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Abstract 
 
In tropical hot humid climate, indoor heat stress is a big 
concern. Due to lack of concerns on indoor climate and 
increase of global temperature, it’s creating discomfort in 
indoor condition. University classrooms are one of the 
building categories where users need to perform physical and 
brain activities. Potential health risk remains here, because 
students need to spend a long period of time in classrooms. In 
this research work, we were focused on figuring out the 
present thermal condition of university classroom in 
Bangladesh, predict heat stress and find acceptable thermal 
condition. Field monitoring was conducted during the 
summertime April to July (2016-18). It was observed that hot 
indoor temperature and high humidity have an adverse impact 
on both physical and physiological condition of the occupants, 
lead to health risk and create heat stress. Heat stress parameter 
like Wet Bulb Globe Temperature (WBGT), Predicted Heat 
Strain (PHS) and Predicted Mean Vote (PMV) were examined. 
It shows that WBGT, PHS, and PMV reach at a risk zone from 
the comfortable levels during the time period from 12:00 to 
15:00. From field monitoring prediction around 20%, WBGT 
indicates risk above moderate condition and PHS predictions 
show extra heat gain from the environment. About 90% of 
values show that it exceeds normal skin temperature (34°C). 
PMV values travel from warm to hot range near about 30%. 
This is a clear indication of warm and uncomfortable indoor 
climatic condition. During the monitoring time subjects also 
voted for thermal sensation vote (TSV). A questionnaire 
survey had done, where subjects voted for comfortable feeling 
based on ASHRAE comfort model. Site specific thermal 
sensation, clothing condition, humidity, sweating and air flow 
feelings were also recorded. Mostly all recorded data reflects 
hot environment and dissatisfaction among the subjects. 
Elevated temperature, high humidity and lack of air ventilation 
create an unwanted indoor condition for classroom activities. 
A three dimensional simulation model was developed to assess 
indoor thermal condition in typical metrological year.  From 
the prediction of WBGT, PHS and PMV according to the 
simulation data, it indicates warm condition in recent past 
comparing with typical metrological year. A heat stress 
prediction model was developed (originated in lab. of 
Environmental Ergonomics) to summarize the acceptable 
thermal condition. Heat factor (HF) is the safety parameter of 
thermal environment based on body surface temperature. It 
shows that about 70% of field monitoring data describes 
slightly warm to hot feelings among the students. Finally, after 
all assessment this study specifies that HF < 1, is acceptable 
thermal condition for classroom activities in tropical university 
classrooms. 
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Introduction 
 
In this study indoor thermal performance of university 
classroom in Bangladesh, was examined according to indoor 
heat stress index. This region is squeezed by the extreme hot 
and humid climate. In tropical countries, it is quite essential to 
control the circumstance because of high air temperature (AT) 
and relative humidity (RH). Adverse environment creates 
dissatisfaction among occupants and has a negative influence 
on their performance [1,2]. It also damages physical comforts 
and creates heat stress (dehydration, heavy sweating, heat 
cramps, heat exhaustion, heat stroke etc.) [3]. In Bangladesh, 
most of the cases university classroom is not well designed to 
maintain thermal safety. Since field monitoring and subjective 
survey, it was found that basic thermal parameters like AT, RH 
and Air velocity (AV) significantly fluctuate from comfort 
range. Indoor thermal condition directly affects occupant’s 
activities such as concentration, learning and comprehension 
[4]. Different heat stress indicator on acceptable indoor 
climates, such as WBGT, PMV and PHS have been examined 
from the surveyed conditions. Results are not quite satisfying 
according to comfort guidelines. A questionnaire survey had 
also done to take thermal sensation vote (TSV). It also 
represents subjects dissatisfaction in indoor condition to do 
their regular classroom activities. A three-dimensional 
computer energy simulation model was developed to make a 
comparison with the surveyed data. That result also indicates 
uncomfortable indoor climatic condition. Classroom in tropical 
condition especially in Bangladesh makes a good setting for 
studying the indoor thermal condition where occupants are 
always threatened by adverse climatic situation. A new heat 
stress index Heat Factor (HF) was developed to find acceptable 
thermal condition. Main objectives of the study are followings: 
-Find out the thermal condition in the classroom by field 
monitoring and compare with the recommendation of 
ASHRAE standards [5]. 
-Exploring most widely used heat index, wet bulb globe 
temperature (WBGT) to find out the discomfort range [6]. 
-Determine predicted heat strain (PHS) which is a 
physiological response generates from heat stress and identify 
skin temperature (tsk) to determine indoor health risk factor [7]. 
-Exploring predicted mean vote (PMV) as per ISO 7730, to 
evaluate occupants’ satisfaction level [8].  



