
 482 

reliability analysis using normal polynomial and simulation results. Structural Safety, Vol. 18, No 4: 329-
339. 5. ISO 2394. 1998. General principles on reliability for structures. Switzerland. 6. JCSS. 2000. 
Probabilistic model code: Part1-Basis on design. Joint Committee on Structural Safety. 7. Kudzys, A. 
2005. On account of concurrent rectangular pulse actions in structural design. Advances in Safety and 
Reliability: 1203-1206. London: Taylor & Francis. 8. Madsen, H. 1987. Model updating in reliability 
theory. Proceedings /CASP5, Vancouver, BC: 564-577. 9. Melchers, R. E. 1999. Structural reliability 
analysis and prediction. Chichester, John Wiley & Sons. 10. Mori, V. & Ellingwood, B. 1993. Reliability 
based service-life assessment of aging concrete structures. Journal of Structural Engineering, ASCE, Vol. 
119, No 5: 1600-1621. 11. Rosowsky, D. & Ellingwood, B. 1992. Reliability of wood systems subjected to 
stochastic live loads. Wood and Fiber Science, Vol. 24, No 1: 47-59. 12. Stewart, M.G. & Rosowsky, D.V. 
1996. System risk for multi-storey reinforced concrete building construction. Probabilistic Mechanics and 
Structural Reliability. Proceedings, ASCE, New York: 230-233. 13. Tang, W. H. 1973. Probabilistic 
updating in reliability analysis. Journal of Testing and Education, ASTM, Vol. 1, No 6: 459-467. 14. 
Trezos, C. G. & Thomos G. C. 2003. Reliability–based non-linear static analysis of reinforced concrete 
frames. Concrete Structures in Seismic regions, Proceedings of the fil Sympozium, Athens. 15. 
Vrowenvelder, A.C.V.M. 2002.  Developments towards full probabilistic design codes. Structural safety, 
Vol. 24, No 2-4: 417-432. 
 

 
 

Lis A. 
 

Czestochowa University of Technology, 
Faculty of Civil Engineering 

Poland, 42-200, Czestochowa, 3 Akademicka St. 
E-mail: annalis29@wp.pl 

 

FACTORS INFLUENCED ON 
HEAT G AINS AND HEAT LOSSES IN BUILDINGS 

© Lis A., 2007 
 

The paper presents the results of investigations on building’s heat gains and heat 
losses. The heat balance conditions in selected buildings were observed. The factors, which 
influence heat gains and heat losses in analysed building were identified. The changes of 
value of these quantities on the influence of individual factors were estimated. 

 
Introduction. As far as heat gains are concerned, a factor that positively influences heat balance of 

the building is solar radiation. Both radiation duration and radiation rate are limited. About 80% of the total 
insolation concerns spring and summer months [1]. During the heating season an average sum of total solar 
radiation amounts to 1.44 kWh/m2/24 hrs. Some heat gains result from the existence of additional heat 
sources connected with the utilisation of building. The gains come from people staying in the building, 
electrical and gas equipment as well as lighting. 

Heat losses in a building result from heat penetration through external and internal partitions as well 
as from heating up the air exchanged in the ventilation process. Heat lost on penetration has been up till 
now the highest value in the annual loss account. With low thermal insulation of partitions it amounted to 
80%. The observed and predicted increase of thermal insulation of external coating of buildings causes 
high dependence of heat losses on the ventilation needs. Heat lost on ventilation with air-tight enclosures 
amounts to 70–80%. Wind is a significant factor intensifying losses. At the speed of 3 m/s heat losses 
increase 2%, and with 6 m/s exceed by 25% the value of losses as compared to the windless weather. The 
shape and location of a building has a considerable influence on the whirl and wind velocity. The shape of 
the building determines as well its energy properties. Precipitation causing dampness of partitions and 
deterioration of their thermal insulation increases heat losses. 
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Subject of investigations. Research was conducted in a dozen or so single- family one- or two-storey 
buildings, built in traditional technology. Two buildings had a complete basement, but only one basement 
was heated. One building had a partial basement. The buildings were situated with minimal glazing facing 
north and maximal – south. 

 
Fig. 1.  One of the analysed building’s 

The analysis of heat balance copmonent’s. It was determined: window’s surface Po, wall’s surface 
Ps, heating surface Pu, cooling partition’s surface, heating cubic capatity V, shape’s coefficient A/V, 
glazing's surface Po/Ps, window's surface/heating surface Po/Pu, window's surface/heating cubic capacity 
Po/V, air change's quantity to ventilation, person's quantity, heat losses and  heat gains. The results are 
shown in Table 1.-3. (x ) it’s arithmetic mean, (H) it’s harmonic mean and (s) it’s standard deviation. 

