
 

 

 

Abstract—Heat loss or gain from buildings through contact with 

the ground is an important factor of efficient building design process. 

This factor has a strong impact on the energy demand especially of 

large residential or commercial buildings. This is because they heavi-

ly depend on mechanical cooling or heating. Most of the concerns in 

the design of energy in buildings of the roofs and the walls for reduc-

ing the flow of energy from them. Based on the above, therefore the 

Numerical simulation was undertaken to determine the optimal layout 

and size of insulation for the building floor under different operation-

al parameters on the total heat loss from the building. The operational 

parameters are the temperatures inside and outside the house and the 

convective heat transfer coefficients inside and outside the house. 

The study showed that the total heat loss from buildings occur pri-

marily near the edge of the building. This study involves three con-

figurations of insulation; the first configuration is to lay an insulation 

layer starting from the building wall running horizontally at the floor 

level towards the building center area. The dimensionless length of 

this insulation is D1. The second configuration is to run a layer of 

insulation in the vertical direction towards  the ground at the wall . 

The dimensionless length of this insulation is D2. The third configu-

ration is to lay a layer of insulation horizontally at the ground level 

starting from the building wall and running on the outside direction 

away from the building. The length of this insulation in normalized 

form is D3. The reduction in heat flow through the building ground 

is studied with all three configurations at different weather conditions 

of minimum and maximum convection effects both internally and 

externally with minimum and maximum outside temperatures. The 

final conclusion was that the vertical insulation achieved the maxi-

mum heat flow reduction among the above mentioned three configu-

rations. However; due to practical reasons, sometimes it is difficult 

and costly to dig the ground in the vertical direction. To overcome 

this problem, a combination of insulation configurations is studied. 

This combination involves fixing the vertical insulation length at 

reasonable relative depth and adds more insulation in the horizontal 

orientation. The final detailed results are presented and summarized 

in a table for quick comparisons. 
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Nomenclature 

 

w:building half width (m) 

B:water table depth (m) 

L :array spacing  (m) 

T∞,o :ambient air temperature (K) 

T∞,i: building air temperature (K) 

Tb :water table temperature (K) 

T :temperature in the ground (K) 

D :insulation length . 
x :horizontal coordinate (m) 
y :vertical coordinate (m) 

K :soil thermal conductivity (W/m.k) 

h∞,i : The convective heat transfer coefficient inside the building 

(W/m2.k) 

h∞,o : The convective heat transfer coefficient outside the building 

(W/m2.k) 

q(x)heat flux (W/m2 
X :non-dimensiom horizontal coordinate . 
Y :non-dimensiom  vertical coordinate 

D :non-dimension insulation length . 

R :non-dimension water table depth 

W :non-dimension building half width 

Bii :TheBiot number  inside building 

Bio :The Biot number outside building 
M :number of nodes in  vertical  coordinate 
N :number of nodes in  horizontal coordinate 

 

Greek symbols 

 : non-dimensional ground temperature 

: non-dimension total  Heat transfer 

 

Subscripts 
i :Inside building 
o :Outside building 
b :water table level 

uilding half width (m). w 

I. INTRODUCTION 

HE energy conscious design and energy conservation has 

been the subject of international concern for many years. 

In Western Europe it is reported that 52% of energy deliv-

ered is consumed to maintain acceptable environmental condi-

tions within buildings [1]. The UK Department of Energy 

suggests that better design of new buildings could result in a 

50% reduction in energy consumption and that appropriate 

design interventions could yield a reduction of 25% [2]. Itis 

clear, therefore, that modern society demands energy efficient 

design of structures that also provide the practical require-

ments for adequate comfort levels. 
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Above- ground insulation of structures became more im-

portant and could no longer be neglected. A survey carried out 

in the US, suggested that a waste of about 5 to l5 billion dol-

lars a year could be attributed to heat transfer to the ground 

[3]. 

