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Un simple c a l c u l  permet de  determiner l e  taux maximum de p e r t e  
de  chaleur e t  l a  p e r t e  de  chaleur  t o t a l e  par  l e  s o u s s o l  durant  
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p e r t e s  de chaleur par  l e  sous-sol pendant l'ann'ee e s t  un 
f a c t e u r  important du b i l a n  gnerg'etique de l a  maison; e l l e  a  
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d6ferminer un c e r t a i n  nombre de f a c t e u r s  q u i  s o n t  e n s u i t e  
utilis'es pour l e  c a l c u l  des  p e r t e s  de chaleur par  l e  s o u s s o l .  
C e t t e  communication e s t  une c o m p i l a t i o n  d e s  s e c t i o n s  

p e r t i n e n t e s  d'une pub l i ca t ion  q u i  d e c r i t  en d e t a i l  p l u s i e u r s  
Btudes e n t r e p r i s e s  par  l a  Division - des  recherches en  batiment 

-- --- - - - -- -- 
du Conseil n a t i o n ~ '  W e r t e s  de  
chaleur par l e  s c  



Calculation of Basement Heat Loss 

G.P. Mitalas 
ASHRAE Fellow 

ABSTRACT 

A simple ca l cu l a t i on  makes i t  poss ib le  t o  determine the  maximum r a t e  of hea t  l o s s  from a 

basement and t h e  t o t a l  basement hea t  l o s s  over t h e  hea t ing  season. The procedure assumes 

tha t  va r i a t i on  of basement heat  l o s s  during the year is a s i g n i f i c a n t  f a c t o r  i n  t he  house 

hea t  balance; and i t  u t i l i z e s  a n a l y t i c a l  a s  we l l  a s  experimental da t a  t o  develop a s e t  of 
f ac to r s  t h a t  a r e  then used i n  the  ca l cu l a t i on  of basement hea t  loss .  This paper i s  a 
compilation of t h e  pe r t i nen t  s ec t ions  of a publ ica t ion  desc r ib ing  i n  d e t a i l  s e v e r a l  s t u d i e s  
undertaken by the  Division of Building Research of the  National Research Council of Canada on 
basement heat  l o s s .  l 

BASEMENT MODEL 

Fig. 1 shows a physical  model of t he  s i x  elements involved i n  t he  heat  l o s s  from a basement: 

ou ts ide  environment, basement wa l l  above grade, basement wa l l  and f l o o r  below grade, ground 
sur face  adjacent  t o  the basement, lower thermal boundary a t  a constant  temperature equal  t o  

t h e  mean ground temperature, and the  conducting s o i l  between t h e  basement, t he  ground 

sur face ,  and the  lower thermal boundary. The model assumes t h a t  t h e r e  is s u f f i c i e n t  

groundwater flow t o  maintain a constant  temperature a t  some depth below t h e  basement f loor .  

Below-Grade Heat Loss 

The instantaneous hea t  l o s s  from the  below-grade por t ion  of the  basement can be expressed a s  

where 

N = 4,  number of segments of t he  i n t e r i o r  su r f ace  a r ea  of the  below-grade port ion of 
t h e  basement 

An = area  of segment n 

qn ( t )  = average heat  f l u x  through the  segment a r ea ,  An, a t  t i m e  t .  

The instantaneous hea t  f l ux ,  q n ( t ) ,  can be approximated by 

q n ( t )  = qa,, + qV,, s i n  (wt) 

where 

qa,, = annual mean value of q n ( t )  

qV,, = amplitude of the f i r s t  harmonic of the  hea t  f l u x  v a r i a t i o n  

- 
G.P. Mitalas ,  Research Off icer ,  Division of Building Research, National  Research Council 

Canada, Ottawa, Canada K1A OR6 



w = angular  ve loc i ty  of t h e  f i r s t  harmonic 

t = time 

The amplitude values f o r  the  f i r s t  and second harmonics of the  ground su r f ace  
temperature f o r  s e v e r a l  l oca t ions  i n  Canada, a r e  shown i n  Table 1.2 As t h e  second harmonic 

i s  r e l a t i v e l y  small and the  second and higher hea t  f l u x  harmonics a r e  a t tenuated  more than 
t h e  f i r s t ,  t he  annual ground su r f ace  temperature v a r i a t i o n  can be approximated us ing  only t he  

f i r s t  harmonic of the  annual cycle. 

The heat  conduction through a l i n e a r  thermal system is  d i r e c t l y  proport ional  t o  t h e  
temperature d i f f e r ence  across  t h e  system and t h e  o v e r a l l  conductance. The two components of 

q n ( t )  given by Eq 2 can therefore  be expressed a s  

and 

where 
q v S n ( t )  = Vn a n  8, s i n  (w(t+Atn))  

Sn = shape f a c t o r  f o r  the  s teady-state  heat  l o s s  component 

B B  = basement a i r  temperature 

B G  = ground sur face  temperature averaged over time and a r ea ,  equal l ing  mean ground 
temperature 

Vn = shape f a c t o r  f o r  the  pe r iod i c  hea t  l o s s  

a n  = amplitude a t t enua t ion  f a c t o r  

0, = amplitude of the  f i r s t  harmonic of the ground su r f ace  temperature 

A t n  = time l a g  of the  hea: f l u x  harmonic r e l a t i v e  t o  t he  sur face  temperature v a r i a t i o n  

The shape f a c t o r ,  Sn, represents  the over-al l  conductance between the  basement i n t e r i o r  
su r f ace  segment n ( inc luding  t h e  su r f ace  hea t  t r a n s f e r  coe f f i c i en t )  and t h e  two boundaries, 

i .e . ,  Sn = Sn,, + Sn,G, where S i s  conductance t o  t h e  ground sur face  adjacent  t o  t h e  
n, s 

basement, and S i s  conductance t o  t h e  hypothe t ica l  lower boundary plane a t  mean ground 
n ,G 

temperature, a s  Indica ted  i n  Figure 2 .  

