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In 198-6 warm deck roofs ",,..od
[() "" reoommendcd. Tbi. h.as
rcmO\'ed one of me prine:ipal c.uscs
of rapid ULC-rd.ted fail.....,. For
new roofs., Vemilarcd Warm Roof
(V\VR) principles arc now
n:commcnded, .s illustratod in
Figure 3. Th" akernari"" 'cold' roof
;,; less d~blc. being difficult lO

conStrUct .nd m.intain to th.c
smndards required. Flal sand"'icll
oald deck roof. ha'''' • panicuJ.rl)'
poor pmormance record and .lso
do nor oompl)' with Scottish
Building Regulations. Pitciled
versIOns \Vim .ocessible roohoids
lU"<: more tolerant. and the)' also
permit the stru<ture lO be insp«;tW:,

Roofs in histor' c buildings

Roofs m hmoric bmlding, seldom
wmply \Vim the (;lIm:nt recummend­
.UOIl'S outImod ,,"'" ~. buildings
(particulilrlJ.· vilwitC churche,) !la'"
nQ ,,,,,,til.ted roofspu""••t aU,

C"nvct>i"n lQ • F.' ',fien
b.istQr;";"lly ur ueslhetl""llY
un"c""pl>1ble; 1M.. I!I"C added
technl(::.1 proh.lel'n. of ~lIm",,,)',
lip;iu,;:e, Iilppt:lIl;llt'U; we:tghl,t UT COSt.

P",liml]1~r)' 8l\ldle' fur F.tIiili l
Heritage h",,,, "Isu indicuted thaI

• 'pC) Tnohitun:, 110 wrro:~ion t '.wiI~

difT..."lt IQ ltpply In prf.ctice-. rn
. cIlitlun, ll,e ~l'l",nship ~IWcen

the 1I1'nmrli1 unJLc. an,l, h.
amuur\1 "r l'nol~l ure did nul seem
,,, be ,;Iir,"",: 'ume rel'tiv!:ly dry
rt.M [~ Wt::re j'i'Um;: severel}' COl"rl)d~

, han mh., very wet ()n~•.

• ch.ftnges [0 Wtuiblin11J healing
31ld pour' COn lMI wC:t'C not

a'"" . 3< helpful n< e~[)ecll!d> and
~.omeLiml!ie\'c:n counter­
~,odu.cri,'e.Monilo.;ng showed
Ihat rh. d)'nnmi"" or cv-~po ... rion
and condensuuion were
SiQJ'liIlCl1lrH, wirh Ihe MOS' rapid
cnrrO$lon laking pl"c. nor ,vh~r\

the le:3d ~ :u i~~ w ue.', but
whil. il w drying CoIIl.

Results of the current
research

P...,li,Itina.ry fmdinSli of me ...,search
Ila'''' be"" pubUshod in Bordas • 1996,
also Bord•••• in EH RrJ 1h1". 19'97.
Thesc confirm d'" import.nce (}f

• lb.e initial condition of the
building. thc we.tiler, tile decking
and me le.d

• lb.e pilyskal .nd chemical
properties of the dccking timbers

• lb.e n.ture of the underlays

• lb.e d)'Mm''''' of molStur"
m~ment

Simple nll-purpose IJl]swcrs ha'"
been eJu,"~. silort of 0 mcticulousJ)'­
det.Ued and well·bullt ~ R, 0

wluti"n blOSt suited to ne\\'
';OD.5trUttlOn

Apart from .ome belfries. lead.
roof. ,n hmotic buikUnll:s seJdt'm
"PProi'ch lb." mUtlem [de..l, but
mo"t h",,,, ai"eo-! excellent "oit:<:
<>Ver IOrll!l'erlo .To preserve "'"
mU><:h ~. ~,,,ible Qf Ibe mting
con.trocuun, Ii ~..,eful ~.s=ent of
rls~. I. neetled. It m"y nol ~I"'m be
neC1;',~r)· u dl::Sil"Vible to udd
roofl;p~,e ''''otilotiun - ;tle I ~ f"r
as rhe lead' concerned.

In an rcn"w,.I, il i impourl>1nt lu
• .....,K! e~rLy c<>rro>iun bl' i'rotCl.'tln~

me lead ( m moi'lUre and (,rganic
il: ~ds. P1'o'[C'CovC' surface- [U3nn~nt'5:

ar<: discussod in ScCD(}O 6.

2 Why does lead
corrode?

Pure water attacks fresh
lead

Lead's nalW'S1 dUTllbility in mony
circumsran~!lari5cs because many
ohlS sallB .r" insoluble and form
proIcc[i,'e ~ul"face ISj",r•• Fresh,
.J.an lend lacks this pro£cct;on
and can begin [0 oorrode lIS won
M. it gets \'~t, r"'Or ~mp']C::~ 1.~'bite

deposits CnD ortell be ,ecn on a new
Leod roof after the [rn;t min or dew.
E"""tuolly. however, tim Joo,.
tmm,riuJ is "''1l,ned (}ff in rhe roin
wmI. "..rboll dioxide ond air
poUulants (panicuLutr sulphur
wmpound~) re.<t w,th the lead
and me reSIdues til fonn prote<ti""
coatings. The whlle ruo-off ""n be
UJJJlIKb.t1y, and aln alw stoin
,urroYlldin~ b"ildilll{ muto:ri"ls,
LSA...pprt>\'ed p"'tin"ti"n aU should
be used to mimmise!h[ effect.

The ...oder.ide CilJJnut ben fll in
the me ",uy. If freoh l""d is La,d in
d~mp wndmons, ULe IDIlY tart to
~pp~r in pluccs lIfter " few hoy
Thi. do... not """,n lb.t the lif" of
the roof IS threatened, but ULe,
once initialed, i. more UkLy to
".-mlIDu" to build up when

• rh condition of me li!3d, th.
building, rhc decking n"d the
weather nl the rime oflaying and
for a few mOtllM nftc:rwarcb: oould
G...,.tly affCC[ initial corrosion
behaviour, .nd .0 influence long­
tCTm pcrl'orm-mc".

