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Abstract

This study analysed heat stress condition andnifglications on Academic activities of the KUST Wudi
University. The Meteorological variables consistimigmaximum and minimum wet and dry bulb tempergur
data were collected from the KUST- Meteorologidaltien from 2008 to 2011 and subjected to meanglsim
statistic for determining heat stress conditionusyng Formulae of Discomfort Index (DI). The residveals
that DI values were 24.5, 26.5, 28.5 and 20 dutheg hot-dry, warm-wet, warm-dry and cool-dry season
respectively. These mean that the study area isevaible to severe discomfort condition, especidllsing the
hot and humid season and during the afternoon heliesn the influence of temperature and humiditynelets
are at their peak. This study recommends that (lpatsive and active mean of ventilation such as) ai
conditioners, surrounded with trees as well asotfientation of the building be taken into cognizaricom the
design stage for the effect of solar radiation dasses and rooms of the students/staff, Subjeets ate
mathematic based should be scheduled for mornimgpdhewhile for the benefit of students the semeste
examinations should coincide with period aroundddeiger or August when there is less risk of heasstrThe
general idea presented is to illustrate the rarigneensions relevant to design and maintenan@afcademic
setting.
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1. Introduction

1.1 Background: Human body is essentially a constant-temperataxécd. Heat is continuously produced by
bodily metabolism and dissipated in an automatgicadbulated manner to maintain the body temperadtiits
correct level despite variation in ambient condiioHeat stress is a physiological condition oivand) body,
which occurs when one’s body gains heat faster ithases. When this condition persists withoutatlthere is
the danger that worker can experience heat disabnifbus human health is complicated by heat ssaaply
by forcing the body to continue functioning asrieé$ to maintain core temperatures. (Epstein & Mp2006)
reported that, heat strains can occur in arid ¢ésiaindoor office environments or in factorieshimid calm
condition, it can occur above ¥Bto individual under physical work. The thermairdort of human physiology
is a function of temperature, humidity and wind.e$é determine his work performance and productivity
calm condition, the optimum thermal comfort is @seid at the range of 2248 temperature and 30-50%
relative humidity in a comfort chart.

A person’s tolerance to high temperature may bédinif he or she cannot: sense temperature, lesé thy
regulatory sweating and move heat by blood flowrfrthe body core to the skin surface where cooliag c
occur. According to Rowlinson, Jia, Li, and Ju (2pithe human body functions best within a narromngeaof
internal temperature. This core temperature vdraea 36'C to 38C. To get rid of excess heat and keep internal
temperature below 38, the body has to adopt two cooling mechanismeasing and increase in heart beat rate
for faster blood circulation. When the body’s caglimechanisms work well, core temperature drops or
stabilizes at a safe level (&). But if too much sweat is lost through heavyolabor working under hot, humid
conditions, the body doesn't have enough watertteftool itself. If the body temperature excee8¥C3heat
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stroke may developed (Bowles E. H. , 2009) andrézature of 40% is life threatening (Beall & Steegmann
Jr, 2000). (Ross & Altmaier, 1994) further stathdttbefore (these) serious health effects occugvegr heat
exposures a worker may be subjected to diminishextk ability , diminished mental task ability anccirased
accident risk which eventually lead to overall regldi work ability and lower labour productivity. T$jueduced
work ability is a function of environmental humiglitradiant heat, air movement and ambient tempegratu
(Ramsey, 1995). Review of various literature trabesimpact of heat stress disorders from minaratisforts to
life threatening conditions (stroke). (BoekaertsG&rno, 2005; Hanna, Kjellstrom, Bennett, & Dear120
Jones, Rock, Sawka, Modrow, & Lindsay, 1993; Koviatdajat, 2008; Rowlinson et al., 2013) as sumngatis
under:

a. Heat rash: it is the most common problem in hot @mtironments also known as prickly heat. The
main symptom of heat rashes are red blisters atrdre® itches in areas persistently dump with sweat,
prickling sensation on the skin where sweating oecu

b. Heat cramps: these are spasms in larger musdesdly back leg and arms. Cramping creates hard
painful lumps within the muscles.

c. Heat exhaustion: it occurs when the body can ngdokeep blood flowing to supply vital organs and
at the same time send blood to the skin to redusdy btemperature: weakness, head ache,
breathlessness, vomiting, feeling fainting/ faigtand difficulty continuing work.

d. Heat stroke: this occurs when the body can no Iongel itself and body temperature rises to critica
levels.

e. Sun burn

Educational institution is more than like a factampere both staff and students engage not onlyysigal
activities but also subjected to serious cognitwvel intellectual tasks toward achieving precisi¢@ggrist,
2009). Kano University of Science and Technology diVis one of the earliest states University which
characterised with marginal land, thousands of esited and inadequate staff which signifies unfaviolera
teacher- students ratio. The height of complainsacademic stress from the staff and students afeape
symptoms that this study should be conducted foedtieg the periods more vulnerable to heat stagsbits
disorders. Thus, the outcomes will be used to mfdhe stakeholders of the institution; for imprayithe
Academic learning environment and for offering segjgns to adjust the subsequent academic.

