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The British Plastics Federation
Reinforced Plastics Group

The BRITISH PLASTICS FEDERATION s the representative body of the plastics industry in
the United Kingdom. It co-ordinates the efforts of its members to expand trade, both at home
and overseas, by providing a forum in which technical standards for plastics are prepared and
other matters of technical and commercial interest discussed. It also advuses government
departments on matters relating to plastics.

The activities of the British Plastics Federation are undertaken by twelve groups, each dealmg
with a specific aspect of the plastics industry. A group for reinforced plastics was established
in 1958. ,
Reinforced plastics have achieved prominence as strong lightweight materials with (mique,
moulding characteristics and properties which clearly distinguish them from other plastics. The
British Plastics Federation, as early as 1952, set up a technical committee on glass fibre and
asbestos reinforced plastics to cater for the problems of this new industry. As the industry ex-
panded, the committee grew until it necessitated the formation of a group.

The aim of the REINFORCED PLASTICS GROUP is to promote in every way the interests of
the industry:

1 By tackling technical and commercial problems associated with raw materials, fabrication
and machinery.

2 By co-operating with outside agencies (e.g. government departments and other organisa-
tions) in the use of reinforced plastics.

3 By establishing and maintaining good relations with the press.

4 By the encouragement of research to widen the knowledge of the behaviour bf feinforced
plastics and to establish design criteria.

Any British manufacturer concerned with reinforced plastics is eligible for membership. The
Group includes fabricators, suppliers of resins, reinforcements and ancillary materials, and
machinery manufacturers.

The technical work of the Group is undertaken by the Technical Committee to which all
members of the Group are entitled to send representatives. Thus it is a committee fully repre-
sentative of the various elements that make up the reinforced plastics industry. The Technical
Committee appoints sub-committees to deal with specific matters and currently topics such
as specifications for polyester resin, reinforcing fillers and sheet and dough moulding com-
pounds, methods of testing and design data are being studied. In all its technical work the

~ Group is aided by co-opted representatives from appropriate govefnment departments and other

authorities. The Group gives assistance to the British Standards Institution and to other official
bodies in the preparation of standards or codes of practice. The Group Management Committee
organises biennially an International Conference on Reinforced Plastics which has become
recognised throughout the world for its contribution to progress in the Industry. On other
occasions informed discussion meetings are held for Group members only.

Membership of the Reinforced Plastics Group of the British Plastics Federation provtdos the

opportunity:

1 To have access to the full resources and share in the aétivities of the British Plastics
Federation, and its publicity and opportunities for business.

2 To share in the combined knowledge of the members of the group.

3 To contribute to the preparation of standards and design data for the industry through it
which public confidence in reinforced plastics can be upheld.

4 To join with the rest of the industry to expand trade in reinforced plastics.

5 To attend the various tqchnical functions of the group.

6 To belong to the only UK trade association concerned with reinforced plastics.
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For close collaboration with overseas reinforced plastics organisations.



Quality Mark

Reinforced Plastics is a unique high performance engineering material falling into that
materials group known as composites, and it is a well proven engineering material. However,
the products fabricated in reinforced plastics are only as good as the expertise of the companies
making them. The Quality Mark was created by the Reinforced Plastics Group of the British
Plastics Federation to assist the many companies, specifying authorities and end users to call
upon existing standards and to ensure compliance with good practice in the production of
reinforced plastics.

One of the reasons why the material is unique is that the reinforced plastics composite is
produced at the same time as the product in the moulding fabrication process. Therefore, the
product can only give the performance requirements if the material has been produced correctly
under controlled conditions.

The possession of the Award indicates that the Company offers reinforced plastics products
which are produced under tightly controlled conditions and the exacting standards of the Code
of Practice embodied in the Quality Mark Scheme.

The basis of the Quality Mark Scheme is the Code of Practice which indicates factory
conditions for production together with basic material specifications.

A company holding the Award will have proved that the exacting standards and practices
contained in the Code of Practice are met. The Company’s factory will have been thoroughly
inspected by Lloyd’s Register Industrial Services (LRIS) and will be subject to periodic
inspaction by that organisation.