Figu.re S A quz·nquc.mrial inSP~t:.ti(JrJ jmmel a ~rpat;t 4r)w- fiJ! whrl~ rorJwi(m

product w,d"r thi$ roof an a hi.tmie kmLlC i." ~cL 0...,. ml1Sl oj the .",m], Iud
wJlrch 't!.IQJ wrn-1;ru.JJJcd cltran did 1uR crmndi! CJJ!l1in.. 11 'UlUS CD1rI:luckJ thai ma.1t 4'1
thr:! ClimI'riON nad 4JCJCurr~diuinK Ms1r(Jrtly afw- r~mfPfirJg~mnr:!rJ t~ lzaJ 'f.!.W

...~lrJt!TtibU: and tht t.ub.$tralt' tr7H!Ji!.rS 'UJOl!' damp. Coo/jnp ofw,wu.c kinds ron
htlp w proUClJreu. IMd fntm rhu in;,iDJ d>T1""rrm: sH StctUm 6. Al Ill. il<J'W1tl
riglJ~, 7wlL! (JISt) 11t~ mild tr'Jrro.cwrr ari,irJ(Jl.z·ng!mm tnt dm:iJltiriori ofraimI/dln

frap/'M in ,," .platlr!ap by CJ>pilllJ:Ty acliM.. 71ti.f i1 diJrf"'ffl fttJ'l1ieJ- m S.woo 3.
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lCild spcd:m<\ns III<' rdated not <0
composition or l'roduction m«hod
but to ill< initial surfa,;e sllilte, While
..UO)" with a tin oo"tent of """,r 1%
arc more resistant to oorrosion from
add ...pours, the)' Ilrc too hard to
b<: ust:d for roofil\l!.

3 Roof construction
and ventilation

1I:l1tt'Oductlon

ULe Ilrobl=s .r< orten bl.med on
'aJ] i1bscnce of 'w'Cntiluuon·,
JiO\'''''lOr In h..toric bu,ldit'\KS, eotra
("<.10&".01: '·o:ntil..uon dOt:$ nut
"I"",)·, rcd,u..-e m.e ",,,I... th. true
prJ".:;"I•• of II 'culd' roof ..rc
" :hl.,·ed.Th_ m<:Jud.

• ;In ill"- and vlI,pour c.:lJntn~1 h~r

(AVCL) to '11'1' any .1j{111Ji,;,"'t
tllrr'l:4.JLtn'l of mVls, ~ir i'tr willt~r

,"""llr "Ie:rl"Jl th~ WI't! iI letl
"i pa"" uMet th~ lead

• ,,,,,diad, tl of Ihi' 'p"ee by 1{)O'J',
()ul$1d~ .it

R(lofspaoes in historic
buildings

Relof' in h' IQric buildin Idom
O'l'liply wll h I he aoo,e prllieifll
"I,d Ih~ guideline.. outlined j",

s..e,j"" I. PeopLe .." of.en ",mpled
IL) make dt· ben {hey c:3ft, fot
.,.ampl~ boy a ding acetoin
3jllOunt of vendL:ni.on :lnd an
incolllp,1c::te vapour corutol Layer.
HCI\''e''c:r, rhe . CJl'I'Ch 1188e". (bat
such half mA!a"",,, can SQm"dmcs
be worse dIan use:!.,.."

J[ ii important to 89!l~ th£
performan.ce of t11.c roof as it taMs.
Many hi..ori.c roofs tUl\" worked
wdl, or reasonably ",,,,U, c,,,,n
though the sllbsmlle dcclting
""mcumc:s fonns thc cciling of the
spaoc, with no roof:s.pilec-. no outside
air vcmiLat:ion al 811. and frequcnt
eondcllS3oon near !lllps oclWCcn rhe
boords~ 300 somctim~more
generally.

The researeh has bccn .eeking to
fmd our why a many Ie:a.d roofs
perform ocn"" th.n an an.lY!'is of
eondcllS3Don risks would lead one
to <_pecr. The results Lta'''' b"""
mixed: whilst many roofs show little
ULC, th= .'" some whicl:l .rc

problematic todBY lllJd 1100 sc<:m
to 00... requil<'d more frequcnt
attention in the ~M. though
m.intman"" luctimes of less than
30-50 y<'1ltS llTC rllTC. Owing t'J the
influence or sflIrting conditions (..,e
So:cti"n 2) even in ri~.I<y situati"m
corrosmn ril'l'C5 tan VIIi)!

.igIllr,amll~, ILnd """n roo£. •• hlgh
risk may enlOY sum long inter-oJ.
of troubl ~ SCr"·jcc.

Three typical situations

hen a roof in a hi.toric bmJd.ing IS
to be rcpILin:d or rcpll"cd, Kleall). It5

ooll'Stru<:tion nd detillling .houLd
oc chaDJ!ed ,little." """"ble.
Thr« lSllulIlim:1i5 un: l;Ommon.. as
outlined below.
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DL]LJ
Figure f2 Th,.., typical n",}spac<
1it.r~at.uJlrl

This 0"""", for e><ampl , in bclfn ,
b31'tl' ,. pOrChes, iiftd SL-lI1\ I~ii'les O\'l.!T

Figu,." 13 ThiJ Dtl1dlJlN' It" rig I1Mr

Ma/rdf~"!fe,.hal 100% ouuidti ail"
...."ilaI;fm. f...ju:/e ULC hilS b_." f",md
AOI!, "parr Il'I'1m a" i1rta of rJ.. jim
"",rot s",rim, a/xn.'" rd'i h a J/lQliow
pttddli! of ""j"""I'" coJ/ecrs.
E1Jllp<>rtltio" fro'" Ih'. CDOU Ihe lead i"
rmmiy amdirimu (;lre"lJjj'lG I'M ~jlk

ofoo,,,J,,,,Ultiorl) (If,d /",gzllelU rho
dry;I~'" 1""',00 tllhm 'I ;1 utlrm. I"
." mdoml roof Dr • VW'R, a ,.,all
amOJi'Ji of moiSI a;r OJ" roarer Coa,POI.'
.",mIIg Ifre ~"ltIjli1red a'l'Jp<lM ••"
Itm.~ a sU:IJill11' ~ffffi.

