speed of walking (m/sec)

G = grade of walking (%)

W = energy expended as external work (watts)

Er = required evaporative cooling (watts/°C)

Em = evaporative capacity of the environment (watts/mmHg)

SA = surface area of subject’s body (m2)

im/clo = clothing permeability unit

VPa = water apor pressure of the air (mmHg)

fa and exp a = coefficient and exponent to obtain effective clo units appropriate to type of clothing
{from Table 1, p 815 of reference 4)

fb and exp b = coefficient and exponent to obtain effective im/clo units appropriate to type of
clothing (from Table 1, p. 815 of rzference 4)

Va = speed of air movement (m/sec)

VP = water vapor pressure of air at wet bulb temperature (mmHg)

BP = barometric pressure (mmHg)

WBT = wet bulb tempefature (°C)

t = time duration (hours); tr = time duration at rest; tw = time duration of work; trec = time
duration of recovery (resting) in the heat following a period of work

Treg = initial rectal temp. (OC); for rest, Treg is the value upon introduction to heat; for work, Treg
is the rest value of Trey at the end of the delay period, t{; for recovery, Treg is 0.5 x the work
value of Treq at the end of the delay period, tg (rec)

BW = body weight :}g)

td = time delay before Tre is affected by work (hours)

td (rec) = time delay before Tre is affected by rest following work (hours)

CP,f = effective cocling power (watts)
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