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ABSTRACT

This paper reports a thermal comfort survey conducted in three locations in Lagos between July
1996 and June 1997 in which 50 fully acclimatized subjects cast over 6,000 individual votes of
their subjective assessments of the thermatl environments. The survey covered only residential
buildings constructed of sandcrete materials. A set of multiple linear regression equations relating
comfort votes with the variations of air temperature and relative humidity has been developed.
Other regression equations that describe how external climate is altered indoor by the buildiig
fabrics have also been derived. Maximum and minimum values of temperature and relative humidity
were also obtained for the purpose of air conditioning load estimation. Frequency distribution of air
temperatures and comfort votes show a comfortable temperature range of 26°C to 2.°C,
comfortably cool between 24°C and 26°C, and comfortably warm between 28°C and 30°C.

Keywords: acclimatized subjects, thermal comfort, comfort vote, optimum dry bulb temperaturg,
climatic index.

INTRODUCTION performance is generally highest when he is in
thermal comfort with his environment.

The built environment is created basically to

alter the outdoor climate. Whenever artificial General studies have been carried out in wide
climates are creat~d for human occupation, variety of climates and counyries with the aim
one of the main aims is that the thermal of finding the way of describing the thermatl
environment be adapted so that each environment which correlates well with human
individual is in thermal comfort. Thermal response, thus enabling reliable predictions to
comfort for a person is defined by Fanger be made and defining the range of conditions
(1970) as “that condition of mind which found to be pleasant. or tolerable by the
expresses satisfaction with the thermal population concerned. In the work of Nicol
environment” - a condition in which the (1974), it was found that individuals
subject would prefer neither warmer nor cooler accustomed to living and working in Roorkee,
surroundings. The need for thermal comfort India and Baghdad, Iraq (representing hot and
can be justified from the point of view of dry climate) were most comfortable at globe
human performance. Investigations havé temperature of 32 °C provided air movement
shown {(Fanger, 1970; Kerslake, 1972; and exceeds 0.25 m/s. This finding was
Bedford, 1968) clear tendency for hot or coid contrasted by that of Humphreys and Nicols
discomfort to reduce a person’s performance.’ (1970) on the English office workers, where it
Man’s intellectual, manual and. perceptive was concluded that the English office workers
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were eithar comtortable or comfortably warm
at globe teniperature of 20-25 °C. This work
also showed an estimated femperature
variations that may be permitted for the
English workers without causing discomfort.
There has been various other thermal comfort
studies conducted in Australia (Hindrmarsh and
Macpherson, 1962; and Wyndham, 1983),
USA (Pepiar, 1971), Far East {Rao, 1952;
Ellis, 1953; and Ambler, 1968), Equatorial
region {Moorkerjee, 1952, 1953 and Waeabb.
1959, 1964) etc.

in spite of the above, there ars only itwo
records of thermal comfort studies in Nigeria.
The first one was that carried out by the
British Ministry of Supply in Port-Harcourt
{Ambler, 1954). In this study effective
temperature for Southern Nigeria was found 10
be 21.8 °C. The subjects for this assessment

were however “European Laboratory Staff” -

whose evient of acclimatization was not
given. Muaoreover, it is also well known that
Webb {19860) ascertained that in warm humid
climates of low latitudes, air temperature (or
dry bulb temperature) alone is not adequate as
a climatic index of thermal comfort or
discomfort. The other study in Nigeria was
that conducted by Small and Chandler (1967)
in Zaria. Irf this work, the optimum dry bulb
temperatdre of 25.3 °C was obtained, while
the corrective effective temperature was 20.3
9C. Part of this same work by Small (1967)
showed that Accra, Ghana has an optimum
dry bulb temperature of 26.8 °C and a
corrective temperature of 25.0 °C. The
optimum cofrective effective. temperature
showed wide discrepancy. This discrepancy
confirms that the belief that in warm humid
climates of low latitudes, air temperature (or
dry-bulb temperature) alone is not enough as
-an index of thermal comfort or discomfort. No

other detailed study on thermal comfort

requirements of Nigerians is available

iywhere. Studies have always been in bits
and scanty (Agarwal and Komolafe, 1983;
Ngoka, 1983; Ogunsote, 1989, and Ojo,
1993). Agarwai and Kormolafe {(1983) gave a
broad temperature range betwesn 18 and 28
°C for the four climatic zones the country was
divided, while the pilet study conducted by
Ojo (1993} gave the limit of 25.6 °C above
which thermal comfort is no longer sustaine_d
by students used in the study. Hence, there is
need for a climatic index applicable to Nigeria,
and correlating well with the subjective
assessments of the thermal environment made
by wholly acclimatized subjects, in order to
have a clear understanding of thermal comfort
requirement of the Nigerian environment. in
this work, a simple formula for thermal index
was derived from the subjective thermal
assessments of the indoor environment by
fully acclimatized individuals and  the
measurements ot the indoor environmental
variables.