The shape f a c t o r ,  Vn,  represents  the  over-al l  conductance f o r  per iodic  hea t  flow between 
t h e  basement i n t e r i o r  su r f ace  segment, n, and t h e  ground sur face ,  and, therefore ,  Vn equals 

Sn, so  

DETERMINATION OF BASEMENT HEAT LOSS FACTORS 

The cross-sect ional  model of the basement and surrounding ground (Fig. 1) and f ini te-element  

numerical methods f o r  hea t  conduction ca l cu l a t i ons  were used t o  determine t h e  Sn Vn, an and 
A t n  fac tors .  It assumes tha t  two-dimensional heat  conduction p reva i l s  around thE! basement. 
Factors  not  taken d i r e c t l y  i n t o  account by t h i s  model include: 

- The time va r i a t i on  i n  temperature and the  l e v e l  of groundwater, 

- The flow of r a i n  o r  meltwater i n t o  the  s o i l  surrounding the  basement, 

- The s p a t i a l  v a r i a t i o n  of ground temperature around a basement due t o  s o l a r  e f f e c t s ,  
ad jacent  bu i ld ings ,  and v a r i a t i o n s  i n  t h e  snowcover, 

- The d i f fe rence  i n  thermal proper t ies  of b a c k f i l l  and undisturbed s o i l  and of the  s o i l  above 
and below t h e  f r eez ing  plane. 

The model can allow f o r  some va r i a t i on  i n  s o i l  thermal p rope r t i e s  by assigning a d i f f e r e n t  

conductivi ty value t o  s o i l  above and below the  basement f l o o r  leve l .  



Analysis  of t h e  c a l c ~ ~ l a t e d  shape f a c t o r s  i n d i c a t e s  t h a t  i n  most c a s e s  t h e  basement 

i n s u l a t i o n  thermal  r e s i s t a n c e ,  R ,  and t h e  shape Eac to rs  f o r  t h e  range 1 < R < 5 can be 
r e l a t e d  by 

and 

where 

Sn(R) and Vn(R) s t e a d y - s t a t e  and p e r i o d i c  shape f a c t o r s  f o r  a basement i n s u l a t e d  t o  

a  thermal  r e s i s t a n c e  v a l u e  of R 

an ,  bn, cn,  and dn  = c o n s t a n t s  s p e c i f i c  t o  t h e  basement the rmal  i n s u l a t i o n  system 

The express ions  of Sn and V n  f o r  s e v e r a l  basement i n s u l a t i o n  systems and f o r  s o i l  

c o n d u c t i v i t y  v a l u e s  a r e  l i s t e d  i n  Tab. 2. Determinat ion of t h e s e  S and Vn f a c t o r s  and 
express ions  t h a t  r e l a t e  Sn, Vn and R were based on t h e  i n t e r i o r  su rpace  hea t - f lux  p r o f i l e s  

c a l c u l a t e d  u s i n g  f  in i te-e lement  numerical  methods f o r  heat-conduct ion c a l c u l a t i o n s .  

The a t t e n u a t i o n  f a c t o r ,  an, and t h e  t ime-lag f a c t o r ,  A t n ,  have been determined by 

c a l c u l a t i n g  t h e  p e r i o d i c  h e a t  f l u x ,  u s i n g  a  s i n e  wave v a r i a t i o n  of t h e  ground s u r f a c e  

temperature .  Ca lcu la ted  a t t e n u a t i o n  and time-lag f a c t o r s  a r e  l i s t e d  i n  Tab. 2. 

Experimental  s t u d i e s  i n d i c a t e  t h a t  t h e  v a r i a t i o n  i n  basement h e a t  l o s s  can be adequa te ly  

d e s c r i b e d  by monthly mean v a l u e s  of t h e  basement h e a t  l o s s .  A t i m e  increment,  m, of one 

month was used, wi th  January i d e n t i f i e d  by m = 1 and a n g u l a r  v e l o c i t y  of 30 deg per  month. 

Based on t h e  s u r f a c e  h e a t  f l u x  va lues  c a l c u l a t e d  a t  a c o r n e r  f o r  two l e v e l s  of basement 
i n s u l a t i o n ,  a s e t  of c o r n e r  a l lowance f a c t o r s ,  C,, was d e r i v e d  f o r  a l l  of  t h e  basement 

i n s u l a t i o n  systems l i s t e d  i n  Tab. 2. 

CALCULATION OF BASEMENT HEAT LOSS 

The i n s i d e  s u r f a c e  of t h e  basement (F igs .  1 and 2) is maae up of f i v e  segments: 

A1 = i n s i d e  s u r f a c e  a r e a  of w a l l  above g r a d e ,  

A2 = upper  i n s i d e  s u r f a c e  a r e a  of w a l l  b e l w  grade,  

A3 = lower i n s i d e  s u r f a c e  a r e a  of w a l l  below g r a d e ,  

A4 = i n s i d e  s u r f a c e  a r e a  of f l o o r  s t r i p  1 m wide a d j a c e n t  t o  wa l l ,  

A5 = i n s i d e  s u r f a c e  a r e a  of t h e  remainder of t h e  f l o o r .  

The w a l l  below grade  was d iv ided  i n t o  two segments because t h e  thermal conduct ion between t h e  

ground s u r f a c e  and t h e  upper  w a l l  segment i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  the rmal  
conduction between ground s u r f a c e  and t h e  lower w a l l  segment. The basement f l o o r  was d i v i d e d  

i n t o  two reg ions  because hea t - f lux  c a l c u l a t i o n s  show t h a t  f l o o r  h e a t  f l u x  a d j a c e n t  t o  t h e  

w a l l  d i f f e r s  s u b s t a n t i a l l y  from that through t h e  remainder of t h e  f l o o r .  

