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Abstract:	 A	 novel	 approach	 to	 the	 calculation	 of	 infiltration	 has	 been	 proposed,	 combining	 a	 number	 of	
existing	 techniques	 to	 estimate	 infiltration	 rates	 based	 on	 a	 building’s	 form,	 location	 and	 construction	
properties.	A	spreadsheet	tool	was	developed,	informed	by	historical	weather	data	and	widely	accepted	wind	
pressure	coefficients,	to	estimate	stack	and	wind	driving	pressures.	Component	leakage	data	was	employed	to	
determine	a	baseline	building	envelope	leakage	rate	occurring	at	50	Pa.	The	orifice	flow	equation	was	used	to	
convert	the	 infiltration	rate	to	a	value	reflective	of	the	prevailing	weather	conditions,	based	on	the	effective	
leakage	area.	An	existing	open	plan	office	building	was	used	to	evaluate	the	method	against	two	alternatives.	
The	results	indicated	that	the	heat	loss	due	to	infiltration	could	be	23%	less	when	using	the	proposed	method,	
compared	 to	 a	 generalised	 rule	 of	 thumb	 approach.	 Deficiencies	 related	 to	 key	 input	 parameters,	 a	 lack	 of	
component	 leakage	 reference	data	and	 the	exclusion	of	potentially	 influential	physical	phenomenon,	means	
further	work	is	required	before	this	method	can	be	adopted. 
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1. Background	to	the	Project		
Fabric	 heat	 loss	 can	 be	 estimated	 with	 a	 reasonable	 degree	 of	 accuracy,	 despite	 the	
complexity	 associated	 to	 cold	 bridging	 effects	 and	 the	 disparity	 between	 design	 and	
construction.	 The	 calculation	procedure	 takes	 into	 account	 the	material	 properties	 of	 the	
building	 as	well	 as	 climatic	 data.	 However,	 a	 design	 Engineer’s	method	 of	 estimating	 the	
infiltration	 component	 of	 heat	 loss	 is	more	 primitive.	 Typically	 there	 is	 a	 reliance	 on	 the	
estimation	 of	 peak	 infiltration	 rates,	 in	 terms	 of	 total	 air	 changes	 in	 an	 hour	 period.	 The	
Chartered	 Institute	 of	 Building	 Services	 Engineers	 (CIBSE)	 offers	 some	 limited	 guidance	
within	their	publications,	but	many	firms	that	are	engaged	in	design	have	their	own	internal	
policies	that	can	be	far	too	generalised.		

Infiltration	is	directly	affected	by	the	airtightness	of	the	building	envelope.	With	every	
major	 update	 of	 the	 Building	 Regulations	 the	 levels	 that	must	 be	 achieved	 are	 becoming	
more	 stringent	 in	 an	 attempt	 to	 meet	 the	 climate	 change	 obligations.	 Infiltration	
estimations	 have	 not	 necessarily	 moved	 with	 the	 times	 to	 take	 into	 account	 these	
improvements,	as	a	building’s	 location,	 form	and	construction	properties	 can	be	excluded	
from	 the	 calculations.	 Consequently,	 the	 over-estimation	 of	 infiltration	 can	 lead	 central	
plant	being	over-sized	and	accentuating	carbon	emission	concerns	through	poor	operational	
efficiency		

1.1 Definition	of	Infiltration	
Under	ambient	conditions	air	enters	or	 leaves	a	building	through	adventitious	cracks,	gaps	
or	holes	 in	 the	building	envelope	 (CIBSE,	2015).	 Typically	 this	process	 is	 referred	 to	as	air	
infiltration	and	quantified	in	terms	of	an	air	change	rate. As	buildings	become	increasingly	
thermally	 efficient,	 infiltration	 plays	 a	 dominant	 role	 in	 the	 heat	 loss	 from	 buildings	
(Liddament,	1996).	