9

""ultti, etc. Thc roofilpaee
~n\!iTonmenI e:an Bomc:riLUC9 be

'inu8lly indcpend"nt of th"
oc,upi<d s~ce oclow. and ofrell
approa,h 'cold' roof principlc:s.
ti' til")' are not subject to V''llt"r
ingress, such roars 1IllJ}' C'ltbibit link
or no LC, pro"ided that the
5ublilT9tt' ITuneriuJ.s ar~ not
chemiclLlly oggrc,,"'.... HO'>i'C"cr,
U perfonnan"e ~ borderlmc,
evon for an idl>81 'oold' roar. as
U1ustratc<l in the phorogr.ph
shown in figure LJ. ltl5pections,
test. and pre"autionmy meBJ;ur...
IlI'C t1Iercrorc ad,~sable ocrorc r.....
ro"fing (see Appendlll A). in "till"[
r;i(l;l'Imstllln«s, .ajr and ~tcr ~pour

from imide the bu~diing mBY e"lor
the roof,,,id • for eXl1mpL through
sta~ and 8"C= doors· """"ring

[tuation 2 01' 3.

Si......ti..n 2 Sep;or«te roof~
.."lbOVi': fSound '.nd t,"t;il~OD!ilbly

ttttperf(lTa.'[i! oeiUnp or ",~'t~

Such ",of.•••~ ofren thQught to
need m(~fe ..-eruil:nl()r'I., bU1 rb.oe
re~l!ilf'Ch indica[es [h.lll [his is nO!
u"i''''t~ally helpful. '8..ff"";"g' bl'
m"i lure Siored Iii lh~ tim"", "lid
ifll1'Je:r mll~e:riah: LI't .he r'l'l()r c:3n
sometlm help.o l>nlt~cr th~ lead.
Whet' trQ.lg .ulillgh. f,l], ,,,' ,h.
le3ld i[ ca.u~.e!i; m.4)~1 ure I(J evai>nrill e:
f",m the d""lcing and "1'I:I<[U'""-Th~
rt!SUlillfit wilrm, mOe I (liU[ nO't

conden ns) oolidilJo". can
som.e.tiI-n ptomme ~lf-P3~sivatiot.l

oLitlinO<l jn Si>C,ion 2. Con,'"""",ly,
when the roof eool$, moitrure re­
absorbed ;LtlO d,e fabric helps [0

stabilise die cnvi..-onmCD' ond can
e"CD ha"" a d"humidii)'ing effeCL
With added ventiLalion, moisture
and he.r d~pcrsemore r.pid.J~' .nd
these P'"..ivat:in~ and s",bilisinS
m"challisms !WI}' be lost. In
addition, when: the cciLin~s are
not r""sODably .irtight• .",tI.

~Iil3rion may sometimes
ent'OW'8S" mor., - U5u8lLy moj•..". ­
air to rise in.o the roof from the
room'S unde1'D~ath.

Where the I""d r:xb.ibits link or
no ULC, and the timbers llrC in
good ""ndition 8nd not "xQCl;s;';'Cly
damp, subiect to rests (gee
Apprndix A) one may find th8.
"ddilional <lentil"uoJl i.. "01
alway8 n""........1';)' "'" desiMbl8.



Fig".. 16 This tarly aa",p/~ofa VWR n",,' wn"JQ'c4 fro'" Sw~ 10 suh, rm/re­
u,an fnn. bm'"", w w!" ULC hal ,,",mrd in r!r# I•.<r 'f4""l....'#',I:iw~ a'.a "",'
rJid tdtIl'.f OJ!lfJ."'l!i!PJ lh~ lmn bollimr t.!e.nts.

Figlln, 14 G'"rrm"",. 'uri/alum may
srmrm:JJ1res. rJ'KJ'Cart cor '05fim. Whe'~ this
ro.rI 0/" hr.srork 1WI/56 i" lil"
Midk.'lIu <""'J 'JfJair.rd, i"mlmi,,"
f«Ud wiril a ""po", am",:. 'lfemb",,"~

"''''. [Ul.rd bm""'''' 11M cm/i'lff joim o"d
"''''M# '''T w,,,,lall<>Ir "'''''' imrod,lUd.
~ t1u ,.,.~cmbl"O"e wos 'Wi

"",m'mtlJuJ fl'rdn- rm joi.s.uJ u: dJ'd m,r
swp f(.U/cr wpollr Q1fd moist QfI' rumg
fm", ,h. buddr'nJ! im'" ,/,# roo/ (whrch
r.ua.s a/.w HCW wkkJ- m wmrcr fXl.'l'rj! r.o
d:~ addiri(ma! rJWflotrl)1J and
'lJ<:nt.ilatic")' TJrp" i. act"", Ul.(; """,
tile. boanl jm:nlsw~ tra1uiznt
clJlJ"dbr1ofJ.titm (JGCItP"l, a1Jd (nxr me
/:,;arth u...,u.i~'d ""'iel, art! 'UXIr

'kmrpu rna" b<:.f<>rl!. A iaJOT ph", • ~
,..."h did 'rol #d fJlmtiJasiOll orrd is
uncorl'!J<i.d. I" bolh phfl:S#s "" ,'m'rr<tJ
u"d""M. C'J{Jrin~ """ilri I,<IW .n
a urdul p~,alJlJ·cm..