The f a c t o r s  f o r  t h e  p a r t i a l l y  i n s u l a t e d  w a l l s  were c a l c u l a t e d  assuming a v e r t i c a l  

dimension ( M  - D )  of 0.6 m f o r  A2; 0.6 m was s e l e c t e d  because t h a t  i s  t h e  amount of basement 
i n s u l a t i o n  recommended i n  s e v e r a l  p r o v i n c i a l  b u i l d i n g  codes.  The f a c t o r s  f o r  t h e s e  c a s e s  

can, however, be used t o  c a l c u l a t e  t h e  l o s s e s  from o t h e r  p a r t i a l l y  i n s u l a t e d  w a l l s  where 
D < M < H .  

The fo l lowing  summarizes t h e  s t e p s  t o  be taken i n  c a l c u l a t i n g  h e a t  l o s s  f o r  a  s p e c i f i c  
baaement: 

Step  1. Provide t h e  requ i red  i n p u t  data f o r :  

I n s i d e  basement dimensions - 

l e n g t h ,  L ,  
width ,  W ,  where W < L, 
t o t a l  h e i g h t  of  w a l l ,  H,  

h e i g h t  of w a l l  above grade,  D. 



basement i n su l a t i on  - 

over-al l  thermal r e s i s t ance  of wal l  above grade RT, 

over-al l  thermal conductance of wal l  above grade U (U = l /RT),  

r e s i s t ance  value of i n su l a t i on ,  R ,  

height  of i n s u l a t i o n  coverage of wal l ,  P%, 
e x t e n t  of i n s u l a t i o n  coverage of f l o o r  (i .e.  , none, 1 m wide s t r i p  adjacent  t o  wall ,  o r  

f u l l  coverage). 

Temperature - 

basement space temperature, B g  , 
mean ground temperature, O G  (see Tab. 1 o r  Ref 2 ) ,  

amplitude of t he  f i r s t  harmonic of t h e  ground su r f ace  temperature va r i a t i on ,  B V ,  and t h e  

timing of the  f i r s t  sur face  temperature harmonic (see Tab. l ) ,  

monthly average outdoor a i r  temperature, where m i d e n t i f i e s  t h e  month.3 

Step 2. Calculate  the a r ea s  of t he  segments c o n s t i t u t i n g  the  basement f l o o r  and wal l s :  

The basement under considerat ion must be subdivided i n t o  s ec t ions ,  depending on i t s  

shape and on t h e  number of i n s u l a t i o n  systems used f o r  insu la t ion .  Sect ions t h a t  a r e  

insu la ted  d i f f e r e n t l y  must be considered separa te ly .  

Square basements may be regarded a s  having two i d e n t i c a l  end sec t ions .  Rectangular 

basements may be considered a s  having two i d e n t i c a l  end s e c t i o n s  wi th  three-dimensional hea t  

flow occurr ing a t  the  corners  and a middle s ec t ion  with two-dimensional heat  flow. The hea t  

l o s s  through t h e  end sec t ions  i s  ca l cu l a t ed  using corner  allowance f a c t o r s ,  and t h e  hea t  flow 

through the middle s ec t ion  i s  ca lcu la ted  assuming two-dimensional condit ions ( i . e . ,  no corner 

allowance) . 
The three-dimensional hea t  flow of i r r e g u l a r l y  shaped basements (such a s  an L shaped 

basement) cannot be accommodated by t h i s  simple method. It is  suggested t h a t  a detached 

basement could be considered a s  having four  corners only, s i n c e  t he  three-dimensional hea t  
flow e f f e c t  a t  an i n s i d e  corner  wa l l  w i l l  be t h e  oppos i te  of t h a t  a t  an ou t s ide  corner  and 
should therefore  compensate. An L shapsd basement can be t r e a t e d  a s  a rectangular  one, using 

a c t u a l  L-shaped cen te r  f l o o r  area. 

Rasement with s i n g l e  i n su l a t i on  system - 

f o r  both end sec t ions ,  GE = 4 W 

f o r  the  middle s ec t ion ,  GM = 2L - 2W 

f o r  the  e n t i r e  basement, G = GE + GM 

where 

G = perimeter,  W = width, L = length.  

Subscripts  E ,  M and no subscr ip t  r e f e r  t o  end sec t ions ,  middle sec t ion ,  and e n t i r e  

basement, respec t ive ly .  



Basement with i n s u l a t i o n  p a r t i a l l y  covering t h e  w a l l  -- 

Basement with i n s u l a t i o n  covering t he  e n t i r e  wal l  - 

Although both A2 and A3 a r e  covered by i n su l a t i on ,  they a r e  t r e a t e d  separa te ly  because of t he  

manner i n  which t h e  f a c t o r s  were derived f o r  Tab. 2. 

Step 3. Se lec t  an appropr ia te  value of s o i l  thermal conduct ivi ty:  

For the  p a r t i c u l a r  R value of basement i n s u l a t i o n ,  o b t a i n  the  f a c t o r s  an,  bn, cn  and dn,  
Cn,  a n  and A t n  from Tab. 2 and c a l c u l a t e  Sn and Vn. (The high value of s o i l  thermal 

conduct ivi ty  would probably be appropr ia te  f o r  rocks and w e t  sand; t he  lower value could be 

used f o r  well-drained clay. ) 

Step 4. Using t he  s e l ec t ed  corner  allowance f a c t o r s ,  Cn, c a l c u l a t e  t he  a c t u a l  corner  
allowance, Xn: 

1) For the  two upper wal l  segments, the  increased hea t  l o s s  due t o  corners  can be neglec ted ,  
i . e . ,  XI = X2 = 0 

2) For t he  bottom segment of t he  w a l l ,  

where i = number of corners  being considered. 

