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l<'URTHER EXPERIMENTS ON THE TR.1NSMISSION OF HEAT l<'ROivl PLUE PIPE3

by

'H. L.' Malhotra

Some experilnents have been carried out to determine the effect
of providing a metal 'sleeve round a flue pipe wnere it passed through,
a brick wall and filling the gap between the pipe and the sleeve'with
~~~cstos rope, There ~as a significant reduction in the heat '
;;1'8nsmissioh as measured by the bemperu'ture rise of a timber wall plate
'~~~pared with the results obtained when no sleeve was used,

"

S017lC tests were also performed to find the effect of interposing
, a:, noacombus'tdb'le shield between the ceiling of a timber joist floor
,an:i a horizontal flue pipe. The use of a metal shield led to D.
'rsi!':1o'tion of the temperature of the ceiling and the joists. »,
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In' ~~ installation where a flue pipe fran a domestic type of fire
or boiler p~sses through'a wall, it iS'necessary to pay special
attention to the placing of combustible 'materials near to the'flue pipe.
In April, 1954, a fire occurred in the Nursery of Dellwood Maternity
Herne at Rcuc'j.ng, which' was pr-esumed to have started in the structural
,~dmber inmledj.ately above the flue pipe O~t ~ solid fuel boiler USed for
the, supply of ho t water. M experiment f) was"ca:rried out z-epr-oducdrig
the flue pipe installation at Dellwood li~ternity.~ome and it was's!1olvu
that the' fire could have been initiated in the tiElber construction'
e.oove the f'Lue pipe, if the. pipe were operating oontinuoc1y at
temperatUres of the order of 6oooc.

A B"cHiE:h Standard Code of Practi co (2) re commends for: srna.l L
c:oiler synte,ms using solid fuel that "where a flue pip'e pa~se" t nr-ough
briG~{',vo:rk or concrete, a metal sleeve chouLd be provided, the space
between the pipe and 'the sleeve being .caulked with e.sbestos string or
rope". rh~ London, County Council require according to their building
bye.Laws \3J that "no structural timber, woodwork •••••• or other'
combustible material, is placed .••.•• within 9 iry. of' any fluc pipe'
fitted to a gas fired appliance unless that pipe, whe~e it is in
proximity to combustible material, is ,carried in a metal sleeve with
a space of 1 inch .between the sleeve and the pipe and that the space
is packed vdth asbestos packing or other suitable non-heat-conducting
rnat erial" . .

~lliere a flue pipe runs horizontally below a timber floor; it
shou'Id be f'dx ed at such a distance that the joists are not likely to
at,tain tenperatures whd.ch may, lead to progressive, charring and ig.,ition.
Some .test" were carried out to study the protection af'f'oz-ded by non-.
cc,:nb'.wtible shields attached' to the ceiling above a flue:pipe;

The technique employed was sim!.lat', to tr.at use d in the fJ:v.e pipe
e"'lx,,:j.lIlel,t relating to DelIwood J.laternity Home (1). ihglu:e 1 shows
~,he mock-up used, which represented a ""rner of' a brick-walled room
Wi'~,;1 '::!1<3 boiler close to the walls 'and its flue' pipe passing hoz-Lzorrca.LLy
thr:o'ugh one Viall. ' .

A 16 s,w. G. shee't steel sleeve 8 in. inside diameter and 9 in. long
was built in a 9 in. brick, vmll. A. 6 in. d Lamc'ber- flue pipe. was placed'
centrally in the sleeve leaving a uniform gap of 1 in. be-tween the pipe
and the sleeve•. A 3 in. x 4·in. timber Viall plate, 36 in. long, vras "
fixed in tyro alternative positions, either 9 or 6 in. from the top, of
the flue pipe (see ~'igs. 2'and 5) and was bedded in cement./aand mortar.
The floor unit which consisted'of 2 in. x,8 in. timber joists with 1 in.

.norrdnaL boarding, .had a iI in. 'plaster board ceiling nailed direct to the'
joists. The soffit of the ceiling Via~ 12 in. from the top of the pipe.,...

,The ceiling shields, which consisted of either 18 ·S.V.G. sheet
steel or t in. asbestos board, were held:in'position"by means of screws,
one 'at' each'corner lYith appropriate distanc~ pieces ,between the ceiling
arid the .shield., ',' " '



-2-

Thennocouples were fixed to the fJ.ue pipe, the metal sleeve; the
wall plate, and between th~' p.Lastez-boar-d and the timber joist above
t:,e flue pipe, at positions shown in Figures 2, 5, 8 and 11"; and a
co~tinuous record of the temperatures kept. It Nas intended to perform
tiie tests with the temperature of the flue pipe before it entered the
''.Jee-ve at GOOoe, which was assumed to be the maximum temperat'.1I'e'for'
corrt.inuous running. It was not found possible to keep this temperature
conat.ant :l.n all the tests on .account of var-i.ati.ons in the gas supply.