Is clear from the above considerations that there is a need 

for the design and analysis sufficient to heat transfer on the 

ground. In this regard, several models have been developed 

from previous studies. These from previous studies have 

shown that the total heat flow through building floor occur 

primarily near the edge of the building, which are summarized 

as follows: 

Landman and Delsant [4,5] developed a study for  steady 

state heat losses from an infinitely long slab on ground floor, 

insulated  at its edges by either vertical insulation into the 

ground. They calculated in two dimensions, using a Fourier 

series solution of the temperature field in the ground. Ref. [4] 

used an idealized insulation material, having zero thermal 

conductivity and thickness, and extending a finite distance into 

the ground; however, Ref. [5] considered a vertical insulation 

having non-zero thermal conductivity and thickness. They 

calculated heat flux, and found that it displays the expected 

behavior of decreasing as the thickness, depth and resistivity 

of the insulation increases. They measured reduction in heat 

flux of 32% for vertical insulation. 

    Krarti [6] developed a study for both vertical insulation 

slab-on-grade floor.  He studied the case of the vertical insula-

tionwhich was placed along the foundation walls. These walls 

were made of concrete and their thermal conductivity were, in 

most cases, similar to that of the ground. Therefore, the foun-

dation walls and footings were considered as integral parts of 

the ground medium. He used the ITPE technique to analyze 

the steady state heat transfer between soil and vertically insu-

lated slabs. His results showed that vertical edge insulation 

was effective in reducing the total heat losses from a building 

to the surrounding ground. Also, he found that soil tempera-

ture field and total slab heat loss are more sensitive to the ver-

tical insulation depth than its thermal resistance.  

Hagentoft [7] determine the effect of varying tilting angle 

and width of the insulation on the heat transfer through the 

floor. He used the conformal mapping technique to analyze 

the two-dimensional steady-state heat loss for a slab with insu-

lation edges. He reported the edge insulation of small width, in 

comparison to the width of the building; the vertical insulation 

one is most optimal. 

Sanoussi and Rustum [8] developed a study for numerical 

analysis to identify the quantity and location of  heat flow 

through building floor this study showed that the total heat 

flow through buildings floor occur primarily near the walls of 

the building. The effect of the relative building width (W) and 

of the water table lengths (R) are not that effective compared 

to other parameters and accordingly fixed at properly selected 

values.  The total heat flow through building floor depends on 

operational parameters (Ө∞,o , Bii and Bio). 

II. FORMULATION OF THE PROBLEM 

Under consideration is shown in Fig.1. The solution domain 

is the ground beneath the building through which the heat loss 

from the building foundation is transferred. The ground is rep-

resented by a semi-infinite two-dimensional solid with iso-

tropic conductivity, k. It is assumed that the thermal properties 

of concrete slab need not to be taken into account explicitly, 

i.e., the semi-infinite solid is assumed to be homogenous. di-

rection, as shown in Fig.1. The array axial spacing is equal to 

L starting from the  lane of the building to the point where the 

axial heat transfer is vanished. Vertically below the building 

the slab starts from the interfacing between the bottom of the 

building and the surface of the ground and ends at a plane of 

known temperature equals to the ground water table. This ver-

tical spacing is equal to b.  The ambient air temperature inside 

the building is T∞,i and the outside air temperature is T∞,o. The 

convective heat transfer coefficient inside the building is h∞,i 

and the convective heat transfer coefficient outside of the 

building is h∞,o. The water table temperature is assumed to be 

Tb.  Due to symmetry only half of the building width is con-

sidered and is assumed to be equals to w.  The length of verti-

cal insulation d2. The heat is assumed to transfer mainly be-

tween the building foundation and the surrounding air.  

The mathematical model is represented by the conduction 

equation in two dimensional rectangular coordinates under 

steady state conditions and constant properties without heat 

generation. The applicable conduction equation in dimensional 

form is: 
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The appropriate boundary conditions are: 
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at  w<x  L     &  y=0          (2-d)   

T = Tb     at        0   x   L    &     y = b                          (2-e) 

 

The heat conduction equation and its boundary conditions 

can be normalized using the following geometrical parame-

ters: 
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Accordingly, the normalized conduction equation becomes: 
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And, the dimensionless boundary conditions are:    
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 at   X=0     ,0   Y  R                                     (5-a)  
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at   X=1     ,0   Y  R                                      (5-b) 
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0  at  0 X  1   &    Y= R                            (5-e) 
 

