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SYNOPSIS 

It has been es t imated  t h a t  15% of t he  energy used f o r  bu i ld ing  
s e r v i c e s  i n  t h e  United Kingdom i s  consumed i n  i n d u s t r i a l  
bu i ld ings .  A l a r g e  propor t ion  of t h i s  is thought t o  r e l a t e  t o  
i n f i l t r a t i o n  and v e n t i l a t i o n .  There has been very l i t t l e  
in format ion  produced concerning i n f i l t r a t i o n  r a t e s  i n  i n d u s t r i a l  
bu i ld ings  because of t h e  d i f f i c u l t y  i n  making accu ra t e  
measurements. 

During t h e  p a s t  t h r e e  yea r s ,  B r i t i s h  G a s  has made v e n t i l a t i o n  
and bu i ld ing  leakage measurements i n  a number of i n d u s t r i a l  and 
o the r  l a r g e  bui ld ings  i n  t h e  UK. These inc lude  d e t a i l e d  
measurements i n  a school ,  i n d u s t r i a l  l a b o r a t o r i e s ,  warehouses 
and i n d u s t r i a l  p roduct ion  u n i t s .  These employ a v a r i e t y  of 
d i f f e r e n t  c o n s t r u c t i o n  types,  hea t ing  systems, and provis ions  
f o r  v e n t i l a t i o n .  

Deta i led  measurements have been made of v e n t i l a t i o n  r a t e s  and 
n a t u r a l  a i r  i n f i l t r a t i o n  us ing  t h e  B r i t i s h  G a s  "Autovent" 
measuring system and simple t r a c e r  gas decay tests. Building 
leakages were measured us ing  "Watson House Leakage Testers" .  
Some of t h e  bu i ld ings  were draught-sealed and re-measured t o  
a s s e s s  t h e  e f f e c t i v e n e s s  of c e r t a i n  r e t r o f i t  measures. 

This paper  d i scusses  t he  r e s u l t s  of t h e  measurements made wi th  
r e spec t  t o  t h e  bu i ld ing  type  and cons t ruc t ion ,  t he  s e n s i t i v i t y  
of t h e  bu i ld ing  t o  weather d r iven  a i r  i n f i l t r a t i o n  and t h e  
e f f e c t s  of hea t ing  and v e n t i l a t i o n  systems on t h e  v e n t i l a t i o n  
h e a t  l o s s e s ,  The e f f e c t i v e n e s s  of some r e t r o f i t  s e a l i n g  methods 
on t h e  modi f ica t ion  of bu i ld ing  v e n t i l a t i o n  r a t e s  and h e a t  
l o s s e s  is a l s o  d iscussed ,  a long  wi th  some examples of t he  cos t  
e f f e c t i v e n e s s  of t hese  measures, 

MEASUREMENT EQUIPMENT 

B r i t i s h  G a s  has  developed much equipment f o r  t he  measurement of 
bu i ld ing  a i r  leakage and v e n t i l a t i o n .  

The Watson House leakage testers (See F i g e l )  were designed f o r  
t h e  p r e s s u r i s a t i o n  t e s t i n g  of domestic dwell ings wi th  maximum 
flow r a t e s  of 1, 25m3s-I each a t  50Pa. Up t o  f o u r  of 
t hese  t e s t e r s  were used i n  p a r a l l e l  i n  o r d e r  t o  o b t a i n  leakage 
d a t a  f o r  tests 5,6,7,8 and 9. (See Table 1 )  A wind genera tor  
(12,5HP) was used f o r  t h e  p re s su re  t e s t i n g  of t he  i n d u s t r i a l  
l abo ra to ry  ( t e s t s  1&2) up t o  a p re s su re  of 20Pa wi th  flow r a t e s  
up t o  20,000m3/hre A purpose b u i l t  leakage t e s t e r  f o r  
l a r g e  bui ld ings  i s  now i n  ope ra t ion  t o  gene ra t e  50Pa p re s su re  
d i f f e r e n c e s  a t  flow r a t e s  of up t o  150,000m3/hr (Fige2) .  

V e n t i l a t i o n  measurements were predominantly made with t h e  
B r i t i s h  G a s  Autovent system, (Fig,3) u s ing  t h e  cons tan t  
concen t r a t ion  method, A l t e r n a t i v e l y  decay t e s t s  were used 
(automated decay t e s t s  were made p o s s i b l e  by using t h e  Watson 
House mobile v e n t i l a t i o n  l abo ra to ry ,  (Fig.4)).  



