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In line with Cullen Recommendation 46 (i) many passive fire 
protection systems are now fitted to offshore pipeline risers 
where safety studies identify a potential fire threat requiring 
mitigation. The systems are often developed with fire 
resistance as the primary requisite and neglect other factors 
which could potentially cause degradation. This can occur to 
such an extent that fitness-for-purpose is lost and the system 
fails to provide adequate fire protection. To prevent this a 
specification for riser protection is required and this paper 
discusses details of considerations which must be made when 
specifying materials, types of systems, test methods to prove 
materials, and typical failures, all aspects which contribute to 
such a development. 
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INTRODUCTION 

Recommendation 46 (i) of Lord Cullens Report (1) recommends that studies should be 
carried out 'To achieve effective passive fire protection of risers without aggravating 
corrosion'. Following safety studies operators have begun to protect risers using a 
variety of passive fire protection (PFP) methods in order to prevent the escalation of 
small fires by riser rupture and subsequent catastrophic loss of facilities. 

A variety of PFP systems are available which exhibit different attributes. Many were 
originally designed for application to structural steelwork or for use in panelling systems 
and have been adapted for applications to risers. There are a number of particular 
considerations required when specifying PFP materials to protect risers since 
environmental, hazard and installation situations can vary significantly with fixity, and 
thus corrosion resistance, presenting a particular problem. 

Fire resistance testing, with a number of exceptions, remains the principle means by 
which a PFP system is evaluated and achieves certification. In service the material may 
be subjected to a number of events and possible accident scenarios during its lifetime 
which could result in failure to reproduce the original fire resistance performance when 
required to do so. 

Consideration will be given to sequences of events or scenarios in safety studies and it 
is appropriate therefore that testing should also employ a sequence of representative 
tests on specimens of a suitable geometry rather than individual tests on a small sample 
of the PFP material. It is the integrity of the complete riser system (PFP material, 
mechanism of fixity, riser pipe and supports) which is of importance rather than simply 
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the f ire resistance capabi l i ty of the PFP mater ia l . 

This paper ident i f ies some of the more typ ica l PFP mater ia ls , the events to w h i c h a riser 
may be sub jec ted , the tes t methods used to eva luate PFP mater ia ls , examples of 
fa i lu res, and then proposes fur ther w o r k and the requi rements for a spec i f i ca t ion w h i c h 
wi l l cover t he use of PFP mater ials appl ied to o f fshore pipel ine r isers. 

RISERS 

Of fshore pipel ine r isers carry hyd rocarbons t o / f r o m the p la t fo rm tops ides (as s h o w n 
typ ica l l y in Figure 1) and exhib i t a number of d i f fe rent con f igu ra t ions w h i c h are 
dependen t on p la t fo rm t ype and layout . Bends and hor izontal sect ions are present at 
t he t o p of t he jacke t to route the riser to its terminal po in t , general ly a pig t rap (Figure 
2 ) . The riser is c lamped at some point near to the top of the jacket and hung ver t ica l ly 
or near ver t ica l ly d o w n t o the sea bed thus impos ing tens ion loads. In some instances 
compress ion may be in t roduced by suppor t ing t he riser at the b o t t o m . 

For a t yp ica l riser spans be tween suppor ts of 5m are typ ica l for hor izonta l sec t ions and 
10-1 5 m fo r ver t ica l sect ions. Pipe d iameters can lie in the range 3 " to 4 0 " and are 
general ly cons t ruc ted of API 5L (2) steel tubes w i t h grades X 5 2 , X 6 0 or X 6 5 being 
c o m m o n . Jo in ing be tween sect ions may be by bol ted f langed connec t i ons or by 
we ld ing and there may be the possib i l i ty of gaskets at these jo in ts . 

In some p la t fo rms of t he caisson t y p e , part icular ly concre te p la t fo rms , the ver t ica l 
sec t ions of t he riser may no t be exposed bu t may be conta ined w i t h i n the body of the 
s t ruc tu re or poss ib ly w i t h i n a leg, ca isson, or J - tube on a jacke t s t ruc tu re . 

RISER ZONES 

From th is brief descr ip t ion it may be deduced tha t a riser can pass t h r o u g h d i f fe rent 
reg ions of a p l a t f o rm . Seven areas have been def ined w h i c h may or may no t be 
appl icable fo r a par t icu lar p la t fo rm. Each zone w i l l have d i f fe ren t charac ter is t i c w h i c h , 
a long w i t h p la t fo rm layout and f unc t i on , wi l l cont ro l the t ype of env i ronmen t and hazard 
t ha t the riser w i l l exper ience and wi l l thus in f luence the requ i rements of the PFP sys tem. 
The reg ions are: 

1 t he con t inuous ly immersed area be low lowes t as t ronomica l t ide ; 
2 t he splash zone where in te rmi t ten t w e t / d r y cond i t ions exist ; 
3 t he area be tween the splash zone and cellar deck/sp ider deck level whe re 

sa l twa te r spray levels are high and w e t t i n g cou ld occur ; 
4 above deck where a reduced level of sa l twater spray is exper ienced and 

equ ipment conges t ion may be l ight or heavy; 
5 w i t h i n modu les and ESDV enclosures where a degree of p ro tec t ion to the mar ine 

env i r onmen t wi l l be p rov ided ; 
6 w i t h i n ca issons or J - tubes w h i c h of fer p ro tec t ion bu t are general ly f l ooded ; 
7 in d ry ca issons such as [Condeep] p la t fo rm legs. 
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PFP SYSTEMS COMMONLY APPLIED TO RISERS 

Only generic material types are referred to in this paper and the descriptions apply to the 
use on risers only. 

