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40 and 60 per cent. In mild weather such comparatively high relative 
humidities are entirely feasible, but in cold or sub-freezing weather they 
are objectionable on account of condensation and frosting on the windows. 
They may even cause serious damage to certain building materials of the 
exposed walls by condensation and freezing of the moisture accumulating 
inside these materials. Unless special precautions are taken to properly 
insulate the affected, surfaces, it will be necessary to reduce the degree of 
artificial humidification in sub-freezing weather to less than 40 per cent, 
according to the outdoor temperature. . Information on the prevention of 
condensation on building surfaces is given in Chapter 7. The principles 
underlying humidity requirements and limitations are discussed more 
fully elsewhere30.

The comfort chart (Fig. ~3) 'applies to adults between 20"and~70*years 
of age living in the northeastern parts of the United States. For pre­
maturely born infants, the optimum temperature varies from 100 F to 
75 F, depending upon the stage of development. The optimum relative 
humidity for these infants is placed at 65 per cent. No data are yet 
available on the optimum air conditions for full term infants and young 
children up to school age. Satisfactory air conditions for these age 
groups are assumed to vary from 75 F to 68 F with natural indoor humidi­
ties. For school children, the studies of the New York State Commission 
on Ventilation place the optimum air conditions at 66 F to 68 F tempera­
ture with a moderate humidity (not specified) and a moderate but not 
excessive amount of air movement (not specified)31.

Satisfactory comfort conditions are found to vary from 40 deg to 70 deg 
ET, depending upon the rate of work and amount of clothing worn. The 
effective temperatures giving maximum comfort for persons working have, 
been determined by the A.S.H.V.E. Research Laboratory33 for a rate of 
work which is considered hard labor. For this degree of work, 50 per cent 
were fairly comfortable for temperatures ranging from 46 to 64 deg ET, 
while the greatest percentage found maximum comfort at 53 deg ET. 
In hot industries, 80 deg ET is considered the. upper limit compatible 
with efficiency, and, whenever possible, this should be reduced to 70 deg 
ET or less.

APPLICATION OF COMFORT CHART
The average winter comfort line (66 deg ET) applies to average 

American men and women living inside the broad geographic belt across 
the United States in which central heating of the convection type is 
generally used during four to eight months of the year. It does not apply • 
to rooms heated by radiant energy, or to rooms with excessive glass area 
or rooms with poorly insulated or cold walls, and it has not been advocated 
officially for use in foreign countries where the climate, heating methods, 
and general living conditions are materially different from those in the 
United States, although several foreign workers have attempted to show 
that it cannot be so applied. Even in the warm south and southwestern

^Humidification for Residences, by A. P. Kratz (University of Illinois Engineering Experiment Station 
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^Ventilation, Report of the New York State Commission on Ventilation, 1923.
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limates and in the very cold north-central climate of the United States, 
the comfort chart would probably have to be modified according to 
climate, living and working conditions, and the degree of acquired

^In^densely occupied spaces, such as classrooms, theaters and audi­
toriums, somewhat lower temperatures are necessary than those indicated 
by the comfort line on account of counter-radiation between the bodies of 
occupants22 in close proximity. In rooms in which the average wall 
surface temperature is considerably below the air temperature, higher air 
temperatures are necessary. The reverse holds true in radiant or panel 
heating methods. (See Chapter 38.)

The sensation of comfort, in so far as the physical environment is con- 
cernedris hot'absolute but varies considerably among certain.individuals. _ 
Therefore, in applying the air conditions indicated by the comfort line, 
it should not be expected that all the occupants of a room will feel per­
fectly comfortable. When the winter comfort line is applied in accordance 
with the foregoing recommendations, the majority of the occupants will 
be perfectly comfortable, but there will always be a few who would feel 
a bit loo cool and a few a bit too warm. These individual differences among 
the minority should be counteracted by suitable clothing.

Air conditions lying outside the average comfort zone but within the 
extreme comfort zone may be comfortable to certain persons. In other 
words, it is possible for half of the occupants of a room to be comfortable 
in air conditions outside the average comfort zone, but in the majority of 
cases, if not in all, these conditions will be well within the extreme comfort 
zone as determined experimentally.

Strictly speaking, the only authoritative comfort zone on which accur­
ate data are available, is that for 15 to 25 fpm air movement or tur­
bulence (often referred to as still air). In the past, the winter comfort 
zone has often been superimposed on the thermometric chart or on effec­
tive temperature charts for various air velocities, on the assumption that 
air conditions of equal warmth are approximately equally comfortable. 
This may hold in hot industries where the workers are adapted to high 
temperatures and strong air currents, but it does not apply to sedentary 
conditions. To ascertain approximately whether a given industrial con­
dition is reasonably comfortable, it would be necessary first to compute 
the effective temperature from the thermometric chart (Fig. 1) and then 
to refer this effective temperature 'to the comfort chart (Fig. 3), or to 
refer directly to a chart or table for the proper air velocity.

The summer comfort line (71 deg ET) is applicable to the same geo­
graphic area as the winter comfort line. It is further restricted to cases in 
which the human body has reached thermal equilibrium with its environ­
ment. As a general rule this takes place after 1)4 to 3 hours’ exposure. 
When a person from outdoors enters a room cooled to 71 deg ET on a hot 
day (95 F or over) an intense chill is likely to be experienced which is 
unpleasant. However, after remaining in the room for about 2 hours, 
this fundamental optimum condition will prove satisfactory to the average 
person. The summer comfort zone, as well as the comfort line, makes 
proper allowance for these adaptive changes in the body, and thus applies 
to homes, offices, schools and other similar places where persons of 
sedentary occupations spend from 3 to 8 or more hours daily.
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