3) For the  1 m s t r i p  of f l o o r ,  

4) For t he  c e n t r a l  a r ea  of f l o o r ,  

Step 5. Calcula te  the  a r ea s  of t he  segments c o n s t i t u t i n g  t he  f l o o r  and wa l l s  of t h e  

e n t i r e  basement, inc lud ing  t h e  corner  al l tmance f ac to r s :  

(Because of t he  d i f f e r ence  i n  corner  allowance f o r  s teady-s ta te  and va r i ab l e  f l o o r  hea t  l o s s  

components and because t h e  corner  allowance i s  i n  tenus of a r ea ,  t h e  f l o o r  a r e a  va lues  f o r  
t he  s teady-s ta te  and va r i ab l e  component ca l cu l a t i ons  a r e  d i f f e r e n t . )  



A1 = A1E + AIM 

A2 = AZE + Am 

A3 = A3E + A3M + X3 

A4, = A 4 ~  + A 4 ~  + X4 ' V4 / S4 

A4v = A 4 ~  + A 4 ~  + '4 

AtjS = A 5 ~  ( 1  + X5 / ~ 5 )  + A 5 ~  

A5v = A 5 ~  ( 1  + X5 / ~ 5 )  + A 5 ~  

where 

subscr ip t  "s" i nd i ca t e s  sur face  a r ea  value t o  be used i n  ca l cu l a t i ng  the  s teady-s ta te  
component 

subscr ip t  "v" i nd i ca t e s  sur face  a r ea  value fo  be used i n  ca l cu l a t i ng  the  v a r i a b l e  
basement heat- loss  component 

Step 6. Calcu la te  the  monthly average heat-loss r a t e  (power) through the  f i v e  basement 

segments: 

where 

"30" has u n i t s  i n  deg/month 

A t n  = time i n  months 

m i d e n t i f i e s  the  month 

Step 7. Calculate  the annual heat  l o s s  (energy) from t h e  below-grade basement (QT) : 

where 

(730) (3600) = number of seconds per  average month 

Step 8. Calcula te  t h e  below-grade basement h e a t  l o s s  over t h e  win ter  period, &: 

where 

ml = s t a r t  of winter  season,  

m2 = end of win ter  season. 



Alterna t ive ly ,  t h e  above equation can be rearranged a s  follows: 

+ 0 ,  i An V, o n  X ' s l n  u(m+8+btn)) * (2.628). 
n  2 

(MJ) 

1 

Step 9. Calculate  the heat  l o s s  from f u l l  basement: 

The f u l l  basement heat  l o s s  is, simply the  sum of t he  below-grade and above-grade 
basement heat  losses.  A sample ca l cu l a t i on  of basement hea t  l o s s  i s  given i n  App. A. 

CONCLUSION 

Various s implifying assumptions have been made i n  der iv ing  a  simple method of 
ca l cu l a t i ng  basement hea t  loss .  For v e r i f i c a t i o n ,  values of basement hea t  l o s s  obtained by 

means of t h i s  method were compared with ac tua l  measured va1ues.l The comparison suggests  t he  
following: 

1. Annual va r i a t i on  of ground sur face  temperature can be accommodated s a t i s f a c t o r i l y  by 
using a  pe r iod i c  hea t  f  l w  ca l cu l a t i on  approach, i .e.  , by using ampl i tudea t tenuat ion  and 

time-delay f ac to r s .  Because the  predicted basement hea t  l o s s  is  not a  s t rong  funct ion of 

I 
these  f a c t o r s ,  an approximate accounting of amplitude reduct ion  and time l a g  is  

s u f f i c i e n t ;  t he  f a c t o r s  do not  have t o  be ca lcu la ted  f o r  every case. A value B G  = ll.S°C 

i may be used f o r  many loca t ions  i n  Canada where t he  ground sur face  temperature v a r i a t i o n  

i s  not  knwn. 

2 .  Basements with simple rectangular  shapes can be t r e a t e d  reasonably wel l  by us ing  shape 
f a c t o r s  determined f o r  s t r a i g h t  wal l  s ec t ions  and corner  allowance f a c t o r s  t o  accommodate 

three-dimensional heat  flow a t  ou ts ide  corners. 

3. The s impl i f ied  method can p red i c t  both the  t o t a l  basement hea t  l o s s  and the  h e a t  l o s s  
through sec t ions  of t he  basement w i th in  210% of measured values,  wi th  t he  exception of 

poorly i n su l a t ed  basements i n  which s o i l  provides a  s u b s t a n t i a l  por t ion  of t he  t o t a l  
thermal r e s i s t a n c e  between basement and surrounding s o i l .  For these ,  an accu ra t e  

determination of s o i l  thermal conductivi ty i s  required t o  e s t a b l i s h  appropr ia te  shape 
f a c t o r s  by i n t e r p o l a t i o n  o r  ex t r apo la t i on  of t he  l i s t e d  values. 

4. I f  i t  i s  known t h a t  the groundwater l e v e l  is high ( i . e . ,  j u s t  below the basement f l o o r )  

and t h a t  a  p o t e n t i a l  e x i s t s  f o r  groundwater flow around and under t h e  basement, t h e  
tabulated shape f a c t o r s  f o r  the s teady-state  heat  l o s s  component of the  flo.or could be 

a r b i t r a r i l y  increased  by assuming a  decreased ground thermal r e s i s t ance  beneath t h e  
f l oo r .  A decrease of 30% t o  70% i n  ground thermal r e s i s t ance  may be assumed, depending 
on the  perceived s e v e r i t y  of t h e  groundwater e f f e c t .  

5. The simple basement heat  l o s s  ca l cu l a t i on  method does not  take account of f a c t o r s  t h a t  
in f luence  v a r i a t i o n  i n  mean ground temperature around t h e  basement. 
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(Al l  dimensions used i n  t h i s  paper a r e  i n  S I  u n i t s  except  i f  noted otherwise.) 