Sprayed epoxy intumescent coatings: Intumescent materials swell and form a char on 
the outer surface upon heating which produces a low thermal conductivity. Most of the 
produced gases are liberated in the very early stages of the fire below 300°C. Materials 
of this form are lightweight and the epoxies naturally provide excellent corrosion 
resistance of the substrate along with good bonding characteristics. To prevent erosion 
during jet fire impingement, to provide adhesion, and to reduce cracking due to thermal 
expansion a mesh reinforcement, often pinned to the riser, is generally placed in layers 
within the material during spray application. Spray application means that the material 
may be applied in-situ. 

Sprayed cementitious coatings: When sprayed onto risers the materials contain 
chemically bound in water of hydration or crystallisation which is converted to steam 
on heating. This action maintains the temperature of the PFP material at 100°C until 
the water is removed after which the material reverts to a basic insulator and reflector. 
Once again the material may be applied in-situ and again the material is considered to 
be unsuitable for application in the wet zones. 

Bondedelastomeric coverings: Coatings of this form are generally designed as corrosion 
coatings with extended abilities. Using chloroprene rubbers as a basis, they are bonded 
directly to the riser, often using a vulcanising process, and may then comprise a number 
of layers offering corrosion resistance, limited fire resistance, insulation, impact 
resistance, water resistance, and anti-fouling. The action is generally ablative, involving 
the sacrifice of material. Due to the vulcanising process the materials are usually applied 
to the riser in the factory before the whole assembly is shipped for installation. 

Wound fibre composites: The systems are ablative in nature and formed from filament 
wound glass reinforced resin. The material is applied directly to the primed riser steel 
by rotating the riser and using a bobbin feed system although the material may be 
applied by hand. Due to the excellent bonding and water retardant properties the 
systems may be used on sections within the wet zone and the material has best results 
when factory applied. 

GRP and FRP composites: Both materials have been used as PFP to protect risers but 
are generally not spray applied systems. GRP type materials employing chopped strand 
glass and epoxy resins are often faced with meshes to provide integrity and the FRP 
materials may be used in multiple layer composites which provide strength and fire 
resistance. Fire resistance can be provided by ablation or by the inclusion of an epoxy 
intumescent as a facing material. 

Pre-formed half-shells or caissons: The tubular section of a riser lends itself to half shell 
sections which can be fabricated onshore and then shipped and applied in-situ. Half-
shell systems have been developed for most of the materials covered above for use in 
retro-fitting existing risers. They are generally applied over a primed surface to provide 
corrosion resistance and require a suitable method for joining the half-sections together. 
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Box-type protection: The major i ty of sys tems are general ly appl ied d i rec t ly to t he risers 
b u t box t y p e sys tems have been used to enclose sect ions of r isers, par t icu lar ly in t he 
above-deck reg ions. The sys tems make ma in tenance and inspect ion s imple and may be 
fabr ica ted and t hen assembled on-si te for re t ro- f i t t ing purposes. Box sys tems have been 
cons t ruc ted f r o m stainless steel skin w i t h a h igh tempera tu re or al l -metal l ic in-f i l l or f r o m 
GRP or FRP mater ia ls w h i c h can be ei ther ablat ive or have an epoxy i n tumescen t fac ing 
for f i re p ro tec t i on . Such boxes have been w ide ly used to p ro tec t ESD va lves . 

Blanket Systems: The b lanket sys tems have occasional ly been used to p ro tec t r isers 
only in the above deck region since they exhib i t no wa te r repel lent charac te r i s t i cs . Their 
ease of app l ica t ion and removal howeve r does permi t i nspec t ion . Wea the rp roo f i ng can 
be improved by the use of external cover ings and the in tegr i ty of such sys tems is ve ry 
much dependen t on the me thod of f as ten ing , especial ly w h e n sub jec ted to b las t loading 
and je t f i re imp ingement . 

The l imi ta t ions of some of these sys tems for a part icular env i ronmen t have been 
real ised, resul t ing in d i f fe rent comb ina t ions of mater ia ls a long a riser to re f lec t t he 
cond i t ions exper ienced in the d i f fe rent zones. 

RELEVANT FACTORS 

A f i re tes t per fo rmed solely on per fec t PFP mater ial w h i c h takes no a c c o u n t of actual 
riser geomet r ies , or exposure to other possible o f fshore scenar ios , w i l l n o t g ive a 
representat ive ind icat ion of the abi l i ty of a mater ial t o retain its in tegr i ty dur ing an 
o f f sho re f i re . It is un fo r tuna te tha t the major i ty of tes ts are per fo rmed on v i rg in 
spec imens appl ied under ideal cond i t i ons . 

A number of cond i t ions exist t o w h i c h a PFP sys tem on a riser cou ld be exposed and 
w h i c h may require tes t ing to prove the in tegr i ty of t he s y s t e m . Not all of t he cond i t ions 
h igh l ighted wi l l be appl icable in all cases and indeed it may be d iscovered t ha t some are 
i r re levant whereas others can be dismissed as un impor tan t fo r a part icular s i tua t ion . 