METHOD OF RESEARCH

Measuremenis were conducied in three
locations in Lagos, namely, Vicioria Island /
fkoyi, Somolu / Bariga / Palimgroove, and lkeja
/ Oshodi / Mafoluku. A total of fifty houses
constructed with sandcrete, clay, mud or
wood were studied. The subjecis, one from
each house, were chosen on the basis of their
acclimatization, availability, and ability to give
his / her subjective thermal assessmenis of
the indpor euvironment. Indoor and outdoor
temperatures and *relative  humidity were
recorded using Cassela Hygrometers, England.
Also recorded simuitaneously was the
subjective thermal vote of the indoor
environment. The ceilings of the spaces to be
used for thermal comfort investigations were
divided into four square grids in which four
hygrometers were huna at their centres of the
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Table 1. Subjective Assessment Scale for Thermal Comfort { Bedford. 1936)

COMFORT VolL CODE NUMBER
Hot 7
Warm 6
Slightly warm 5
Comfortable 4
Slightly cool 3
Cool 2
Cold i
e U, -

Table 2: Maximum, minimum and mean values for indoor and outdoor lemperature and relative humidity for the locatio:n-

Locations Indoor - __Ouddoor
~ Temp. ('C) Humidity (%) | Temp (°C) Humidily (%)
Max Min Mean Max Min Mean Max Min Memn Max Mm Mean |
1 311 183 288 91.0 360 392 183 310 100.0 330 59.9 i
2 339 182 276 | 1000 220 687 361 211 285 1600 350 64.1
3 1339 222 274 1006 4.0 353 20,1 285 1600 310 708 |

grids between 1.90m and 2.0m above the
floors. The fifth hygrometer was fixed at the
same level with others at the centie of the
ceilings. The simple average of the indoor air
temperatures  and relative humidity were
calculated. The outdoor air temperature and
relative humidity were obtained with the
hygrometer placed outside the building. The
hygrometers were excluded from sources of
heat radiation. Simultaneously, the subjects
were asked to score how they perceived the
indoor thermal environment ranging from hot
to cold, and these were correspondingly
scored on a

7-point scale of thermal preference designed
by Bedford {1938). The simple average of the

readings were used in the computations. The
observations were made twice a day - in tha
morning and afternoon, from Monday to
Saturday, excluding public holidays.
Measurements were made from July 1998 1o
June 1997. .
A simple linear relationship combining all the
environmental variables of temperature and
relative humidity were examined. This was to
determine the thermal index as well as other
predictive equations. The data obtained were
fitted to a multiple linear regression of form

CS=a+bt+ch (1}

where (S is the comfort sensation, ¢ is the
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Table 3: Comfort votes at obsurved temperature ranges and the percentage of votes within the sclected temperature

" “focation | T Locatiog 2 Location 3
Comfortzone | Temp Rang.: <) | %of Votes Within | Temp Range (°C) % of Votes Within | Temp Range (C) | % of Votes Within
Range Range Range
[Cold Y2625 KR 22.25 819 23-26 88 1
2628 783 224 546 23-25 524
Cool 27-: 973 23.27 923 24-27 8.3
28-30 7 2326 692 24-26 1322 -
Shighttv Coal | 2871 95.6 2433 88.0 25-28 )
T 29-31 725 2577 50.7 25-27 352
Comfortabi: 2932 934 26-29 370 26-29 851
T 30-32 50.0 26-28 589 27-2% 497
No Vote - 2730 0.1 7730 1852
2830 595 28-30 746
No Vote B 2832 900 28-32 {1000
2932 70.0 29-32 750
No Voie - No Vote . No Vote -

Table 4. Comfort votes with number of votes in percentage of total votes for the locations

{ Comfort Vote Number of Votes Percontage of towal Voles

! Location | Lacation 2 Location 3 Location } T ocation 2 "~ Tloation3
Cold 56 22 32 32 T2 X
Cool 1020 78 222 574 i 4.1 8.4
Slightiy Cool 546 134 486 30.7 7.1 8.5
Comfortable 152 1208 1350 8.6 637 EX
Stightly Warm 0 414 284 0 21.8 10.8
Warm 2 40 3 0.1 2.1 0.3
Hot 0 0 0 0 0 0

temperature in °C, and A is the relative
humidity in %, a, b, a1.3 ¢ are constants to be
determined. Multiple linear regression analysis
was carried out on indoor temperature and
humidity, as independent variables and
comfort sensation as the dependent variable.

RESULTS AND DISCUSSION

The thermal scale of preference used 1o
assess the subjects perception of their indoor
thermal environment is given in Table 1.
Maximum, minimum and mean values of the
indoor and outdoor air temperature and

relative humidity for the three locations is

given in Table 2. The thermal indices obtained
for each of the locations were as follows:

Location 1 (Victoria Island / lkoyi)

(S =~2.26+0.214t, ~0.022h (2)

‘that temperature

Location 2 {Somolu / Bariga / Palmgroove)

CS =-2.93 +0.268¢, - 0.006h, (3}
Location 3 {lkeja / Oshodi / Mafoluku)
CS =-5.60+0.367¢, -0.012h, (4}

where the symbols have their usual
meanings.