1.2. Aim and Objectives
The aim of this paper is to analyse the heat ss&das based on the meteorological measures &&iiil2006)
and its potential implications for academic leagnetmosphere in the study area. The aim is planodake
achieved through the following objectives:

a. To identify and calculate the relevant meteorolabeements for human heat stress condition arglysi

b. To proper suggestions to the University for imprngvcondition for conducive academic calendar.

1.3: Sudy Area

Kano University of Science and Technology Wudile tstudy area is approximately located on latitude 1
8.2127N and longitude 8.5E in Wudil town. The camsilocated along Wudil-Gaya Road about 3 KM from
the main Wudil River that flows toward Lake Chadiba Tropical wet and dry climate is typical coimfit with
mean monthly Temperature abovédroughout the year and rainfall of around 80cmian. The temperature

is generally worm throughout the year with excepiid December when the temperature is slightly .cBat no
month with mean temperature less thaPCl&Vhile for humidity is determined by temperattaetor, with more
humidity in wet season than dry period. The campewives as residence to staff and Students as well a
Educational and administrative land uses. The canggaommodates and provides services to more B@b 5
people.
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Figure 1 MAP OF WUDIL LOCAL GOVERNNMENT SHOWING THE STUDY AREA
Source: G.1.S Unit Ministry of Land 8 Physical Planning Kano

Fig. 1 Map of Wudil Local Government Showing KUST

1.4: Climatic considerations in design of learning environment

In addition to comfort and energy saving architesitulesign should be made with climatic consideretiin
order to preserve to preserve important resourcései world (Rowlinson et al., 2013)owever most buildings
were not designed with such objectives of utilizangd conserving natural resources which leadsdm foor
thermal performance (Wong & Jan, 2003) and the flaat no stable electricity is yet to be seen igéxia,
passive means of air conditioning will be diffictdt manage economically. Thus, climatic consideretiat the
design stage of the buildings may provide a greagfit to the society. To maximize natural venitlatin KUST,
building orientations should be placed in in suclway as to encourage passive cooling (Santamouris &
Asimakopoulos, 1996) such that the longer extefiage of the building envelope with maximum penébrat
faces the North-South orientation so as to utillee South-West trade wind which is cool and coratald and
avoid direct solar radiation of the sun which rif®sn the East to West. While the shorter sidehef huilding
should be orientated to face East-West directioarder to limits the direct effect of solar radétiand curtail

the effect of North east trade wind (which is hdty and dusty). Sun shading devices should also be
incorporated in the design to reduce the effedhest stress on the building users (Tzempelikos KieAitis,
2007). In addition to colour absorption studiesknntoleon and Bikas (2007) measure the effects atenal
absorptions on the exterior walls. While area rafidhe exterior glazing according to (Al-Tamimiadzil, &
Harun, 2011) accounts for 25-28% in addition irdifion of the total heat gain in the tropics.

2. M ethods and Procedures

Quantitative data were collected for this studye Tuantitative data include the measures of “meaoithly

dry (Ta) and wet (Tw) bulbs temperature and meammim and maximum temperature values. These were
obtained from hygrometer and thermometer instrumé&oim the university Meteorological station. Thredues

of the temperatures were recorded by 6:00am ar@pgr3vhen the lowest and highest diurnal temperatare
recorded, respectively. The values were recordedpnl, August, October and December months which
coincided with peak periods of hot-dry, warm-wegrm-dry, and cool-dry seasons, respectively. Mesnes

of four years were computed (2008 to 2011 yearsle Tesults were later subjected to Discomfort index
formulae for calculating the heat stress conditiothe study area for the analysis. Epstein andad2006)
Method was used as Discomfort Index (DI) standard:

Dis comfort index (DI) = 0.5Tw + 0.5Ta EQ.
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Where Tw means wet bulb Temperature and Ta = diy bemperature value.
The calculated values are subjected to the ramge$ded in the DI index below
« Dl value of 22 units: means no heat stress encounte
. DI value of 23-24 units: means mild sensationezth
« DI value of 25-28 units: means moderate heavy lueat, people feel very hot, physical work may be
performed with some difficulties.
« DI value of above 28 indicates severe heats Iga&tsple engage in physical work are at increasdd ris
for heat stress illness (heat exhaustion and e,
Mean statistic was used for analysing the datagusibles.

3. Results and discussion of the findings

The study revealed that dry bulb temperature wathénmorning (6:00am) generally below’@@n all the
seasons, with April and October recordind25his indicates that minimum temperatures ofdéasons were
within comfort level. Table 1 shows the heat strfiess DI level as none of the morning values exsetl But
October minimum temperature and DI level approaehntild heat stress load.