Tes t ing shou ld be aimed at the comple te PFP sys tem, inc lud ing a representa t ive pipe, 
suppor t cond i t i ons , and methods of f i x i t y . 

Application: W h e n a t tach ing the sys tem to the riser me thods shou ld be used w h i c h 
ensure t ha t no imper fec t ions are in t roduced w h i c h cou ld cause fai lure at some po in t in 
t he fu tu re . Such imper fec t ions cou ld be in t roduced as a resul t o f the locat ion of the 
app l i ca t ion , tempera tu re dur ing app l ica t ion , accessib i l i ty , env i ronmen t , inadequate 
sur face prepara t ion , inadequate ly t ra ined personne l , hand l ing , or poor ly made repairs and 
jo in ts . Al l cou ld be addressed by the use of QA procedures to ensure proper pract ice 
leading t o good qual i ty . 

Ambient Temperatures: Tempera ture e f fec ts on the PFP sys tem can be in t roduced by 
the env i r onmen t and can inc lude the m a x i m u m , m i n i m u m , the rma l cyc l ing and thermal 
shock e f fec ts of such parameters as sea and air tempera tu re . There are also the e f fec ts 
of e levated tempera tu re in t roduced by hydrocarbon impor t / expo r t act iv i t ies ( M a x i m u m 
of 1 2 0 °C) or ex t reme ly l ow tempera tures in t roduced by rapid depressur isa t ion . Elevated 
tempera tu res may also occur on sect ions of riser w i t h i n enc losures or conges ted areas. 
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Weathering/Ageing: Weather ing /age ing act ions can cause a b r e a k d o w n in mechan ica l 
and f i re res is tance proper t ies by a change in chemica l compos i t i on , by remova l of 
cons t i t uen ts t h r o u g h leaching, by wa te r l ogg ing , or by eros ion . Exposure t o UV l ight , the 
ac t ions of sa l twa te r spray, in te rmi t ten t w e t / d r y cond i t i ons , and ful l immers ion may 
render mater ia ls ine f fec t ive wh i l s t the more mechan ica l ac t ions of i ce -wedg ing and 
spa l l ing , or t he erosive e f fec ts of w i n d , w a v e cur ren t , and h igh pressure sprayed 
hyd roca rbon can act to enhance env i ronmenta l wea the r ing or dep le te mater ia ls . 

Impact: Damage caused by impac ts leads to wa te r ingress or o f ten t he remova l of 
sec t ions of PFP mater ia l . In some instances the pr imary f unc t i on of a p ro tec t i ve 
measure m a y n o t pure ly f i re resistance b u t t o p ro tec t t he riser f r o m the i m p a c t even ts 
as w e l l . In addi t ion t o the t ypes of impacts cons idered in safe ty s tud ies w h i c h are 
general ly due to dropped ob jec t , b last induced missi les or ship impac ts , and w h i c h can 
resul t in bo th h igh and l ow energy impac ts , there are also env i ronmenta l cons idera t ions 
such as w a v e s lamming and f loa t ing debr is w h i c h can a f fec t mater ia ls in t he splash and 
immersed zones. It is unl ikely t ha t a riser wi l l surv ive a ful l sh ip impac t . 

Blast: Blast e f fec ts can cause PFP mater ia ls to d is in tegrate , c rack , or c r u s h , p lac ing 
par t icu lar emphas is on the mechan ism of f ix i ty to retain the mater ia ls . Factors of 
re levance are t he blast over-pressure and blast w i n d ve loc i t y , the t ime h is tory of the 
even t , the response of the riser in te rms of i ts de f lec t ion and any blast induced 
v ib ra t ions . The major i ty of blast parameters wi l l be heavi ly in f luenced by t he t y p e of 
fuel and locat ion of the ign i t ion source w i t h i n the p la t fo rm and are thus zone dependen t 
w i t h h igh conges t ion and areas around ven ts p roduc ing more severe cond i t i ons . 

Mechanical Properties: A l t hough the riser steel w i l l a t t rac t the major i ty of load the PFP 
wi l l exper ience some f o r m of loading and should be able, depend ing on the par t icu lar 
requ i rements , to demons t ra te compress ive and tensi le s t reng th , stra in res is tance under 
large de f lec t ion loading such as blast or impac t , and f rac tu re res is tance, especia l ly at 
l ow tempera tu res . Of part icular in terest is the per fo rmance of the f i x ing me thod or bond 
w h i c h w i l l u l t imate ly determine whe the r the PFP mater ia l de taches i tself f r o m the riser 
pr ior t o a f i re . T h e ' s t i ckab i l i t y ' o f a mater ia l , t he abi l i ty t o remain a t tached t o t he riser 
under t he large def lec t ions w h i c h cou ld occur in a f ire even t , is of pa ramoun t 
impo r tance , as is resistance to removal w h e n f i re- f ight ing opera t ions such as hos ing or 
deluge occur . Mechan ica l v ib ra t ion exper ienced dur ing normal opera t ion may also cause 
d i s b o n d m e n t over a per iod of t ime . 

