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L. A. Ashton

Exf'oliD:ced vermiculite although a relatively nel7 insulatinG material
is now widely used ..-,here resistance to hirsh temperatures is required.
This note describes the use of the material to protect s·cructUl'0.1 steel
from the action of' fire, a use in Iflhich its versatility is p:rrticularly
well sho'm. 'l'he results nre givei1 in general te=s based on fire
resistance tests conf'orming with B. s. 476 on protected 1)t:;:el colunu1s.
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Introduction" "----_ .._--,-_ ...

Vermiculite is a hydrated r~gnesium almluniwn~silicate, u uucaceous
minerv.l vfhich expands to finny times its origino.l thickneGs when hot.ted.
It was first marketed commercially in its expanded or exfoliated form
in the United States of .America in 1915. ExfoliC'.ted verrnd.cul.Lte
(frequently referred to as vermiculite) has shO\TI1 i-es value r..s an
insulating material) particularly for high temperatures) s mce its
fusing 'cemper-atur-e is 2460ol;\ Its combined w~.ter gives it an advanbage
in constructions required '~o resist fire and the material lends Hsel~'

to a variety of methods of npplication.

A number of tests have been carried out to measure the fire resistance,
as defined in :13. S. L1-76, of various elements of structure in \-/hic11 the main
part of the protection was provided by vermiculite. these tests weze all
made at the request of private firms and did not therefore f'orm a connccced
series. 'Ehis accounts for the lack of test dc..Jca ~'or' the full rf'.nge of fire
resist~1ce ratings recognized by B.S. 476. ~l~ test res~lts h~ve been
supplemented with est im£,tes of llex'form:;"nce for those f'orms of construction
in which the thickness of protection necessary for any fii'len fire ..'esistance
can be obtained without difficulty in prac-eice.

'I'he versatility of venniculite as a material for fir'e proteccaon is
best shown when used in conjunctd.on '\'lith structural steel or aluminium
alloy, and in these 'tests all the current methods of a!?)lica'~ioi:l except
the loose fill are exempf.Lf'Led , AHhoup:h the tests were concerned onl~~­

with columns the methods of construction are; wi'~hou'~ exception, aui.uahl.e
for beams.

In every instance the sponsor of the test under-took the protection
of the steel stanchion, selectinr~ the f.;rades of vermiculite and '(;lle
pr'opor-td.on of binder in the mix mosc sut.t abl.e for his ,:?urpose.

One size of steel stanchion was used throuehout, ~n 8 in. x 6 in. x
35 lb. :&itish Standard Beam, provided at the ends with cap and base
plates. The ends ~ere protected with special refractory concrete
insulators; designed to suit the test furnace, giving un unprotected
length of 9 ft. 1 i in. to whi.ch the insulation vms app.Lf.ed (see
li'igure' 1). After er-ec'caon 0: the acancai.on the steel Waf; c'Leancd by
wire brushing and thermocouples for measuring its temperature were
peened into the flanges at selected points in the height.

Protective encasement----- .._...._--_ ..- ....-

Two types of binder were used with the vermiculite, nml~ly

Portland cement and calcium sulphate plaster, and three methods of
application were included: (1) by spray; (2) w;i.th precas t b Loclcs
having a plaster finish; (3) by troY1al on metal Lo..~h or board. L
cross section of.' each test colunm is shown in Ji'igure 2, the rei'erezlCc
number's 'being those given in the brief specd.i'Lcatrions below.

1. . Sprayed application, follmJing prot'ilc of' section, to give an
approximately uniform thicl<ness of protection at all points.
The material consisting of exfoli~ted vermiculite and Fbrtland
cement in the proportions of 7 : 1~' by volume YfUh 'che addHi 0""1

of lime was applied in layers by a compressed air gun, building
up the thiclmess to D. nominal *- i;'1. 'J.'hc· surface was left Tough
vii thout screeding or floating and no accuz-ate measurements 0-::
thiclcness could be made.



2.

-2-

Sprayed application to give a rectangular section of solid vermiculite
plaster. 'l'he column was first wrapped v/ith hessian scrim and tlle
spaces between the flanges filled vuth a mix consisting of 4 parts
of exfoliated vermiculite to 11 parts of Portland cement by volume
with 10 parts of foam. After this lic;ht weight filling had set the
hessian was removed and the section built up '';0 the required size
by applying several spray coats of mr.terial, of the same composition
as for '1'est 1. The intended thiclmess of protection over the f'ace
and tips of the flanges was it in. ~he approximate overa.J.l
finished size of the section was 11 in. x ~i in. with a variation
in both dimensions of 1:, *' in., .'