The Quality Mark is a mark of quality, reliability, stability and confidence.

Groupement des Plastiques Renforces du Marche Commun
(Organisation of the Reinforced Plastics Associations of the Common Market) — GPRMC

The GPRMC organisation is constituted of national trade organisations of the countries of the
EEC, regarded as representatwes of the Reinforced Plastlcs Industry.

The Reinforced Plastics Group joined GPRMC in November, 1973 and has played an important
role in its development. The aim of the GPRMC is to promote and protect, the common
professional interests of the reinforced plastics associations and to ensure regular liaison between
its members.

The GPRMC’s main task is the examination of special problems arising in the technical,
economic and social fielgis via the medium of working parties of experts.

The Committee de Direction is actively considering the-adoption of the ‘Quality Mark’ and
the feasibility of staging a European Reinforced Plastics Congress during 1979.
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The recent advances in phenol formaldehyde systems for GRP

building applications

T.J.STONLEY, Synthetic Resins Limited, UK

SUMMARY

During the past decade, there has been an increasing usage
of GRP for building applications. Glass reinforced polyester
resin has achieved a significant penetration into the func-

i tional and decorative building panel market for both internal
and external components. Architects and engineers have
been attracted to thege systems in single skin or composite
form by the design freedom and ease of fabrication. Whilst
satisfying most of the structural design requirements,
current GRP materials are unable to fully eliminate the in-
creasing fears of authorities in relation to (i) flammability
(ii) smoke emission and (iii) toxic fumes. ;

This paper examines recent advances in phenol formaldehyde
resins for the manufacture of both glass reinforced laminates
and composite foam systems. These P/F resin systems
offer a major step forwardin improved fire properties re-
quired by the building and other industries. The paper also
discusses the part that it is felt that P/F resin systems

will play in the development and expansion of the GRP
industry into new and diversified applications and markets

BACKGROUND

The reaction between phenolics and aldehydes was first
described by Adolf Baeyer in 1872 (Reference 1). In some
cases; such as the reaction between pyrogallic acid and
benzaldehyde, crystalline compounds were obtained, and
since early organic chemists were primarily interested only
in pure compounds, which could be crystallised and identi-
fied, the resinous reaction between phenol and formaldehyde
received little attention until the period 1890-1910. The
principal aim of the investigations during this period was
the production of artificial shellac; none was particularly
successful. :

The now classical work of Dr. Baekland provided the founda-
tion of the phenolic industry as.we know it today.

He filed his first patents in 1907 and published his work
1909, disclosing the basic principles which were that the use
of acids and alkalies was catalytic. He also showed that
different resins were produced depending on whether an
acid 'or an alkali was used as a catalyst. Furthermore, he

made two proposals to overcome the difficulties experienced .

in moulding phenolic resins, these were

(i) the use of filler such as wood flour to overcome
brittleness and achieve dimensional stability.

(ii) the use of heat and pressure during moulding—
this obviated bubbling and porosity.

This heat and pressure patent can be said to have heralded
the growth of phenolic resins.

During the first stages, phenolic resins were principally used
in the manufacture of insulating parts for the electrical
industry. The rapid growth of the electrical and radio in-
dustries helped to accelerate their wider use. Likewise with
the introduction of 'horseless carriages',demand for an
alternative to wooden brake shoes was satisfied by the intro-
duction of phenolic bonded asbestos ones.

The second World War focused on the need for plastic
parts with high mechanical properties, (Refs. 2, 3, 4, 5, 6)
phenolic foams saw limited use in structural applications

Early research showed that fabrics and papers could be
impregnated with phenolic resins and laminated to produce
tough sheets. Hence a high pressure laminate industry grew
up side by side with that of a press moulding one.