RESULTS 

Table  1 shows the  r e s u l t s  of v e n t i l a t i o n  and p r e s s u r i s a t i o n  
tests performed on seven l a r g e  bu i ld ings ,  These comprise two 
o l d  i n d u s t r i a l  bu i ld ings  ( a  warehouse and l a b o r a t o r y ) ,  a  s choo l ,  
and f o u r  modern f a c t o r y  u n i t s .  The volume of t he se  bu i ld ings  
vary from 660 t o  12,600m3. The age and c o n s t r u c t i o n  of 
each b u i l d i n g  i s  b r i e f l y  desc r ibed  i n  Table  1 t o g e t h e r  
wi th  t h e  r e s u l t s  of b u i l d i n g  leakage and v e n t i l a t i o n  tests. The 
d e t a i l  of t h e  v e n t i l a t i o n  measurements i n  each  bu i ld ing  v a r i e s  
cons iderab ly ,  s o  t h e  a v a i l a b l e  d a t a  has been reduced t o  each 
bui ld ings  s e n s i t i v i t y  t o  s t a c k  and wind d r i v e n  i n f i l t r a t i o n .  
These a r e  expressed i n  a i rchanges  pe r  hour p e r  ms'l wind 
speed and ~f s t a c k  e f f e c t .  I n  tests 3,4 and 6 measurements n o t  
performed over  a  wide enough range of temperature  d i f f e r e n c e  t o  
enab le  s t a c k  d r iven  i n f i l t r a t i o n  r a t e s  t o  be determined. The 
i n f i l t r a t i o n  r a t e s  i n  test 7 were not measured d i r e c t l y ,  but 
were obta ined  from a cornhination of bu i ld ing  leakage d a t a  and 
c a l c u l a t i o n s  us ing  t h e  B r i t i s h  G a s  v e n t i l a t i o n   model"^^^^ 2: 

The bu i ld ing  leakage  d a t a  i s  presen ted  us ing  a  r e f e r ence  
p re s su re  d i f f e r e n c e  of 50Pa between t h e  i n s i d e  and t h e  o u t s i d e  
of t he  bu i ld ing .  Not a l l  t he  r e s u l t s  were obta ined  us ing  
equipment capable  of producing t h e  r equ i r ed  flow r a t e  and 
p re s su re  d i f f e r e n c e .  I n  t he se  cases ,  a  q u a d r a t i c  curve f i t  t o  
t h e  experimental  p r e s s u r i s a t i o n  curve has  been obtained.  The 
quoted f i g u r e s  marked thus  (*) a r e  e x t r a p o l a t i o n s  based on t h e  
q u a d r a t i c  equa t ions  f i t t e d  t o  t h e  experimental  curves ,  

Figure 5 shows a  graph which compares t h e  measured i n f i l t r a t i o n  
s e n s i t i v i t i e s  t o  wind speed and s t a c k  e f f e c t  and t h e  measured 
leakage r a t e s  ob ta ined  from t h e  p r e s s u r i s a t i o n  tests. 

DISCUSSION (See Table 1 )  

Bui ld ing  A was an  i n d u s t r i a l  l abo ra to ry  b u i l t  i n  t h e  1950% wi th  
a  very leaky cons t ruc t ion  of breeze block and metal  c ladding.  
Most of t h e  leakage i n  test 1 was t h e r e f o r e  due t o  a  l a r g e  
leakage pa th  through t h e  c a v i t y ,  This  was e a s i l y  s e a l e d  wi th  
polyurethane foam s e a l a n t  a t  a  c o s t  of E175, (E35 materials, 
El40 l abour  @ ElO/hr ( i nc ludes  draught -s t r ipp ing  doors)) .  The 
r e s u l t s  of test 2 show t h a t  a f t e r  s e a l i n b g  t h e  i n f i l t r a t i o n  
reduced by a  f a c t o r  of 2.6, and t h e  leakage  reduced by a  f a c t o r  
of 3,0, These measures would reduce t h e  t y p i c a l  hea t ing  season 
i n f i l t r a t i o n  rate from 2.6 a c / h r  t o  1.0 ac/hr5. The high 
l e v e l  of v e n t i l a t i o n  i n  t h i s  l a b o r a t o r y  was no t  necessary  and no 
problems wi th  a i r  q u a l i t y  r e s u l t e d  from t h e s e  s e a l i n g  measures. 
This  d i r e c t  r educ t ion  i n  v e n t i l a t i o n  represen ted  an annual  
sav ing  of El63 i n  gas  hea t ing  c o s t s  ( f o r  an average 210 day 7 ' ~  
hea t ing  season) .  The draught  s e a l i n g  measures t h e r e f o r e  had a n  
approximate s imple payback per iod  of 1,l yea r s ,  (The e f f i c i e n c y  
of t h e  gas h e a t i n g  p l a n t  is taken  as 70%), 