3. Encasement of vermiculite concrete blocks 2 in. thicl, with a
rendering i in. thicle of plaster. 'l'he blocks were caat f'r-om a mix
of exfoliated vermiculite and Portland cement in the proportions
of 5 : 1 by volume. The blocks after maturing were placed in
position round the stanchion with vermiculite/cement mortar in the
joints and secured with 4 in. wood screws, i: single strand of
18 S. ',". G. was used as rein:?orcement in each horizontal joii1t and
alternate vertical joints ..ere staggered. ',f,len all the blocks had
been placed the enc~sement was wrapped with hessian strip which
we.s then coated ruth cement slurry. i, coat of cement/lime/sand
plaster was then applied 1 in. thicle and finished with a ffieim coat
of, neat gypsum plaster. The finished dimensions of the column were
1.3i in. x 117/16 in. :!:. 1/16 in.

4. Encasement of vermiculite concrete blocks 2 in. thicle ruth a
rendering nominally t in. thick of venniculite plaster. j3loci:s
of the same size and composition as those used in Test 3 were used
for this column, being fixed by screws in the sex"c manner, but
without mortar or reinforcement in the joints. As each course of
bIocks was fixed the spaces between the hLoclca and the stanchion
wer-e filled with slag wool. The plaster consisting of a car-ef'ul.Iy
graded mix of exfoliated ven"iculite/Portland cement/diatomite was
supplied ready-mixed and applied after gau,sing v7ith water direc'~

to the bloclcs in triO coats rlith a wrapping o~' light wiz-e mesh
between the coats. 'ihe finished overall size of the co Lumn vms
13 in. x 111/16 in. :!:. 1/16 in.

5. Encasement of precast vermiculite concrete cladding 1 in. t;uclc
firrished with a ffieim coat of plaster. The cladding consisted of
sections of metal lath on which four panels of ven<1iculitelcement
1 in. thicle Here cast, the width of the panels (8 ii1., 6 iil., 3 in.
and 6 in.) enabling the steel st anchi.on to be encased completely
when the cladding was wrapped around it and wired in position.
A mortar of vermiculite/cement mortar was used to point the joints
between the panels and for the horizontal joints bet>1een lengths
of cladding. it finish of neat gypsum plaster '~i in. - 3/16 in.
thicle was applied to the cladding.

6.

7.

Encasement of vermiculite/cement plaster 2 in; thick on metal
lath. fJ3 the metal lath (~. in. mesh x 28 S. w. G.) was vrir-ed in
position rOW1d the steel stanchion the spaces bcbween the lath
and stanch:l.on were filled with slag wooL, The rendering of
ready-mixed plaster of the same composition as for ~~est 4, I'ms
app1ieil in three coats, the first about 1 in. thick, the second
about is in. thick and the third i'i in. - 3/16 in. 'chick. A light
wire mesh was wrapped round the column and y/ired firmly in position
before the third coat was applied. The final dimensions of the
column varied from 12 in. to 12{ in. by 10 in. to 1~\, in.

Encasement of vermiculite/&;'psum plaster 'I'~ in. thicle on -: 'in
gypsum p'Lank, '1'he gypsum planle cut in strips to suit the"'dep'l:h
'arid width of the steel section,were fixed in position ,~J means of
16 S. 'Y. G. wire wrapped s:)iral1;y at approximately 1~ in. )itch.

"
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Three undercoats, t in., ~ in. and ~ in. thick respectively, were
applied, with a wrapping of light wire mesh interposed between
second alID third coats, foll~ied by a finish CO&t ~ in. tluc~.

The proportions by volume for the under-coatis were retardecl
hemihydrate gypsum plaster (haired) 1 pDrt : medium a;rist exfoliated
vermiculite 2 parts, end for the finishing coat retarded h:!mi.hydrate
gypsum plaster 1 part : fine grist -exf'oLi.abed vermiculite *~!:'X'~.

'I'he final dimensions of the colwnn were 12-~ in. x 1O~ ,i.n. - /16 in.
+ 0 in.

M@thod of ~~i!1g

'fOO tests were conducted in accor'dance with B. s. 1~76 (1) which
specifies the procedure :tor fire resisto.nce testing. 'l lhe co Iumna wer-e
subjected on all sides to temperatures which increased with time as
defined by the standard curve shown in Fie;ure 3•

•m axial load was applied to the column before the test and
mnintoined constant t hroughou'c ' the her.ting period. The test was
terminated either at the end of a predetermined thne or when the colunm
could no Longer support the imposed load. 'roo magnitude of' the load
depended on the edition of B,s. 476 current at the time of the test:
the 1932 edition specified 1tr times the design load, the i953 edition
the design load only, .lIl1 additional condition of test in ·~.he '1932
edition qhich was omitted from the 1953 edition related to a ~ater test
\!hich required, that ui'-cer heating periods of 2 hours or more the column
should be subjected to a jet from a fire hose far 1 minute for each
hour of fire test. Columns "I, 2, 3, 5 and 6 wer-e tested under "~he 1932
conditions, columns 4 and 7 under the 1953 conditions. r.rhe requirement
that a column ShEdl be abIe to support the test load 1.;.8 hours af'ter the
tl::st appears in both editioi1s.