Infiltration	is	driven	by	a	pressure	gradient	across	the	building	envelope	and	consists	of	
two	 main	 driving	 forces	 (Younes	 et	 al.,	 2012).	 These	 are	 referred	 to	 as	 ’stack	 effect’	
and	 ’wind	 effect’	 and	 combine	 to	 produce	 an	 infiltration	 rate.	 Unfortunately,	 the	 diverse	
range	of	 building	 types,	 their	 climatic	 exposure,	 the	 construction	materials	 and	quality	 of	
workmanship	means	calculating	infiltration	is	a	complicated	process	(Liddament,	1996).		

2. Methodology	

2.1 Defining	Input	Parameters	
Selecting	 prevailing	 weather	 conditions	 appropriate	 for	 the	 location	 of	 the	 building	 is	
paramount	to	accurate	infiltration	calculation.	It	is	import	to	understand	the	location	of	the	
weather	station,	as	the	prevailing	conditions	may	vary	significantly	compared	to	the	site	of	
the	building.	CIBSE	Guide	A:2015	offers	data	 for	14	UK	sites	collected	by	weather	stations	
located	on	the	perimeter	of,	or	outside	of,	cities	and	large	urban	areas.		

The	stack	effect	is	most	prominent	when	the	temperature	gradient	across	the	building	
envelope	 is	 high,	 which	 typically	 occurs	 when	 the	 external	 temperature	 is	 low.	 UK	 near-
extreme	weather	data	 is	provided	 in	Table	2.5	of	CIBSE	Guide	A:2015.	This	data	has	been	
gathered	over	a	30-year	period	and	is	available	for	the	14	sites	mentioned	previously.	A	dry	
bulb	temperature	will	be	selected	to	ensure	the	greatest	temperature	gradient	is	achieved,	
which	corresponds	to	value	that	is	equaled	or	exceeded	for	99.6%	of	the	year.	

The	wind	effect	 is	most	prominent	when	the	pressure	gradient	across	 the	envelope,	
generated	by	wind,	 is	 high	 and	 this	 typically	 occurs	when	wind	 speeds	 are	 high.	Data	 for	
wind	 speed	 and	 direction	 is	 published	 by	 the	 Meteorological	 Office	 (Met	 Office),	 and	
presented	 for	 the	 same	 14	 locations	 in	 CIBSE	 Guide	 A:2015.	 To	 ensure	 the	 highest	
reasonable	wind	 speed	 in	used	 in	 the	calculations,	a	wind	 speed	 that	 corresponds	 to	95th	
percentile	(frequency	wind	is	less	than	or	equal	to)	will	be	selected.	

Understanding	wind	direction	is	critical	in	the	calculation	of	the	wind	speed	a	building	
may	actually	be	exposed	 to.	 The	upstream	 terrain	 can	have	a	 significant	 influence	on	 the	
wind	velocity	profile	witnessed	on	site.	The	data	presented	 in	CIBSE	Guide	A:2015	gives	a	
percentage	frequency	of	occurrence	for	all	wind	angles,	presented	in	20	degree	increments.	
The	 most	 commonly	 occurring	 wind	 direction	 will	 be	 selected.	 There	 is	 opportunity	 to	
investigate	the	wind	speeds	in	each	season,	however,	to	reduce	the	number	of	calculations	
and	variables	annual	average	will	be	used	only		

One	 of	 the	most	 significant	 considerations	 is	 the	 correction	 factors	 applied	 to	wind	
speed	to	take	into	account	the	terrain	and	local	surroundings.	Wind	is	turbulent,	 its	speed	
varies	 with	 height	 and	 the	 stability	 is	 influenced	 by	 the	 roughness	 of	 the	 terrain.	 Local	
obstructions	can	shelter	the	site	from	the	prevailing	wind,	greatly	altering	the	magnitude	of	
the	pressure	distribution	around	the	building.	If	incorrectly	applied,	the	driving	pressure	due	
to	wind	 could	 be	 under	 or	 over	 estimating,	 ultimately	 influencing	 infiltration	 predictions.	
The	 method	 identified	 in	 BS5925:1991	 has	 been	 selected	 for	 this	 procedure	 due	 to	 the	
uncertainty	associated	with	the	CIBSE	method	(Garrett,	2018).	Furthermore,	if	wind	speed	is	
not	corrected	prior	to	applying	the	terrain	correction	factors,	it	could	be	under	predicted	b	
38%	(Garrett,	2018).	