The r educ t ion  of b u i l d i n g  a i r  leakage was s l i g h t l y  l a r g e r  than  
the  r educ t ion  i n  i n f i l t r a t i o n .  This  is probably due t o  t he  
changes i n  leakage  d i s t r i b u t i o n  of t h e  bu i ld ing  before  and a f t e r  
s e a l i n g ,  A l a r g e  propor t ion  of t h e  bu i ld ing ' s  leakage was 
concent ra ted  a t  a  he igh t  of 3m ( a t  t h e  j unc t ion  between t h e  
c a v i t y  w a l l  and t h e  upper g lazed  a r ea ) .  The s e a l i n g  of t h i s  
major leakage source  w a s  l i k e l y  t o  s i g n i f i c a n t l y  change t h e  
i n f i l t r a t i o n  c h a r a c t e r i s t i c s  of t h e  l abo ra to ry .  

Bui ld ing  B was an  i n d u s t r i a l  warehouse, b u i l t  before  1900. It 
is a  very leaky bu i ld ing  wi th  badly f i t t i n g  load ing  bay doors ,  
and cons ide rab l e  gaps a t  t h e  eaves.  The m u l t i p l e  p i t c h  roof  was 
a l s o  i n  bad r e p a i r  and of leaky  cons t ruc t ion .  The s p e c i f i c  
v e n t i l a t i o n  r a t e  was t he  h i g h e s t  of any of t h e  bu i ld ings  
t e s t ed7 .  A s  t h i s  was a l s o  t h e  l a r g e s t  b u i l d i n g  t e s t e d ,  i t  
r e p r e s e n t s  an e x c e p t i o n a l l y  h igh  l e v e l  of a i r  leakage and 
i n f i l t r a t i o n .  P r e s s u r i s a t i o n  f a n s  of s u f f i c i e n t  c a p a c i t y  were 
no t  a v a i l a b l e  t o  perform leakage tests a t  t h e  t i m e  of 
v e n t i l a t i o n  measurements. 

Bui ld ing  C was a  smal l ,  open p l a n  school  b u i l t  i n  1974, wi th  a  
mechanical v e n t i l a t i o n  system provid ing  3 a i rchanges  pe r  
hour2. It had a n  i n f f l t r a t i o n  r a t e  of 0.22 a i rchanges  pe r  
m s - l  wind speed. A p r e s s u r i s a t i o n  test was n o t  performed, 

Bui lding D was a  modern f a c t o r y  u n i t  b u i l t  i n  1981 wi th  
i n s u l a t i o n  i n  t h e  w a l l s  and roo f ,  Bui ld ing  E was b u i l t  a t  t h e  
same t i m e ,  but t o  a  modern low energy s p e c i f i c a t i o n .  Bui ld ing  D 
had a  roof vent which increased  t h e  v e n t i l a t i o n  r a t e  by 20% with 
a  temperature  d i f f e r e n c e  of 10,5°C, a l t h o u  h on ly  a  5% i n c r e a s e  f i n  leakage was observed wi th  t he  vent open . A l a r g e  
p ropor t i on  of t h e  t o t a l  leakage was due t o  a  badly f i t t i n g  
load ing  door. Sea l ing  t h e  l oad ing  door r e s u l t e d  i n  a  45% 
reduc t ion  i n  i n f i l t r a t i o n  and a i r  leakage,  I n  p r a c t i c e ,  a  good 
q u a l i t y  load ing  door would c o s t  £280 more than t h e  door f i t t e d .  
The r e s u l t a n t  r educ t ion  i n  s e a s o n a l  i n f i l t r a t i o n  from 1,4 t o  0,8 
a c / h r  would save £127 pe r  annum i n  gas  used f o r  hea t ing  t h e  
bu i ld ing  over a  t y p i c a l  h e a t i n g  season,  This  s i n g l e  measure 
would t h e r e f o r e  have a  s imple payback per iod  of 2 i  years .  