 

 

 

Fig. 1 Coordinates and parameters of the model 

III. HEAT FLUX AT THE SURFACE 
 

The heat flux to or from the domain is calculated from the 

following equations 
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    If the total heat transfer from a surface is desired then a 

simple integration can be carried out to Equation (10) over 

the whole surface thus obtaining the total heat transferred 

from that surface.For example, the total heat transfer from the 

floor of the building can be calculated from the following 

equation: 
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IV. SOLUTION PROCEDURE 

The two-dimensional domain is divided into a grid of 

nodes. The conduction equation is then discretized over a con-

trol volume shown in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 Two dimensional cluster 
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The resulted algebraic equation is of the form 
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(14) 

 
 

 

 

 The resulted algebraic equations are then solved using point 

by point Gauss-Siedel iteration method. The program of VB 

language is constructed to solve these equations. The bounda-

ry conditions are enforced numerically with each iteration. 

The iterations are continued until an acceptable convergence 

criterion is achieved. 

In this work the computer program of VB language is built 

to compute the temperature distribution and consequently the 

heat flow through building floor under different operational 

and geometrical parameters.  

    The mesh size suggested is of non-uniform divisions in Y 

direction so that very small divisions are used near the ground 

surface where the temperature gradient is expected to be steep, 

as shown in Fig. 3.  

    The mesh size is selected on the basis of the values of the 

total heat flow through the building floor. In order to insure 

that the results are grid size independent, different mesh sizes 

were tested. It was found that the (n×m) = (150×500) grid size 

was sufficient enough in present study.  

(13) 
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V. RANGE OF PARAMETERS USED 
 

The parameters covered in this study are selected from pre-

vious works to ensure that all possible practical values are 

covered in this investigation. Table (1) shows the suggested 

values of all parameters along with their users. These values of 

parameters are normalized by Equation (3-a) and (3 -b). The 

parameters in their normalized form as well as their covered 

ranges are shown in Table(II). 

 
TABLEI 

 SUMMERY OF PREVIOUSLY USED PARAMETERS AS                                    

REPORTED IN LITERATURE 
 

 

 

 
 

TABLE II 

RANGES OF PARAMETERS COVERED IN THE PRESENT STUDY 
 

 

 

 

VI. COMBINATION OF INSULATION CONFIGURATIONS 

Comparing the three configurations of insulation D1,D2 and 

D3 to see which configuration has the optimum reduction of 

heat flow through the building floor, the heat flow Φ1 is pre-

sented with the insulation length in four figures. Fig. 4 is for 

all three insulation configurations for minimum convection 

effects Bii and Bio and for maximum outside temperature Ө∞,o,  

while Fig. 5is for the maximum convection effects Bii and Bio 

and for the maximum outside air temperature Ө∞,o. Fig. 6  is 

for the minimum convection effectsand minimum outside 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3 Grid map and computational domain 

 

air temperature and Fig. 7 is for maximum convection effects 

and minimum outside air temperature.In can be concluded 

from all figures that the vertical downward insulation D2 give 

the lowest heat flow for almost all cases except for complete 

insulation o building floor (D1=0.4). However; due to practi-

cal reasons, it is always easier to lay a layer of insulation hori-

zontally rather than dig the ground vertically downward. This 

practical reason lead us to consider taking advantage of the 

vertical insulation to a depth of D2=0.1 only and add more 

insulation horizontally either internally, D1 or externally, D3.

 The results are presented in four Figures showing the heat 

flow Φ1 with D2 fixed at 0.1 and adding insulation horizontal-

ly up to D1=0.2 or D3=0.2 thus giving a total insulation length 

D=0.3 as a maximum length studied. Fig 8 is for the effect of 

insulation combination on the head flow Φ1 at minimum con-

vection effects Bii and Bio and maximum out side air tem-

perature Ө∞,o. Fig 9 is for the effect of insulation combination 

for the case minimum Bii and Bio and minimum outside air 

temperature Ө∞,o. Fig.10 is for the maximum Bii and Bio with 

maximum Ө∞,o and the fourth figure, Fig 11 is for maximum 

Bii and Bio with minimum Ө∞,o. All four figure show that the 

minimum heat flow Φ1 is with D2 alone. 

