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.+ Electrical Products in Fire Resistive
.. Assemblies
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RO ' REFERENCE: Zicheiman, J. B., “Performance of Plastic Plumiblng and Eleetrlcal Producis
' In l-‘lr? Reslstive Assemblles,” Fire Huzard and Fire Risk Assessmemi, ASTAI STP 1150, Magcelo
b}. Hisshchler, Ed., Amcrican Socicty foc Testing snd Malcrials, Phitadciphia, 1992, pp. 66~
8J. '

: ABSTRACT: The plastic pipe, tube, and conduit products used in the United States evolved
o, from transplantcd European technologics over the past J0 years. Though osiginally only uscd
in nan-fitc rated construction, different versions of these products have qualificd for use in a
varicty of fire satcd asscinblics and building types alicr appropriale fiee endurance tests. End
uses lor these products include clectrical power, signal disttibution, s various plusmbing snd
mechanical applicativas.,

Plumbing sysicms showing scceptable pesformance in fire sesistive assemblics inchude deain,
waslc, o, awd supply pipag (domestic bt and cold water, sprnkice piping). Approved
clectrical applications include PYC-bascd rigid aon-mctallic conduit and a teaible polyvingl-
chiluside (I'VC) tubing product called clectsical non-metatlic tubing, Tested approaches avail-
able to salcly install plastic pipe, tube, and conduit inclwde passive and active fire siopping
systems bascd on insulations, int cnl sy and even mechanical “cut-off* devices fos
thermaoplasiic piping systems. Fire test results for these products and systems, and the dosigns
that resulted fsom those testing programs, are widely available. Plasiics uscd (o manufacture
these products include PYC, chlorinated PYC, acryloninsile-butadicac-stysenc (ABS), poly-
butylene (PD)), and polypropylene (PP).

: Fite risk Ms of potential performance of these produces must take inio account
propertics of the resin-polymer sysiems involved, the nature of the product itself (that is,

drain, waste, and vent versus supply piping versus clectrical conduit o tubing), where the
product is installed (for cxample, within a cavity wall versus penctrating or encasced in a slab),
and the type of installation detailing uscd. Decamse of the ausubier of possible combinations
for end use, analyticul apy s bused on (1) standacd test sesults, (2) licld daw on fire
pesformance of the plastic pipe, tube, and conduit products, and (3) fise sesistive asscmblics

A into which they are instalicd all contibute 10 infercuces deawn in conducting hatzasd
assessments,

A . Specifically, this paper reviews information available 1o assist in prcparing more specialized
tisk assessments fos these producis than the geacral studics cited above, under foresceable,
e end use confligurations in fice resistive asscmblics. An aticmpt has been made to ulilize ap-

proaches suggesicd for gencral fire hazard assessment proceduses that have been under cx-
tended study within the ASTM Committee E-5 on Fire Standatds over the past several years,
but which have not reached the status of standasds.

Most ficld performance dala on plastic pipe come from residential occupuncies where these
products have been used for over 20 years, and wheee they constitute 95% of pipe installcd.
Inn addition, thete have been ous install in non-combustible buildings (includi
high rlscs) here and outside the United States. This database sep a large popul
fur evaluating the fire risk associated with using plustic piping products., The cesidential dhata
are most interesting because (1) numcrically, they represent the Largest numbier of instablatioas,
(2) this occupancy type is the most lire pronc, based un frequency of occusience, und (3) these

Wresidemt, Integrated Fire and Failure Technolugics, tiw., 2322 Siath Sucet, Suite 107, Babceley, CA
94710, 66
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structures are constructed using the least sophisticated building technolugy. Sinutbacly, clectical
tubing and conduit products (having met standasd lire endugiance test conditions) have been
uscd widely in the licld without adverse effect since their inceemental aceeplance mito the
Nationast Electrical Conde (NEC) over the past decade.

Far the abuve reasons, the Huce model building codes imost widely uscd in the Uniled States
(which themselves sepreseat an sd hoc risk isscssmeat process) have accepted these producty
after sequiring demonsivation of both acceptable fire performance and availabihity of seasonable
iustallation meihodologics.

KEY WORDS: plastic pipe, hise endurance, through-peacisation, hazard assessment, fire re-
sistive isscmbly, wiumescent.