 
 

Fig. 1. Outdoor mean air temperature 

 
 

Fig. 2. Outdoor mean RH 
 

-Developing a three-dimensional energy model (simulation 
model by Google Sketch up, Energy Plus and Open Studio) 
from surveyed measurement to make a comparison with 
typical metrological year. 
-Advance heat factor (HF) heat stress index to find out 
acceptable thermal condition. 
 
 
Research Methodology 
 
The study was conducted by a series of field monitoring and 
was carried out by illustrating a computer generated energy 
simulation model to figure out the exact indoor thermal 
condition. Data was collected once in a week (April-July) 
during regular class time, started from 9:00 to 17:00 with a 
one-hour interval. For collecting data the months of high AT 
and RH were considered. At that time natural ventilation 
(windows) and mechanical ventilation (electric fans) counted 
as a thermal consideration. Data were collected, using thermal 
meter LM-8102 (accuracy: 1% rdg ±1°C and ≥70% RH, 4% 
rdg ±1.2% RH). Before taking the measurement, the machine 
left to run for 3 minutes. Machine was placed at 1.1 meters 
high from the floor (standard seated level of the occupants). 
For determining heat stress, metabolic rate and clothing factors 
were estimated by ASHRAE standards. Metabolic rate was 
taken from the steady-state condition (1.1 met) where 
occupants were subjected to light physical works such as 
hearing, reading or writing. Clothing insulation of the subjects 
was measured by checklist and mean value was 0.53 clo with a 
0.1 clo SD for males and 0.15 clo SD for females. Thermal 
index WBGT, PHS and PMV were calculated from the field 
data. 

 
Fig. 3. Observed indoor air temperature (2016-2018) 

 
Fig. 4. Observed indoor RH (2016-2018) 

 

 
 

Fig. 5. Indoor and outdoor air velocity comparison 
 

During the monitored time a questionnaire survey had done, 
students answered about their thermal feelings according to 
Fanger’s 7 points thermal comfort model. Subjects were asked 
about foot, shin, thigh, back of the hand, forearm, abdomen, 
chest and forehead thermal sensation vote to evaluate site 
specific thermal sensation. 
A three dimensional (3D) energy simulation model was 
developed during the research work by using Google sketch 
up, Energy plus and Open studio to make a comparison with 
the actual field monitoring and typical metrological years with 
recent past years. Figuring out architectural dimensions and 
features of the study zone, the model was developed with basic 
thermal properties of used building materials. 3D model was 
simulated by Energy Plus provided climatic data (EPW). This 
data represents typical metrological year’s (TMY) climatic 
condition. From the simulation data WBGT, PHS and PMV 
were calculated. Finally evaluating the acceptable thermal 
condition Heat Factor heat stress index has developed 



 
Fig. 6. WBGT prediction from field monitoring (2016-2018) 

 

 
Fig. 7. PHS prediction from field monitoring (2016-2018) 

 
to figure out present thermal condition and acceptable 
condition. 
 
 
Result and Discussion 
 
Generally, in Bangladesh during summertime, outdoor air 
temperature remains 25-35°C and RH fluctuates between 70-
95% (Fig. 1 and Fig. 2). Especially in daytime, the scenario of 
the indoor environment is more critical and creates health 
hazards like dehydration, heavy sweating, heat cramps, heat 
exhaustion, heat stroke etc. Mostly air temperature fluctuates 
between 27-34°C in indoor (Fig. 3). Form field-monitoring 
data 2016-18, in both cases RH found very high near about 70-
90% (Fig. 4). This high AT and RH create discomforts for the 
occupants in the classrooms. Fig. 5 shows a comparison 
between indoor and outdoor air velocity. Indoor air movement 
is significantly lower than the outdoor condition. 
For prediction of WBGT, it is a combination of air 
temperature, relative humidity, solar radiation and air velocity 
in a single value to predict the heat stress. In indoor condition, 
WBGT = 0.7 Tnwb +0 .3 Tg, When air velocity is v ≥ 0.25-3 
m/s, Tw = Tnwb; Tg = Ta. In the perception of WBGT, 20-
25% values are over the moderate zone (Fig. 6).  
For Predicted heat strain (PHS) prediction, established 
formulas were used based on ISO standards 7933.          
tsk = 12.17 + 0.020 ta + 0.044 tr + 0.194 Pa – 0.253 Va + 
0.003 M + 0.513 tre. Here tsk = skin temperature, ta = air 
temperature, tr = mean radiant temperature, pa = vapor 
pressure of air, Va = air velocity, M = metabolic rate, tre = 

