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ABSTRACTABSTRACTABSTRACTABSTRACT    

This study was based on the subjective responses of the masons that are performing physical activity of blocklaying This study was based on the subjective responses of the masons that are performing physical activity of blocklaying This study was based on the subjective responses of the masons that are performing physical activity of blocklaying This study was based on the subjective responses of the masons that are performing physical activity of blocklaying 

in thein thein thein the    outdoor condition in outdoor condition in outdoor condition in outdoor condition in Ogun State Nigeria. A total of 204 masons were investigated on the average of seventeen Ogun State Nigeria. A total of 204 masons were investigated on the average of seventeen Ogun State Nigeria. A total of 204 masons were investigated on the average of seventeen Ogun State Nigeria. A total of 204 masons were investigated on the average of seventeen 

(17) masons monthly. The(17) masons monthly. The(17) masons monthly. The(17) masons monthly. The    subjective responsesubjective responsesubjective responsesubjective responses were recorded from May, 2013s were recorded from May, 2013s were recorded from May, 2013s were recorded from May, 2013    to to to to April, 2014. April, 2014. April, 2014. April, 2014. The data collected The data collected The data collected The data collected 

were analysed with SPSS 17were analysed with SPSS 17were analysed with SPSS 17were analysed with SPSS 17    version. The mean air temperature was version. The mean air temperature was version. The mean air temperature was version. The mean air temperature was at maximum in November 2013at maximum in November 2013at maximum in November 2013at maximum in November 2013    (36.1(36.1(36.1(36.1ooooC) C) C) C) and and and and 

March 2014 (36.1March 2014 (36.1March 2014 (36.1March 2014 (36.10000CCCC    ))))    and maximum relative humidity also occurred in July 2013 (69%). Similarly, the radiant and maximum relative humidity also occurred in July 2013 (69%). Similarly, the radiant and maximum relative humidity also occurred in July 2013 (69%). Similarly, the radiant and maximum relative humidity also occurred in July 2013 (69%). Similarly, the radiant 

temperature was at maximum in June 2013 (36.9temperature was at maximum in June 2013 (36.9temperature was at maximum in June 2013 (36.9temperature was at maximum in June 2013 (36.90000C) and the peak valC) and the peak valC) and the peak valC) and the peak value of the solar radiationue of the solar radiationue of the solar radiationue of the solar radiation    occuredoccuredoccuredoccured    in December in December in December in December 

2013 (806w/m2013 (806w/m2013 (806w/m2013 (806w/m2222). In addition, the maximum average mean ski). In addition, the maximum average mean ski). In addition, the maximum average mean ski). In addition, the maximum average mean skinnnn    temperature of the mason occurred temperature of the mason occurred temperature of the mason occurred temperature of the mason occurred in March 2014 in March 2014 in March 2014 in March 2014 

(34.8(34.8(34.8(34.80000C) and the core temperature in September 2013 (35.2C) and the core temperature in September 2013 (35.2C) and the core temperature in September 2013 (35.2C) and the core temperature in September 2013 (35.20000C). C). C). C). Questionnaires were administered on tQuestionnaires were administered on tQuestionnaires were administered on tQuestionnaires were administered on two wo wo wo 

thousand and forty (2,040) masonthousand and forty (2,040) masonthousand and forty (2,040) masonthousand and forty (2,040) masons to obtain necessary information on the subjective responses.s to obtain necessary information on the subjective responses.s to obtain necessary information on the subjective responses.s to obtain necessary information on the subjective responses.    The masons were The masons were The masons were The masons were 

interviewed every hour to capture the thermal behaviour of the environment whilinterviewed every hour to capture the thermal behaviour of the environment whilinterviewed every hour to capture the thermal behaviour of the environment whilinterviewed every hour to capture the thermal behaviour of the environment while pe pe pe performing their activities. erforming their activities. erforming their activities. erforming their activities. TTTThe he he he 