FiJ.'tlft' J 5 Vill~ .hurl.. ""im ool<
cdIi"6J ",ilien ha~~ IMd laid dfrwly
"bot>e Ihem 1IJ'll parr;ttilarly slI.«J!plibJt
10 ULG. The r.rddish-bJ'OOJ" oolora,;"",
ofi.od oxide h.", ir qr,il' 00')""0", os
"J'll u,e pOnif.'<JIM "",os 'lJ!i1r Iht RaP'
rch .... Ih~ "eid t'dfXJu" <a" dirfMr''''
br srl~ta[iOPlf lik~ rJlf.5; t'.Ihf1l1 ;1 n
impor[.QpJI lO Nrai'J Gill ooR te"/",t.G~

a ~,m/...,<d lfirrm Roof abm.... may
he r),. "Illy Orr"""",

Situation. 3 No roollipaces, or
roofspaees above ""Jati",,1
permeable cdlings

These tend to ]x, ac the gr""test
risk: or conde-nsaDon, corrosion:
md sometimes timber decay.
The buildiogs, churrhes in many
•..,;es, a...., frcqucnd)' damp. l.nis
can be .xacerbo.t<:d by insuffici.nt
maintenance to guU<.'TS, p<>inting
and rB.inware~ S)"'St~m5,wb.kh
should be attended to, Hearing and
,..nuLation may also b. inadc:quace:
gende C'OlItinuow; baekgroll!lld
h.acing llIld ....ntitation will help
t() ke.p dt. building stiglltly warm
and ro ~mO'l.·e c:XCtsS moLs.tuIt'.
HOU-'c:ver, h~ating "lithout
~ntilar:ion can CTI'llte a humjd
environment which 0. ma};c dt.
roof Vl"ry wet; and ""ntiLation
w'thout hl...ting i effeed..., om)' in
rcluth~1 ""'-ann, d \..."'C:ather~
OlXa.i.mnJ h""ting • olkn used in
dlUldll'" • elIn be unhelpful bcc..use
moinun: scarll< to ""aporat. from
fLLbnc illld furnt.hinll' when the
bulldiml b..wn.s to "'arm up, is added
to b}l Occupants und their "ttl".;tiCS~

."d is 'hen rediSlribuletl • or",n into
the roof - ~s the building cool.
oft.,,-wards.. J:olucl.ss n""rc.. make
matters I1f<>I><: by injecting wacc.r
VIIp<JUf as • product of combustion.

In marginal situations, esp.dany
w!:ter.. it is important to p~s.lV<' m.
originaL tm",,,,,, and d...ign of the
ro<>f, c"lcuJ.lod risb 1Dl1)' be ~iblc
u.illll ull<lble coalltlll' and
unclerl.;· ,but detailed investig<Jtiorn;
m.y well be rr:qui:n:d, Do not~
COPPl'T nilils fOT fi>d"Jl in the.e

sicu'niol'lS as cold-bridging owmg to
thcirltigb mermal cond.uc';.ity can
e-3use paITcrn staining :lfId .e\ICf'I drips.
of e"ndc.ns"tion from the et'iICng:
.mimess "CC.c] n.ils arc preferable. In
more- SC...·CTC condiuons, in order to

main ttismri" cc.ilinw'dc.eking
bo.rds (panic-uLarly of o..k) while
minimising Ihe corrosicm ri.k lO the
I""d, upgrading to a carcfully­
dtsigncd and eonstruc[cd V\VR may
be necessary. Eve'n vapou.. Rom o.k
rnft~rs. and! purLin.s can sometimes
be O'Oublrsome.

entilared warm. roo&

lb. ",searcn has .Iso c.....m;ncd
roofs which havc been upgnldcd lO

VWR!l ,n line with cur",,,,
recommended dc:sisn principles for
new build'ngs. The outcomes ....vc
bec.n rc..son..bl~' effective, bur MCas
of misunde~tandingand poor
execution ha". b..,n r",~.aJ.d.ULC
has som~[im~s b~n puse:.nt. and
wa of reducing it ho'''' b..,n C<:sted.

The purpose of a VWR is lO n.ave
it "le.aT "entilated zone typicnJly
50mm deep (lIDd mor.. if possibl. in
]Q\"·p,tched ro"&;) undcr me I""d
lIDd it< supporting d""bng, It should
be ,...,nnt..tOO by a.mid. air co help
equalise pressur.", and co ""aid
dtcrmo.l pump't'8. Uncler i' should
be an dfccri\lC' air :uld Ynpour conrro!
layer (AVCL) to stop an)' ingres. of
watoeT \'3.pOUT 3nd moist air from
inside rile building. These principles
arc noc und.rstood by all: dc:siglls
h...., som.tim.s snoWIJ this lI.irBpace
""ntUac:cd by inside air, or • mixrure
of imid. and outside air,

10



proteetive mCllllm:11'

nubtiun qUJilli .



Fig",.. 20 A gap-baard<d ""'1 So/lttood gap bo<trdi"8 ,. ron",,,,,, j" w """ply­
pjethtd 'rofJJtfJ'1i'el oj "",Ji,t<N1/ <auJtdrals. I, ,. "or",ally "m"jrab].....elta"'.al1y
for flm Or JJ<al1,*~piIdted-f" hlr" ""riel)' of"''''0''', ,ft'le _f' ""d 10 Ile
I'da,jooy ,€Jim"" to ULe altd It.. OO'JfIrll£,io.t. <arl ofII'" Ile ltJai>tlailted ""rho",
'''ry ittodifi<lRiu.., A p""",a""ettr "" rll. u"d",iiU Mtl Ilelp to aooid j"j,ial
oo,.",.;;m, Ste Sect..... 6.