The	instantaneous	pressure	at	a	particular	point	on	the	building	envelope	is	defined	in	
terms	 of	 pressure	 coefficients.	 The	 AIVC	 database	 developed	 by	 Liddament	 (1996)	 is	
recognised	 as	 the	 international	 benchmark	 for	 pressure	 coefficient	 data,	 and	 therefore	
appropriate	 to	 use	 this	 data	within	 this	 calculation.	 There	 are	 significant	 shortcomings	 in	
relation	to	this	data;	it	is	only	appropriate	to	low-rise	buildings	(up	to	three	storeys);	overall	



building	geometry	is	unknown,	with	the	aspect	ratios	(in	terms	of	length	to	width)	provided	
for	two	types	of	building;	three	levels	of	shielding	are	given,	with	no	information	related	to	
surrounding	terrain;	the	wind	speed	reference	height	is	quoted	as	the	building’s	height,	but	
no	sizes	is	given;	and	all	pressure	coefficients	are	surface	averaged.	

2.2 Calculating	Driving	Pressures	
The	 stack	 and	 wind	 pressures	 that	 drive	 infiltration	 will	 be	 calculated	 using	 the	

standard	Natural	Ventilation	equations	 as	described	 in	 CIBSE	Guide	A:2015,	 shown	below	
for	clarity.	The	quadrature	superposition	model	has	been	shown	to	be	a	robust	technique	by	
a	number	of	authors	(Garrett,	2018)	and	is	also	referenced	by	ASHRAE.	It	will	therefore	be	
used	within	 this	 calculation	 procedure	 to	 combine	 the	 two	driving	 forces	 into	 a	 resultant	
driving	pressure.	
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Equation	1	–	Stack	Effect	Driving	Pressure	 Equation	2	–	Wind	Effect	Driving	Pressure	

For	the	proposed	calculation	procedure,	infiltration	will	be	solved	using	a	single	zone	
network	airflow.	The	pressure	difference	between	each	external	node	and	the	internal	node	
is	calculated	based	on	the	assigned	pressure	coefficients.	 Internal	pressure	 is	an	unknown	
quantity	and	will	be	influenced	by	the	pressure	field	surrounding	the	building.	By	following	
the	laws	of	mass	conservation	(the	flow	into	the	building	must	be	equal	to	the	flow	out	of	
the	building)	the	internal	pressure	can	be	calculated	iteratively.	

By	 using	 a	 single	 zone	 network	 model,	 the	 complexity	 of	 the	 calculation	 is	 greatly	
reduced	in	comparison	to	a	full	multi-zone	model.	This	means	that	the	tool	can	only	be	used	
for	 determining	 overall	 building	 heat	 loss,	 rather	 than	 on	 a	 room-by-room	 basis,	 but	
benefits	from	improved	time	and	costs	(monetary	and	computational).	This	method	has	to	
assume	that	a	building’s	mechanical	ventilation	system	is	turned	off.		

2.3 Component	Leakage	
The	 cracks	 and	 gaps	 that	 exist	 in	 the	 building	 fabric	 are	 dependent	 on	 the	 construction	
properties,	 including	 the	 type	 of	 joint,	materials	 used	 for	 construction	 and	 the	 quality	 of	
both	 manufacturing	 and	 on-site	 workmanship.	 The	 AIVC	 has	 published	 an	 extensive	
database,	gathering	data	 from	80	 technical	publications	analysing	over	1700	components,	
fittings	 and	materials	 used	 in	 the	 construction	 of	 buildings	 (Orme	 et	 al.,	 1998).	 The	 data	
presented	 allows	 users	 to	 approximate	 the	 overall	 leakage	 characteristics	 of	 a	 building,	
which	 benefits	 from	being	 informed	by	 laboratory	 test	 data	 and	most	 significantly	 in-situ	
measurements		