study study study study revealed revealed revealed revealed that that that that 76.50, 76.65, 88.30 and 76.3% were thermally comfortable with the environmental conditions 76.50, 76.65, 88.30 and 76.3% were thermally comfortable with the environmental conditions 76.50, 76.65, 88.30 and 76.3% were thermally comfortable with the environmental conditions 76.50, 76.65, 88.30 and 76.3% were thermally comfortable with the environmental conditions 

in June 2013,in June 2013,in June 2013,in June 2013,    February, March and April 2014 rFebruary, March and April 2014 rFebruary, March and April 2014 rFebruary, March and April 2014 respectivelespectivelespectivelespectively. Ty. Ty. Ty. This could affect the performance output which is his could affect the performance output which is his could affect the performance output which is his could affect the performance output which is a a a a 

subject of the effectiveness.subject of the effectiveness.subject of the effectiveness.subject of the effectiveness.    
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1.1.1.1.    INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION    

In an outdoor environment, skin temperature of the 

mason is a very difficult task to detect due to the 

temperature variation of the skin. According to Bulcao 

et al [1] and Yao et al [2] stated that thermal comfort 

is largely determined by the skin temperature with 

respect to physiological responses which are linked to 

the core temperature. The comfort assessment in 

outdoor environment entails typical six parameters 

that cannot be overemphasized. The parameters 

include four outdoor climatic conditions and two that 

are related to the human behaviour. The interaction 

between all the climatic parameters of air 

temperature, radiant temperature, wind speed and 

relative humidity determined the human physiological 

responses to the outdoor conditions [3]. The two 

parameters that relate human being are the metabolic 

activity and the type of clothing. For a given metabolic 

activity, the skin temperature and sweat production 

rate are seen to be the only physiological variables 

that influence the heat balance [4].  

Yao et al [2] suggested the use of thermal acceptability 

approach on human physiology and this focuses on 

the skin temperature which is the primary parameter 

to the human comfort. The subjective rating for 

thermal sensation  according to Fanger [5] that is 

common is the 7-point scale (+3 = hot, 0 = neutral 

and -3 = cold). Maw et al [6] and Sparks et al [7] 

reported that subjective response is affected by the 

climatic condition of the environment and the 

physiological also affect the metabolic rates [8]. 

Nikolopoulou et al [9] conducted a research on the 

thermal comfort condition of urban open space as 

resting area in Cambridge. The research assessed 

people through interview of their subjective response 

to the thermal sensation on a 5-point scale varying 

from the “too cold to too hot”. The authors also 

considered the environmental characteristic such as 

air temperature, relative humidity, solar radiation, 

radiant temperature and wind speed with their 

individual characteristic such as age, sex, clothing etc. 
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Thorsson et al [10] also conducted a research on the 

subjective outdoor thermal comfort and human 

activity in an urban environment that is much densely 

built up like North American cases. The author used a 

9-point scale to evaluate the subjective thermal 

sensation of 1192 individuals through the use of 

questionnaires. The study was compared with 

Nikolopoulou et al [9] and the physiological equivalent 

temperature curve was skewed towards the warm 

zone. The studies discussed above were all conducted 

where a warm condition and sunlight are positive 

factors that affect the use of outdoor environment 

among the people. Parsons [11] suggested that one of 

the methods to determine what people feel is to use a 

subjective questionnaire. Not only thermal sensation, 

comfort, pleasure but also behavioural effects are 

induced by all psychological phenomena. 

 

2. 2. 2. 2. MATERIALS MATERIALS MATERIALS MATERIALS ANDANDANDAND    METHODSMETHODSMETHODSMETHODS        

Two hundred and four (204) masons performing 

blocklaying in outdoor environment were randomly 

selected   from different locations in Ogun State, 

Nigeria for investigation. The study was conducted 

between 8.00am and 5.00pm from May 2013 to April 

2014 at latitude of 70.00N and a longitude of 030.311E 

(Ogun State Nigeria) and covered the rain and dry 

seasons.   

The masons’ thermal environments were assessed by 

measuring the environmental and physiological 

parameters as well as using the thermal indices. The 

description of the environmental parameters includes 

the values of air temperature, wind speed, relative 

humidity, radiant temperature and solar radiation. 