Lcod "''''' Me often Ioid on
>t>fu"",(J<j bo rdinK, with penn)"

lIUP' (."me 2 mID wlde) between
them 10 permit Rl<Jhu", rnlJNt:I'11cril
und lo PTOvkLe <~fldllLuo~· to the
~ndeTSlde of the l<i d. One 81'0 'Aods

Roth IYI' ha,.. SIl'Cnlllhc 8nd
~'~Ik1J¢:~8

• C-"pped dedtin rnwio:J.e. a di reel
pa[h from [he oir in the rooillpl\CC
1<1 Ihe lead, a diS;8d"l\n",i'! in
allow,og water vapour .nd m I"
.ir [0 ge[ I'here I'3pldly ~"dcr

conden_lll£; ronditi"m; bUI
providing II1l exit mute f"r
moi.ture ."d acid ""pOUr> whi......

might "''''CIVi'''''' be trapped md
';1IiUM: ~CY""C(C wITOsioll, Site
.tud~ suggest that the
pu.'."'ati<m tend. I" be beller
lbe "',d.... lbe \tap; though to <l~te

.. tumlwtJOd particullITl)' wh= the
docl<ing .=s also II' the ceilmg
for the space underneath

~ntinUQUSQrgappcd

dcdung;s?

• timb<:r _heet pll11cl product••uch
~. li'lywood, chipboard and OSB

The bom:d. u.~.I\y run honwnt.ul~,

;ometim~s ,,,,rtiCQU)' tlr dlll1JQt\ulJ~

(thl. cm mo~e r.ug"" craddng I...
Uboly abO"e j"i"",). insulating
m"tenuJ "'''5 5'>metimcs used. but
th..., 'wlITm deck' [oof. p""'l:G
",un"IIlble to wotedoIDlinll nd
common I!II1d c",,~d to be
",c"rnm""dcd (.ee S"ctJun 1).

.. 'clo.e' bootrdiDg, where the timbcr$
..re butted more rigbtl)·, II11d
s"metimes tongued II11d g:rt"m,d

aterial
formance

4 Decking
a d their pe

• 'gap' ooard;nJl, of[en wi'"
narrower rlmber., 50-100"""
wide s<:porsled by gaps of
10 20mm.This is most common
on older, morc: steqJly-pitched
roof. and with thick« cod... ",f
'Cild (Cod.,; 1, B or more), Wi'"
.lwJl~r pitches or thinner codes
the lcad may ;ll¥ Or bt: trodd."
mt<>lbc i~

in lops and spt~ops, os s.~tchcd

kft: this occurs independency of
conditions inside the: building, and i.
sddom serious "".oc:pt where: organic
adds also accumul8lC. J'reliminar~
test. suggest that <;oating> cm als"
heLp 10 rcduc<: it.

In roll poSItion., splashlap. con
som"timcs be lMlided b}' u.rnlil
boll"",' ",U. or relenUon cUvs.
At .teps, .n incr""." In bebtht
will ."metlme••"ffioe. However,
it '" appreclate,1 tl.at in some
cir,;um.lilIn~S ;pla.hlap; will be
needed fur weather prolecDon,
or 00 mast (0'.... of nail•• HtlJlow
rolls 8"0 lend to be less subject to
U thnn batten will;,

SomctLm.cs diBtiJIOlion of I1'3ppcd
rainWRtfi' nt8)' also ca~ gom~ ULC

• the o,ocrIap can al.o beoom.
eomplerely scaLed ar timCoO by
rainW3rcr dra....'11 and hcld in
by capillary action - particularly
OIl low-plrched roof&.

• [he o,ocrIap ar"" ;n=",""" the
egress di!mlna for moiuure
.nd add vapou.rs

II11d dr~ing, d",tOlati<m of trapped
moe turc (...niculmf~ in obli ~ue
.unI~nl), diff"",nt:i<ll ocrillion otid
alI'boau.tion,. and iltcumul"JtiOD
II11d rc;generntitln tlf OlPtUC OQd.,
p;lrtkul.riy wnere tne lead " loid
on sheel dccldnll' ,IT Impervlo~

membnm"""
As ient>[1.1 ryle • ,inti [lr(wid"d

th"l" c." keep I nc wc~th... O~t ­
1008eL1-I"",(le Pilin t fire preferfl.bfe
[t) light jol,,,. beeou.e t"'''l' let
ftlo' rure and orbe1' \'ilp<)un @"ca:pe
more e••~l', Where I'here i. ri.k of
ULC, roof. wi'" .pla.h.lapo r""d to
dlOW m.ofe: bCC;3U~C:

J:;i N....A"!'Et.
o.U~HT IN
~Ul9l lAP
1>'1' CAPlu.'Ir<:t
AOlON

Hglll'iJ 19 Corrosum ,n sp/ajl,lapr.
This d,agmm iUmm"cs IWO lJ'fNS of
ULC mIli<11 «tld 'i' b. =rbarM by
rp/ajhlop Jaai/i"g. T'Jw lift 'and "d.
s/rm:.'s 'Wu:1'I) ,aim"-I'lle, "''' corfU , ..,all
am..,.mtJ of ULe, "",(i<uIo,tv 'M'T<
rhe ulrdndoak and """,doo~ COI>lO

n4fi,d.mly ,Iou Wi/I1the, fO rrap ,h.i,
""''' capillar;v 'pr<ddk.' of d~riJlo~. 0"
r'e ,i/rh" rmpprd mmm.r< from '<4,ithin
rhe ",'"".clio,, jir,ds it mm-e diffi",.Jt
t<r.,. '1!" a.ruJ ..." 6e dCSlruc",", if
acids ,Ul'! fuj!..w.'JJ. Occan'nllldlI.y tl
acf"h fOul therr way ""'" Ih. mp and
bolh ndn """nc IxWJy~cd.
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Hbl~T"""I....Jk..t mu.•crluL.. ,ud.
~••OIieoile oiL~ gf"""" otld spral".
T~le~l! lA'e:t'e d~ppolm:ing on Il-cst

tig5i and ~n one--~'C'.3t !'li[l~ [i!!U. )

.hough ,n the longer re:rtD 3 degree
of i>"OrOOlioll "''''' afforded.