Other large volume uses for phenolic resins are:-

(i) bonding of plywood
(ii) abrasive wheels and cloths

The early foaming process for a phenolic system consisted of
catalysing a liquid blend of resole type resin with an acid
hardening agent in the presence of a low boiling point solvent,
or to generate CO, or N, internally from carbonates or

azo compounds. Whilst the excellent fire properties of
phenolic foams were recognised and some acceptance was
established in the early 1960's in a number of applications
(e.g. roof decking and sandwich panels), the improved
physical properties of urethane foams and their greater

ease of processing resulted in their total dominance over

the available phenolic foams. However, in recent years,

this balance is now being redressed due to the availability

of improved cure systems and processing equipment for
phenolics. Furthermore, the ever increasing demand for
improved fire properties of building materials has stimulated
further development of the phenolic foam resin system to
provide the industry with a complimentary low temperature
cure phenolic laminating resin material.

INTRODUCTION TO RESIN SYSTEMS FOR LAMINATING
AND FOAM REACTIONS

Both the resin and acid hardener systems developed are
prepared from the condensation reaction of a phenol and
formaldehyde in aqueous solution. The resin is a typical
resole, Uravar 101, (R1), and the hardener a typical novolak,
Uravar Z-102, (R1). Fig. 1 depicts the type of reaction paths
used in general resole production.

It has been known for man& years that the acidification of a
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phenol resole will cause it to cure with the generation of a
quantity of heat,i.e.an exothermic reaction. Resole resins,
by definition, are manufactured from phenols and a molar
excess of formaldehyde, normally using alkaline catalysts,
and have free methylol groups attached to the resin back-
bone. These methylol groups are unstable under acidic
conditions, reacting immediately to form methylene bridges
with the evolution of heat. (See Fig. 1, again).

It is this reaction we utilise for the manufacture of phenolic
foams; the heat generated during the curing process being
utilised to vapourise a low boiling point solvent.

The main characteristics of a resole which governs the
reaction speed are methylol content, molecular size, free
phenol content and pH. Viscosity is essentially a measure
of molecular size and as such has a great bearing on the
reactivity of the resole to the hardener. In general, a resin
of high viscosity has a slower exothermic build-up than one
of a lower viscosity, and as a result will not cure as fast
or reach as high an exothermic temperature.

The free phenol content of a resin also influences reactivity;
low free phenol content giving rise to a slow cure. The main
parameters for classifying resoles are:-

Solids Content

Viscosity

S.G.

pH

Refractive Index

Peak Exotherm

Free Phenol Content

Free Formaldehyde Content
Water Content

Phenolic resole cure can be achieved by the addition of a
variety of organic and inorganic acids. Preferred acids
are those which have good compatibility with, and which can
crosslink with the resin system. :

Hardeners of the type Uravar Z-102 are in effect phenolic
resin acids which have excellent compatibility with phenolic
resoles and can react into the backbone during the curing
process, thereby minimising acid migration and subsequent
corrosion problems associated with earlier systems. Acid
hardeners are usually classified by:-

Viscosity

S.G.

Free Acidity
Water Tolerance

PROCESSING

The consumption of any material is always closely linked to
the economics and efficiency of the relevant conversion prc-
cesses. It is evident that the rapid growth of the GRP
industry has been related to the low cost of fabrication 2nd
design freedom in both short and long production runs. In
developing a low temperature cured phenolic laminating
system, the natural course was to assess how readily the
.standard processing techniques of unsaturated polyester
resins could be applied to the new phenolic resins.

The cure mechanism previously described necessitates the
presence of adequate heat to ensure complete cure. If this
heat is not available internally from the exothermic chemical
reaction because of the low level of acid hardener used, or
conduction of any heat produced through cold or good con-
ducting substrates, then external application of heat through
a heated mould or postcuring of the component is essential
in order to achieve maximum physical properties.

(a) Hand Lay-Up
In examining this processing method, the inevitable and
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immediate demand was to provide comparable cure and
pot-life characteristics to the established unsaturated
polyester resins. However it became evident that moulding
became limited to small components since the minimum
hardener level required to give ambient temperature cure
gave only a 5-10 minute pot-life in a 1 kgm mass. The
problem was obviated by using moulds with integral heating
facilities; this allowed the use of lower hardener levels
which gave an extended pot-life of 25-30 minutes.