Three	values	of	leakage	are	given	for	each	leakage	path,	the	lower,	median	and	upper	
quartiles	 represent	 the	 expected	 leakage	 rate	 for	 new	 airtight	 buildings	 built	with	 a	 high	
level	of	workmanship;	buildings	built	to	a	good	quality	of	construction;	and	leaky	buildings	
built	with	 a	 low	 level	 of	workmanship	 (Orme	 et	 al.,	 1998).	 The	 data	 has	 been	 generated	
using	fan	pressurisation	tests	at	a	reference	pressure	of	50Pa	and	follows	the	principles	of	
the	power	law,	with	flow	coefficients	and	exponents	presented	with	the	data		

2.4 Equivalent	Leakage	and	Infiltration	at	Driving	Pressure	
The	next	step	of	 the	calculation	 is	 to	convert	 the	whole	building	 leakage	rate	 (at	50Pa)	 to	
one	 that	 is	 representative	 of	 the	 calculated	 driving	 pressures.	 To	 do	 this	 an	 equivalent	
leakage	 area	 is	 determined	 (equation	 3),	 then	 the	 air	 leakage	 at	 the	 driving	 pressure	 is	
calculated	(equation	4)	
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Equation	3	–	Equivalent	Leakage	Area	 Equation	4	–	Infiltration	at	Driving	Pressure	

3. Case	Study	
The	building	selected	as	a	case	study	is	Western	Transit	Shed	in	Central	London,	the	office	of	
Hoare	Lea	LLP.	The	premises	form	part	of	a	larger	building,	meaning	the	North	facade,	West	
facade	 and	 the	 pitched	 roof	 are	 exposed	 to	 the	 external	 environment.	 The	 space	 is	
predominantly	 open	 plan	 office	 that	 is	 split	 across	 the	 first	 and	mezzanine	 floors,	with	 a	
number	of	meeting	rooms	and	toilets	located	along	the	East.		

The	main	elevation	of	the	building	has	
six	 windows	 spread	 equally	 across	 the	
facade.	 The	 North	 facade	 has	 one	 large	
window,	 central	 in	 respect	 to	 the	 building	
width.	Roof	lights	are	present	on	both	sides	
of	the	roof,	extending	across	the	majority	of	
the	 building	 width.	 The	 building	 shares	 a	
common	entrance	lobby	to	the	South;	it	sits	
above	 another	 tenancy	 located	 on	 the	
ground	 floor;	 and	 shares	 a	 party	 wall	 with	
the	main	building	to	the	East.	All	have	been	excluded	from	the	calculation.	It	is	assumed	the	
internal	 space	 temperatures	 are	 the	 same	 in	 all	 spaces,	 and	 the	 party	walls	 are	 perfectly	
airtight.	As	a	 result,	 it	 is	assumed	 there	will	be	no	heat	 transfer	between	 the	office	being	
investigated	and	the	adjacent	spaces.	Although	these	assumptions	are	not	truly	reflective	of	
the	 real	building,	no	 information	 is	available	 to	allow	more	 reasonable	assumptions	 to	be	
made,	without	introducing	more	uncertainty.		

4. Results	
The	air	change	rate	due	to	infiltration	and	corresponding	heat	loss	has	been	calculated	as	a	
means	 of	 comparing	 the	 results	 of	 each	method.	 The	 Benchmark	 category	 relates	 to	 the	
Rule	of	 Thumb	 calculation,	where	 the	 infiltration	 at	 the	perimeter	 is	 assumed	 to	be	1	 air	
change	per	hour.	The	CIBSE	Tables	categories	relate	to	a	building	with	an	air	permeability	of	
15	m3h-1m-2	at	50Pa.	The	remaining	four	categories	are	for	the	proposed	calculation	method,	
based	 on	 component	 leakage	 data	 (three	 levels	 of	 workmanship	 and	 case	 study)	 and	
prevailing	weather	conditions.	