Bui ld ing  E on ly  had i ts  a i r  l eakage  measured on si te.  The 
v e n t i l a t i o n  r a t e s  have been c a l c u l a t e d  by t h e  B r i t i s h  Gas 
v e n t i l a t i o n  computer model VENT 2, The va lues  marked on Table 1 
a r e  de r ived  from these  c a l c u l a t i o n s .  P a r t i c u l a r  a t t e n t i o n  had 
been pa id  t o  t h e  a i r  t i g h t n e s s  of t h i s  f a c t o r y  u n i t  du r ing  
cons t ruc t ion ,  i nc lud ing  t h e  u se  of a  w e l l - f i t t i n g  l oad ing  bay 
door. The c a l c u l a t e d  s p e c i f i c  v e n t i l a t i o n  r a t e s  a r e  
approximately 20% lower than  bu i ld ing  D when t h e  load ing  door 
was s ea l ed ,  The a ir  leakage was 11.6 a i rchanges  a t  50Pa, which 
i s  s i m i l a r  t o  t h e  a i r  leakage of an average UK house9. It 
is t h e r e f o r e  probable  t h a t  t h e  a i r  leakage of f a c t o r y  u n i t s  l i k e  
bu i ld ing  E could be f u r t h e r  reduced wi th  r e l a t i v e  ease.  

Bui ldings F and G were modern low energy f a c t o r y  u n i t s  of 
6000m3 volume wi th  a t t e n t i o n  pa id  t o  t h e  a i r  t i g h t n e s s  
dur ing  c o n s t r u c t i o n  which inc luded  the  i n s t a l l a t i o n  of w e l l  



f i t t i n g  r o l l e r  loading bay doors, The s p e c i f i c  v e n t i l a t i o n  
r a t e s  a r e  q u i t e  low, a s  would be expected i n  buildings of t h i s  
s i z e  and construct ion.  Although the  measured i n f i l t r a t i o n  r a t e s  
were i d e n t i c a l  f o r  both u n i t s ,  t h e i r  leakage varied by 5000 
m3/hr a t  50Pa. This occurred because the  more leaky of the  
two adjacent  f ac to ry  u n i t s  was i n  the  lee of the  t i g h t e r  f ac to ry  
u n i t  when the  wind was i n  t h e  p reva i l ing  SW d i r e c t i o n  (as  was 
the case during the  bulk of t h e  measurement period). Addit ional  
a i r  was drawn i n t o  t h e  f a c t o r y  un i t  by t h e  radiant  tube heat ing  
system which would increase  t h e  v e n t i l a t i o n  r a t e  during the  
heat ing season by up t o  0,2 airchanges per  hour. A roof vent 
and e x t r a c t  f an  could inc rease  v e n t i l a t i o n  t o  1.2 airchanges per  
hour i f  necessary. 

The graph i n  f i g u r e  5 shows the  re l a t ionsh ip  between the  a i r  
leakage a t  50Pa and t h e  s p e c i f i c  v e n t i l a t i o n  r a t e  due t o  wind 
speed and s t a c k  e f f e c t  f o r  the  buildings measured. 

It is i n t e r e s t i n g  t o  note t h a t  buildings t h a t  were draught 
sealed (A&D) reduced t h e i r  i n f i l t r a t i o n  r a t e s  i n  approximate 
proport ion with t h e i r  a i r  leakage a t  50Pa. The g r e a t e r  
devia t ion  of bui ld ing A from the  propor t ional  reduction i n  
i n f i l t r a t i o n  wi th  leakage is probably due t o  the  s i g n i f i c a n t  
changes i n  v e r t i c a l  leakage d i s t r i b u t i o n  caused by t h e  
draught-sealing measures used. 

As  a  r e s u l t  of the  experience gained i n  ga ther ing  the  d a t a ,  
there  is s t rong evidence t h a t  the  B r i t i s h  Gas Autovent system 
can accura te ly  measure i n f i l t r a t i o n  r a t e s  i n  l a rge  open plan  
buildings 3,4,5,6,8. Larger i n d u s t r i a l  buildings w i l l  requi re  
care t o  ensure  uniform mixing of t r a c e r  gas f o r  constant  
concentrat ion measurements. Good agreement between constant  
concentrat ion t e s t s  and concentrat ion decay t e s t s  have a l s o  been 
observed8. 