•

..

3. D:7!"Bcri"ot.ion of the tests_.__~=::-::::.:....:c::=...:;::.:::..:.:::.

Fmc the first two tests the space bet.~een the sleeve and tne pipe
was fully packed wi, th 1 in . .diameter asbestos rope e.nd the 'HaIl p2p.te
positioned 9 and 6 in. respectively from the pipe. In the rcmG.il,,,;,,,g
two tests the effect of providing only partial insulation, such fl.S

mJ.ght occur 'in practice due either to carelessness or to gradual
disintegra.tion of the insulation, was Lrrvect i.gatied , The partial
insulation consisted of'sealing only the ends of the sleeve with
asbestos rope. .

No ceiling shield was used in the f'irst tORt, j.n th,e secrmd test
a steel sheet measuring 20 in. x 12 :"'''1. was fixed il Ln, from the
so1'Eit to protect an area above t he flue pipe. The size of the shield
wae j.ncreased to 20 in .. x 32 in, in the next test when it was 1 in.
a~ay from the soffit: In the final test the shield was'of the same
s;'.::;(;· and si:ailarly fixed but consisted of t in. asbestos board.
. ' ,t

The tests carried out are summar-Lsed in the table below.

Table 1----
--- I

I' Duratj.on Distance between Insulation between
Test I of test wall plate and flue pipe and Size and type of
Ho; flue pipe the sleeve ceiling shield

hr. in.

1 114- 9 Fully racked None

Sheet steel 18 Gx
2 -1 -: , •.1- 6 " 20 in.. x 12 in.,I • "-r2

"

in. from soffit'2

- -------.
\" Sheet ctcel 18 Gx

,3 I 120 9 P>...rtially packed 20 in. x 32 :i.n.

~-+ J~
in. from soffit

IAsbestos board I
~. 121 6 "

1 in. x 20 in.. I2' x
I 32 in. 1 i~" from ,,

. sof::'it I
4. Test results

The test results'in the form of' temperature curves together with
sectional views showing the 'location of thermocouples andipho togz-aphs
showing the appearance of the wall plate and the ceiling' a1ter the
various tests are presented in Figures 2 to 14 and amplified in the
following notes. I

•
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Test No.1

It was not f'ound possible to maintain the flue pipe temperature
consbanti due to fluCtuations in the gas supply, Referring to Pi.gur-e. 2,
,it will beiseenrthaf the pipe attained a maXiE1UJiltemPerature of 600°c
'at 20 hcurs 'as measur-ed at location 1. ~'he temperature: of, the, pipe,
wher'e t Lt passed through the viall ,',ms 8000C a~ thesc.De' tine, and the "
corresponding sleeve temperature was 500°C., ~'he' floor joist above the
pipe had rpr'actdcalLyz-eached a atieadyut ate at '10 hours whereas the'
t.emperature of t he wall plate was not steo.dy urrtd.L 31 hours when it
attained a value of 140°C at position 4. l!'or the rest 'of the .tes t the
i;emperaturefluctuations of wall plate and the joist corresponded to
",!!Ose in tho" pipe and at 114 hours when the test was stopped both .were
a t a bernper-abuz-e of".155°C. ' '

" ..
At the end of tte test therc was 'no significant,charring' of the

wall'plate (Figure 4) or the ceiling joist, but the lower paper face,
of '~he plasterboard in the area8ba.re the flue pipe Has char-red and the
board 'had become brittle (:b"igure 3).

Test No.2

"The flue pipe temperature, as measured at location 1, was fairly
constant for'the duration of'this test. The rise in temperature' of the
wall plate was more rapid than in the previous test wher-eas the, joist
temperature rose more slowly ,due to the provision of the shield., Both
the wall' plate and the ceiling joist reached steady state condition at
times,corresponding to those in the previous test. ,fuen the test was
stopped at '114t hours the wall plate'temperature was, 200°C, and had'been
fa,irly constant for 80 hours (:b'igure 5). 'l'his resulted in the slight
amount; of charring shown in 1!'igure 7. ~'he joist temperature at, the
end of the, test 'was 1 '100C, a z-eductaon of 45°C, from the previous test.
The provision of the shield had reduced the charring of the plasterboard
(:b'igure 6) but had not protected a sufficiently large area. " .