 
Fig. 8. PMV prediction from field monitoring (2016-2018) 

 
Fig. 9. TSV assessment 

 
rectal temperature. Predicted PHS, from Fig. 7, it shows higher 
than the normal skin temperature (34°C). 
For prediction of the predicted mean vote (PMV), here 
Fanger’s thermal comfort model was used. Range of this 
model is from -3 (cold) to +3 (hot). PMV = (0.303 e-0.036M + 
0.028) L, here, M = metabolic rate (W/m2), L = thermal load 
(W/m2). For PMV criteria, mostly it fluctuates from +1 to +3 
values, which indicates slightly warm to the hot range (Fig. 8). 
Subjects TSV shows that high temperature and humid 
condition makes discomfort for them. Above 30°C AT and 70-
80% RH mean TSV is in the hot zone. When it exceeds 32°C 
AT, it reaches to the peak at Fanger’s 7 points thermal comfort 
model (+3) (Fig. 9). 
3D model simulation and comparison show almost similar 
scenario (Fig. 10-12). At mid of the daytime it indicates higher 
health risk. Comparing with the recent past, simulation data 
which describes TMY prediction shows lower threat (WBGT 
and PMV). It’s a clear expression of global warming and 
potential increase of health risk. 
To assess hotter environment Heat Factor (HF), a heat stress 
index has developed in the lab. of Environmental Ergonomics. 
It has a wide range and its upper limits end with a value of +6 
where core body temperature is 40°C. It is based on body 
surface temperature. In hot condition, where, tskn  < tsk 
≤ tskcr, HF = (tsk-tskn)/(tskcr-tskn) x4. Here, tsk = skin 
temperature, tskn = body skin temperature of thermal neutral 
state temperature, tskcr = critical body surface temperature. 
From the HF prediction, subjects feel slightly warm to warm 
condition. Occasionally it reaches to the hot range (Fig. 13). 
 
 
Conclusion 
 
During summer time measured values show that AT remains 



 
 

Fig. 10. WBGT prediction and  comparison 
 

 
 

Fig. 11. PHS prediction and  comparison 
 

27-34 °C in indoor while RH is continuous like 75-85% in 
indoor. WBGT indicates slight risky for light activities in 
classrooms, but heavy work can create health issues. Both 
predicted and simulated PHS, it goes higher at noon (12:00 to 
15:00) from the normal skin temperature which creates a 
health risk. For PMV criteria, mostly it fluctuates from +1 to 
+3 values, which indicates slightly warm to the hot range. 
During this summer time, HF indicates mostly warm 
environment. 
Finally, from field monitoring and simulation data observation, 
a satisfactory acceptable comfortable condition is proposed for 
classroom activities. (e.g. HF < 1, AT between 26-28°C, with 
65-70 % RH and 0.4-0.6 m/s air movement). 
 
 
Future Scope 
 
This study has a limitation on observed context, subject’s age, 
number, as well working environment. Simulation model is 
also valid only for basic purpose of study. Long term 
monitoring with significant number of subjects participation in 
different part of the country is necessary to evaluate a wide 
range health risk prediction in indoor condition. Figure out 
acceptable thermal condition, building material, orientation, 
subjects clothing, activities can be a major aspect of 
examination in future studies. Energy consumption of building 
with cooling solutions will be a significant research area to 
develop sustainable environments and notify adaptive thermal 
environment. 

 
 

Fig. 12. PMV prediction and  comparison 

 
Fig. 13. HF prediction from field monitoring (2016-2018) 
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