The l a r g e r  buildings described i n  t h i s  paper were pressur ised  t o  
l e s s  than 50Pa due t o  l i m i t a t i o n s  i n  the  capacity of the  leakage 
t e s t i n g  equipment used. From the  ext rapola ted  a i r  leakage flow 
r a t e s  given i n  Table 1 and t h e  range of i n f i l t r a t i o n / a i r  leakage 
r a t i o s  shown i n  f i g u r e  5, it i s  un l ike ly  tha t  i t  w i l l  be 
p r a c t i c a l  t o  maintain 50Pa as  a  standard pressure d i f fe rence  f o r  
es t imat ing  the  a i r  leakage of buildings l a r g e r  than 5000 t o  
10,000m3 i n  volume. For example, bui ld ing D was a modern 
fac to ry  u n i t  of 1300m3 volume with an estimated leakage 
flow r a t e  of 65,000 m3/hr a t  50Pa. The l a r g e r  f a c t o r y  
u n i t s  F and G w e r e  b u i l t  with p a r t i c u l a r  care  t o  reduce a i r  
leakage and ye t  would s t i l l  requi re  40,000m3/hr flow r a t e  
a t  50Pa. The warehouse (Building B) was not  pressure t e s t e d ,  
but is l i k e l y  t o  requi re  a t  l e a s t  900,000 m3/hr flow r a t e  
t o  generate 50Pa across the  bui ld ing envelope. A p r a c t i c a l  
limit of flow r a t e  f o r  p r e s s u r i s a t i o n  t e s t i n g  buildings is 
considered t o  be 150,000m3/hr. I f  a  s tandard f o r  pressure  
t e s t i n g  l a r g e r  buildings is t o  be adopted, i t  w i l l  be necessary 
t o  reduce the  50Pa pressure d i f fe rence  cur ren t ly  adopted f o r  the  
measurement of domestic bui ld ings  o r  develop a l t e r n a t i v e  methods 
of leakage measurement (eg acous t i c  methods), 



CONCLUSIONS 

1. The equipment and techniques developed by B r i t i s h  Gas can 
s a t i s f a c t o r i l y  measure v e n t i l a t i o n  and a i r  leakage r a t e s  i n  
l a r g e  buildings.  

2. Measurements of bui ld ing leakage f o r  the  small  i n d u s t r i a l  
P 

buildings described i n  t h i s  paper requi res  p ressu r i sa t ion  
equipment s u f f i c i e = t  t o  genera te  flow r a t e s  i n  excess of 
65, 000m3/hr a t  50Pae 

3. It w i l l  be imprac t i ca l  t o  p ressu r i se  most i n d u s t r i a l  
buildings l a r g e r  than 5000 t o  10,000m3 i n  volume t o  a 
pressure of 50Pa. 

4 ,  I f  a s tandard  f o r  the  a i r  leakage measurement of l a r g e  
i n d u s t r i a l  buildings is requi red ,  a lower standard pressure 
d i f fe rence  across the  bui ld ing envelope w i l l  be necessary t o  
avoid t h e  inaccuracies  involved with the  ex t rapo la t ion  of 
building leakagelflow ra te lp ressure  curves. 

5. Al t e rna t ive  methods of bui ld ing leakage measurement (eg 
acous t i c )  may be necessary f o r  t h e  measurement of 
p a r t i c u l a r l y  l a rge  o r  leaky buildings such as the  i n d u s t r i a l  
warehouse re fe r red  t o  i n  t h i s  r epor t  (Building B ) .  I n  t h i s  
type of bui ld ing i n f i l t r a t i o n  measurements have proved more 
p r a c t i c a l  than leakage measurements which use the  techniques 
ava i l ab le  a t  present .  
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TABLE 1 

POLYURETHANE FOAM. 

DRAUGHT-SEALED 

HALF GLAZED 

L .  3 x 3 LOADING BAYS 
N END OF W WALL. 

x 3m LOADING RAYS ON 

CAVITY & ROOF 

DOOR DRAUGHT 





FIGURE 1 : WATSON HOUSE LEAKAGE TESTER 

FIGURE 2 : WATSON HOUSE INDUSTRIAL LEAKAGE TESTER 



FIGURE 3 : BRITISH GAS AUTOVENT 

FIGURE 4 : MOBILE VENTILATION LABORATORY 



1
 

A
ir 

ch
an

g
es

 p
er

 h
ou

r 
pe

r 
m

e?
& 

1
 K

 /2
 A

T
 

0
 

-?
 (A

) 
(+

I 
3
 

0
 

6
 

0
 

u
l 

0
 