Fatigue: Three f o rms of cyc l ic loading are possible w h i c h cou ld resul t in fa t i gue damage 
to the PFP sys tem in the f o r m of loss of bond s t reng th or m ic ro -c rack ing and they cou ld 
be caused by w a v e ac t ion , thermal cyc l ing or v ib ra t ion . Locat ion a long the riser w i l l 
de te rmine the env i ronmenta l cond i t ions w h i c h wi l l in f luence the fa t igue pe r fo rmance , 
along w i t h e levated tempera tu res . 

Chemical Reactivity: The pr imary requ i rement is the prov is ion of cor ros ion p ro tec t ion 
to the riser s tee l , bu t to ensure t ha t the mater ial does not degrade reac t ions should no t 
occur b e t w e e n the PFP and p roduc t ion f lu ids , p ro tec t i ve cor ros ion coa t i ngs , pr imers, 
ex is t ing CP sys tems for corros ion res is tance, act ive f ire p ro tec t ion sys tems , and ex is t ing 
PFP mater ia ls where over -coa t ing has occu r red . 
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Fire Resistance: The f i re resistance requi rements of bo th PFP and me thod of f i x i t y 
shou ld de f ine the l ikely f ire t ype and the f ire parameters such as du ra t i on , heat f l ux , 
spread of f l ame, tempera tu re of f i re, and tox i c i t y . It is essent ial t ha t the t y p e of tes t 
used t o p rove a PFP sys tem should reproduce the sever i ty of cond i t ions w h i c h cou ld be 
expec ted in t he real f i re event . 

Thermal Properties: The design and spec i f i ca t ion of PFP sys tems for r isers requires a 
k n o w l e d g e of the thermal propert ies of a PFP mater ia l . Those of par t icu lar in terest 
inc lude the the rma l conduc t i v i t y , sur face emiss iv i ty , absorp t i v i t y , rate of e ros ion , and 
the heat sink proper t ies of the riser i tself . 

Post-Fire: Op in ions di f fer as to the re levance of the post- f i re cond i t i on of t he mater ia l 
once a f ire is ex t ingu ished . The in ten t ion is to ensure tha t re- ign i t ion does no t resul t due 
to smou lder ing char , bu t should th is occur t hen escalat ion is no t possible as adequate 
f i re res is tance remains . Resistance to hose s t ream tes t ing and the prov is ion of meshes 
t o reta in char are possib i l i t ies, a long w i t h a cons idera t ion of t he smoulder ing 
charac te r is t i cs of t he mater ia l . 

Inspection and Maintenance: The abi l i ty to de tec t de fec ts w i l l ensure t ha t the PFP 
sys tem per fo rms as expec ted and demons t ra ted dur ing tes t , and the riser pipe is no t 
pe rm i t ted t o degrade by potent ia l ca tas t roph ic fac to rs such as cor ros ion or c rack g r o w t h 
w h i c h cou ld occur beneath the PFP mater ia l . Inspect ion shou ld be able to de tec t the 
co r rec t compos i t i on of the PFP mater ia l , its th i ckness , and any de fec ts w h i c h may be 
present w i t h i n the mater ial or i ts re in fo rcement . Similarly there should be the abi l i ty to 
examine the riser mater ia l for cor ros ion and other de fec ts . Ma in tenance is essent ia l , 
especial ly w h e n top coats are required t o reduce the e f fec ts of wea the r ing and improve 
w a t e r p r o o f i n g . 

W i t h these potent ia l hazards and events in mind a number of tests have been deve loped 
t o eva luate t he PFP sys tems for the resistance proper t ies . Def in i t ion of w h a t cons t i tu tes 
a pass or fai l dur ing tes t ing is of pa ramount impor tance . 

DEFINITION OF ACCEPTANCE/FAILURE CRITERIA 

One pr inc ipal requ i rement w h e n evaluat ing mater ial under tes t is to def ine the nature of 
the pass/ fa i l c r i ter ia . Three d i f fe rent levels have been ident i f ied : 

1 Failure of t he PFP mater ial is deemed to occur w h e n the cr i t ica l va lue of one of 
t he ident i f ied resistance requi rements is exceeded. 

2 Failure occurs as a result of the PFP mater ial being unable to prov ide su f f i c ien t 
f i re p ro tec t ion for the steel to p revent a cr i t ical tempera tu re r ise. 

3 Failure of t he comple te sys tem occurs w h i c h leads to an escalat ion of t he f ire 
even t before evacuat ion of the p la t fo rm can be ach ieved. 

For cond i t i on 1 t he fai lure cr i ter ia is based on the exceedance of a single parameter , be 
it mechan ica l or f ire re lated, the result of w h i c h cou ld render the PFP mater ia l ine f fec t ive 
in p rov id ing f ire res is tance. The cr i ter ia applies to the PFP mater ia l and no t the sys tem. 
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For cond i t i on 2 fai lure is based around a much broader cr i ter ia w h i c h cons iders t he 
pe r fo rmance of the comp le te sys tem and the abi l i ty of t he PFP mater ia l to p rov ide 
adequate f i re resistance to p revent an escalat ion of the event . 

For cond i t i on 3 t he cr i ter ia is l inked to the Safety Case assessment and the surv iva l t ime 
required to permi t the safe evacuat ion of t he p la t fo rm. The cond i t i on impl ies t ha t 
fa i lures of t he t y p e out l ined in the f i rs t t w o cond i t ions may occu r as long as safe 
evacua t ion is poss ib le. 