(b) Spray-Up and Hand Lamination

This method overcame the short pot-life problem and
involved the use of an air driven dispenser specially
developed for use with these phenolic systems. The dis-
penser is based ona two pot, positive displacement pump
system capable of handling resin: acid ratios of from 1:1
up to 20:1. :

It has been shown that with this technique medium sized
mouldings can be manufactured either with chopped roving
or resin spray consolidation of glass mat. ;

(c) Resin Injection

This is an ideal method of processing low temperature cured
phenolics and involves use of the dispenser as described
above. Resin injection is a process well known in the industry
and involves the injection of resin into a closed mould and
then through the continuous filament glass fibre mat. This
reinforcement is held in a pinch off which acts as a constric-
tion to the resin which preferentially displaces air as the
mould is filled under pressure from the dispenser.

Depending upon the type and material used for the mould con-
struction, demould times of 5-10 minutes can be achieved
after the tool has warmed up a little after the production of
4-5 components.

The technique can be extended from a single skin laminate
to produce composites where a phenolic foam core is fully
encapsulated with a phenolic laminate. The strength and
integrity of such components can be greatly improved by
the incorporation of resinated ribs during the resin injec-
tion process.

(d) Cold Press Moulding

This process is well established with unsaturated polyesters
and lends itself, with few modifications, to cold cure phenolic
resins. ¢

In all the above techniques, standard mould construction and
materials as used for polyester moulding are adequate.
Needless to say, moulds utilising internal heaters capable
of producing mould face temperatures of 40-50°C need gel-
coats of high heat distortion characteristics. t

Mould release systems for phenolic laminates are the con-
ventional waxes but use of polyvinyl alcohol based mem-
branes is not possible due to a chemical interaction between
the membrane and the phenolic acidic hardener,

The above process are predominantly labour intensive.
However, phenolic resins can be effectively processed on a
zontinuous basis e.g. sheeting manufacture. The phenolic
foam resins, upon which the laminating products are based,
are already processed as continuous block foam, continuous
paper faced foam, and by in situ injection and spray deposi-
tion of foam.

FIRE PROPERTIES OF PHENOLIC SYSTEMS

The behaviour of polymeric materials when subjected to the
very high temperatures experienced in fires may be
separated into three distinct problem areas:-

(i) Flame initiation and propagation
(ii) Smoke emission

(iii) Toxic fumes emission.
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All known plastics will burn and whilst it is possible to
prevent flame initiation and propagation by the use of suitable
additives, it is not possible to prevent the ultimate thermal
degradation of the base polymer.

This burning or thermal degradation proceeds by a splitting
of the polymer backbone and the releasing of small in-
completely oxidised polymer fragments which may or may
not ignite. Neverthless this breakdown gives rise to large
volumes of toxic smoke and fumes (e.g. HCN, HCI, Phosgene
etc.). New surfaces are continually presented to the heat
source which gives rise to unabated combustion. Flame
retardant additives to reduce flame initiation are invariably
toxic chemicals in their own right and increase the hazard.

When a fully cured phenolic (or resite) is subjected to fire
conditions, it undergoes complete oxidation to a graphaceous
char. This resultant carbon char acts as a barrier and
effectively shields the substrate from the heat source. A
classic example of this is the ablative heat shield on space
re-entry vehicles.

Whilst it is difficult to show in simple terms. the improved
performance of phenolics in fire and high temperature con-
ditions, some insight has been given by utilisation of
thermogravimetric analysis (T.G.A.). It has been suggested
(Reference 7T) that the thermal degradation of cured phenolic
systems takes place in three basic stages each of which
may comprise of a large number of separate reactions:-

(i) Up to 300°C,post curing and loss of water occurs
(ii) From 250°C-600°C, thermal reforming occurs.

(iii) Over 700°C, ring stripping takes place with the
loss of hydrogen and a more or less disordered
graphitic structure is formed.