Ihe plastic pipe, wbe, and conduit (hereafier called plastic pipe, unless otherwisc noted)
tcchnology used in the United States and Canada has cvolved 1o include miany acw uses
following its intsoduction from Burope over the-past 3 1o 40 years. Originally permiticd
only in noa-fire resistive constuction, plastic pipe has heen demonsirated as acceptable fw
fise resistive cad uses after substantial testing and ficld evaluation,

Risk assessment studics addiessing gencial use of plastic pipe and plastic clectrical lubing
have been published. Both were conducted as part of code adoption processcs. One dealt
with possible increascs in fire hazards when allowable uses for unplasticized PVC electrical
raceways were expanded in the National Electrical Code (NEC) [1]. The sccond incheded
an assessment of lire retated hazards associated with use ol plstic plumbing pipe a hee
resistive comsteuction. That study can be lound in the draflt cavicommental impadd epurnt
published secently by SRI nternational as pint of the work assodiated with the state al
California plumbing code adoption process (2.

Both of these studics considered the combustible nature of the plastic products and {ouwd
their usc appropriate in fire resistive construction il appropriate installation detadmg
occurred.

Hazard Asscssment Dases

In considering fire hazard clements associated with use of plastic pipe, il is neceasary 1o
detenmine whether i proposed use will iesult in levels of sifety which exceed, are consntent
with, or are Jess than existing products performing the same function. In addition, methody
10 assess safely of new or non-classical uses of those products in fire resistive construction
arc also nceded. .

Potceatially undesirable conscquences nccding cxamination may inclide rapid fire spread
and unusual smoke threits. Failure o compromisc of firc sesistive assemblics prior to their
design limits which lead Lo unanticipated levels of damiage from fise also need to be cvaluated,

Considering this topic from the standpoint of the draft, *Standard Guide for the Devel-
opment of Fire Haznd Assessiment Standards for Products,” produced by the ASTM E5.35.01
Task Group on Fire Risk and Fire Riskh Assessimeat, the document instructs the analyst that
“one needs 10 describe the product, how it is used, and its cnvironment” 3} Iunially
examining “its cnvironment® is key 1o several guestions related 10 both occupant salety und
e spread where uses of plistic pipe e concermed. and duscription of this environiment
will ultimately define what products are suitable for use, Istuntively, it can abso be scen that
the other two (“ihe product and how itis used™) lend themsclves to evaluation by tests tha
can lead 1o faily specific but bioadly applicable results. For these icasons “eaviconment™

will bie considesed lust,
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68 FIRE HAZARD AND FIRE RISK ASSESSMENT

End Use Environmews for Plasiic Pipe, Tube, and Conduit in Fire Resistive Conssruction

.'. ‘u}b-" * Plastic pipe, tube, and conduit are typically installed within the eavelope which forms thic

Mf;tbogndatics of fire resistive spaces. Since these products are installed behind such wall and
:{l}iﬂoo:/cciling surfaces, their longevily and resistance to involvement in a growing fire situation
ab . substaatially cxcceds human tcuability in an affected space. Additionally, because this class
" of products are typically installed behind barricrs, chunges in preflashover chagsucteristics of
the spacc as comparcd (o whea mctallic piping components arc used will be minimal,
Exceptions come in the form of minor amounts of plastic pipe found in plumbing traps, amd
so forth, whosc quantity is minimal in comparsison with total amounts of nommally occurring,
combustible room contents.

Furniher, fur most plastic piping products and in the case of PVC clectrical raceways,
installation occurs within assemblics whuse surfuce membinancs (usuaily gypsum wallboard)
posscas a otinimun 15 min finish rating. Thus, it will take at least 15 min for such audesials
{0 be exposcd (o lemperatures of 325°F (165°C) or greater, o iemperature cange relicd upon
in judging the performance of prolective membrancs (as detailed in sections 46 mnd 47 of
ASTM Mcihod for Fire Tests of Building Construction and Materials), and one which is
substantially lower than the ignition tempesature for members of this generic class of ina-
terials. Because of this mode of installation, harm 10 occupants of such spaces from com-
bustion products ussociated with these materials is minimized in an origin acca. Additionally,
because the nature of the fire resistive construction is intended 1o prevent migration of
combustion products, smoke threats clsewhere will be limited.

As is well known, fire resistive constiruction depends on barriers at sclected locations to
v o0 prevet fire sprcad. In theory, if these bagicrs (walls, fous/ceilings, and so forth) function
' as intended, building occupants will have adequate tine 1o avoid injury by exiting salcly or
evacualing lo arcas of rcluge. Fire spread will also be limited. Jlowever, since actual struc-
wures contain opcnings such as dours, ducts for hcating, vealllating, ais conditioning, and
channcls for distnbuting all soris of whlitics and scrvices, the concept that sich barricrs are
monolithic in nature is gencrally only theoretical. fn practice, most contasm numerous open-
* ings which must be protecicd.