Failure cou ld occur by a means other than those expec ted in a f ire tes t , fo r ins tance: 
degradat ion of mater ia l propert ies dur ing wea the r ing tes ts beyond a spec i f ied l imi t ; 
excess ive c rack ing , spal l ing, or d i sbondmen t dur ing mechan ica l t e s t i n g ; inadequate 
th i ckness of mater ia l ; de fec ts d iscovered dur ing inspec t ion ; cor ros ion of t he riser s tee l ; 
or fa i lure of post - f i re tes ts . 

Failure cr i ter ia w h i c h cou ld be d iscovered dur ing a f ire or f ire tes t cou ld inc lude: 
Disappearance of p ro tec t i ve mater ia ls ; col lapse of mechan ica l re in fo rcement ; subs t ra te 
t empera tu re exceeds a recommended leve l ; excess ive reduc t ion of y ie ld or u l t imate 
s t reng th of the riser s tee l ; a l lowable def lec t ion l imit of the riser steel is exceeded ; fai lure 
of t he spec imen occurs by col lapse or rup tu re ; required surv iva l t ime is no t ach ieved ; or 
comp le te fai lure and possible escalat ion occurs . 

Clearly the u l t imate cr i ter ia is t ha t w h i c h a l l ows the safe evacua t ion of t he p la t fo rm prior 
t o an escalat ion of the event i.e. comple te fa i lure. The Safety Case assessment 
prov ides a t ime w h i c h is required to evacuate the p la t fo rm and the fai lure cr i ter ia mus t 
ref lect th i s . Failure cr i ter ia w h i c h are adopted dur ing t he spec i f i ca t ion s tage mus t be 
l inked t o t h e pract ica l s i tuat ion and eva luated us ing representa t ive tes ts . 

CURRENT PFP TESTING 

Weathering: In fo rmat ion f rom wea the r ing tests per fo rmed on PFP is der ived f r o m t w o 
sources : Acce le ra ted tes ts and long te rm tes ts . Acce le ra ted tes ts aim to rep roduce the 
sever i ty of real cond i t ions f o l l owed by a f ire tes t , general ly fu rnace tes t i ng . Typ ica l 
examples are prov ided by Underwr i te rs Laborator ies U L 1 7 0 9 tes ts (3) or B S 8 2 0 2 Part 
2 (4). The t w o me thods are compared in Table 1 . 

Long te rm wea the r ing tes ts we re inst igated by Shell in 1 9 8 7 (5,6) w i t h an ant ic ipated 
p rog ramme length of 10 years. 3 0 c m square spec imens are exposed to mar ine 
cond i t ions w i t h a photograph ic record , we igh t ga in , impac t res is tance, wa te r con ten t , 
and f inal ly a fu rnace tes t being carr ied ou t on samples w h i c h are per iodical ly r e m o v e d . 

A l t h o u g h accelerated tes ts are conven ien t to pe r fo rm, cal ibrat ion of t he m e t h o d s w i t h 
real t ime wea the r i ng is requ i red, and the f inal f ire tes t should also cons ider jet f i res. 

Blast: No s tandard tes t me thods exist for blast w i t h mos t w o r k being under taken on an 
ad-hoc basis. Blast cells have been used to examine coa ted PFP spec imens , w i t h 
overpressures of 8 bar being possible. Detai ls of blast tes t faci l i t ies may be f o u n d in 
Reference 7 . In general PFP blast tes ts are per fo rmed using overpressures of less t han 
1.5 bar and usual ly invo lve tes ts on f lat plate spec imens. 
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A s imu la ted exp los ion me thod has been devised by Havers tad (8) based on exper ience 
ga ined f r o m gas exp los ion tes t ing of PFP coated panels. The me thod reproduces the 
de f lec t ion pe r fo rmance of the panel dur ing a blast using a hydraul ic ac tua to r . It does 
n o t h o w e v e r cons ider stra in rate e f fec ts as the osc i l la t ion cyc les dur ing s imu la t ion are 
of the order of 2 -3 seconds per iod , or the e f fec ts of b last w i n d or nega t i ve pressures. 

Impact: Small scale impac t tes t ing of PFP mater ial a l lows the eva luat ion of res is tance 
to local ised damage or f rac tu re and is typ i f ied by such tes ts as Charpy or IZOD tes ts . 
Large scale impac t tes t ing has been carr ied ou t on f la t panel spec imens w i t h the 
in ten t ion of examin ing the in tegr i ty of the ent ire panel . Inev i tab ly t he tes t resul ts are 
no t appl icable to r isers since the geomet ry and suppor t cond i t ions of t he spec imen 
in f luence the spec imen response and thus damage exper ienced by t he PFP. 

Typica l t es ts have cons idered pendu lum tes ts such as the t r a w l board tes t (g iv ing up to 
1 7 k J impac t energy) w h i c h is used for p ipel ines, and drop tes t ing (g iv ing up t o 12kJ 
impac t energy) . Qual i f ica t ion tes t ing has typ ica l l y adop ted 5 k J as a su i tab le impac t 
energy , ach ieved using a 9 0 ° cone w i t h an 8 m m t ip radius. This impac t energy is based 
on a t yp ica l secondary missi le p icked up by a b last w i n d (9) . 