 
TABLE III 

SUMMARY OF REDUCTION IN HEAT FLOW THROUGH THE BUILDING FLOOR AT 

VARIOUS INSULATION LAYOUT ARRANGEMENTS 

 

 
 

Fig. 4  Effect of insulation on total heat flow through building floor 

 at (θ∞o=3.5, Bii=10andBio=10) 

 

When combination is used, keeping D2 at 0.1 and adding 

insulation horizontally internally gives more insulation than 

adding insulation horizontally in the outside direction. This 

finding is shown clearly when presenting the percentage of the 

heat reduction in four figures at same parameters. Figures 12 

to 15 show that the maximum reduction in the heat flow is 

with the vertical insulation D2. However, when combination 

configuration is used, keeping D2 at 0.1 and adding more in-

Ref. Max. Ref. Min. Parameter 
[7] 24 [6] 10 L  (m) 

[5] 0.643 [5] 0.144 K     (W/m.ºK) 

[5] 7.5 [5] 1.4 h∞,i(W/m.ºK) 

[5] 75 [5] 3 h∞,o(W/m.ºK) 

[6] 23.5 [6] 20 T∞,i(ºC) 

[7] 11 [6] 4.4 Tb     (ºC) 

[5] 34 [4] -7 T∞,o(ºC) 

Max. Min. Parameter 

3.5 -1 Ө∞,o 

1000 10 Bii 

10000 10 Bio 
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sulation horizontally in the interior area gives the  second best 

choice. All of percentage reduction in heat flow for all config-

uration including the combination configurations are summa-

rized in table (3) for quick and easy reference. 

 
Fig. 5 Effect of insulation on total heat flow through buildingfloor at 

(θ∞o=3.5, Bii=1000andBio=10000) 

 

Fig. 6  Effect of insulation on total heat flow through building floor 

 at (θ∞o= -1, Bii=10andBio=10) 

 

Fig. 7  Effect of insulation on total heat flow through building floor 

 at (θ∞o= -1, Bii=1000andBio=10000) 

 

 
Fig. 8 Effect of combined insulations on total heat flow through 

building floor at (θ∞o=3.5, Bii=10, Bio=10 and  D2=0.1 ) 

 
Fig. 9 Effect of combined insulations on total heat flow throughbuild-

ing floor at (θ∞o=  5.3 , Bii=1000, Bio=10000and  D2=0.1 ) 
 

 
Fig. 10  Effect of combined insulations on total heat flow through 

 building floor at (θ∞o=   1- , Bii=10, Bio=10and  D2=0.1 ) 
 

 
Fig. 11  Effect of combined insulations on total heat flow through 

building floor at (θ∞o=   1- , Bii=1000, Bio=10000 and  D2=0.1 ) 
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Fig. 12  Effect of combined insulation on reduction in total heat 

through building floor at (Ө∞,o =3.5  , Bii=10  and Bio =10 ) 

 
Fig. 13  Effect of combined insulation on reduction in total heat 

through building floor at (Ө∞,o=3.5  , Bii=1000  and Bio =10000) 

 

 
Fig.14  Effect of combined insulation on reduction in total  heat 

through building floor at (Ө∞,o =  1-   , Bii=10  and Bio =10 ) 
 

 
Fig. 15  Effect of combined insulation on reduction in total  

 heat through building floor at (Ө∞,o =-1  , Bii=1000  and Bio 

=10000 ) 

VII. CONCLUSION 

Based on the steady state two dimensional numerical analy-

sis carried out in the present study, the following conclusions 

can be deduced: 

 Most of the heat flow through building floor occurs 

through the region lying close to the edge of the building 

walls. 

 The total heat flow through building floor depends on op-

erational parameters (Ө∞,o , Bii and Bio). 

 The vertical insulation decreases the total heat flow 

through the building floor more than that of the horizontal 

insulation configurations. 
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