Metabolic heat production (activity) and clothing 

insulation were also noted in the analysis of heat 

transfer between the body and the environment. 

Environmental conditions were recorded around the 

masons. The air temperature was recorded using 

GM013-Thermo-Hygro digital thermometer-

Hygrometer with external sensor (Shenzhen Kai Heng 

Jie Technology Ltd, China) and the radiant 

temperature was also recorded with infrared 

thermometer pointed to the blackbody. Solar 

radiation was also measured using solar power meter 

SM 206 (Shenzhen Sanpo Instrument Co. Ltd, China) 

with resolution of 0.1W/m2, 0.1 Btu/ft2h while the 

wind speed was measured using vane probe 

Anemometer, Am-4201 microprocessor digital 

anemometer (Lutron Electronics Enterprise co Ltd, 

Taiwan).  

The physiology of human thermo-regulation involves 

the measurement of body (core) temperature and skin 

temperature because human body responds to 

thermal conditions through physiological system of 

thermo-regulation. The Masons were weighed every 

two hours using Detecto PD300MDHR column scale 

(Cardinal Scale manufacturing company, USA) with 

digital height to measure body mass (kg) and height 

(cm) simultaneously. The skin temperature was 

measured using infrared Smart sensor AR8720 

thermometer (Shenzhen Kai Heng Jie Technology Ltd, 

China) number 00505613 with thermometric range of 

-500C to 10500C pointing to the forehead of the subject 

at 1.2m distance while Oral temperature was 

measured before every two hours using a Dx-101 

water resistant digital clinical thermometer (Hicks 

thermometer Ltd, Indian).  

The questionnaire about subjective responses consists 

of thermal sensation, thermal comfort, preference, 

pleasantness, acceptance and satisfaction. In the case 

of thermal sensation, the 11-point scale from 

extremely hot to extremely cold was used. Thermal 

comfort consists of 4-point scales, ranging from not 

uncomfortable to very uncomfortable. In terms of 

preference and pleasantness, 7 points from much 

cooler to much warmer and from very unpleasant to 

very pleasant was used. Acceptance and satisfaction 

was divided into two points of acceptable and 

unacceptable and satisfied and dissatisfied.  

Two thousand and forty (2,040) questionnaires were 

administered to 204 masons every hour in the study. 

The questionnaire consists of thermal sensation, 

comfort, preference, pleasantness, acceptance and 

satisfaction. 11-point scale of the thermal sensation 

and the comfort was used from extremely hot to 

extremely cold.  

The data collected were analysed statistically with 

SPSS version 17 [12] and Microsoft Excel (2010) [13]. 

software. 

    

3.3.3.3.    RESULTRESULTRESULTRESULTSSSS    

Tables 1 to 8 show the average mean values of the 

environmental parameters, the physiological 

parameters and subjective responses which are 

needed for the actual prediction of human working in 

outdoor environment. 

 
Table 1: Average Mean Values of the Environmental Parameters 

Parameter May ’13 Jun ’13 Jul ’13 Aug ’13 Sep ’13 Oct ’13 Nov ’13 Dec ’13 Jan ’14 Feb ’14 Mar ’14 Apr ’14 

Air Temp 31.6 33.3 27.9 30.5 33.1 32.8 36.1 32.8 34.2 35.0 36.1 34.4 
R H 58 58 69 56 55 56 58 53 57 42 54 48 
Wind Speed 0.5 0.4 0.5 0.4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Solar Radiation 571 583 551 779 668 771 725 806 648 484 706 660 
Radiant Temp 34.6 36.9 29.5 31.6 33.9 32.5 33.4 32.9 35.6 35.6 35.8 35.6 
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Table 2: Average Mean Values of the Physiological Parameters 

Parameter May 
’13 

Jun ’13 Jul ’13 Aug 
’13 

Sep ’13 Oct ’13 Nov 
’13 

Dec 
’13 

Jan ’14 Feb ’14 Mar ’14 Apr ’14 

Height (cm) 170.0 170.0 168.0 166.2 166.7 168.3 166.8 165.9 171.7 168.2 169.4 168.6 