Our own work has tended to confirm these observations.
Fig. 2 shows a typical TGA comparison of cured phenolic
and cured polyester systems

THERMO-GRAVIMETRIC
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NON FIRE F
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50

-

9 WEIGHT LOSS

40
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Fig.2

It can be seen that up to 300°C, the phenolic system further
condenses with a subsequent loss in weight of up to 15%

by weight water. The polyesters, both fire retardant and non
fire retardant appear to be more stable up to 300°C. How-
ever, the weight loss in these two systems has been accounted
to primary gas formation (e.g. methane). In excess of 300°C
the phenolic system performs far more stably than the
polyéster systems because the phenolics are only undergoing
thermal reforming whereas the polyesters, even the fire
retardant ones, are undergoing thermal degradation of the
polymer backbone.

Another approach to thermal stability of polymeric materials
is the Setchkin test for ignition temperatures. Fig.3 shows
figures obtained by RAPRA. Evaluations carried out in our
own laboratories has also shown that in the absence of

glass, phenolic castings do not ignite up to a temperature of
700°C.

IGNITION TEMPERATURES ON VARIOUS

MATERIALS BY SETCHKIN TEST
MATERIAL FLASH IGNITION | SELF-IGNITION
TEMP °C TEMR °C
PHENOLIC GRP [ 520-540 571-580
POLYESTERGRP | 346-399 483-488
PHENOLIC FOAM 565 615 _
RIGID PU. FOAM 310 416

SOURCE: RAPRA REPORT AO207 NOV.74.
Fig.3

It is therefore evident that for GRP to expand at a rate
greater than that of natural market growth and sustain

.wider acceptance for plastics in building applications, con-

fidence infire performance has to be iniproved‘. It is the
belief that phenolic resins have the capability to make a
significant contribution to this expansion. In some instances,
stringent requirements will necessitate the use of phenolic
foam with phenolic glass laminate; in others, optimised
performance may be achieved by combining phenolic foam
with both polyester and phenolic GRP. The essential point

of this paper and our own development is wider and more
confident consideration of glass reinforced plastics.

In almost every aspect of the European plastics industry,
there is a steady move towards standardisation of testing
procedures, particularly fire testing of materials.This area of
fire testing and material classification is one where one does
not envy the various authorities' responsibilities. Single tests
which are fully accepted in one country may require two or
even three tests from another before any definitive comment
can be made. Figs 4 and 5 attempt to illustrate this point

but do not imply any direct comparison and exact equivalence.

UNITED HOLLAND |WEST FRANCE m JAPAN
KINGDOM 1
‘| BS478 NEN 1076 DIN4102 ASTM EB4 A1321
PARTS 687
ShadahdiS
CLASS O 3
m B1 M1 <25 CLASS2
CLASS1
B.CLASS1
<50 CLASS3
CLASS 2 o&;ss M2
OLASS cLASS
4 A RS M3
b ™ To100
CLASS
4
Fig.4
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FIRE TESTS ON MATERIALS: SIMILAR TESTS IN VARIOUS COUNTRIES 1976

PERFORMANCE INDICES FOR A SELECTION

TEST uk |Fra jHoLjwa | us | can jonk fnor | sweliTLy | BEL | JAP J AUS | 1ISO OF MATER'ALS
comeusteu] % |5, é:':u’:‘;‘v ot | e foser | sides |5 | e
IGNITION RN i
contmeuTion| 5%, @*m % o i MATERIAL THICKNESS o4 . 1

R e P FIBRE INSULATING 13 a 66-4P
gemaces | g fore o] fi | = [ 4 BOARD
nessance |38, [ottr| 20 | 38 | B o || e SOFTWOOD 16 202 | 46-6pP
swoxe || || foss i foe ] e PLYWOOD 6 195 | a11P
TOXICITY 52l Fi HARDBOARD -} 10:5 301P
OKYGEN INDEX [rear 3 &ao FLAME RETARDANT 13 234. :