NOMENCLATURE 

An a rea  of segment n 

an,bn,cn, and dn constants  t h a t  a r e  s p e c i f i c  t o  the  basement thermal i n su l a t i on  system 

'n corner allowance f a c t o r s  

D height  of basement wal l  above grade 

G basement perimeter  

H t o t a l  he ight  of basement w a l l  

lower, k upper s o i l  t h e m 1  conductivi ty 

L basement length  

M height  of i n su l a t i on  coverage over wa l l  

month number ( 1  t o  12) 

number of segments cons t i t u t i ng  i n t e r i o r  su r f ace  a r ea  of below-grade por t ion  of t h e  

basement 

annual basement hea t  l o s s  from the  below-grade basement 

hea t  l o s s  from the below-grade port ion of t he  basement 

below-grade basement hea t  l o s s  f o r  winter  per iod  

annual mean value of q n ( t )  

average hea t  f l u x  through the  segment a r ea ,  An, a t  time t 

amplitude of the  f i r s t  harmonic of the hea t  f l u x  v a r i a t i o n  

va r i ab l e  component of t he  average heat  f l u x  through the  segment, An, a t  time t 

thermal r e s i s t ance  of basement i n su l a t i on  

over-al l  thermal r e s i s t ance  of basement wa l l  above grade 
l e v e l  

shape f a c t o r ,  the  s teady-state  hea t  l o s s  component 

s teady-state  shape f a c t o r s  f o r  a basement i n su l a t ed  t o  a thermal r e s i s t ance ,  R 

time 

over -a l l  thermal conductance of basement wal l  above grade l e v e l ,  l / R T  

shape f a c t o r  f o r  the  per iodic  heat  l o s s  component 

s teady-state  and per iodic  shape f a c t o r s  f o r  a basement 

i n su l a t ed  t o  a thermal r e s i s t ance ,  R 

basement width 

corner allowance 



Subscripts  

a denotes s teady-state  component 

E denotes end sec t ion  

m month number ( 1  to  12)  

M denotes middle s ec t ion  

n denotes the segment of the  i n t e r i o r  sur face  of basement 

v denotes v a r i  ab le  component 

Greek Symbols 

A t ,  t i m e  l ag  of the hea t  f l ux  harmonic r e l a t i v e  t o  su r f ace  temperature v a r i a t i o n  

e~ basement space a i r  temperature 

f3 G ground sur face  temperature averaged over both time and area ,  equal l ing  mean ground 

temperature 

e o , m  monthly value of outdoor a i r  temperature 

v amplitude of the f i r s t  harmonic of the  ground su r f ace  temperature 

'n amplitude a t tenuat ion  f a c t o r  

w angular  ve loc i ty  of t he  f i r s t  harmonic of t he  annual cyc le  



TABLE 1. 

Ground Surface Temperatures* 

Location 
Annua 1 Amplitude Amplitude 

Mean Ground of 1st of 2nd 
Temp. B G ,  Harmonic, 8,, Xarmonic, 8 

O C  O C  O C  
v, 2 

Goose Bay, Labr. 

St.  John's West, Nfld. 
Truro, N.S. 
Kentv i l le ,  N.S. 

Charlottetown, P.E.I. 
Fredericton,  N.B. 
La Pocat i s re ,  P.Q. 

Normandin, P.Q. 
Ste.-Anne de Bellevue, 

St .  Augustin, P.Q. 

Val D ' O r ,  P.Q. 

Toronto, Ont. 

Kapuskasing, Ont. 

Vineland, Ont. 

Ottawa, Ont. 

Atikokan, Ont. 
Winnipeg, Man. 

Saskatoon, Sask. 
Regina, Sask. 

Swift  Current,  Sask. 
Lacombe, Alta. 

Edson, Alta. 

Peace River, Alta. 
Calgary, Alta. 
Vegrevi l le ,  Alta. 

Summerland, B .C . 
Vancouver, B . C . 
Mean 8.5 11.5 1.9 

* I n  a l l  cases the  minimum ground sur face  temperature occurs  i n  January. 

I f  January is  designated a s  m = 1, then t.he su r f ace  temperature f i r s t  
harmonic can be expressed a s  8, s i n  (30 (m+8)), where m is i n  months 
and s i n e  angle is  i n  degrees. It fol lows t h a t  f i r s t  harmonic v a r i a t i o n  

of the  sur face ,  n, hea t  f l u x  can be expressed a s  

s i n  (30(m+8* t n )  ). 



APPENDIX A 

Sample Calculat ion of Basement Heat Loss 

The fol lowing example ca l cu l a t i on  i s  f o r  the  h e a t f l o s s  from one of t he  DBR/NRC t e s t  

basements, t h a t  wi th  i n s u l a t i o n  over t h e  f u l l  he igh t  on t h e  i n s i d e  su r f ace  of t h e  basement 

wal l .  

Step I .  The given input  da t a  a r e :  

Basement dimensions - 

l ength ,  L = 9.2 m 

width, W = 8.5 m 

t o t a l  wal l  he igh t ,  H = 2.13 m 

height  of wa l l  above grade, D = 0.38 m 

In su l a t i on  - 

above grade, l / R T  = U = 0.53 w/(m2 K )  

i n su l a t i on  r e s i s t ance ,  R = 1.55 d K/W 

height  of i n s u l a t i o n  cover,  M = 2.13 m ( f u l l  h e i g h t )  

f l o o r  i s  uninsu la ted  

Temperatures - 

basement space temperature, B g  = 21°C 

ground su r f ace  temperature (from Tab. 1 )  

= B G  + 9" s i n  (wt) = 8.9 + 11.4 s i n  (30(m + 8 ) )  

ou ts ide  a i r  temperature.3 (For Ottawa 8,, m = -11, -9, -3, 6, 13, 18, 21, 19, 15, 9, 2 ,  

-7'~ M = 1 t o  12)  

Step 2. The a r e a  segments a r e  ca l cu l a t ed  a s  follows: 



Step 3. Because the soil surrounding the basement is clay, the lcwer values of thermal 
conductivity were used to obtain the following basement factors from Tab. 2, Sect. A. For 

insulation system No. 3 the factors are: 

Area Segment: n = 2  n = 3  n = 4 n = 5  

S (0.58 + 1. l0R)-l (1.23 + 1.45R)-l (1.81 + 0.054~)-' 0.19 

(0.58 + 1.12~)-~ (1.34 + 1.55~)-~ (2.77 - o.ll~)-l 0.07 

u 0.9 0.7 0.4 0.3 

At 0 -1 -2 -4 

C 0 0.6 2.4 0.5 

Substituting R = 1.55 m2 K/W and Atn, and noting that (t + ~t,) = (m + 8 + ~t,), 

Area Segment: n = 2  n = 3  n = 4  n - 5  

S 0.44 0.29 0.58 0.19 w/(& K) 

V 0.43 0.27 0.38 0.07 w/(& K) 

u 0.9 0.7 0.4 0.3 Dimensionless 

(t + At) m + 8  m + 7  m + 6  m + 4 Month 

C* J 0 0.6 2 2.4 n? 0.5 Dimensionless 

* C value has different unit, as noted. 