Fire Testing: Fire tes t ing is carr ied ou t using t w o d is t inc t me thods : Furnace tes t ing and 
je t f ire t es t i ng . The hydrocarbon furnace tes t (for example Reference 10) p rov id ing t he 
' H ' ra t ing is a rapid rise tes t , based on tempera tu re , w h i c h d isplays a t ime h is tory w h i c h 
is d is t inc t l y d i f fe ren t to a cel lu losic f ire tes t (See Reference 11) w h i c h p rov ides the ' A ' 
ra t ing and ref lects the combus t i on character is t ics of hyd rocarbons w h i c h igni te as pool 
f i res. Such a rapid rise can sub ject the spec imen to thermal shock . Peak tempera tu res 
of a round 1 1 0 0 ° C w i t h heat f luxes of 2 2 5 k W / m 2 are typ ica l for a hyd roca rbon fu rnace 
tes t . M o s t PFP mater ia ls have been tes ted in th is manner . 

Je t f ire tes t ing is no t as clearly def ined as the fu rnace tes t , and no ' J ' ra t ing ex is ts , bu t 
s tud ies are u n d e r w a y (12) to p roduce a s tandard tes t w h i c h w i l l be pub l ished by the 
HSE as an OTO Report . Small scale je t f i res have very l imited use w h e n cons ider ing 
pract ica l h igh pressure gas releases. Med ium scale f i res have been deve loped by SINTEF 
(13) us ing a vapor ised LPG f lame w i t h release rates of a round 0 . 3 k g / s , f lame speeds of 
2 0 - 6 0 m / s and to ta l received heat f luxes of 2 8 0 to 3 4 0 k W / m 2 g iv ing f lame tempera tu re 
of 1 1 0 0 - 1 2 0 0 ° C . The large scale tes ts deve loped by SHELL at the Br i t ish Gas 
Spadeadam tes t site (14) deve lop f lame lengths of 2 0 m f rom release rates of 2 -3kg/s 
of LPG or LNG. Received to ta l heat f luxes of up t o 3 5 0 k W / m 2 have been measured at 
ta rge ts a long w i t h tempera tures vary ing around 1 1 0 0 ° C . 

Due to t he expense of jet f ire tes ts on ly a f e w sys tems have been tes ted in th is w a y , 
b u t t he p roposed s tandard tes t is based on the med ium scale tes t and the cur ren t 
s tud ies are a imed at s h o w i n g corre la t ion be tween med ium and large scale parameters . 
This tes t is being p roduced at present and the resul ts are ou t for d i scuss ion . 

Mechanical Properties: Simple tes ts to determine tensi le and compress ive s t r eng th , 
e longat ion to break, f rac tu re toughness , hardness and bond s t reng th are general ly 
avai lable as s tandards and are appl icable to indiv idual mater ial t ypes such as e las tomers , 
GRP p roduc t s , resins e tc . 
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Inspection: The impor tance of inspect ion has recent ly led t o the deve lopmen t of 
m e t h o d s w h i c h are capable of inspect ing bo th the PFP and the coated subs t ra te , w h i c h 
is of par t icu lar concern w h e n cons ider ing cor ros ion . Such me thods have inc luded 
impedance tes t i ng , deep penet ra t ion eddy cu r ren t , x-ray back scat ter (15) , and the 
deve lopmen t of an ul t rasonic inspect ion d o w n h o l e call iper (16) w h i c h can inspec t the 
inner and outer sur faces of f i l led and unf i l led risers and thus de te rmine the degree of 
co r ros ion . GRP mater ia ls are current ly being inspected using u l t rasonic m e t h o d s , w i t h 
a change in a t tenuat ion ind icat ing f rac tu re , resin f ibre s l ippage and f ib re f rac tu re (17) . 
The resul ts are being l inked to damage to lerance and the s ign i f icance of de fec t s to 
determine the degree of damage before f i tness- fo r -purpose is impa i red . 

Chemical Reactivity: Chemical react iv i ty is assessed in an ad-hoc manner us ing a 
var ie ty of d i f fe rent me thods w h i c h are normal ly based on chemica ls and so lven ts found 
in onshore process act iv i t ies . The act iv i t ies o f ten cent re around the use of react iv i ty 
databases w h i c h consider the ac t ion on a c o m p o n e n t basis rather t han the comp le te PFP 
s y s t e m . Spot or immers ion tests are per fo rmed at room tempera tu re rather t han the 
e levated cond i t i on . In some instance hydrocarbon p roduc t i on f lu ids have been used . 

Combined Hazard Testing: Combined or sequenced tes t ing has been appl ied to a f e w 
panel sys tems and has compr i sed : Blast f o l l owed by je t f ire and fu rnace tes t i ng , 
s imula ted blast f o l l owed by fu rnace tes t ing , wea the r ing f o l l owed by fu rnace tes t i ng , 
impac t f o l l o w e d by inspec t ion , and fire f o l l owed by hose s t ream tes t i ng . The CEGB 
recognised the need for scenar io-based tes t ing and in t roduced a spec i f i ca t ion (18) for 
f ire barr iers w h i c h inc luded w e t - d r y cyc l ic tes t ing f o l l owed by impac t f o l l o w e d by 
fu rnace tes t ing f o l l owed by hose s t ream tes t ing as a tes t sequence. 