 

Table I 
Building’s parameters 

Po Ps Pu V Po/Ps Po/Pu Po/V A/V Statistical 
Indexes m2 m3 % m-1 

x  39.6 199.3 231.1 581.9 20.2 17.3 6.9 - 

H - - - - - - - 0.9 
S 11.3   57.8   36.2 110.1   3.7   5.0 1.8 0.1 

 

Table II 
Air  change's quantity to ventilation and person's quantity 

Statistical 
Indexes 

Air change's quantity to ventilation Person's quantity 

x  1.1 5.9 

S 0.4 1.4 
 

Table III 
Heat gaines and  heat losses 

Heat gaines Heat losses Statistical 
Indexes kWh/rok GJ/rok kWh/rok GJ/rok 

H 26 140.0 92.9 34 646.3 124.8 

S   6 192.4 17.9   7 555.1   24.1 

Analysing fluctuations of the values of heat gains in the general heat balance of given 
buildings the influence of the the heated cubic capacity, surface of transparent partitions as well as 
the number of people inhabiting the given buildings was examined. Similarly, only the relations for 
the factors for which the correlation coefficients remained at the level 0.5 – 1 were presented. For 
the rest of determined factors the correlation coefficients were below 0.2. The given relations are 
illustrated by figures 2-6. 
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y = -0.0009x 2 + 1.1917x - 282.39
r = 0.7842
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Fig. 2.  The V influence on heating gains 

y = -0.0679x 2 + 6.7619x - 56.849
r = 0.7652
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Fig. 3.  The Po influence on heating gains 

y = -0,2901x 2 + 13,558x - 55,581
r = 0,5213
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Fig. 4.  The Po/Ps influence on heating gains 
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y = 2.3092x 2 - 13.507x + 99.191
r = 0.7901
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Fig. 5.  The number of people inhabiting the buildings influence on heating gains 

Undoubtedly, a significant influence on the generated value of heat gains obtained from solar 
radiation is related to the appropriate location of the building in relation to the directions of the world, 
depending on a degree of elevation glazing. This influence was analysed gradually turning the building 
every 45 o in relation to the original location of elevation with the lowest glazing in the northern 
direction and to the elevation with the highest glazing in the southern direction. 

The results of the analysis are presented in figure 6. 

y = 0.0177x2 - 6.0184x + 4752.3
r = 0.9157
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Fig. 6.  The cardinal points building’s location influence on solar gains 

 
Solar gains in the given buildings remained at the level 16.1 GJ/year with the standard deviation 

equalling 0.9 GJ/year. 
Analysing fluctuations of the values of heat losses in the general heat balance of given 

buildings the influence of the cooling partition’s surface A, the heated cubic capacity V, the shape’s 
coefficient A/V, the surface of transparent partitions Po, wall surface Ps, glazing's surface Po/Ps as well 
as the air change's quantity to ventilation in given buildings was examined. Fig. 7-13 illustrate the 
formation of values related to heat losses in given buildings depending on the selected factors. 

Regression equations correlations and coefficients were determined. Similarly, only dependencies 
for the factors for which correlation coefficients remained at the level about 0.5 to 1 were presented. For 
the rest of determined factors the correlation coefficients were below 0.3. 
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y = -0.0002x 2 + 0.4096x - 35.761
r = 0.8419
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Fig. 7.  The A influence on heat losses 

 

y = -0.0011x 2 + 1.5176x - 369.98
r = 0.9032

80

100

120

140

160

180

400 500 600 700 800 900

Heating cubic capacity V,  m 3

H
ea

t l
os

se
s,

 G
J/

ye
ar

 
Fig. 8.  The V influence on heat losses 

 

y = 97.159x 2 - 131.05x + 165.95
r = 0.5329
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Fig. 9.  The A/V influence on heat losses 
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y = -0.0967x 2 + 9.6117x - 88.398
r = 0.8703
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Fig. 10.  The Po influence on heat losses 

 

y = -0.0004x 2 + 0.4126x + 61.999
r = 0.7352
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Fig. 11.  The Ps influence on heat losses 

 

y = -0,3884x 2 + 17,142x - 53,85
r = 0,4987
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Fig. 12.  The Po/Ps influence on heat losses 
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y = -29.204x2 + 128.05x + 30.612
r = 0.8679
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Fig. 13.  The air change's quantity to ventilation influence on heat losses 
 

Conclusions.  
− A factor which has a beneficial influence on heat balance is solar radiation, which is on the side 

of heat gains. For the sake of analysis the influence of solar radiation on heat gains it is more beneficial 
to use the wall surface area. In this case the changes in glazing by 13% influenced the changes in heat 
gains. 

− Directing the elevation with the maximal transparent partitions towards north causes about a 
15% drop in gains from solar radiation. 

− Another factor that lowers the gains from radiation is shading the elevation. 

− The amount of heat lost through partitions mainly depends on their surface area, heat-insulating 
properties and the temperature difference. 

− For the sake of energy management a bigger density of the building’s solid is advantageous, 
however a shape factor has a direct and more significant influence on heat consumption than exclusively 
on its losses. A more significant relation was obtained for the analysis of the influence of the surface of 
cooling partitions. 

− Increasing in a certain bracket the insulation thickness influences to a small extent the 
percentage increase of capital spending, however after having reached a certain value further increase of 
insulation thickness does not result in the noticeable economic effects, but it becomes a source of 
construction problems. 

− Analysing the heat losses it is more beneficial to use only the window surface, and not the 
elevation glazing. In the first case a clear correlation was noticed, while the changes in elevation glazing 
influenced the changes in heat losses only in 7%. Excessive size of transparent surface area is to a larger 
extent a source of increased heat losses than the factor generating considerable gains. In summer 
however it causes the overheating of rooms and the loss of thermal comfort. 

− Keeping the required parameter values of microclimate, and especially of temperature, also 
influences the heat losses. Lowering the temperature from 20 o C to 18 o C causes the heat drop by about 
8.5 %[2]. 
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