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i ight houses

Timber ff’aﬂ’xes for thermal Comfort

2 _IWilh all the conlmversy surrounding timber.
g l‘nmed ﬁonsing. it is gl too easy to get the
g lechnml situation out of perxpoclwe Claims
. and counter claims by leh the timber frame. -
.and traditional Riousing lohbigs have- (ended
... 1o obscure, piungenﬁg developments

arucle hopes to redress the balance paruy b\ '

[ook:qg_a! 5?,.: york of timber framg experts
. . Walker Tnm rin the constructmn of airtight
housas' S gy

ver. sque tlie encrgy cns&a of the early
19 /0's there has,been.an ingreasing awareness

» xof tl;g cg.pt aFruamlmn‘;ng -a.f:omfortable

(thetmal | Lcavirgnment.  Walker Tjmber’s

apptgggh to this problem was t,o ‘look for i )

| vays .o, _reduce ng cnsw w:thout
sacrifig gmmfprtstath ayds. Althgugh well
aware.of Iﬁ\e qnpommce,plf, bu:ld.ing shape,

e onﬁm,a;;gp,ana layout, thea:'?mpa ny looked
- = bgyond these elements to the constructlon
- !c 1 f“{ ‘ P !

iy rt“ﬁfsm?ﬁj‘gil.we aigg. wasm de.vfplbp a]‘nbusmg
- j;ucnog syst ?h )gu'nproved
- ton s;angm%sut.“ipn é,g;ovlug a high
i iey@l of c?mfort but g-term
e <5081 he0 C”H’E'&» s%m
:'rct}-ﬁﬁﬁl :-CP'SL t Itwas

oy ¥ -GOEL' Dﬂdm
cluarfrom thq{g Llha;aﬁ W}i ming cost;
e;efey; the heating sysigm, determin
Ranciz wabthty of tl-lﬁzI prolect the‘
: a_n s 3“118 system shou]qldealig:-pg

v . as an integral elemept of thqie,qnsn‘ucuon

,pfps, any., o
bya’

<t order fo miniriyse,the heating load,

For larger, detached family houscs of up
to i184)171 -the company had, by these
. means, reducéd caleulated fnbnc-ﬁ},ated heat

" losses.from 10Kw {for a house 10, ‘Bmldmg

; Regulauop“ standards} to a roxrmate]y
zﬁw Ho'.y,gvcr ventilation losses, which at
w had previous|y rgpresented less than one
ithird of the totg] heat Joss, now represented
_two-thirds of the dgsun load .and it was to

thls area that Walkér next devoted its

“energies.

Recovgrmg Heat Loss

Fq;l reasons of ,\mpzoﬁe‘d, comfpn and in _
Walker
- Timber decided, to install’ a, whqfe-house
"“ventilatigp, and hca.t recovery. sys;gm which,
by recoxermg 15% qﬁthe hcnt froth exhaust
,ﬁalr réduced ths: vepnlatmn los§'to. Kw. The
totalaheat Iass has, r;pw been redticgd from .
arougd. 14Ky, tQ, dnly » The
performpnczs of - NUMETOUS hquses built

G us,xqg tl'us systgm has. confirmed nhe benefits

m

source, the “build-up of internal vapou:

LA

: ,_gfiug indulation leyels combined with heat .'

cons:clered '*

TECQVErY., So why,. on'ly lhrpp years later, d:d

_ the company, abapdon this, sys,tem"

Simply %ecau;e, whilst 1th {Heatkeeper’ .

_ System  had proved subglamla!
;mprovemqnt on qprr,g:q copgtguctlon
somethods, ‘staff could see areas. that could be .,
mprovecl snu furl)wr Swedish ca;pc;lence
Lﬁd showa' that besides the obvioys benefits

The need to bg )5t erﬁ:i:,twe,t gns:dered a¢ gf‘ draughtmlppmg in glumﬂagmg &fnughis.

" alongside lp pqsq.nmgl @ppion ther *} omfdrt could be further improved and the

5 Jrval}abl.e, aptepngy.rm lsulatmr\ - m ? ;c*xne;_vglqguon _vélues, enhanced.: by
evel..of 15.9 mspera} ,,wqmagwmg P 9 siructin

3 values for cqﬁmg ‘and Wwalls of approxlmate!y

i Tue nQLZ“Z/ mi2Ga i.tegether . with . high™’

“Qerfo;mance “double- g!azed’ windows and

2 nznsula.kgg doors. - For various. practical

.. F€asons, however, the actual sysfem

_+ eventually used 140mm insulation and triple-
g!azad windows.