PU.FOAM . .
Fig.5 G.R.P POLYESTER 3 104 | 26:4P
_
DECORATIVE PLASTIC

As in common knowledge, the important fire tests in the UK %&%ISSIE 3 54 18-4P
g):a?':\x;lfixng applications are BS. 476, Parts 5,6,7,8 and FORMALDEMYDE BASE)
BS. 476, Part 5 is the preliminary test for ignitability to PLASTERBOARD 9 54 Q7R
determine whether or not a sample sustains flaming when PVC
exposed for a standard time to a standard flame. The test CYJATED STEEL ~>08 2:2 5:5P
is carried out in conjunction with the Fire Propagation R A
Test, BS. 476 Part 6,1965. This introduced the classification ggmouc 25 39 10-6P
'Class 0'. This is regarded as the highest degree of
resistance to spread of flame, followed in descending order ER&FOLIC 6 1-8 75P
by Class 1, 2,3 and 4. as tested to BS. 476 Part 7. The rating NATE

was achieved more by definition than by test. The current
definition for Class O to the Building Regulations now
require:-

(a) the material of a wall or ceiling shall be non-combust-
ible throughout.

(b) the surface material together with any substrate used,
when tested to BS. 476 Part 6, 1968 shall have an index
of performance I < 12 and a sub-index performance
i<86.

Class 0 is not defined in any British Standard. The Part 6
test measures the contribution that a material is likely to
make to the growth of a fire.

The fire propagation test combines both direct flame and
radiant heat to the specimen, and from the gases which
leave the test chamber, a time/temperature curve is com-
pared with one obtained from a standard specimen of
asbestos board. The test is time weighted to the early
part of the test;this is consistent with the fact that plastics
during combustion cause a rapid increase in temperature
and therby a desire to allow as much time as possible for
safety of both people and premises.

The performance indices in this fire propagation test are
calculated as follows:-

N (©m — 8c) . (6m — Oc) ¥ (©m — Oc¢)

&
10t 10t 10t
iy ip ig
at %, min at 1 min~ at 2 min.
interval . interval interval

Where I = index of performance
i,,iy and iz = sub-indices for the three time components.
©m = temp. rise recorded for the material at time t.

©c = temp. rise recorded for the non-combustible
standard at time t

and t = time in minutes from the beginning of the test.

il can be said to represent the early stage of ignition;i,

the growth to a fully developed fire and i, the terminal stage
of the fire. ;i

Fig. 6 shows a table of typical values for a variety of
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materials in general use in building applications when tested
to BS 476, Part 6. The figures for the polyester represent a
non fire retardant system. However, polyesters such as
Uralam 1361A, (R2), are available which have a Class 0
rating with indices of I — 9.9 and i 3.4. It is interesting to
note that Uralam 1361A has already been used successfully
with phenolic foam in a composite panel which is used in the
construction of a school extension. This usage will be more
fully described in the BS 476, Part 8 details and in the later
conclusions section. :

Fig.7 shows graphically the performance of various poly-
meric foams used in composite GRP structures. To achieve
a Class 0 Rating, the material had to obtain also a P classifi-
cation (not easily ignitable) to BS 476, Part 5. The ease of
obtaining this P classification generated criticism of the
Class 0 rating to BS 476, Part 7, Surface Spread of Flame. In
this test, a standardised specimen of the material is placed
at right angles to a radiant gas furnace such that the temper-
ature gradient along the surface varies from 500°C to

180°C. A pilot flame is applied to th- hot end of the specimen
for 1 minute.

Photograph 2A Test structure of panels of phenolic foam/
1361A polyester laminate after completion of
fire test (35 minutes).

This test provides a means of assessing the spread of fire
through a building by travelling across the surfaces of
combustible materials which have been heated by radiation
from the advancing fire. The classes with their limits are
shown in the following table:-

Flame Spread at Final Flame Spread
Classification 1%, min.
Tolerance for Tolerance for
Limit one specimen Limit one specimen
in sample in sample
mm mm mm ~ mm
Class 1 165 25 165 25
2 215 25 455 45
3 265 25 710 75
4 Exceeding Class 3 Limits

In this Part 7 test, phenolic laminates achieve a good Class
1 result exhibiting Nil flame spread and only a gradual
charring of the surface.