The	 results	 are	 represented	 graphically	 in	 Figure	 4,	 where	 the	 benchmark	 method	
results	in	the	highest	infiltration	rate	and	heat	loss,	when	compared	to	the	other	methods.	
Calculating	 heat	 loss	 using	 the	 tabular	 data	 results	 in	 a	 50%	 reduction	 in	 heat	 loss,	 a	
substantial	reduction.	 In	terms	of	component	 leakage,	the	Upper	Quartile	data	 indicates	a	
calculated	heat	loss	5%	less	than	the	Benchmark.	The	Median	offers	a	value	40%	less,	whilst	

Figure	1	-	Sectional	View	of	Case	Study	

Figure	2	–	Front	Elevation	of	Case	Study	



the	 lowest	 heat	 loss	 was	 for	 the	 Lower	 Quartile	 dataset,	 a	 value	 of	 70%	 less	 than	 the	
Benchmark.	

5. Analysis	and	Discussion	
The	results	reveal	the	benchmark	method	of	calculating	infiltration	can	results	in	the	highest	
estimation	 of	 building	 heat	 loss.	 Using	 the	 CIBSE	 Tabular	 data	 this	 heat	 loss	 can	 be	 50%	
lower,	 a	 significant	 reduction.	 This	 method	 can	 be	 considered	 a	 more	 refined	 approach,	
given	the	underlying	data	is	informed	by	measurements	from	constructed	buildings.	

The	 supposed	 air	 permeability	 of	 the	 case	 study	 is	 relatively	 high	 and	 therefore	
reasonable	to	assume	the	leakage	would	be	between	the	Upper	and	Median	quartile	bands	
of	data.	On	this	basis,	the	heat	loss	due	to	infiltration	could	be	estimated	to	be	in	the	region	
of	 65kW	 (average	 of	 the	 two	 sets	 of	 data),	 approximately	 23%	 less	 than	 the	 benchmark	
results.	 This	 is	 higher	 than	 the	 figure	 predicted	 by	 the	 CIBSE	 Tables,	 but	 could	 be	 as	 a	
consequence	 of	 the	 calculated	 prevailing	 weather	 conditions	 being	 more	 onerous,	 thus	
generating	a	greater	driving	pressure	and	higher	rate	of	infiltration.		

Costola	 et	 al	 (2009)	 identified	 that	 wind	 pressure	 coefficients	 are	 unique	 for	 every	
building	due	to	the	number	of	parameters	that	can	influence	their	value.	Those	used	within	
the	 analysis	 were	 from	 a	 secondary	 data	 source,	 first	 published	 in	 1984.	 Although	 these	
were	 perceived	 to	 be	 the	 most	 appropriate	 for	 the	 calculations,	 they	 are	 a	 source	 of	
significant	uncertainty.	

The	 lack	of	 substantial	 component	 leakage	data	 is	 another	major	 contributor	 to	 the	
uncertainty	and	inaccuracy	of	the	results.	The	sample	sizes	used	for	the	main	elevations	and	
roof	consisted	of	only	three	samples	each.	Furthermore,	there	were	no	suitable	figures	for	
the	main	material	interfaces,	meaning	a	total	of	214m	of	linear	joint	could	not	be	included	
within	 the	 calculation.	 The	 data	 used	 for	 the	 exposed	 surfaces	was	 only	 informed	by	 the	
properties	of	the	internal	surface	of	the	building.	The	assumption	being	that	once	air	passes	
through	 this	 inner	 layer	 it	 is	 ’lost’,	 in	keeping	with	 the	 fact	 that	 infiltration	heat	exchange	
was	excluded.	Consequently,	an	error	between	the	calculated	and	measure	infiltration	heat	
loss	will	always	exist,	until	infiltration	heat	exchange	is	accounted	for	within	the	calculation	
procedure.	