Prut..-.cUv~ 'C.o.arings :s:uc:h as
l,"seed oil, p<ltinarion oil and paint.
These were .cI3ti...,])' good,
provided thaI rhel' weI'<' 3pp!iM
afler the lead 113d been shaped and
gi,'en lime ro dry before the shee..
",ere fm311y laid' this was usual!)'
difficulr an<i oJo,,"ed down me
proe If nO! cllred fi...r, dlC!' we""
I~ elT~ Ii'''' a'ld could .1".., stick
down rhe I""d. Cllring r;mes V31Y
wirh .<>mp"r,rure and humid!')', bUl
arc rypieal/)'

• 24 hOll f'" pa.tin.r;on aiL and
paim (le•• in warm We3mer)

• .""cral dal'" for li=d oiL

Fosr-<!rying 2-part co.tingJ; would
merit furmeT ;n.....,,;rig.tion. 1n the
pasr, Linseed oil "'liS wed as a
lubricant in some rollin~ mUls, ~ml
"..,Ole plumbers .r", routindy wipl:<l
lead with lillS<'ed OIl, partk:lIlur!>'
:lfl~ ]c:a.dbu.ming. On ~onu~ Sil~

rlli. mighl ineidctllally have
provided a ""rraill amOUJll of
prme<:rion from ULC.

1't'e-j>fJ&1iitJtJ.t{o" Cherni Lmemods
W~ soughr [0 c.rc::ue passi\.-c::
p3tinos simi13r [0 mose obrained
when me uppcr surface of a le.d
roof we3thers fOI 0'\~ra1 months in
me arm"spherc. The chalk treatment
described bdow MIS fOlllld ro be
most e.tfr:etive:.

Treatments using ,cl1alk
(calchun carbonate)

The simplest and most successful
m::armellt srodied in the laoornlor)'
"'liS ro apply a slurry of chalk
powder in water to me I"",d.
Limestone powder "''liS also Died
bUl soft chait. WIIS better, 1.ne chaLk
assis". initial passivation of me lead
by controlling the pH of me water

and providing a SOllree of carboM'"
iooo. TIle process is described in
Appendix 8. Furthcr laboratory and
sire r.esriLtg is in progress, with
ellrou1'3ging resuLts r" dare.

s~. :i.n [he cl1alk C413.'fi.n If

process

A range of chalk tre.tmenl was
tested on si.e and em a fulkcole
test rig. They included various
combinations of an initial sluuy
coaong ",hon the 1....<1 flfSt OfrivlOd
on s.ilc, [hicKe.r p.utc coatings. ORt"'.C
the lead had been formed uno shape
alld chalk-impregnated undcrlays.
PreLiminar)' Eimling, were os foUO'I'O".

• The initial slurry coaring \\O....s
me mll5-t imporlllJll, as it
pm,~dcd some pmrcction during
'itc\'o'Ork. The k"d \\'lIS visibl
parinated .frer a f""" minutes at
room rcmperatun: lind had some
resistance to initial rom> lOll.

• A secund pll,~. (;Outin.. ,"".
deSlrabl.,; this fCplI1IlOd Qny

daml<Jled or<:<l. oml pnwPd.d "
re.erVOIr of c1llllk to "'I lon!ll'r­
term protcctlr>D,

• eoated underlays ......re not
sufficient in themsel\rc:s; m,,~ture
could ~..ch the lead and imullt.
ULC without activating the
chaik. Howeo.'Cr, COOled undorla)'s
p1'C\'Cnrcd th<: chalt. from falling
away O\'l"r gaps, ere. Extrn ct",lk
also g."" some useful initluJ
proto:>ction <wer acid subsln1t s.
lio""",,,,r, in the long lelm it is
UJ<,,:ly tI-wt uc.ds wiIJ ul thnoteLy
ac;<;um"lul to aili:TCs$lve l~veJ.,

bUI the I..d Hfe ni Ist.t be
~Mly~xI~nll~d.

In "to t<:sll< up to the lim~ 'Jf
",nling, the observed protec:tJOI1 by
chalk oolltmgJ; and uml.rl"'l'\! W".
aJwa)'s good.Th~ lampor th. roof
the better rho protection lended 10
be: a u.eful prop.rt)· in prol"ctinll
the lead from ~d'..:r"o SlarlJng

t7

conditions., fur cxampl.e over WCI

buildings and timbers, and from
dewy nights. 1nel<: is .lso me
prospecr of remining some
inappropriate decking mareri"ls of
historic ill[Cr~t. Ho",~r,

.pplication methods need 10 be
imprcwed, long-rcrm rests h"'" }'Ct
to be undertakn, and the geneI1llL
rule still applies th.t subslI1ltes
shouLd where possible be or Lo'"
.cidity and .ggr=ivoness.

Suitable underlays for ehall<

To date the beSt resuLt. ba,.., been
obtained where cbalt. h.. been
applied to the unden;de of the
lead and the uppeT side of a plain
reinf"rocd building paper. Geotatile
felts allow. micl'.er ~h.ll\ Ja)'Cr to be
used and arc better at rerainIDg it.
Howc:''Cr, in tel;ts mey ha''C been
leos cl'fecD''C Ollccpt ill vcr)' dllIDp
or acid conditiuns. H."" th= is
~nother P<>S"ibl" problem; III v.::r}'
darn,p """tlhl"n , Ih. ch~1k <"'n
~tic~ t" it.elf.nel II) Ih" lei,d. Th"
bond' nor .,ron&. bUl rhe add"d
n;'nf"ree",,,n. of gi!>OlC~tiL" could
iJl<rells. lhe risk of thermal fatigue
<;n<cJdnK·