The fire resistance of elements of building is covered by
BS 476, Part 8. This method assesses the ability of elements _ ’
to resist the passage of flame and hot gas through them LD e
providing also a meacure of resistance to heat transmission. a1 '.FEStt Stta':lugtusl;su?t.airﬁgt%izogﬁ:!’::ttéggofs P
Provision is also made for elements to be loaded under ;ngit?on % .10 2
- conditions representative to those within the intended en ;
building. However, behaviour can still ultimately depend
on the position of the fire within the building; stiffer elements

Photograph 2C Test structure of traditioha.l building

Photograph 1 School extension by Lancashire County materials (bitumen/felt) showing total
Council. Utilising Phenolic Foam and 1361A ‘ collapse and destruction within 20 minutes
Polyester Composite Panels. of ignition.
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bending towards the heat source and less stiff away from it.
Structural loading may not always adversely affect the
performance. In a foam sandwich construction with metal
facings and containing no continuous air cavities, a fire is
unlikely to spread in the core. Damage is generally caused

by heat being transmitted from the exposed face. The Part 8

method requires that fire is not spread by heat transferance
and as such specifies that the unexposed surface shall not
rise by more than 140°C above its initial temperature and.
that the temperature of any one point should not increase

by more than 180°C. The real fire performance of any
material, not to mention a polymeric one, can be quite com-
plex and the assessment of components must be taken over
a wide range of temperatures. Laboratory tests can only
give an indication of performance.

Increasingly, the authorities are demanding full evaluation

of buildings or rooms complete with furnishings. Such a
practical test was carried out by the Lancashire County
Council in the design programme for a modular school exten-
sion room as previously mentioned. Photographs 1 and 2
illustrate the extension and tests carried out. The panels

of the module were finally manufactured in a phenolic foam/
Class 0 fire retardant polyester GRP composite.

Each test unit was exposed to a controlled British Standard
fire loading using dry timber platforms fired with Kerosene,
representing a fire loading of 28. 3 Kg/M2 of floor area and
designed to reach a minimum temperature of 800°C within
20-30 minutes. The critical areas of the structure were
lined with direct reading thermocouples. Peak temperatures
of 1200°C were recorded when the thermocouples failed.

An exterior surface temperature on the Class 0 polyester
laminate was found to be 120°C. There was no evidence of
fire breakthrough or major structural deterioration.

The finished classroom (with a floor area of 18 m2) has
now been in use continuously for two years and is expected
to have a life time in excess of forty years.

The structure of the modular panels was an outer skin of

a Class 0 fire retardant polyester laminate (Uralam 1361A)
lined with a self-skinned 48 mm thick phenolic foam insulant
of foam density 6-8 lbs/cu.ft. Comparison of the cost of

the structure against traditional materials showed that the
composite was uncompetitive, even though these materials
were used in the final construction.

In order to reduce without sacrificing any of the pre-
requisite fire properties, the phenolic laminating system
was developed from the existing foam system.

To ascertain the optimum choice of materials to make
structure cost competitive, a series of small scale Part 8
fire tests were conducted. The earliest structure used a
phenolic laminate/phenolic foam/phenolic laminate composfte
with the foam at a nominal density of 2-3 lbs/cu.ft. The '
composite was cold laminated together with no interfacial
bonding between the inner and outer laminates. This panel
achieved a Part 8 fire rating of 43 minutes as shown in

Fig. 8. Failure at this time was due to structural collapse of
the poorly designed composite and not due to the failure

of the materials used. A most recent modification in the
design of another similar panel has achieved a Part 8

fire rating of 64 minutes.

A comparison is shown in the following table of this fire
resistance rating to that of other more traditional materials
and structures (Ref. 9).