Step 4. Using the allowance factors from Tab. 2, the corner allowances, X, are: 

X1 = X2 = 0 

X3 = i C3 = 4(0.6) = 2.4 n? 

X4= i C4 = 4(2.4) = 9.6 & 

X5 = C5 V5 = 0.5(0.07) = 0.035 w/(d K) 

Step 5. Calculate the areas of the segments that include corner allowance factors: 

A1 = 12.92 + 0.53 = 13.5 m2 

A2 = 20.4 + 0.84 = 21.2 n? 

A3 = 39.1 + 1.61 + 2.4 = 43.1 m2 

- 30 + 1.4 + 9.6 (0.38)/(0.58) = 37.7 n? A4s - tr. ' 

A4v = 30 + 1.4 + 9.6 = 41.0 m2 

A5s = (42.25)(1 + (0.035)/(0.19)) + 4.55 = 54.6 m2 

A5v = (42.25)(1 + (0.035)/(0.07)) + 4.55 = 67.9 d 



Step 6. The monthly h e a t  l o s s  (power) va lues  of t h e  f i v e  basement segments a r e :  

q l , , ,  = Al U (OB - O,,,) = 13.5(0.53)(21-O,,,) = 7.2(21%0,m) 

q2,m = A ~ [ s ~  (OB - OG) - V 2  o 2  0, s i n  (30(m + 8 ) ) ]  

= 21.2[0.44(21 - 8.9) - 0.43(0.9)(11.4) s i n  (30(m + 8 ) ) ]  

= 112 - 93 s i n  (30(m + 8)) 

q3,m = A ~ [ s ~ ( o ~  - e G )  - v3 o 3  9, s i n  (30(m + 7 ) ) ]  

- 43.1[0.29(21 - 8.9) - 0.27(0.7)(11.4) s i n  (30(m + 7 ) ) ]  

= 151 - 93 s i n  (30(m + 7 ) )  

q 4 , a  = A4. S4 ( O B  - ElG) - A4v V 4  cr4 O v  s i n  (30(m + 6) )  

= (37.7) (0.58 (21 - 8.9) - (41.0)(0.38)(0.4)(11.4) s i n  (30(m + 6))  

= 265 - 71 s i n  (30(m + 6 ) )  

q s S m  = A5s S5 (OB - OG) - A5v V 5  a 5  0, s i n  (30(m + 4))  

= (54.6) (0.19)(21 - 8.9) - [67.9 (0.07)(0.3)(11.4) s i n  (30(m + 4)] 

= 126 - 16.3 s i n  (30(m + 4)) 

I n  summary, t h e  monthly h e a t  l o s s e s  of t h e  f i v e  basement segments a re :  

q1.m = 7.2 (21 - OOsm) 

q2,m = 112 - 93 s i n  ( 3 0  (m + 8)) 

q3,m = 151 - 93 s i n  ( 3 0  (m + 7) )  

q4,m = 265 - 71 s i n  ( 3 0  (m + 6) )  

q5,,, = 126 - 16 s i n  ( 3 0  (m + 4))  

The average h e a t  l o s s  va lues  f o r  t h e  f i v e  basement segments f o r  each month of t h e  y e a r ,  

t h e  t o t a l  basement average va lues ,  and t h e  annua l  average v a l u e s  f o r  each segnwnt a r e  l i s t e d  
i n  Tab. A-1. 

The annual  average h e a t  l o s s  r a t e  was 762 W. The annua l  h e a t  l o s s  (energy)  from t h e  
whole basement would be 

762 - x 12 x 730 = 6675 kWh = 24 G J  
1000 

AS a mat te r  of i n t e r e s t ,  t h e  measured and c a l c u l a t e d  va lues  a r e  p l o t t e d  i n  Fig. A-1 
where 

Curve ( 1 )  = measured energy consumption 

Curve (2 )  = e i n u s o i d a l  power curve ob ta ined  u s i n g  t h e  measured energy v a l u e s  



TABLE A-1. 

Average Basement Heat Loss bv Months and Segments, W 

q1 ,m 42 ,m 93 ,m q4 ,m 95 ,m 

Month Wall Floor TOTAL 

Above 0 . 6 m b e l m  Bottom 1 m S t r i p  Centre 

Grade Grade Section 

Winter 

Season 

Loss** 3.0 3.0 3.6 5.2 2.2 17.0 

(GJ) 

* Maximum r a t e  of hea t  l o s s  from basement 

** Winter season loss :  m = 10 t o  4 i nc lus ive  

*** Measured basement annudll average hea t  l o s s  (power) = 740 W 

Measured basement annual hea t  l o s s  (energy) = 23.3 G J  

Calculated basement armual hea t  l o s s  (energy) = 24 G J  



Table 2. Shape, Amplitude Attenuation, Time Lag and Corner A1l;owance Factors for Basement Heat Loss Calculations 

In all cases for the range 1 < R < 5: Ilnits: 

7 7 

S ,  N/(m- . K )  R, m-. K/Lv 

\ I ,  W/ (m2 . L) o, dlmens~onless 

C. m2 or dimensionless At. month 

(At is the time delay of heat flux dine wave relative to the ground surface temperature sine h ~ v c . )  