Body Mass (kg) 63.4 60.7 64.1 62.9 62.8 61.2 61.2 62.5 62.6 64.1 63.0 63.3 
Skin Temp (oC) 33.1 33.2 34.4 33.5 34.0 33.9 33.9 34.1 34.3 34.5 34.8 34.6 

Core Temp (oC) 35.0 34.8 34.3 33.4 35.2 34.5 34.8 34.4 33.2 33.5 33.3 33.1 

 

Table 3: Subjective measurement of thermal sensation 

 
 

Table 4: Subjective measurement of thermal comfort 

 
 

Table 5: Subjective measurement of thermal preference 

 
 

Table 6: Subjective measurement of thermal pleasantness 

 
 

Table 7: Subjective measurement of thermal acceptability 

 
 

Table 8: Subjective measurement of thermal satisfaction 
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A subjective questionnaire was completed by 

interviewing each subject every hour to determine the 

level of acceptability of the microclimatic conditions 

during the block laying activity. The ISO extended 11-

point of the thermal sensation scale was used [14]. Each 

subject gave ratings of thermal sensation, comfort, 

preference, pleasantness, acceptance and satisfaction 

(Tables 3 to 8). 

    

4444....    DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION    

The discussion for this study was divided into three 

areas, namely the subjective, environmental and 

physiological responses. The contribution of solar load to 

thermal strain when working in the heat was estimated. 

The conditions investigated accounted for the time of the 

day and as well as the weather conditions and the 

varieties of clothing wore. The human physiological and 

subjective responses were observed with 204 

participants in various environmental conditions over 12 

months. It is very difficult to determine the constant 

relationship between the human responses and outdoor 

climate. 

    

4.1 Subjective Response4.1 Subjective Response4.1 Subjective Response4.1 Subjective Response    

Two thousand and forty (2,040) questionnaires were 

administered to 204 masons who participated in the 

research work. Table 4 showed that in June 2013 that 

76.5% of the mason felt very uncomfortable to the 

thermal condition. Similarly, Table 7 showed that there 

was 100% acceptability of the thermal conditions in May 

and December 2013. The months of February, March and 

April 2014 had highest thermal unacceptability of 76.6, 

88.3 and 76.3% respectively. The thermal 

unacceptability of the masons could affect the 

performance output which is the subject of the exergy 

performance and the stored for the mason.  

Furthermore, Table 8 also showed that in the months of 

May and December 2013 most of the participants were 

satisfactory with the thermal condition of 94.0 and 

100%. This table also reflected the unsatisfactory 

response of the thermal condition in March (82.3%) and 

April 2014 (76.6%). 

    

4.2 Environmental Response4.2 Environmental Response4.2 Environmental Response4.2 Environmental Response    

Ogun state, Nigeria had a mild weather conditions from 

May 2013 to April 2014 with lowest mean air 

temperature, 27.90C recorded in July 2013 while the 

highest mean air temperature, 36.10C occurs in 

November 2013 and March 2014 (Table 1). Though, it 

was a mild weather condition over a year but a person 

may have cold stress or heat stress. In the month of July 

2013, it is possible for any mason to get cold stress due 

to the type of cloth wore. The relative humidity was not 

much change around the year. July 2013 showed the 

highest relative humidity of 69% and the lowest of 42% 

in February 2014 (Table 1). At high humidity levels, too 

much skin moisture tends to increase discomfort [15], 

particularly skin moisture that is physiological in origin 

(water diffusion and perspiration). As a matter of fact, 

relative humidity affects the evaporation from the skin, 

which is the prevailing way of heat loss at high air 

temperatures, normally from 260C. At lower relative 

humidity more sweat is required to evaporate from the 

body, while at higher values, it is harder for this process 

to happen, because the air's moisture content is already 

elevated [16]. Therefore, very humid environments 

(relative humidity > 70-80%) are usually uncomfortable 

because the air is close to the saturation level, thus 

strongly reducing the possibility of heat loss through 

evaporation [17]. On the other hand, very dry 

environments (relative humidity < 20-30%) are also 

uncomfortable because of their effect on the mucous 

membranes [17]. At high humidity levels, thermal 

sensation alone is not a reliable predictor of thermal 

comfort [18]. The discomfort appears to be due to the 

feeling of the moisture itself, increased friction between 

skin and clothing with skin moisture [19]. To prevent 

warm discomfort, ASHRAE [3] recommended that on the 

warm side of the comfort zone the relative humidity 

should not exceed 60%. 