Thus, the cnvironmient being considered involves the cnvelope formed by fire resistive
componceats with plastic pipe, tube, or conduit installed within them and/os passing through
them.

No assumptions arc madc as to changes in fucl load which these products may provide.
Raither, through testing, performance of assemblics which include combustible plastic cle-
meals are comparcd with tested designs which do not contain those materials {or details
nceded lor ihcir installation) and cvaluations are made whether ur not plastic inclusions
seduce the fite cndusance rating of the original design. Fire exposurc conditions are pe-
scribed in ASTM L 119, for full asscmblics, and its derivative, ASTM E 814, Mcthod for
Fire Test of Through-Penctration Fire Stops, for festing of a penctration detailing itscll,

Description of Product

The “product” in this casc is various plastic pipe, tube, and conduit materials manufactured
from a varicty of generic polymer resins. These iuclude unplasticized polyvinylchloride
(PVC), chlorinated PVC (CPVC), acrylonitsile-butadicne-styrenc (AllS), polypropylene
(PP), polybuiylcne (PB). Each of these has its own physical propertics which include melt
point, melt viscosity, fucl content, easc of ignition, and so forth. Additionally, application
.. of different manulacturing technologics has led (0 versions with solid or foawn core in 'VC
and ABS drain, and waslc and vent (DWV) pipe products.
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Products ase divided in the categorics beluw with predominating generic resin for cach

use showan below.

1. Mcchanical system cnd uses. o
(4) DWYV Piping (unplasticieed PVC, ABS, PP-apecialized systems).
{b) Domestic hot and cold water (DHCW) (CPVC, PU).

(c) Coundensate drains (unplastivized PVQ).
(d) Roof drains (unplasticized PVC, AlIS).
(¢) Fire sprinkler systems (CPVC, PB).

2. Eicarrical tubing and conduit (also known as racewiys} cad-use (unplasticiced rvQ).
() Elcctricat power distiibution (119 10 22t volis).
{b) Low voltage wmcs.
(1) Signal systems. o=
(2) Vlectronic data processmg (EDP) distiibution,

~

Cusrently, PVC is the only resin system available which provides the nceded physical

propetics fuc the clectsical end-use arca,

{{ow These Products are Used

To assess hazards associated with “how™ plastic pipe products are usul..l.hc [in.: n.m:u;
assembly for whicl the hazard u»cssm\fnl is muade must be specilic, T["::L“"hf‘.--r:':-::,llcv:
applications which may include plastic pipe can ltc. brohen dowa by the u‘(')wmb \“: : i .
all of which assist in developing as exact a definition of the asscmbly type ay possible.

1. Asscmbly Type
A. WallvPartitions
1. Cavity type
2. Monolihic type
3. Floor/Ceiling and Roof/Ceiling Asscmblics
1. Cavity type
2. Maonalithic type
2. Coustruction Type
A. Combustible systcius
1. wouod stud walls and pastitions
2. wuod joist lloogleciling asscinblics ] )
3. composite of mixed assemblics such as those including:
(a) wood-based trusses
{b) wood-biscd “1" beams .
(¢) concrete decks on wood framing
B. Non-combustible systcims
1. wmetal stud walls and partitions
2. protected metal deck flomi/eciling
types
3. rcinforced conercic asscm
of profective mambrancs.

and rool/ceiling assemblics including bar joist-

Dlivs with and withoul exterior metal [runing, support
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70 FIRE HAZARD AND FIRE RISK ASSESSMENT

Piping and raceway configurations uscd with these asscmblics fall in one or morc of the
v ca(cgoneg (ollowmg.
4 1 '.‘""A‘“~ U

l'lmllly pcncltalmg clements
& x . Included clements .
S ¢ Combinations o( A,B,and C

Roa7S 1.
-u ~. A

* Given the prcccdmg background information, a 3-dimensional matrix lo visualize vari-
" ables in the cvaluation is suggested. The thece axcs, (a) project fire environment, (b) product
being considered, and (c) use formal in project, form in the three axes as represcnted in
Fig. 1.

