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Az AXAE HE3lo] 4 - g9 3 (CASE STUDY 5)

How Phenolic Composites were chosen - In Case of England (5)

*

Kanemasa Nomaguchi*, Ken L. Forsdyke“, Denver E. Brown

ABSTRACT

Other than in the fields of rolling stock and marine, in England, UK, Phenolic Composites (herein after,
PCs) have been significantly utilized to fire protecting panels in construction, in particular, in architectures. In
general, indeed, so-called “Plastic” or “Synthesized Resins” have been applied successfully in our societies all
over the world, however, once, when ignited from somewhat reason, they burn much easily generating large
amount of “SMOKE” from their nature of petroleum-borne materials as a matter of fact, people have forgotten
about it.

“SMOKE” caused many fire accidents horror tragedies as everyday people know today. The experts in this
field such as PC engineers, researchers and others can take their responsibilities to explain it, persuade it and
realize “Safer Environment for People” with well-experienced and technology innovated PCs.

In this paper, the co-authors, collaborating UK and Japan, are making efforts to report how the PCs work
good jobs to our societies showing some successful track records in construction or architecture fields in UK.
How about on this matter in Japan? “SMOKE fire” is always waiting for us. We should stop smoking and
SMOKE fire, in our public places.
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ZAEPC)E A&l A AANA Jbg w@ Te AL, A
A4, BAL 4B 2T B TES YBL A 48 EXo] pas) gk B wuold ofd At A
Ag o 4 odele
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e
AEEok, B 54

9 BAE (a4 o 9Sedel Tpc 483, o A4e Aelstel AA@T of Ropz o
2wy oplet 9, TP, MIAHE A AR APl AYste AL oFm, 2 T pC AR WEE BT

s} 27} o] o
4 HA9e sbe 9=e TPC AfE E, AFosk AW AdAd T #A ARAn o, AsAs,

A obsE Fol TpCy A Ao 2H Aldo] sojupd mgdol TAlAle] ®¥, o HANWL, AFE o A sh7tel

A e 7] sael dd AR wAT F eloh

1. A ¢ ofldle F2 TAM, # 13 9o #AlAM I, =
A AFHET BEAR AEHI.CPAYE A B

o] AFoR AF7ARA £ FIA 43, F=(UK) =g ek
FaA, g2 A7)A79 FHEA 2ARDE o) o]Heolx= Ken L. Forsdyke M (Fig. )7} £ A0}
oo 28l F2 THE A%, A9 28 M9 FF gt 7lmne FAZ Hol dAW, 218 of PCY FF
FAAL Ak Aol TRM, B3 o FAME TUF SE) o BA

* ZetAg Alo]E£3 83|, The Japan Society of Plastics Recycling
** 1 B.P. Av|Z i, Formally, B.P. Chemical Co.
*** Formally, GEC Alsthom-Metro-Cammell Limited
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Fig. 1 Ken L. Forsdyke.

A3 STk
Eakis r74%%‘a Al o}, & Hada g
F Q= o F9EA 9 pC A3 Ao o g
A, Ao #atel SR E T FE gk
TR, o BaA A Wt 3, o] Ao
goha LadgE @4 A7 ped A8t Ay F
o, A% #Ale AT BEA, 2 %

¥ rdaA|
o= A AN At dAE] AP o
a9 o¥e #Z e A Zol, BP AVZ Abe] PC
Agse) ZzAE Arz, e M JTEZRAAE =
PC &3k B FR33, AFE FAY FHA L F
T 855 Fdsty AAT, d& d=2] FRPYF A
3t TEEANE JPH3)(The Composites Processing
Association, CPA); 9] AlF=#Fo=2 PC 3o 9=
AAsta Qlrh ojst, 19 7| E shed # F4sA W

Al 29 YEellE HAZ AL du|E 2 9

o, Ao wEtx dALdTE FadH, P& e
grx glow, 3d 529 PC VAR AA FF,

e A4 4wzt Aol Fu7t ek,

2. Y549 pC &3 7

2.1 CPAO| mE AL

CPATE 1989 7z 21 U5 FAF AAEEY A}
aidled A dTms dFZ ke FRPY Fojn, M4
T By 7 £2deld 9 ok 2004, Uit FAe)
ARk =2 AR 2 9o Ase 4¥r] dugAy
AT ABE Y3t gtk pC BEUE 154 24
Table 13} #rh b2 Y335 @& PC 3U& o] A
ok 22 gAl a2 AxIAA o] K JRrE gD
z2Abea 9l