SECTION A: SOIL THERMAL CONDUCTIVITY: k upper = 0.8 Ki(m.K); L lower= 0.9 W/(m.K) 

Insulolion System Sn, Vn. Wall Segments Floor Segments 

Insulation and Cn Top strlp just 1 m strip adjacent 

below grade. Uuttom s t r ~ p ,  to wall. 1.s~uLrc 
Soil : .  

n = ?  n = S  n = 4 n = 5 

I 
5. 1.9 0.74 0 42 0 1' 

1.9 0.65 5.24 0.05 

C= 0 1.0 2.6 0.5 

(0.53 + 1.42.~)-~ (1.06 - 0.013.R)-I 0.41 0. I8 

V= (0.53 + 1.43.~)-' (1.15 - 0.016.~)-' 0.25 0.05 

C= 0 1.0 2.6 0.5 

(0.58 + 1. Io-R)-' (1.23 1.45.~)-' (1.81 - 0 . 0 5 4 . ~ ) ~ ~  0.19 

V= (0.58 + 1.12.R)-' (1.34 + 1.55.Rl-I (2.77 - O.ll-R)-' 0.07 

C. 0.6 2.4 0.5 

SECTlOh: A: SOIL THER\L\L COSDUCTIVITK k dpper = 0.8 U/(m.Kl; L lower = 0.9 K/(m.K) 

Insulation System 

Insulotion 
"'...t 

Soil Concrete 

TL (0.60 + 1.07.R)-' (1.22 + 1.22.~)-' (3.45 + 0.64.R)-' (4.42 - 0.14.~)-' 

(0.60 + 1.09.R)-' (1.33 + 1.34.R)-l (5.38 + 0.98.R)-l (11.08 - 0.58.R)-' 
0 0.6 2.4 0.5 

....*.. :: (0.67 + 1.12.~)'~ (1.30 + 1.47.R)-l (1.82 - 0.055.~)-~ 0.19 

(0.67 + 1.14.R)-l (1.42 + I.S8-R)-1 (2.79 - O.I~.R)-~ 0.07 

C= 0 0.6 2.4 0.5 

.. . ...I , :: (0.69 + 1.08-Rl-I (1.28 + 1.23.R)-l ( J . 4 8  0.64.~)-' (4.44 - O.13.~)-~ 
(0.69 + l.ll.~l-~ (1.41 + 1.36.R)-I (5.43 • 0.98.~)-' (11.13 - 0.58.~)-~ 

C- 0 0.6 2.4 0.5 

4.. ...: , :: (0.73 + 1.04.R)-' (1.42 + 1.03.~)-' (2.60 + 0.92.~)-' (4.93 + 0.71.~)-~ 

i0.72 + 1.08*R)-l (1.53 + 1.21.~)-~ (4.21 + 1.58.~)'~ (12.91 1.25.~)-~ 

C- 0 0.6 2.4 0.5 

8 , s =  (0.63 + 1.03.~)" (1.35 + 1.03.~)'~ (2.59 + 0.92.~)-~ (4.93 + 0.71.R)-l 

V= (0.62 1.07.~)-~ (1.44 1.20-~)-~ (4.17 + 1.57.~)-' (12.84 + 1.24-R)-l 

C- 0 0.6 2.4 0.5 

*O,S m 9, S= (1.24 + 0.60.~)-~ (1.78 t 0.084.~)-' 0.39 0.17 

V- (1.22 + O.~IS.R)-' (2.07 + 0.12.R)-' 0.22 0.05 

1 . 1  m' C= 0 1.0 2.6 0.5 

Sn' Vn. 

Factors 

I~sll Segments 

Top strip just 

below grade, Bottom strkp. 

n = ?  n = 3  

Floor Seg-ents 

1 :. strip adjacent 

to hall. Lcl~rre 

n = 4  n.5 



Table 2 .  Continued 

SECTION A: SOIL THERiWL COXDUCTIVITY: k upper = 0.8 IG/(m.K); k lower = 0.9 l\'/(m.K! 

SECTION B: SOIL THERMAL CONDUCTIVITY: k upper = 1.2 W ( 1 . K ) ;  k lower = 1.35 W/(m.K) 

Floor S e p e n c 5  

1 m s t r i p  ad jacent  

ts i;.ll. C c , ~ t r e  

n = 4  n = 5  

0.42 0.17 

0.25 n.ns 

1.6  0.5 

0.43 0.18 

0.25 0.06 

2 . 3  0.5 

(2.99 + O.ll.R)-l 0.19 

(4.91 + 0.14.Rl-' 0.07 

2.J  0.5 

(2.80 + 0 . 0 6 4 . ~ ) - I  (5 .17  + 1 , 0 5 . ~ ) - '  

(4.74 + 0.12.R)-l (17.07 + 2 . 9 - R I - l  

2 . 4  0.5 

I n s u l a t i o n  S y s t e m  
Sn' V n '  

I n s u l a t i o n  .*:.-:. 
S o i l  i C r c n c r e t e  

Factors II, , 
and cn 

S= 

, 

C= 

-1 S= 

V= 

I C= 

S= 
. . ..- 

C= 

S= 

C= 

Wall Segments 

Top s t r i p  j u s t  

below grade,  Bottom s t r i p .  

n = z  n = 3  

(1.41 + 0 . 4 1 . ~ ) - l  (1.52 + 0 . 0 0 4 7 - ~ 1 - ~  

(1.42 + 0 . 4 2 . ~ ) - I  (1.72 + o . o o ~ - R ) - '  

0 i .  0 

(0.73 + 1 . 0 8 . ~ ) - ~  (1.92 + 0 . 3 0 - ~ ) - ~  

(0.72 + 1 . 1 1 . ~ ) - ~  (2.16 + 0 . 4 0 - ~ ) - ~  

0 0.6 

(0.74 + 1.07-R)-l (1.88 + 0 . 2 6 . ~ I - ~  

(0.74 + 1.1.R)-' (2.14 + 0 . 3 6 . ~ ) - ~  

0 0.6 

(0.76 + I . U ~ . R ) - ~  (1.91 + 0 . 1 7 . ~ ) - ~  

(0.75 + l . o g . ~ ) - l  (2.18 + 0 . 2 8 - ~ ) - '  