The correlation coefficients of Equation (2}
to (4) range from 0.54 to 0.75. The
coefficients of internal relative humidity in

the - equations range -from 0.1-0.2,
indicating that the effect of relative
humidity on thermal comfort is less

significant when compared to the effect of
air temperature. The values of the
constants of Equations (2} to (4) show
is more effective in
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increasing / lowenng the mdoor comfort
level.

For example, in Location 1 (Victoria
Island/ lkoyi) the relative effectiveness of
humidity is about one-tenth times as much
as temperature. The prediction further
reinforces the significance "of dry bulb
temperature on comfort in this ciimatic
zone where the, humidity is low.
Correlations among Cs, outdoor
temperature, {,, and outdoor relative
humidity, 4,, were poor, with correlation
coefficients of about 0.2. Hence, the
result is not presented here. There was
good correlation between indoor
temperature and outdoor temperature, as
well as between indoor relative humidity
with correlation coefficients ranging from
0.57-0.86. The following regression
equations were obtained

Location 1 (Victoria Island / Tkoyi)

1, =16.21+0.4081, (5)
h, = 47.08 + 0.302h, (6)
Location 2 (Somolu / Bariga / Palmgroove)

t, =12.16+0.5431, (7
h =22.98+0.713h, (8)
Location 3 {lkeja / Oshodi / Matoluku}

7, =18.00+ 0328, (9)
h, =31.00 + 0.580h, (10)

With these equations, it is possible to predict
indoor temperature and relative humidity for
sandcrete walling material if the values of
outdoor temperature and relative humidity are
known. In Victoria Island / lkoyi, the subjects
expressed the feeling of coolness of their

thermai environment, while the feelings of
warmth or hotness were expressed in the
same temperature range of 27 °C 12 32 °C in
Somoiu / Bariga / Palmgroove and lkeja /
Oshodi / Isoio locations respectively. At this
same temperature range of 27 °C 1o 32 °C,
Victoria island / lkoyi subjects expressed ihe
feeling of coolness. There was also marked
difference in the range of temperature that the
subjects in the locations expressed the feeling
of coolness. in Victoria Island / lkovyi, the
temperature range was 26 °C to 29 °C and in
the other two locations, Somolu / Bariga /
Palmgroove and lkeja / Oshodi / Mafoiukuy, it
was between 22°C to 25°C and 23 °C to 26
°C respectively. The frequency distribution of
air temperature were obtained in other 10
determine the optimum temperature for a
given comfort sensation is given in Table 3.
The optimum dry bulb temperature for
“comfortabie” for the subjects 'in Victoria
Island / tkoyi was obtained as 29 °C to 32 °C,
while for Somoiu / Bariga / Palmgroove and
ikeja / Oshodi / Mafoluku, it was 26 °C to 29
°c.

The same difference in pattern was aiso
noticed if the comfort range was made 10
include slightly cool and slightly warm;
Victoria Istand / lkoyi comfort zone lies
between 28 °C and 32 °C, Somolu / Bariga /
Palmgroove, 24 °C to 30 °C and lkeja / Oshodi
/ Mafoluku, 25 °C to 30 °C. These comfaort
zones are on the borders of the comfort zone
reported by Komolafe et al. (1983) in their
study conducted for the warm humid zone.
The number of comfort zones in percentage of

total votes cast by locations is given in Tabie .

4. The percentage of total wvotes cast
expressing “comfortable” in Somotu / Bariga /
Patmgroove and lkeja / Oshodi / Mafoluku are
63.7% and 58.8% respectively. These
percentages were higher when compared with
the percentage of total votes expressing
"comfortable” at Victoria Island /[ tkoyi
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location, which was 8.6%. Thus, there is.a
tnas towards feeiing of coolness in Victoria
Istand / tkoyi which was not expressed in
other locations. The reason for this feeling of
cooiness is probably the space commonly
found around the building, enhancing the
degree of airflow in and around the building,
thus contributing to the feeling of well being
all the time.

CONCLUSION

The warm ~and humid Lagos indoor
environment have been described in relation to
overall thermal sensations of fully acclimatized
subjects. Comfortabie temperature of

26 °C to 28 °C has been determined. Other
ranges of temperatures determined from this
study were “comfortably cool”, 24 °C to 26
°C and “comfortably warm”, 28°C to 30°C.
These values are valid over a wide range of
refative humidity of 40 % to 85 %. The
maximum internal temperature was 33.9 °C,
while the minimum value recorded was 18.2
°C. These values are important in sizing
coaling plants, that is, a basis for assessing
energy conservation options in domestic
cooling. The regression equations will enable
the prediction of comfort sensation, given
values of indoor temperature and relative
humidity. The other sets of regression
equations will aiso enable the prediction of
other environmental parameters. Thus, it is
possible to deduce 1o extent to which building
fabrics (here sandcretie material}) alter the
outdoor conditions inside the building. The
study has also revealed that residents in
affluent locations perceived being thermally
comfortable most of the time, thus indicaiing
the relevance of strategic location
consideration on thermal studies.
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