2.2 PC 209} =& s|Alo] = Al

A2 H|=3A. PC B A3 (Processing) A 4 o]

&2
f

Table 1 932 PC B (150t

Member No. Company Name
6 Beard & Cornall Limited
28 W.L.Cunliffe(Southport)Limited
52 Engineering & Glassfiber Developments Limited
60 Combined Composites Technologies Limited
63 Permali Gloucester limited
65 Brecknell Willis Limited
80 Ex-press Plastics Limited
82 Econosto Limited
117 Creative Pultrusions International Limited
155 Tufnol Limited
156 Mitras Composites Limited
177 Hepworth Composites Limited
185 Alderley Materials Limited
193 Composite Fibreglass Moulding Limited
199 Precision Cast Components(Mouldings)Limited

A gol A diEs 10089E A dytEo
2 A¥Ee =g el @gstn, aeln =y AR
(manufacturing)& EHH ALE b A Fdska Uk o] =¥
AR CPAS A3lskA A, Zx sdozy PHde
i e A 2k o8 =9 FAE A ALEbety
wiell A miAE Edl=d wizishs|, PCAE-S BEAE
94 ARE Za 24 $8) 7ka 9ok

A 24 PC JNAMEESE)S B - AF
|EoA9 43}

3.1 H2M|th PC FHA}

PC HEFAR Zeatd TgdsA, o Aisdes A
< FFEE 23 gk 27)0E SRS AAFA
9 AERo|=, oHLUo|ER} 3§ E A& FA|gke] gk

o] #EFA7L 19417] Tol) $-4 EdolA AujstA A
Hoj, AFMAE 3% Hﬂﬂa}olE AH(Bakelite Gmbh)ell 4]
191000 AlEE At o] A9 4PES X FE T Ld#iA
NE rHHELE}O]E(bakelite)J g} 33, o] A= AF
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Fig. 2 A4 Xspd(dedlolE & pCc ¥d= AT d).

o] A9 Ao A, “UdAe] u, WAYE Yo
Zhe Zlo) YARE ojFe] A 1970d 7} Hof, o] 53
& of o oj&stE A7t IPAW AHojr}

aRE F fel/HE HFEAE(fiber glass) (wrEvF 5

71 AAHE EAol dom, Uyt FdxA ES sH8kA| oo}
= Fo3 ste HolA =i

g, Bxs ZEld2dE #4 F& 4Pl wi §
5% dAAE o2 &, o] Ay} Fuiy Fuig E
SR Aol hestth aEa #H2ol kA PC WA
& TES TIANE AL, FEE FAZ FAHE A
o] axHolgtu AzstA S

2 2let.
ool eEdel YolHE UAA PCAIE, el
ool Abgro] azle] ot

o] A= o|®A 7

nhekad azE An, Jgs oz PCAEFS
dYse Aol FaF Aol

e o] Azto g ZRAES FR3Y, HAX A F
=8 yaAd A wAed #3sta, pcE © dauelel &

5, 1 99 FAE S AR THFig. 2).

°o|A°] PCE FH &=z AE3T 4F Alisolrh
O F, A% §x9 pCol #stel, A5 wszte 7Y, 59
Y glol =4, F7L Exe 4¥FY daAE A
(Fig. 3~4)2] Zstol Z@ 5 o2 1A EAE ddstx
PC 2&3te] Aad 7€ F4& PPt oz W&
& BPAIM AN T e AE, TAEHA 4 AE A
Aoty FE#A L AF= 2 shtolrt

Fig. 3 943 AY339 A48 .
(BEA WYz Aod 2=E 2343 pC BY)