The equipment used for fire tests of columns is described in detail
elsewhere t 2) . The design load for the column was calcul~ted in
accordance with B.S. 449 : 1948 for uncased struts, a8sumil~ the column
to be restrained in position and direction at both ends.

In all the tests the temperature of the steel stanchion and :;"~s

change of length were measured at intervals and observatdons were mode
of the general behaviour of the coLumn,

The following table gives the results of the tests on the seven
columns. In the Laat column of the table estimated times for the steel
to reach a temperature of 550°C have been included, obtained by
extrapolation from the plotted curves 0:[' mean steel temperature agaanat
time. i'eats to collapse of steel columns ,lith cncasemerrta which give
no assistance ·to the steel in carrrJing the load, have shewn that
failure is unlikely to occur YfOOn the tost Load La e qur.L to the desig:l
Load until the mean temperature or t·ho 3tcQl exceeds 550°C." ";~ C01Ul'u'1

in Hhich the steel t.empcrrrtur-o is lC68 thl.~n 5500 C ~,-i; tr.e end 0:/ tC3'~

is likely to suppor-t reapplication of the test Load 4B hour-s late..·•
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Results of fire tests on protected colwm1s

Duration of
test (F
denotes
failure)

i

Description ~f ITest load
protection I (tons)

Column
No.

,..----..--._---------...,.-------:----- _._-
! i

Moan steel I Estimated time
t6l~lp~re.tu.r0 .at I for mean steel

end of test temperature to
(Oe) reach 55000

min.
'11

hr.
-I480

:----:---II-------+~-----hr. min.
1 00

(1")
93Sprayed vermi­

culite/cement

I
thiclmess -!l: in.
following
profile of
section.

1

2 ISprayed vermi­
culitelcement
to give rec-
tangular
section with
thickness of
protection
l ' .2" an,
Foamed fill
in voids.

93 2 - 00 220 3 - 48

3 Vermiculite/
cement blocks
2 in. thiclc
finished with
i in. plaster.

93 3 00 315 4 - 00

4 Vermiculite/
cement blocks
2 in. thick
with finish
of' vermiculite
plaster i in.
thick.

62 5 01
(~,)

560

5 Precast
vermiculite/
cement 1 in.
thiclc on
metal lath,
finished wi'ch
sIdm coat of
plaster.

93 2 00
(~,)

450 2 - 18

6 Vermiculite/
cement/
diatomite
plaster 2 in.
thick on metal
lath.

93 4 - 00 380 5 00

7 Vermiculite/
~psum plaster
12 in. thick

3 •on 4 an,
gypsum plank,

62 4 - 00 450 4 - 30
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Discussion of result.E!.

In order to obtain a better comparison between the protections
provided by the various encasemerrts , the last column in Table 1 has
been included to give the fire resistance of each column, measured by
the time for the steel to reach a t emper-atux-e of 55CloC "''10. with::. t",zt
load equal to the design load as specaf'aed .in t\.;). ':.76 : '19:'.:3.,

Although the tests mere made only on coLumn-s , ';;,r!e res'.1lcs are
applicable to steel beams. Compe.rative tests have chown tlw.t, w:l.th a
given type and thickness of protection, the fire resistance of 10 in. x
41 in. x 25 lb. steel beam is not less than that of 001 8 in. x 6 in. x
35 lb. steel stanchion.

trom the results 'rable 2 has been prepared in which the fil'e
r-esLsbance of columns with various ericasements is given, as detennined
by the test of B.S. 476 : 1953, including some assessed ratings for
those types of protection which were sui'ced to computation by simple
methods. Only columns 1, 2, 5 and 6 were in this category.

Table 2

Fire resistance of protectcd columns and beams

~-----------....,..--_._------_.._-'---

1
'2

~. hour

-
period when tested in accordan

Construction B.S. 476 : 1953

- I4 hours 2 hours 1 hour I
,--- .
Vermiculite spray folloYling 1~ ,"'3

-r;
profile of' 'section.

Vermiculite spray giving 1.Q ~
solid rectangular '

4

encasement.

Vermiculite/cement blocks 5e
2 in. thick finished with
vermiculite or ordinary
plaster of thickness.

Precast vermiculite/ " 1 1q- ,:f
cement on metal lath
finished with skim coat
of plaster.. Thickness
of slabs.

Trovrelled application 1';;' ::>
6 Or

on metal lath of
vermiculite/cement/
diatomite plaster.

Trowelled application 1~
of vermiculite/gypsum

,
plaster on i in. gypsum , 1

: plank. 1 I
j : !, .:

,

i "'hickness in inches necessary to give
ce with
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blocks

5
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ti II
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I

I

COLUMN No.6 COLUMN No.7

fI 11

STEEL SECTION 8 X 6 X 351b. 8.S.B. FOR EACH TEST

FIG.2. CROSS SECTION OF ENCASED COLUMNS
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