0 0.6 

7 

Floor S e r . e n t s  

1 2 s t r i p  sd lacent  

t o  h a l l ,   litre re 

n = 4 n = 5  

0.59 0.1; 

0.35 0.09 

1 .6  0.5 

(1.36 - O . O ~ . R ) - ~  0.29 

(2.11 - 0 . 0 6 2 - ~ \ - '  0.11 

1.4 0.5 

I n s u l a t i o n  S y s t e m  

* .'."<' 
I n s u l a t i o n  

s o i l :  o e e  

l : s '  (0.52 + 1.06-R)-' (0.96 + 1.2-R)-' (2.'6 + 0 . 5 4 . ~ ) - ~  
(2.9.5 - o . o : . ~ ) - ~  

V= (0.53 + 1 . 0 8 - ~ ) - '  (1.06 1.33-R)-l  (4.39 + 0 . 8 8 . ~ i - '  (7.25 - O.jO.R)-' 

C= 0 0.6 2 .  -1 0.5  

71 S= (0.S6 + 1.02-R)-l (1.08 + 1.01.1)-' (1.90 * 0 . 8 9 . ~ ) - '  (3.27 + 0 . 7 6 . ~ ) - '  

V= (0.55 + 1 . 0 6 . ~ ) - ~  (1.15 + 1.18-R)-' (3.14 + 1 . 5 8 . ~ ) - '  (8.46 + 1.55.R)-l 

C= 0 0.6 1.4 0.5 

fiJ0*5 m 
s= (1.19 + 0.47-R)-l (1.43 + 0 . 0 5 8 - ~ ) - ~  0.41 0.17 

V= (1.18 + 0 . 5 1 - ~ ) - ~  (1.60 + 0 . 0 7 7 . ~ ) ' ~  0.26 0.05 

C= 0 1 .O 2.6 0.5 
1 . 1  rn 

'3 I g r  
S= (1.29 + 0.29.R)-l (1.12 + 0.0027.~)" 0.59 0.26 

V= (1.31 + 0.30 .~) - '  (1.27 + 0 . 0 0 3 3 - ~ ) - ~  0.35 0.08 

C= 0 1 .0  2.6 0 .5  

(0.62 + I . w - R ) - ~  (1.58 + 0 . 2 6 - ~ ) - '  0.60 0.27 

V= (0.61 + 1.09-R)-l (1.79 + 0 . 3 5 - ~ ) - '  0.36 0.09 

C= 0 0.6 2.4 0.5 

Sn' V,,' 

and cn 

Factors  

7 
Mall Segments 

Top s t r i p  j u s t  

' 

below grade. Bottom s t r i p .  

n = 2  n = 3  

7 V= 

C= 

(0.48 + 1 . 3 7 . ~ ) - l  (0.85 - O.OOR.R)-~  

(0.48 + 1.38-R)-l (9 .03  - r J .n034.~) -~  

0 1 .O 

-7 
s= (0.51 + 1 . 0 9 . ~ ) - '  (0.97 + 1 . 3 8 . ~ ) - ~  

V= 

C= 

(0.52 + 1 . 1 1 . ~ ) - ~  (1.06 + 1 . 4 9 - ~ ) - ~  

0 0.6 



T a b l e  2 .  Continued 

SECTION C :  SOIL THERMAL CONDUCTIVITY: k upper = 0 .8  W / ( m . K ) ;  k lower = 0.9 W / ( r n , K )  
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r 

I n s u l a t i o n  S y s t e m  

I n s u l a t i o n  

S o i l  j C o n c r e t s  

sn, V n s  

and Cn 

Factors 

*.;.  . . Rm3.52 S= 

R . 1  . 7 6  

C = 

R r 3 . 5 2  

R - 1  .76 

C = 

R = 1  . 7 6  

C = 

S = 

R.1  . 7 6  V= 

C= 

R z 3 . 5 2  S = 

R z 1 . 7 6  
C= 

V= 

C= 

h'all Segments 

Top s t r i p  

j u s t  below Bottom 

grade s t r i p  

n = 2 n = 3  

Floor Segments 

1 r n  s t r i p  

ad j acent Centre 

t o  wall 

n = 4  n = 5  

0.22 0.18 

0.22 0.16 

0 0.6 

0.22 0.19 

0.22 0.17 

0 0.6 

0.23 0.19 

0.22 0.17 

0 0.6 

0.23 0.18 

0.22 0.16 

0 0.6 

0 .23  0.19 

0.23 0.16 

0 0.6 

0.23 0.20 

0.23 0.16 

0 0.6 

0.23 0.25 

0.15 0.10 

2.4 0. S 

0.26 0.16 

0.15 0.07 

2.4 0 . 5  

0.16 0.18 

0.10 0.07 

2.4 0.5 

0.24 0.26 

0.13 0.09 

2.4 0.5 

0.27 0.17 

0.13 0.06 

2 . 4  0.5 

0.17 0.18 

0.09 0.06 

2.4 0.5 
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F i g u r e  1 .  Basement model  
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FLOOR FOR END 
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END 
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30 

28 - ANNUAL AVERAGE POWER ' 0.74 kW (MEASURED) 
= 0.71 kW (CALCULATED) 

26 - 
2 4  - r 
22 

20 - ' MEASURED POINTS 

18 - CALCULATED POINTS 

IF, - 

10 S E P T m  T I M E ,  h 10 SEPTI81 

F i g u r e  2 .  Floor  p l a n  of r e c t a n g u l a r  basemen t  

F i g u r e  A-1 . Basement h e a t  l o s s ,  DBR/NRC test  
basemen t  
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