FA, 2 FA AFe] dHEgeRe HEY AR
(Cellbond)zt Astx, 483 7t5d A R
A 2MHJAAT AFE 1 7leHE A g $
F Ao AsHun Jdokn, ax wich A2
(Cellbondy= 1 ¥, 43 E2t1¢(Blagden)At2 o] F, 1
ga X FL = EdiBorden) At ©]E, T Al Ao
Durite?t &4 AE=24 wojs o} o]ojz| 5 ich.
aga, A AEEE o83 AEFE PCEE #93%
‘4F™8 Phenclad#}= TAN7L Al AA o] AckFig. 5).
FgoMe Z Lz o] Clad AE, &, 'Edd A
g1 5°] Atk EA=(clade= vtk g 9UE, BE
£ 98l dEste Ao, A7ieA TEdedA X3 B3
e JEAREY RO FAE),) 8 dEoldh
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Fig. 5 PHENCLAD ®A9] of
(PHENCLADALS] 7hebz1o) 4 ulaly

Fig. 8 Pé é&@%*\% nHat o}EY WE EXoR F4F 4
(E€<)-

Fis %’4811 o] Mz &%, B AMude] 54 Hu
WA FA GE Z7h FAKMEL A FE 9}4&:
o A ‘d%o}oq Table 2~40] Yepich = Ze FApe st
g2 Mg A3 o APRE YErATHFig. 6-7).

Z AR E ol Zol o]0} A Clad® 273e) Aol #H=
WIAG 7en MEYRR] AL AAstL AT AE
ToAA TWAAYL & BHoE z‘s}“ %=, o] PCAl Clad
Fo) 71&e) vle] HUTh o] Clad#e] o] 4 ¥ 2
PAME AlgH oz PFfA2 Art. (Fig 8)

3.2 HE-AUF oMo #3335

A2 e dAeFAde L2A FHUHARE ol&F P
4P g0z Aol 19803t oo Awslo] B2
Low FEAFE, 53 AW AsE A A
ol &FHAtE AL koA B wlo|Th

A waet el #d At A E AR}
obd AatAe drlHlo)lE] A TEs AR YA, g
< Xlﬂ FU 2 H& Ul 1F% ASEA &g Hu
e TR
2o BA A, AT = LEE7HA, BS4T6 Al
APAL EezA Qe dA KA, H
& EU A=A HAEsn de Td2A" iy
3} (single burning item, SBI : prEN 13823)%} =
FHAEHIHE)e 54loz P35 FHse A
o2 =

aela 93 PCRAR 1%L I BH B "pEN
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Table 2 PHENCLADS) §% 2o, dFelH A4 AR BS4T6¢) part 67 7o) A
ook | &= Y AlgE st 1 A%e A% 71$%(UK  Building
AaEel Ao s Ul Regulation) "Class 0" 3% @AsHA o < Yk
W Al el Ml s 2em A7 deA gee g% AFgozds
£ Tge (o aged e A A4 BS6ES3 AJ@e] Rm, 2 AL Class I F g
2% 2} i"gi]' oA AR A}, WA 7‘] ‘\%S’J& ?_}QD’], 1 UHT"}°“ 7-1' :5:]/‘}9] g:‘,: /\}.g] H]‘Q
370 | s 4o Ui, A WgA Ve =akg-o wel Pyt A E- A1 Aot
P EEEERE] s =
yate) i , 7]l o PC”7 3% 7l& FHo] ¢
HEH = (e v, auas, AdEs, o el B | e @ :L ZL A
BT kA adold 5, B, EU 99 A TdaNg, o 37 7182 71dd o
Adukity | 4 F Eﬁz{ el e 2 AAFEA, ool weba] PCAEZE TAEES A H
A3 7159 PLANTZ © _ [
— 2 | HIE, SEe e, wol, GEAw, ol =7tk ga ste HollA S Fae AL A
a A5 | waze oz gz B ARE 2EXL UEsE AV HES o)
epeiel) | A 2 | J7 T JHOLE MAL MIEETE, sk Sl
T8 D INE A, T
g © | =y amaa

Table 3 PHENCLADS] 54 <(PHENCLADA} *:5AL ¥ 9).