Contracton' CJCI!'l'.rience with
clJaJll;. coatings

ontr.utton. van' in their .tl't:~JJt;ln~

orchalk cootltlj{; s"me h '-' t~"n It
in th~ir tnd." "the.. find ,t •
nUISDTIe;t:, The ITI;1In.f1rt:tbtem IS lin

stoep[Y-pil<11lOd Jtl<Jfs wh"", the
cb~I" <.m f.1I "n- UT blow <,IT
ond..-lily,l ~""h a' buildln8 popl!:r,
parycularly in "'Indy rendi,j n,,­
H"r.; "yllrh"tic lib'" scrim h..
hc~pcd [() pr<",idc ii 'kc~" bUI rucks
in the !';crim h31j~ b~n il p·robl~m

on o"e i!"-. LifriJ'ls the lead to apply
lhe S"tlQnd cO.1ting bc:fore !inal
fixing] 3.1913" n nuisnnceJ is: al~o

mOr« dift,culL (m .,,,-eply-pirch,,d
rc>c,f: , wh~ reml'CII'''fl' Ii~,ng,'l miiY
IlIM) h"'" '0 be j""l!:t'red and
~'''''''i!d_A ",,,gh 'luick-<lrying 0'

fo~t (}ry'iippllcd ."d e.sily !'Clouelled
point-like oo,,;ng wOllld dearly be
ni.(tre c(~T'I:\."'t!ni.enl.
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Appendlx B

Chalk coating procedure

ldeaLly the Lead sboy lei r~o=l"" "
prc~u;tment bef.)re or' $0("''' it
arrives on .It•. This ",ill help Ie> Stop

Il elllTOdinJi If 11 &1'1$ "'e' when ~ying

....'un,t This should be followed by
a 6n;31 in "Iu lfe;}[m.-eftl afrc:r it h:a!i
been rationed inro . hape and iusr
before if Is finally blid. St:lge J may
be omined in good, p,mecroo

onditio where the lead can be
ltept d'1' um;1 it is flnally laid..

LI Remo'''' any depagilll from thc
lead gheets with. nylon &cOUTe'.

to e. pcse a brigbt and ghiny
surface .

1.2 Prepare a glurry of chaLk p"wder
in three limos ill; ,,,,lllme of
w"'~.Stir regularly during
application to ensure that the
chalk remains in suspension.

.3 Using a paintbrush or ~ruy,
apply a uniform e""tinK ",f th.
~urrl' to the unde..ide. of the
lead sheets.

"I'M sJu 'r;,' "~.v al"o h. applied to
rho rOP fJI au ro help owid ."Waf
OOTrOfUm.

1.4 Le""" th,s for at I.."t tYo'" bou..,
and preferably o'"mi¥lll. Then
bru.b olhny rcrnu.inlnll eh.ill~

1). Wip., olf.ny eh.lk in.am'Crr­
enlly applied to th..., a"""g.

Z. If ",quired. Ibe ch.Lk may also
l>e .pplied [0 the subsD'ale or
under'lay.

2.5 Aftcr a few minllrcg, whcn the
chalk i. rouch-dr)', Lol'o'Cf the
shccr carefully and fIX in place.

se of chalk-coated
underlays

!I. cbalk-coaled underlay may also
be bencficial (set: Scni<ln 5). 'lbis
e:in rak" various forms, including

• a thin coaring of paste applied
dirred)' EO the .ubSlIale boarding
or to a bllilding paper or .Imil..
underlay

• a chal:k-unproognat"d j!;t:Ot,,~tJlc
und..,-]ay

• a 3mm s.kim coat of ,*,~Ik p~",e

appued to an underlay l!$Ing
plaste....' tool.

~ (If alretttfl..tivl! melbnd!l 311e:

<:urro:nl.ly kn jltOlj:reSS and l.I,eit
SIlC""'S is txiIIg """luon:d. Chu 110.
treatment> and und.rJ,,% .... subie
to • p.tCIlt nppue.tiotl. Alter[l;lth'e
nJetbO[~ "'" eurnontly bdoa .'liIlu~.d.

SOUlI; j51;uC5 K$ yd
un~501vcd

Ch"lk cll.linji;' ubj«l ro
furthI" development. Short-term

Frg,,'~ 3J Do.w J>lU ,Ju,Jk <ZI p,.
'00' , • <U lh~ rlr«u. J, wuld tJro,~

in 'lfOrJtl47J.

tests art promi.1DJl. l..c)n".... [l;!t'M

perfanna""" '" I'll! >"t kn(1)vn, b<>lh
ll"nr:r. y and in th. "'....... ofd:tmage
[lJ th" 1''''tcclWe layer. II ,p ~"'"

thot Sflm~ '~lllig' C::,li occur if
~umei..", eh"lkls I~ft in pIa .

2 Ch.~k left iI' pl:lee and llf\ an
underl.y can provide initial
(ilTO[~iotl gaitlSt accEic acid.
Sin I' concentrations of ol'g3nic
add. ofte" build up ewer time, it
. flO[ blown how milch 1000g­
rcrm ptc,toc[ioll is .!forded. In
""'ended r~," repre.enring
s",,,,ral,~,,,,,, nf ad,..,,,,c condirions,
eQn'O~i(in: hil:i !1,otn~[imc:s. bc:c:n

found (ke .1.0.0 Section 4).

3 Pro~ise derail. on .pplication
[ech"iqneg L13\'C Y~110 tl<'
resoLved. On windy days and on
more steeply-pitched roolil, it CIIn
be diflieul[ lO get the ch.lk to

2. P~ar" a p' tC of ch;tllt powder
in 'twice it~ volume of \ 'aIet') let

give a C<,1nsi$tency .imi"'" [0 thaI
of emulsion paint:.