OPERATORS SAFETY CASE INPUT 

The ob jec t ive of the Safety Case approach is to a l low the ins ta l la t ion o w n e r to 
demons t ra te t ha t the potent ia l hazards have been ident i f ied , t he risk t he re f r om 
eva lua ted , and measures taken to reduce those risks to as l ow as reasonably pract icab le 
(ALARP). The Safety Case approach is goal-setting, a l lowing opera to rs f r eedom to meet 
the safe ty ob jec t ives by wha teve r means they consider appropr ia te and can jus t i f y . 

Sa fe ty s tud ies wi l l there fore determine whe the r or no t the riser is a cr i t ica l con t r ibu to r 
to the risk to the personnel by examin ing any number of possible esca la t ion scenar ios. 
If the risk is cons idered s ign i f icant then QRA techn iques can be used to eva luate the 
potent ia l reduc t ion in risk tha t t he use of PFP sys tems w o u l d p rov ide . 

The scenar ios postu la ted in safe ty s tudies, and w h i c h the PFP w o u l d be expec ted to 
exper ience and resist , prov ide a basis for def in ing a tes t p rog ramme for a sys tem. 
Un fo r tuna te l y , w i t h f e w excep t ions , tes t ing is concen t ra ted on the f ire resistance 
requ i rements only w h e n the Safety Case scenar ios, and a cons idera t ion of the other 
operat ional cond i t i ons , suggests a combina t ion of fac to rs w o u l d be more appropr ia te . 

IN-SERVICE EXPERIENCE 

The fo l l ow ing g ives some typ ica l examples and c o m m e n t s on the per fo rmance of PFP 
mater ia ls based on bo th in-service exper ience and observat ions made dur ing tes t ing : 
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Simi lar ly , box or w rap - round p ro tec t ion may surv ive fu rnace or small scale tes t ing but 
they are heavi ly dependen t on the mechanica l fas ten ings used t o retain t h e m w h i c h can 
undergo severe load ing , inc luding mechan ica l v i b ra t i on , dur ing jet f ire imp ingement . 

M i s m a t c h e d thermal propert ies be tween riser, PFP and re in fo rcement can lead to 
c rack ing or bond fai lure under f ire or other thermal loading as d i f ferent ia l expans ion 
occurs b e t w e e n the var ious layers. 

Checks have revealed in some ins tances; incorrect th icknesses of mater ia ls , no 
re in fo rcemen t , re in fo rcement incorrect ly pos i t ioned, lack of sur face preparat ion and on 
a f e w occas ions , incor rec t mater ia ls or incor rec t ly mixed mul t i -par t mater ia ls have been 
appl ied, some of w h i c h are not actual ly PFP mater ia ls . Checks on qual i ty are essent ia l . 

REQUIREMENTS 

The requ i rements for a riser PFP spec i f icat ion should be in the spir i t o f the goa l -set t ing 
app roach recommended by Lord Cullen and avoid an enve lop ing , prescr ip t ive app roach . 
The var iab i l i ty of the subject demands more f lexible gu idance w h i c h l inks Spec i f i ca t ion , 
Safety Case and Tes t S tandard , w i t h the emphasis on sat is fy ing requ i rements on a case-
by-case basis rather than a prescr ip t ive set of rules and values to be ach ieved . 

To accomp l i sh th is a set of val id tes ts are requ i red, any of w h i c h can be se lected to 
p rove a PFP sys tem against the l ikely cond i t ions postu la ted dur ing sa fe ty s tud ies . This 
wi l l ensure t ha t a part icular mater ia ls ' a t t r ibutes prov ide the necessary res is tance to the 
l ikely t h r o u g h life cond i t ions and hazards. This is especial ly t rue of o f fshore r isers where 
cond i t ions can vary in d i f fe rent zones and f r o m p la t fo rm- to -p la t fo rm. Present ing a set 
of r igid des ign parameters such as impact resistance or b last overpressure w o u l d be 
inappropr ia te and w o u l d lead to error. 

The spec i f i ca t ion mus t prov ide a Qual i ty Assurance f r a m e w o r k w h i c h covers all aspects 
of PFP mater ia l , f r o m tes t ing , t h rough appl icat ion p rocedures , to ma in tenance and in-
serv ice m o n i t o r i n g . Such aspects , o ther t han incorrect spec i f i ca t ion o f PFP sys tems , 
f o r m the major reason for fa i lures. 

Add i t i ona l w o r k to enable the deve lopmen t of a spec i f i ca t ion , and tes t s tandard , should 
inc lude: 

• Deve lopment of a fa t igue tes t to evaluate bo th mater ia l and bond under e levated 
tempera tu re and sal tspray cond i t i ons . 

• Deve lopment of a tubu lar tes t spec imen w h i c h a l lows the tes t ing of the mater ia l , 
t he me thod of f i x i t y , site jo in ts , and a typ ica l repair. This spec imen should be 
t ranspor tab le be tween all tes ts (eg impact , f i re, blast , w e a t h e r i n g , e tc . ) . 

• Deve lopment of sui table methods for inspect ing bo th PFP mater ia ls and p ro tec ted 
subs t ra te . 