Fire Resistance Rating on non
load bearing framed walls and

Construction composite walls

1. Double skin steel panels 28 mins. No Grading
with a 3" cavity filled
with mineral wool
insulation.

2. Steel skins with 2%,"
urethane foam

6 mins. No Grading

3. Double skin steel panels 37 mins. ¥, Hour Grading
with 1%," mineral wool
and ¥," asbestos board
insulation.
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4. Double skinned partition; 58 mins. ¥, Hour Grading
on one %, linings were
plasterboard. On the
other, metal faced
insulation board,
(total thickness 8")

5. Steel framed panel lined 38 mins. ¥, Hour Grading
internally with 3;" plaster-
board and faced externally
with aluminium sheet.
Filled with P.U. foam.
Total thickness 37/,,".

6. Phenolic laminate faced 64 mins. 1 Hour Grading
panel with 3" phenolic
foam and reinforcing
strips.

%" compressed asbestos 120 mins. 2 Hour Grading
cement sheet facings with

autoclaved aerated con-

crete blogks infil. Total

thicknesf 2%

-
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The smoke emissions and rates of generation of smoke

from various materials in fire conditions have been con-

sidered and examined by a number of methods during the
course of our work.

BS 5111, Part 1, the determination of smoke generation
characteristics of cellular plastics and rubber materials,
is similar to the American XP2 Smoke Method and also the

National Bureau of Standards Smoke Chamber Test. The
variations in the test methods include the location of light

source, sample size and sample: chamber volume ratio.

BS 5111 is a laboratory scale method to evaluate the smoke
generating potential of materials under continuous flaming
conditions. The results obtained from the examination of
various materials are shown in Fig. 9.

BS 476, Draft Part 9 (DD 36) utilises the BS 476 Part 6

apparatus and measures the smoke density across a room of

known density under specific air flow conditions. Fig. 10A
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shows the typical values for cellular materials used in
composite structures. It can be seen in Fig. 10B that the
phenolic laminating system Uravar 101/Z102ina 2:1
resin: glass laminate gives a light transmission of 80%.
The higher value of light transmittance of foam based on
101/Z102 is accounted to the fact that there is no glass
present and hence no binder on the glass to produce a
higher smoke emission.

DD 36 and the NBS Smoke Chamber procedures are the two
methods currently favoured by the authorities for the evalua-
tion of smoke generation of building materials in fire
conditions. The following chart gives a brief comparison of
the two methods:- :

N.B.S. D.D. 36
Volume of
Chamber V 18 cu.ft.= 0.5 m3 15 m3 — 35 m3
Area of ?
Specimen A 3 sq.ins.= 76 mm2 228 mm?2
Length of Light
Path L 3 ft. =914 mm 1000 mm
(vertical) (horizontal)
Fan circulation No Yes
Gas flame propane/air natural gas/air

Flaming: after
2m45s input 1. 8
kw reducing at
5m to 1.5 kw non
flaming: 1-5 kw.
from zerotime.

- Electric heating radiant panel from
start, constant

2.5 watts/cms

PROPCSED BS476 PART 9 SMOKE TEST
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The results obtained for the N.B.S. chamber are expressed
as specific optical density which takes into account the
volume of the chamber V, the area of the specimen A, and
the path length L of the light beam:

v 100
Digait log 10 =2
SR 06 T

whereas the results for DD 36 express the optical density,
which does not take into account the parameters V, A and L:

T 100
= —log 10 = log 10 ~——
hlti e < il >

Ds m#y, of course, be calculated if the parameters are known
and the graphs for DD 36 in this paper are shown on this
basis for a more direct comparison with the NBS method.

In many respects the NBS chamber is the more severe test
particularly in the flaming made as both the flame and
radiant heat are applied at zero time. The specimen area
to chamber volume ratio is higher for the NBS chamber and
consequently higher optical densities are obtained in the
same time.

The NBS Chamber is probably at the moment the best
laboratory method available to evaluate the smoke and com-
bustion products evolved when a substance is burnt under

a set of specific conditions. The method calls for a
measurement of smoke density under both flaming and non-
flaming conditions. Our initial work has been limited to
examining smoke generation under the former condition.

In recording the values as shown in Figs. 11 and 12, calcula-
tions have been made on a weight of sample basis. It can

be seen again that the systems of the type Uravar 101/Z102
give a significant reduction in both the smoke levels and
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