~. 2 After bossing e.ch lead sheel
in ll) !\hllpe, [urn it over llnd
p~-dn( On Ih~ piC te 10 3 suffide:nl
lhicl<"es. and uniformiry th.l
11,1' surf; ee <If the Lead can no

longer be '""n.
2.3 In order to ""'<lid p"" ihle ""pi1l:lry

3W'3cdon ofr3inwatcl', do nor
appLy chalk to the botrotu 50rnm
of a "'p> the Ili3t parr of. spla!llilip,
0" the bon<lm 15mm of the
adiacem &rep or ro)] (set: Figure

Fig"", 10 Applyi'lif u.s dI.11i. ,I",,,· w ,I.s frtrlr l••d. Th. aJtm'lg rhi,k"ar is
st{/fi"j~1Il wlJ<!'IIlhe 'rnfat:~ oflire k.d CIIn no Io,rger bo , ....



Safet}· p,..,,,,,utio[\ while worklug with lead

u.d and irs corrosion pmdllcfS arc h:rz31dou. 10 h~llh 'lfid co", m",t
be taJ:;c,[1 not ro ingegt or inhak: them.~... a disf.<l'l:lble dus.r milO" and
gL""..,s which ghouLd be lhrown a....al· after each U9C, overaJl. which
should be washrd afuT each use. Arn'll}ll gcrub your hand. and 0I'a'h l""'r
fa"" thoroughJr whm watk is finished and before handling or eating
fooo. SI''Oq> up aD)' 1000<: "JfculS and wrro.ion product. and disp"",
of them safd)'."1o redu"" m., risks, hot work is banned on manl' .ires
and subject to perm;", and agreed proced=. on most orb""'. Smoking
is IW4: allowable• .l'<:>r further safet)· in!orm1ltion, gee mrkillg ft.irll loud i"
«mltrllrrio., a gl(id~ ". IIi',TUlrca,. LS,'\ (19%).

Stlly in pl'ce. lml'''''ccd
[~dmiqu""would. be d~Jro.ble.

4 If water ingress or heavy
oomk.....tion 0<lCUI"0, rhick coating;
"f chs.lk may stick th~ I""d ro die
Dase. This could be a particular
!>robl"", whe[l us;;ng a g""t~"tik

fdt, wh.", lbe fibre stnmds may
",j[\force tho "",UJ;: chalk and
i"crdge II g t.nsile trongtb, and
the ri.t of thW1nal F"UK",e f.Jilurc.

5 ChaLk p"",e \\ihicl' " 1~1\ in pL"ce
could~· in rilln"'.ter b)'
GlpiJ1atr action. Re [dues should
thereFore Dot be left 0[1 the
JllJIItching I...d-to-I""d s.,rfa""s in

Glossary

.pla.l1lap., 10 [he b.moon 50rnm
aflaps; or ro [he bo'lom 15m,,,
,,,r';c0.1 disctllilcc of roll. ,"d ,le,,",

6 chalb:d ·environrnomt might
conocivllbly be more conduQ\'e to
Kn''''th. o[ mould" and fungi.

Aggre sh'c Chemicalg ar environmemg likoly ro
cause I""d to ""rrode

Batten roll A roD formed 0'"« • dmb~r ballen

Bossing s...ting the lellt! 10m shape usin:g a dr""",.

Bread.e!' layo>r A membrane of paper ar .!'",hetie
malm.L wh.ich i. pe;rmeo.ble to air and warcr vapour bm
nOl [(} liquid wateT

Capillary actlon Th~ process 11.1' which waler ri...
into a min gap owing to it••urfa.ce tomsion

Cooe A reference for the thicknegg of lead sheet
Cod. 5; 2.24mm Cod. 6.. 2.65=. COO 7,3.15mrn.
Cod, . 3.55mm. Roofs in historic buildingo us.u.L1y
usc: Coo-. 7, 8 or thld<.cr. Thinner Codes ale used for
IlWamlt'S-o

Dew point The temperalur. ilt which de'" firsr
b<:1PlU to;> form "n a cooled. omce. A IlSeful me••ure: of
the moisrure <:()ntCl"l{ of a bod>' Qf m"isl air and die
Ub:lihood of conMnoadan.

Dreo;~r A woodm or hard pLllS-tic rool u",d lO bo••
I~.d into shapo

Orr..,ct m ....hin.,...a..t (DM) l'ad Lead she"t
p",parod b~ i>OurirI~ molten lead o'"r a water-ooolcd
drum

G••uei<tUe A Il_e of ~ynth"tk fib....s IypkllLly 3mrn
lhkk devl!loped for .ol! glsblli'''lIon, Illtruuon "t" but
al.o used as an ..n.derl l' f,), I~d

Hollow...,11 A roO formed ..round a holLow oore

Inodo....... fell Aroor.na Ml ba$C~ l'T1 0"" fib=
with res;n binders ~d ill. 'In un I.rlay to roof covered
with n 'x.ible melsl ,h"••

Milled lead Lead. hoet PttPlIT1:d by pasosing a billet
bel Ct, 5tcel rollers

Ovetcloak I undertl""k Th. "pper I low~r ,n.~l of
lead al a roll M lop

Pa""i"atloll Ttl<! developm.••" (In "',,' "I ~urf~ee "f •
proleeli", patina which provid<:s So""e re,i" "ne. I,)

cor:ros..ion.

Patlnad<m "'ll A .;rc"applied cooring which p t~Ct5

1l<:W kad while il de.doPl' a p.o[ecm... patloa. Thig
"""ids the initial oorrogion and wh~ run-off which may
som.~rimesbe caused bl' carly rain or d~w.

Roll A rai5ed semi.cit<:ular jt>int between lWO lead sheets

Sand-<::ast J.>ad Lead sheet prep.'",d hy lIow;ng
molrcn lead our over,' "dbed

Spla..Wap All c~[cn.ion of rhe free edge of die ovcr­
do.k for ryp'caU:y 4o-S0mm b~yond a roll or srcp in
orde.r to provide addidonal "ren!lU> .nd we.th""
RSisumce

Tbcrmal PUlDping A pr<J= b)' which moisture can
b. dmw[I .into (or cxpeUocl from) a cllviry bl' the cyclic
eJ(J)<!nsion and contraction of rhe air rrspped "'ithin it
ill' tho t"",pmlure changes
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