• Corre lat ion be tween level of damage (possibly by impedance tes t ing or sampl ing 

of bond s t rength) and reduct ion in fire resistance propert ies to permi t in-place 
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mater ia ls to be evaluated for adequacy. 

• Corre lat ion be tween long te rm wea the r ing and accelerated w e a t h e r i n g tes t 
m e t h o d s . 

• Corre lat ion be tween the var ious f ire tes t me thods ( furnace, smal l - , med ium- , and 
large-scale je t f ires) and real f i res. 

• In teract ion w i t h act ive f ire pro tec t ion me thods . 

• Studies on the e f fec t of v ibra t ion and riser response on the mater ia l pe r fo rmance . 

• Deve lopment of a means of mon i to r ing QA and ma in tenance procedures , 
inc lud ing methods for check ing appl icat ion and mater ia ls proper t ies , and me thods 
for tes t ing for long te rm degradat ion (possibly by re ten t ion of coupons ) . 

CONCLUSIONS 

1 This paper has h igh l ighted a number of concerns related to the app l ica t ion of PFP 
mater ia l t o o f fshore pipel ine risers and g ives some of t he requ i rements t ha t a 
goa l -set t ing spec i f icat ion should consider . 

2 The eva luat ion of PFP mater ials should encompass no t on ly t he PFP mater ia l i tself 
bu t the me thod by w h i c h the PFP is retained and the response of the riser and its 
suppor t s ; in other w o r d s the comple te sys tem. This wi l l de termine the mode of 
fai lure and the fai lure cr i ter ia. 

3 A number of generic t ypes of PFP sys tems have been appl ied to o f f sho re r isers 
w h i c h cou ld conce ivab ly exper ience a var ie ty of d i f fe rent env i ronmenta l 
cond i t ions and potent ia l hazards. 

4 A l o n g t h e leng th of t h e riser a number o f d i f fe ren t env i ronmen ta l and hazard 
cond i t ions may be found w h i c h the PFP sys tem should be able to resist and t hen 
prov ide the required f ire res is tance. Such var iabi l i ty prec ludes the der iva t ion of 
a set of f i xed compl iance parameters , and goes against the goa l -set t ing app roach . 

5 Tests fo r a number of hazards have been per fo rmed on samples of PFP mater ia ls 
bu t there has been no s igni f icant tes t ing w h i c h cons iders inc ident scenar ios and 
thus sequences of tes ts to s imulate those scenar ios. 

6 In-service exper ience of PFP mater ials demons t ra tes tha t c lose a t ten t i on needs 
to be paid to Qual i ty Assurance aspects , ma in tenance , adequate t es t i ng , and the 
spec i f i ca t ion of sui table mater ials for a part icular requ i rement . 

7 The key requ i rement is to ensure tha t adequate ly qual i f ied mater ia ls are cor rec t ly 
appl ied t o prov ide the required resistance parameters def ined in the Safety Case 
w i t h con f idence tha t those propert ies wi l l be prov ided over the life of the mater ia l 
to sat is fy safe ty requ i rements . 
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Test 

Heat exposure 

Washing 

Freeze-thaw 

Sulphur dioxide 

Humidity 

Weatherometer 

Salt spray 

Natural 
exposure 

Acid 
environment 

Solvent 
exposure 

Underwriters Laboratories 

6 months @ 60 °C 

Wash wi th soap, water and air dry wi th 
no rinsing. 
Cycle repeated 20 times 

Water @ 0.7in/hr for 72 hrs. -40 °C for 
24 hrs. 
+ 6 0 " C for 72 hrs. 
Cycle repeated 12 times. 

S0 2 @ 0.2 litres per 300 litres. 
Cycle repeated 20 times. 
(BS3900: Part F8). 

97 -100% relative humidity @ 35 °C for 
six months. 

Carbon arc lighting @ 20 °C for 2000 
hrs. 
(BS3900 Part F3). 

5 % salt solution @ 3 5 ° C for 90 days. 
(ASTM B117-3 1979). 

2 years minimum in 
a) industrial environment 
b) marine environment 

BS8202 Part 2 

270 days @ 70 °C 

Wash wi th soap, water and air dry wi th 
no rinsing. 
Cycle repeated 20 times 

- 2 0 ' C for 24 hrs. 
+ 2 0 ° C for 24 hrs. 
Cycle repeated 10 t imes. 

1 % S 0 2 plus 1 % C 0 2 for 30 days @ 
35°C . 

100% relative humidity and cycling 
between 42-48 °C for 2000 hrs. 

Water spray and light for 3 mins and 
light only for 17 mins. 
Repeat cycle for 720 hrs. 

Artif icial seawater @ 20 °C for 2000 
hrs. 
(BS3900: Part F4). 

Fog spray of 2 % by volume HCL in 
water for 5 days. 

Toluene or acetone spray @ 21 °C until 
excess runs off. Dry for 6 hrs, respray, 
dry for 1 8 hrs. 
Cycle repeated 5 times. 

Table 1 
Accelerated Weathering Tests 
454 



I CHEM E SYMPOSIUM SERIES No. 134 

Figure 1 Typical Platform Showing Location of Risers 

Figure 2 Typical Riser Configuration Above the Waterline 
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