Therhﬁ'ﬂ Cofnfoﬁ ‘Levels

The selecuon of lrlple amg raised an
important aspect of recen uusmg designs:. ,

|y extremgly complex area.b
 level, most.of us recognise t
. Thermal discomfort elcrpents inclyde: cold
. drughts. generated by convection: currents
around. ',;s;g,gle or “gven d ble glazed
., windows,as well a5 more obv:ous leakage
Caround; . doors, w:ndowq and sk:rungs
thermat éi'riitmcanon ieacﬁng 0 cofd feet and
. hot heads; poor vcnhiat;on unable to remove
. moisture_and Smells and giving a gencral
feeling' of smfl’mesg «Triple gia ng was,

(fyen at a basig,

enagauve—mde ;5.,,_ 5

therefore,: se!écled for is cqnm ution: to .

‘comfort’ rather than mere cncrgy savmg

G vapo

A recent, re
ik el " ]J
R sz!.:ﬁ

the notion of’ thermai corq[orr. T,lrus is an & mr:,vcp W}ﬂl

"Up unul that
mterested in a modest degree of airfightness,

" provided by the polythene vapour barrier.

There has been a great deal of concern
;égarding the possible degradation hazard
lg’[nng "(rom interstitial ?ondensauon
Cu!at s,qh Quveves, Str‘l ow " that this
cnndmon s 1;‘}&!’*8 ;ucal]y attainable’

where the .1‘,3
amer%‘ h@
typy the Nanqnal Hbuse

g es t ,_ qr hclr tests,
seyere]y sed vapour barriefs in

verge conditions, Ihc moisture

I8 Couting
< the masC,

pressure is reduced, as is the risk of surface
condensation on walls and windows. It was.
therefore, in order to Jmprove airtightnes:
rather than vapour resistance, that Walker
set out to préduce a continuodus vapour-
resistance membrane.

With regard to the insulation package, i
was relauvely simple to establish the cosi-
... effective ,lunu ‘of specification. . But the

""" ¢ ompap}’ Was stitl, faced Mwith the problem of
how to, determme 2 realistically attainable
level of alrughm Lﬁs In order for the heat
JTecovery and yent ation system to work at
opurnum efficiency, an invol untary leakage

{r “rate of approximately 0.1 air changes per .

A hour (acph) is acceptable The system i

dEs:gned to  extract
dnd suppl? 0 5 acph, ssisiiii rise to the slight
nqgan\rc inteérnal pressure énnoncd above:

" the supply deficit being made up by 0.1 acph
leakage.

Swedish Building Standards stipulate =
maximum leakage of Ngg = 3 acph.
Canﬁihq Standafgﬁ' 4 hqph ‘ngg’ is the
number of air chan Qs)ﬁer ho(ur al a pressure
differential between’ u’t‘!nae ‘and outside of 50
Pa Ng =3 acpi’n corresponds to a leakage
of arounEL' 0.6 acph at normal preéssure
gllfferednuﬂs assummg a linear relationship

Q' 6 acph

W ir ’as Figute T Pependcm upon the pattern of

n

irtually as\rtlght house, =
Eomt the desighers had been ™ i

noment q the s*ructure never rehched a_ )
crmcal lew;] To da‘ie there-hias not been one” .

résistance of the _:J"
shea jung,r;xceads Szhis _;?n
% [oolproof a system in wh:ch lhe ‘easy way

case of damage’ due to intetstitial -

candensation in’thé UK, .-

The ventilation and heat Tecovety' system
further reduced the possibility of interstitial
and surface condensation. The slight
negative internal pressure designed into the

- ventilation system opposes vapour migration
induced “by the naturally higher vapour
-pressure-at the higher indoor temperature,
Because vapour is continuously extracted at

leakage, 1.Q Ihrge number of small
netrations of a {bvfer large penetrations,

é rela,gonsh; rgey be more closely
‘represcnt d by the curve in Figufé 2. The

. valye for ng = 3 appears to give adequate
th‘cnnal efficiencigs and to be obtdinable with
qonvennonal timber frame construction
techmques provided the vapour barrier is
carefully installed.

Figure 3, based on a recent B.R.E. survey
of U.K. I—Iousmg, ‘illustrates dramatically
how most houses fall far short of this targel
" at present.

In order to circumvent the potential
pitfalls of poor sue practice, the company

’_ sought to create a sgsrem which was virtually

ouf' w the right way.,
: {! 0 ve.nna[:'1 4] timber-frame cons:rucuon
o lhq Va}:our ? “air) _barrier is situated
behind the pl&sierbéard wall lining.
E]ectrlcaf dnd dther'services located within
_the will, therefore have to puncture the
Vapour barrier in order to reach the room
(F:gure 4). To prevent this prob]em the
vapour barrier was installed within the
structure, making it much easier 1o install
services, as these could now be surface
" mounted, in no way interfering with the
integrity of the mémbrane.