Table 1: Mean monthly values of dry (Ta) and wet)Bulb temperature in Oc and Discomfort index (id)ues

TIME KEY | APRIL AUGUST | OCTOBER DECEMBER MEAN
6:00AM TA==| 25 21 25 14 21
6:00AM ™ 114 19 18 10 155
6:00AM D= | 195 20 215 12

Source: Field work 2011

While, the maximum temperature (3:30pm) analysiesxthe seasons has clearly indicated that thily sttea
is severely vulnerable to heat stress danger foe d the dry bulb temperatures is beloW2@ his is especially
looking at its April, October and the mean seaso@dlies. For the DI values, the results on Tableage

generally indicated severe heat loads which mayltrés serious heat stress disorders especiall@étober

which records the highest DI Value.

Table 2: Mean Monthly values of dry (Ta) and wet)Dulb temperature in Oc and Discomfort index (DI)

values
TIME KEY APRIL AUGUST OCTOBER DECEMBER MEAN
3:30PM TA === 44 34 40 32 38.25
3:30PM TW===| 32 32 31 24 29.5
3:30PM Dl== 29.5 33 35.5 28
Source: Field work 2011
31 Analysis of heat stress exposure for academic planning

Table 3 (below) has revealed the ranges of DI wlaeross the seasons of the year in the study amea
represented also in fig. 2. The mean values ofwloeextreme temperatures range from heat stress(1& 25)

in the morning to severe heat load value (30.8h@afternoon. While considering the four seasam@sm-wet
and warm-dry are the most dangerous seasons ofshess exposure as result of the combine impact of
humidity and temperature elements as result oirtfemsity of the apparent overhead sun. The copkdason is
almost free from the vulnerability. However, thengel mean suggests that the Kust-Campus is thoaudghe
year vulnerable to heat stress exposure.

In general, the result indicates that althoughamat dry condition has higher ambient temperatuma the warm
wet and warm dry seasons, yet, it is physiologycadlich better than the later seasons due to théiocation of
temperature and humidity influence around August @ctober months. Thus, the community of the ingtin

is exposed to the risk of the stress and stressdiiss during the hot and humid condition.
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Table 3: Mean Seasonal Analysis of Heat Stress &xeaDI Value Ranges)

SEASONS GA:IaO 3:30 PM MEAN

MIN. HEAT STRESS
(MONTH) DI MAXIMUM DI VALUE EXPOSURE

VALUE

DI VALUE
. MODERATE

HOT-DRY (April) 19.5 29.5 24.5 SENSATION
WARM-WET
(AUGUST) 20 33 26.5 EXTREMELY SEVERE
WARM-DRY
(OCTOBER) 21.5 355 28.5 EXTREMELY SEVERH
COOL-DRY
(DECEMBER) 12 28 20 NO EXPOSURE
MEAN 18.25 31.5 24.88 SEVERE
HEAT STRESS EXTREMELY
EXPOSURE NIL SEVERE MODERATE

Source: Field work, 2011

= MIN. DI VALUE

B MAXIMUM

DI VALUE

Fig.2Mean seasonal analysis of heat stress exposuval(g ranges)

3.2 Implications of resultsto KUST environment
Having discovered that the University atmospherexjsosed to the danger of heat stress, it is gatito note
that the staff labour productivity and studentsa@emic performances would be impaired as resulthef
discomfort. But at the same time, the liabilitytbé strain is determined by the following factors:
l. Personal risk factors like weight, poor physicahdition, previous heat illness, age of >65 and <
4years, high blood pressure, medication and la@colimatization.

Il Environmental factors: radiant heat (temperaturaidity, air movement (wind)

Il. Job factors: workloads, clothing types and perspnatective equipment (PPE) Uniforms.

V. Periods of the day and year as revealed by thedattove.
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4, Conclusion and Recommendations

4.1 Conclusion

The result revealed the DI values of 24.5, 26.55 28d 20 during the hot-dry, warm-wet, warm-drg @ool-
dry seasons, respectively. These mean that thg ated is vulnerable to severe discomfort conditempecially
during the hot and humid season and during thereften hours when temperature and humidity elemenetst
their peak influence.

4.2 Recommendations

Although human body comfort is affected by headttye, sex, activities, clothing, food and acclinetton, there

is need for improving the Academic activities, gaheoom and office shelter and improve upon thailable
social amenities in the entire campus under whielority of the occupants will feel comfortable. Theudy
also recommends that, all classes and rooms/offifethe students and staff should be furnished \aith
conditioners, surrounded with trees, if the uniitgratmospheric shelter is to be improved for soanddemic
activities. Subjects that are mathematic-basedIdhmi scheduled for morning period, while semestating
should coincide with period around December or Astigwhen there is less risk of heat stress. Thetspor
Directorate should also be careful and in accordamith this findings so as to reduce liable catisaliduring
sporting activities.

4.3 Limitations

The study is limited to the measurement of heasstand its effects on the comfort but does nqigeed ways
to curtail or limits its dangers, but it is not tbaly variable that causes discomfort. Passive aiide means
needs to be employed to prevent the effect of geiats but more importantly is the need to preveatdffect of
the heat gains with architectural design made wlittnatic consideration. These present the need$uftiher

studies on the effect of colour, building orieraati as well as size ratio of the glazed windowshenexterior of
building envelope on heat gains and the learnimgfodt of the students and the staff.
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