FLAME RETARDANT
LYESTER GR]
PR(O__EZE;W PHigCL (daxE ;%5} 51‘:401];\;]3 FRP) MILD STEEL ALUMINIUM
Unfilled Filled
density (g/cc) 1.4-1.5 1.4-1.5 1.6-2.3 7.8 2.7
(A=)
Tensite Strength (MPa) 100-150 100-140 30-75 410-480 80-430
(374=)
Tensile Modulus (GPa) 5.5-7.5 6-7.5 7-19 210 70
©1% S48
Elongation at Break % 1.8-2.5 1.8-2.5 0.4-1.7 20-35 3-18
(9% AFE)
Flexural Strength (MPa) 150-200 | 150-200 100-125 200 65-220
ES A= (yield) (yield)
Flexural Modulus (GPa) 6-8 6-8 6-15 210 70
(% Sci E}M 'g)
1ZOD Impact Strength 65-75 50-60 20-50 - -
notched (kj/m’)
(1ZOD $A% =, £XUL)
Coeff.Thermal Expansion 10-15 25-35 18-25 11-14 22-24
(o Cx10E-6)
(38388
Coeff. Thermal 0.20-0.24 | 0.20-0.23 0.22-0.30 46 140-190
Conductivity (W/mTC)
(=g
Temp. Index (BS6853) >420C - <365C >420C >420C
=4 (Painted) (Painted)
Building Regs (BS 476) Class 1/O { Class /O Class 1/0 Class O Class O
AESNEHETE) (Painted) (Painted)
3 Metre Cube Smoke Cat.1 FAIL Cat.2 Cat.1 Cat.1
Test (BS 6853) (Painted) (Painted)
(EAZAR)
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Table 4 PHENCLAD®] }4€4 DATE < (PHENCLAD iit).

GENERAL '
STANDARD N TEST RESULT REMARKS
%) DESCRIPTION LIMITS(“3h) (el A e
T _ AL
i)
“Surface Spread .
BS 476 165 mm in
Pt 7.1987 of Flame” 15 mi NIL SPREAD CLASS 1
A N .5 mins
(EA kg dsh
. . CLASS 0 overall
BS 476 “Fire Propagation” i
PL 6.1989 (@24 <12 1=6.1 with Pt.7
. . -0 A
EE 85 7H9)
BS 6853 “Smoke Density” A ylon)<l A ((on)y=0.86 Category 1- suitable for high risk railway rolling stock
1987, B.5.2 (@715 = A ((off)<1.5 A ((ofp=1.15 (FL A99 A=Al 49
NES 713 “Toxicity Index” 2.02 Category A- suitable for high risk areas
(2225 (2 999 194 A
4. AH(E3 7AZ)9] PCE AYF o2 pce Fao Bxst Bz £4 FRP Y A

4.1 PC2| 714

Foe 19H A 2@

as)E, A%
Aol izel A

HE pPCAE9)

rlo

7ol

K3
o2 E3tn
PCE 22 Bof, gge Mo
PC A89 Tux /i
YA se AsA7le A ohyr}
o A}, BEYre] mEvF A4 3
Hog olg5x e e ST 3 Base
Z olHAL A, B AV EAR o
Z1gAel HEIA Fe o|Ho
Base AX #oiE 1 Qo).

FAAL] mre WFEel

Q% 7}

Aoz 755t BAl= HcH

olefgt Selgt FRA, o2y
83 4. 29 =348
DAH, "JYFAYPE fol, sz, T4
= As . ol

Z3|AL A 7Aoo 7hA] 7led YR ASE 5
lom, 7 FHL AL £ gl AF AAAY FdMe
2 AAde Afrt dojzicke ojde] ok pCAt £
B WskAdel vl e ddA} FHES /M dart
gl7lell 2Avre g Aol =M, ® ZIAH Fxe At
= % 5 vt B A4 dstd fesith aeja
e, 724 pC 4y A= AF3 7}
Aol Za A3t she st
T FRFEAe Zadn FEld T BT, dE 5
adZulEa el ot HEYe R pCE JMEsth agn
PCO A% F&o) HluE] A dAEgoln, WgHFTE
E7)9) FAAAxY AP o] HuF HAHE HE olv
AF3 vie} 2o}

=]
of

Aol BT B o AFshE, wek mRe =
Bros §e § $45 FAe B B3 3a ye
Ae Bug wge 2x8 Feol2H2 #7 Bases)
4 HES 43 A9 JUZ SEHA F3eE Rl 7}
stk ol Mol oz, sl o w4e FrheA
%, AR umH Awelsl, PCAE AARAY vyt
Aot 2 4ge g

4.2 st 45 dlolEt

EU 2171 Z(prEN 1350-1)2] AJE A E 82 A &
;A ol AHEr|Z o BE, FRPE o#71x 9
AeTdez AFEA HEAA sUth

o] Al AL, dE 5ol VAH 54 7Ee 5
e 4L 7IFoR M APEE TEE AL EE 9
U7k fick frelads Aol FRPE A2AEANA B A
< A vrolW, Ao} #FL FAE o9 FUlE ES
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AIAEPC)Y A&3e A - AFA2(F7H) b - AsE