The wind speed seems to have a tendency around a year 

which across the season. The fluctuation between the 

highest mean wind speed 0.5m/sec and the lowest 

0.4m/sec in each month was very minimal and it may be 

considered that particular tendencies exist. The average 

mean wind speed throughout the research year was 

between 0.4m/s and 0.5m/s (Table 1). 

It was evident that mean average solar radiation was 

high, 806W/m2 in the month of December 2013 and the 

lowest of 484W/m2 in the month of February 2014 due 

to the revolution and the change of altitude (Table 1). 

However, the low solar radiations in the different months 

seem to be influenced by cloud cover rather than the 

altitude. Air pollution may also have effect on the solar 

radiation reaching to the ground. The mean average 

radiant temperature was also at maximum at 36.90C in 

June 2013 while 29.50C was recorded as the minimum 

mean radiant temperature in July 2013. This was also by 

the change in the altitude. 

    

4.3 Physiological Response4.3 Physiological Response4.3 Physiological Response4.3 Physiological Response    

The aural temperature and sweat loss seemed to have 

been strongly affected by air temperature. Hence, the 

mean skin temperature is highly influenced by mean 

radiant temperature. It was discovered that the highest 

mean skin temperature for the mason, 34.80C occur in 

March 2014 while the lowest of 33.10C occurs in May 

2013 (Table 2). The aural temperature and evaporative 

sweat loss were strongly related to the preference and 

acceptance of the thermal environmental conditions. The 

skin temperature greater than 450C or less than 180C 

causes pain [3]. Skin temperatures associated with 
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comfort at sedentary activities are 33oC to 340C and 

decrease with activity [3] 

The human skin can absorb radiation and the skin 

temperature cannot be a major index for thermal 

comfort under large heat exchange by radiation. Hence, 

the skin temperature was not correlated with the 

thermal conditions of the individual. The core 

temperature showed the highest value of 35.20C in 

September 2013 and lowest value of 33.10C in February 

2014. In contrast to skin temperature, and internal 

temperature increases with activity. The temperature 

regulatory center in the brain is about 36.80C at rest in 

comfort and increases to about 37.40C when walking and 

37.90C when jogging [3]. An internal temperature less 

than about 280C can lead to serious cardiac arrhythmia 

and death, and a temperature greater than 460C can 

cause irreversible brain damage [3]. Therefore, the 

careful regulation of body temperature is critical to 

comfort and health. However, human responses seems to 

be influenced by actual outdoor climate condition which 

consist of solar radiation and wind speed etc and people 

could have different responses due to various internal 

body temperature or various skin temperature.        

    

5.5.5.5.    CCCCONCLUSIOONCLUSIOONCLUSIOONCLUSIONNNN    

Skin temperature seems to be fluctuated by 

environmental conditions such as solar radiation, air 

velocity and the set point of skin temperature could be 

different depending on the season and hot or cold 

environment. 

Therefore developing heat transfer coefficient will be 

useful for improving human heat balance equation for 

outdoor condition. The questionnaire could also be 

developed not with direct question but with question for 

their actual psychological and subjective symptom which 

can correspond with actual human physiological 

responses.  Future research should be conducted and 

considered in a wider range of environmental conditions. 

Furthermore, the exposure time could be considered for 

human responses and their strain during outdoor 

activity and figure out the maximum exposure time 

depending on environment condition would also be very 

important. So, more data collection would also be needed 

for quantifying human responses to outdoor thermal 

condition. 
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