'l'e sf Ho.' 3

Provision of partial insulation only between the flue pipe "and
the sleeve raised the temperature of' the sleeve am ancr-eased 'the rate
of rise of' temp~rature of the wall plate as shown by temperature curves
in' Figure 8. The wall plate temperature was 1600C'compared rdth 15000

in test No,' 1 wher-e it occupied a'similar position with respect to the
flue pipe. Figure 10 shows that at the end of the test, after 120 hours,
no sigUificant charring of the .1all plate had occurred. ,"

The inc.rease in the air gap betHeen the shield and the ceiling 'did
not afford any greater protection to the ceiling joist.

Test No.4

The temperature of, the wall plate 'rose rapidly' in this test and,
at 50 hours, when it .was steady, it had attained avaaue of 250°C.
At 117 hours glowing 'at 'the' central portion of the wall plate was

',observed and this' was accompanied by emission of slight amount of smoke.
After two hours a length of approximately 6 in. had chez-red and flaming
started on the outside of the Hall plate, accompanied by a sudden
temperature rise to 387°C as shovlTl by thormocouple No.4. The test was
stopped at 121 hours, 'and,}"igure14 shows the remains of the wall plate
with the middle 12 in. totally consumed.

The temperature of the ceiling joist at the end of the test was
150°C. ~'igure 12 shows the appearance of the ceiling after test"
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5. Discussion of results

.Th~test results show '~hat \"Ihe~~ ·it· passed through the'v,ail the
fltie:':pipe.~attairi~da higher, temperature than outside the wall; the
rise in·tempe'rattire beingaboilt 1500 b. "rhe temperature of the. sleeve ':
depended upon the ipsulation used between it and the pipe and, ;'lith
\"Iell packed insulation theter,iperature of the sleeve was lower•. This
in turn reflected upon tlw, temperature rise of the tL~ber wall plate... .... :. '. '. . " . . .

Th~ .use ~f.the metal'~l,eeve ~esulted in a lowering of the
tempez-abure. o{the Ylall plate; .Ivith rio sleeve the temper-ature of the(1)
wall plate when at a distance of &£ in•. from.the·flue pipe was 1800C

after 72 hours, the t empeira'tur-es at tho corresponding. tine when the
s Leevecwaa used were .1400C when well insulated 'and '16000 when only
partially insulated. With the wall plate 6 in. from the flue pipe and
the·sleeve,fulljr.insulate·d the temperature of the wall plate rose. to
2000C after 31 hour-s and then r'emaaned fairly constant. On the other
hand rlith only partial insulation the ·temperature after 31 hours I'/aS ....:;

245°C and attained a maximum value of 270°C after 50 hours. 'rh:ls"
resulted in progressive charring and spontaneous ignition of the wall
plate 'after approximately 5 days of continuous operation of the flue
pipe at a tenperature of 600°C. . It would therefore appear that a.
bemper-abure of about 250°C is critical for timber under these conditions,

.'. The'p~ovisicin of a. mild steel sheet ceiling shield reduced t~.e:,
temperature' between the plasterboard and the timber joist as, \lell· as

'decreasing the charring of the plasterboard. The larger size of " :",.. '­
shiel~:provided better protection, but iricreasing the gap between' the'
cedLang. and' the shield from ~ to 1 in. did not have any significant :'., .
effect,'." T.he larger air gap may have led to increased ,heat transmis!"iClt1 .
by p~llivection.· The use of asbestos board on the other hand prov~ded, .
s;IJg~·q.y "poorer- protection;
;, ....' .

'I·

6. Conclusions

A few tentative conclusions can be drawn f'r'om this work:-

•

•

1• The use' of am~tal sleeve as r-ecommended in the British S'tandard
C~deof Fracti'ce 403 : 101 (1952) and Building I\yelaws (1952) of.
the. London County council reduces the heat transmission f'r-om a flue
p:lpewhere it passes through a wall. 'Even when a metal sleeve 1s.
used cOmbustible' rraterial such as timber wall plates etc. should .'
'be not iess than 9 in. f'rom a flue pipe and the space between the.
meba.L sleeve and the flue pipe should be tightly packed with .

,insulating material such as asbestos if the temperature or the
timber' :{s not to exceed 150°C. To keep the temperature of the'
timber lower than 100°C under these conditions it should be not
less than 1Oi!r in. from the flue pipe.

2. Provision of a ceiling shield above a flue pipe would reduce the
teinper/'ltlirB of the floor joists.. The \/idth of this shield..at ' ..•
riglit angle s to the pipe should be not less than five ti.res;;i.~s :
diameter:.: Steel sheet of 18 S. \"1. G. provides an effective shielc'l

'''in conjuhction with an air gap of ~ in. .
~... . "
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FIG.1. GENERAL ARRANGEMENT OF FLUE PIPE TESTS
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FIG 3 APPEARANCE OF CEILING AFTER TEST-.L

FIG.4. APPEARANCE OF WALL· PLATE AFTER TEST I
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