Table 5 EU 723 prEN 13501-19] ©& =% pC Al9H AdF

rEN 13501-1
P;Ef;‘;ﬁ 3(5 ;)'j ) RequiI:ement for Class _B ( }\l]{f.;%t;)
(prEN 13501-1 Class B 2 7-54])
FIGRA (W/s) (A% E) ~120 36
THRao (MJ) (10832 L2 ~15 1.6
Flame spread (mm) (3} 2 9} <1.000 zero
SMOGRA (m/S%) (tdsk Z718) optional 0.0
Flaming droplets (3% %3hH optional none
PR
(S;:l;g flksigeltlzsgs(-Z)-ﬁL k) ~150mm/60s zero

[NOTE]

* All results are the average of 3 tests. (A ¥ A3 n=3 ¢| H X))

* FIGRA = Fire Growth Rate ({EREENE)
* SMOGRA = Smoke Growth Rate (#9% Z7}1%)
* THRex = Total Heat Release at 10 minutes (10% 312

ZFsltg s aAW Ble AL ofdA He AL FEI
o3 g} pCel AS, HiErAs 2 Wil v
WFe FAES Yoig oot ln FoEL fY4dF
ERAR I =

adA rHetel Ay o Adeles £PAKS F

el g

1
& oo 2 o

el o)

Table 59+ 7o) EUY 71& Bol €4 §AsY, EU 7
oA A 2 % Z1Eye rarl, o T A sk
Ty o A F83 2A s Axtoltt. A T3
QA 7} 0 ojx, o] EU AEWYHE i3, = ¢
ol7]o] EAJ} gl A= A

gz HIE Y8, B EY APHASF BS4T6
Part 67 o AL wEPYAWN, Ax H2F JEH
"Class 0"l &Aste Aoz & HA

5. 3o 314 PCAM(EE AH)elAe] A

AzolAe ool Ae 94 sl e A% A7
=7 FER ¥e 990 da Aok Gw, ¥, 9 o)

Lo'_galz)
o aAR, gEAE obg Wl Rust FEsin
T TS ogor, WY Wads s el aTEA 9
B g 2588 ARV A% AEHe, SAt
dojuw Az tFe Ea, o FE} EHeR
e Aol dAY BHold, o= wle FeAY

“B| o] dojupx] ghowl AMEA vy ey,

“w]Fo] YojUoigE LAXA e
e AL QA7F Al3lel LF3o| 7]Qsta, el uF
283 gl A Aol

FFE oA 2 o=uet Bt o $F9 =
3 Aot B3d F7 5o dg9 AEe #zto]
7l bR AZFozAME, Az Wy xEH
4 g4 BHd9o HFA F

"Finsbury Park &, ¢ q4 H o]
PC BdL Line (WAAS)ZAM ZAH R, 28z &y
Z 9o, 9 Jdl2Heold Hd(Fig. 99 °1]7]' Qo o3
2 ojn] 15d A&t gitt ool g2 o9& A3hH
I HEo dolm g3 dglen, 1 o dde] dA
g odf7F gs Axo|th

Helo] Ay og= lSaintMerry ¥, (PortsmouthA])<)
Mo Wl Bridge Coridor(AUWE F2)E 3539 =¥
olel AAHe] gt} o]RLE WPGAA FHAZL dARE
A o] BridgeZ E& #E I3AE 1F Fdde FRo)

ot

1

PC oj7lell stAj7t AxHA G HA: e FHol
tHFig. 10). o]l A&o] JTolx 4 vhe} o] A
&A, PC CladE ©] &% el 74+ %%'— 1ol o]-&
o, & mFeAE T, LA dd AEssta 3
ot A5 ML= PCE E%‘%"‘@f’ﬂ 01%0} , B3 &
gol TArl £ FUE Aotk PCeE ® 3159 #g

o AFA A= o] §3tT 3l
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Fig. 9 99 AFA@HS &) : (l2dy 249 B3 #d),