Continued on page 14,
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'Factory Insulation

The decision to adopt factory insulation
and sealing for quality control purposes
allowed Walker to use ‘large’ panels with
bitumen-impregnated sheathing externally
and plywood sheathing directly behind the
vapour barrier. In other words, the structural
elements were arranged in the ideal order of
higher vapour resistance.towards the warm
side” of the construction (Figure 5).
Furthermore, the plywood provided a firm
fixing for services and the fibreboard
provided additional insulation.

Because the insulation was located within
a sealed ‘cassette’, the scouring effect of
moving air was eliminated and the effective
insylation value raised. It was therefore
possible to reduce the thickness of insulation
without any detriment to the shell
performance.

One major problem remained. How to
maintain structural integrity without
destroying the membrane continuity? For
example, how could the mid-floor joists of
a house be built into the wall without
penetrating the vapour barrier? Various
optimistic solutions have been advocated,
most of them depending on a high degree of
on site control. Eventually, Walker Timber
decided to continue the air‘tightness barrier
around the joists ohito the cold side of the
wall. Obviously this barrier was required to
resist bulk air movement but not vapour
movement. The material selected for this
purpose is a double layer of kraft paper
bonded with a ‘breather layer’ of bitumen.
(Figure 6). .
~ This paper is sealed at junctions to the
walls with a paper-backed ‘hot-melt’ strip.
The adhesive layer is absorbed by the vapour
and wind barriers and becomes an integral
part of the continuous membrane.

The ground floor construction,
particularly for suspended floors, presents a
further problem. A vapour barrier also
resists the passage of water. Therefore, if a
vapour barrier is placed in the floor
construction, any water spilled on the floor
will be permanently trapped within it,
creating a potential hazard of rot. This is
avoided by using an extension of the logic
applied to the wall construction. Walker
fixed a secondary floor above the vapour
barrier and used the space so formed both
for service runs and to distribute ventilation
and heating air (Figure 7).

Warm Feet Effect

' Besides continuously removing aRy excess
moisture, this layout also provides a warm
floor which is psychologically more
comfortable. Air outlets are provided around
the perimeter of the floor so that thermal
comfort is assured. By using this
construction system, infiltration rates as low
as ng, = 0.1 acph have been achieved. In
practice, leakage of this order is difficult to
measure accurately and simply ‘so that a

target level of ng, ==0.4 acph is set. ‘At this |

level, total air control provides an extremely

—

high level of comfort by eliminating draughts
(even high velocity warm air is perceived as
a draught) and by supplying precise amounts
of fresh air where required. The company did
not simply assume that this system performs
as designed. Measurements are taken at a
stage in the construction process where
remedial action is both simple and effective.
It is not feasible to go into the precise nature
of the tests here, but they were based on
practices adopted by .Sweden’s Building
Regulatory Authorities.

. It has been theoretically possible for some
time to design a house with such low fabric
losses that the design heating load was
minimal. Now it is practically feasible to
construct airtight houses with controlled
ventilation and heat recovery. It is, at least
on a seasonal basis, quite straightforward to
reduce the total heating load below the level
of internal gains. Naturally, peak internal
gains do not-always coincide with the peak
design load, but apart from a minimal ‘top-
up’ element, it is now possible to construct
houses which require virtually no heating at
all.

FIGURE 6
Continuity of the airtight membrane is
achieved at mid-floor by use of a breather-
type wind barrier.

FLOORING

SERVICT INSTALLATION ZOHL
AND WANM AIN DUCT

FIGURE 7

_Provision of air ‘calculation zone permits

continuity of vapour barrier around
complete shell.
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Chart showing linear relationship between
differential pressure and infiltration rate.
Working pressures for most houses are below
10 Pa. There is a risk in extrapolating at this
level and the chart below shows a more
realistic indication of performance.
(n,,=0.6) .
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Non-linear relationship illustrates higher
actual leakage at lower differential pressures.
(n,,=1.3)
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FIGURE 3 :
Although based on small sample size, 19
houses, this chart illustrates the dramatic
deficiency in infiltration rates between UK
and Sweden. Best UK performance gave
n;,=8. Average UK value ny,=13.9acph.

PLYWOOQD

““? INSULATION
VAPOUR BARRIER
PLASTER ROARD
VAPOUR BARRITR

v
A
Fy

a@',m

7
_
?
7
%
7
‘/ﬁ-
7

FIGURES 4 & 5

Vapour barrier punctured at electrical power
point. Although resealing around such
service entries is adequate for vapour
control, it is impossible to achieve
airtightness by this method (left).

Services can be more easily installed. Here,
the wiring is surface fixed on vapour barrier
with plywood backing and the vapour barrier
remains intact (right).

If you feel that the author could provide you
with further information, or if you would
simply like to contact the author, ring 223
on a rapid reply card in this issue.
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