In	order	 to	determine	 the	accuracy	of	 the	 calculation	procedure,	 specifically	 for	 the	
case	study,	the	building’s	energy	consumption	should	be	analysed	in	unison	with	measured	
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Figure	3	–	Comparison	of	Infiltration	Rates	and	Heat	Loss	for	Different	Calculation	Methods	



external	weather	conditions	from	the	site.	If	the	fabric	heat	loss	is	quantified	and	subtracted	
from	the	overall	building	heat	 loss,	heat	 loss	due	 to	 infiltration	could	be	determined.	This	
value	 could	 be	 compared	 directly	 to	 the	 calculated	 value	 of	 the	 proposed	 calculation	
procedure.	However,	even	after	this	process	has	been	complete,	conducting	the	analysis	on	
additional	buildings	will	 lead	to	decreasing	uncertainty,	confirming	the	method’s	suitability	
to	being	adopted		

6. Conclusion	
The	underlining	premise	of	the	method	is	the	quantification	of	building	air	leakage	through	
the	main	components	that	form	a	building.	Component	leakage	data	for	the	main	elements	
(walls	 and	 roofs)	 are	 combined	with	 the	main	material	 interfaces	 (windows	 and	walls)	 to	
determine	 a	 total	 building	 envelope	 leakage.	 Data	 is	 presented	 across	 three	 quartiles,	
offering	an	 insight	 into	the	expected	airtightness	of	buildings	constructed	to	high,	average	
and	low	standards.	The	database	referenced	within	the	calculation	is	limited	in	terms	of	the	
volume	of	 data	 available	 to	 the	 user,	 restricting	 its	wider	 application.	 The	 reference	 data	
was	generated	from	fan	pressure	tests,	so	a	conversion	between	50	Pa	and	the	previously	
calculated	 driving	 pressures	 is	 required.	 An	 equation	 based	 on	 orifice	 flow	 theory	 is	
employed	 to	 convert	 infiltration	 rates	 using	 an	 effective	 leakage	 area.	 However,	 until	 a	
whole	 building	 flow	 exponent	 can	 be	 defined,	 the	 accuracy	 of	 this	 calculation	 is	 still	
uncertain.	

A	case	study	was	used	to	evaluate	the	new	calculation	method	against	two	alternative	
methods.	 The	 first	was	 selected	 as	 the	 benchmark,	 using	 a	 rule	 of	 thumb	 approach.	 The	
second	applied	 tabular	 infiltration	 rates	 referenced	by	CIBSE,	 appropriate	 for	 the	building	
location,	 size,	 type	 and	 estimated	 air	 permeability.	 The	 results	 demonstrated	 that	 the	
benchmark	method	estimated	heat	loss	between	50%	and	67%	greater	the	tabular	method.	
The	new	approach	indicated	the	heat	loss	due	to	infiltration	would	be	in	the	region	of	23%	
less	than	the	benchmark.		

There	 are	 multiple	 opportunities	 for	 further	 work	 to	 assist	 the	 development	 and	
improve	of	the	accuracy	of	the	tool’s	outputs.	These	include	on-site	weather	data	collection	
and	 energy	 consumption	 analysis	 could	 lead	 to	 the	 verification	 of	 the	 driving	 forces	 and	
infiltration	 loss.	 The	wind	pressure	 coefficient	database	 could	be	expanded	using	CFD,	on	
the	basis	 the	objects	and	structures	surrounding	 the	site	can	be	accurately	modelled.	The	
tool	 could	 be	 developed	 to	 quantify	 the	wind	 pressure	 acting	 across	 all	 facades	 from	 all	
wind	directions.	However,	limited	component	leakage	data	has	hindered	the	justification	of	
adopting	 the	 proposed	 calculation	 philosophy.	 A	 data	 rich	 database	 is	 fundamental	 to	
improving	the	accuracy	of	the	results	and	the	wider	application	of	the	method.	
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