Fig 10 ASLE 2] AREESEL Aol Hsia Hewo]
(5 AR,

ggoll= gy pC7l FW THoZ A¥EE 7 gE
2 ARSga givh Zdds 293 sk AZAIGA
Y= d(Fhet Griddrdols) a8z WEAA(Blast
Protectiond )& ol &st: Qluh. Ht2 oA Had &4
o, A4& AAE 2F MAdT KA Olﬂih de 4
Labge) pC Bl V)gol ErE Hol glgdl EHeln)

n geks TEQA T THEEWE, & 1980
A 7)o 2% pC g ARH A gars e 21
23 Aefde] @ sMFom Frizk ge] sbEEioh
o] AL W E wAE Aolxyk ojBE ZFr},

Aol Al A AR pe A AFY HRFo}
A AFAAA] AR E0] ojelol, B, FF, dE
o2 1 Axe] NAR o= oAWF FAE
oFatn 9o, At sArt wAsEaE T
Bae Aold

o7l A TRbd, oe s AL TH He wdd
oz wEsln, TASA o HAA AGE FHole
A7}y 7F Aol ve A ek et

6 oA A Eokell oA PC
-85 A
Ken L. Forsdyke #l& o f3me) Eolx &zt Pol

Agsta Qe pC ARE ae Azg BU NE Y
A= FE ABE Urhim Wolel, B RoplA 5

a5 B 245, AL A1 55 A9 AAA
WA AnE g AEske Al AAAD
Slie A pCi AR AFEA Fu wWshdel 2ol

9,]1]—}:1 n 5 Ao ltﬂ%m} ZERA FL EZ

‘W
iﬂzgﬂl?ﬂf

1N = R )

A TERARNE FES AHEE F AT BoAx g

= 7;10157—, el FHES 94 ¥ FH¥er &yt

olatn, ANTE 273 weg festy, 4 A FFel
ATz g2 A slZEne oldx A4

7. =4 PCE A &3 & 1 99 A

Bate ofd, d=e) A AAA8E3L, Ken L. Forsdyke 49}
i Q_Ex‘r‘s*% PC AFEE THoE 448 &L
Tati AT, FAE 4 PC EY Al Table 69] &%
b FE A% A Bl Az kAT
15 2308 7122 s A 48 5 2 Fordd 48
32 =251 gich

JEC2] COMPOSITES 200314 432} CPA 3= ¥
225 74, Beardsworth® (@ %= Composit Fiberglass
Moulding Limited)s= #7Fatz 2lchFig (1)

a9 E2E AFAA B olele] PCE  Trailer
Container $% ¥r&51, T 9g wdelgdhv)= 4 PCO)

dvn #eo 239 s 9 Pistolz F9 g
Aol BEEA %}\_ #do] gsof oty WL 3
7 =5 ol selthFig. 12).

ZH, ARAF o Forvrs AEs & Beard &
Comall Limitedy = A Holdl pcE 2 &3tstu Yot
(Fig. 13). 2 3hvhel o7 TARZ(71eh, o SMC 7]9
& Pobd EA Auigle Aolebx Tekch pco) W 3
ol FEF o) UTHFig. 14).

N
Al

Table 6 G5 PC U9 o HEAF F8)

Beard & Cornall Limited,

W.L. Cunliffe (Southport)Limited,

Engineering & Glassfiber Development Limited,
Permali Gloucester Limited,

Composite Fibergfass Moulding Limited.
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Fig. 11 David Beardsworth #($-)st B2},

Fig. 14 PCE TE w9379 o(PHENCLAD A}).

o3 4% BIBEIELRCES 1>
k4 iRy1283 (62 §FT

i

Fig. 12 9% FXAE slopn} Zet2 E9APS] BOOTH (JEC
COMPOSITES 2003).

Fig. 15 A3532] HEAT SHIELDS] <.

Az Pl dgsiEta, vE dEA ARESHA
Fe ATl Yo AFAe] ' BIU, o|thFig. 15,
Fig. 16). o1& Az} wi7)A Fue AdE HHem
e AFelw P42 sttt of AL 287
FollA gt etz gk BAdXME obF HEHA
FgA PCo #F7] B9 o]fE oy ArdAE
A BAR A,

Fig. 13 Beard & Comall A}2] Booth (JEC COMPOSITES 2003).
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Fig. 16 A-5219] heat shield®] ol (forsdyke®] 2] ).
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