Hazard Assessment Duta for Plaslic Pipe, ‘Tube, and Conduit Based on ASTM E 119 and
ASTM E 814 Testing

Results from well defined standard testing of assemblics arc usciul as input when con-
ducting hazard asscssments for plastic pipe, tube, and conduil installations. ‘The scope for
this paper deflincs the environment for these producls as fire resistive construction of one or
more hours expecied fire endurance. Thus, whea specific plastic pipe products arc fested as
parst of an asscmbly designed for use in that cavironmenl, applicable test data results. ‘The
lollowing scctions describe and discuss such standard test results and provide relesences for
them.

End Usa Characteristics of
Pipe, Tubo, or Conduit Installation

)

Chasracievitation
of Pusic Elerent

FIG 1 —Schemanc represeniauon of possible combinanons uof fuctors which must be evaluaicd when
instalbing plasiic pipe, inbe, and condwil in a fire ressiive asscbly.

e -
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In overviewing ASTM E 119 and ASTM E 814 resulls for plastic pipe, derating of firc
resistive assemblics and impact of penctrating clement diameter vs. thickness of assembly
are important.

Concerning derating of asscmblics (reduction in fire cndurance of the assembly containing
the plastic pipe product as compared (o vne without that product), the concept of finish
rating can be applicd to comparce performance of assciblies.? In the case of the 1- and
2-h gypsum wallboard clad wall asscmblics, dircct comparisons can be made between finish
fating (1ime) with and without plastic pipe, tube, and conduit installed. Such a scrics of
comparisons arc shown in Table | and reflect no substantial variation beiween specimens
with pipc and/or conduit installed, and those without thosc products present. These resulis
are pacticularly important, since carly failures of fire resistive asscmblics are the most critical
and potewtially catasirophic oncs.

A sccond clement of fire endurance behavior for asscmblics containing plastic pipe is the
relationship between penctration dimmcter and asscinbly thickness, This was cxplored ycars
ago in ad hoc testing in Europe, where diffecent dinmceters of plastic pipe were installed i
concrete slabs of differing thicknesses [9]. Receatly, the author conducted similir 1ests which
were 2 hin duration, Four diveet thiough peactaations were evaluated in 114.3- and 165.1-
mm (4%- and 6'3-in.) thick concrele slabs. PYC-DWYV sizes tested included 38.1, 50.8, 76.2,
and 101.6 mm (1Y2, 2, 3, and 4 in.). The pipe was installed in 6.35-mm (%-in.) oversized
holes with ceramic fiber packing as fircstopping. In both thicknesses of skab, the 38.1-mm
(1%-in.) pipe performed satisfactocily (or the full 2-h test duration and the 50.8- and 76.2-
mm (2- andd 3-in.) pipe installations performed satisfactorily in the 165.1-mm (6Y2-in.) thick
slab. The 10L.6-mm (4-in.) pipe failed in both thickness of slab with the geacric flircstopping
uscd, as did the 50.8- and 76.2-mm (2- and 3-in.) pipc in the thinner slab. Ovcrall, [ailure
tiines in the thin slab for the 2-h test were inverscly proportional o pipe diametes and all
failure times for all pipe diamclers were proportionally longer in the thicker slab [10]. This
relationship between slab thickuess and pipe diameter is an expression of what could be
called an “aspect ratio” as sclates to plastic pipe usc and allows onc to gencralize, not
surptisingly, that lasges openings are Jess desirable than smaller onces, and thinner asscmblics
are less dusirable than thicker ones, where fire endurance is concernced.

The impact of clevated atmosphicric pressure on the performance of plastic pipe, tube,
and conduit in fire affccted rooms is of recognized importance. Of these, veated applications
(as found in plumbing uscs) arc the most citical. Conversely, minimal air flows can be
expected within clectrical raceways which contain substantial [t and are essentially closed
at tenminating locations in junction, swilch, or oulict boxes. Additionally, clectrical raceways
arc used typically in substantially smaller diametcrs.

The actual pressure gradients which cexist during postflashover lires begin with negative
valucs in the range of = 0.508 to ~0.254 nun (—4.98 t0 —2.49 Ps)) of waler at Noor level
and increase 10 zero il about onc-third the height of an affecied room. They continue (o
increase such that, near the ceiling, positive pressure in the range of +.508 1o +1.02 nun
(+4.98 to +9.97 P'a.) of wates may cxist {10).

The elfect of these pressure gradients on possible fire travel through asscmblics which
include penctiations has been debated extensively in code forums, where pressures utilieed
in test furnaces have been at issue. In response, code agencics have stipulated that some
degree of positive pressure be applicd (o assemblics tested under the ASTM L 814 standard.

WA confusing situation cxists in the ficld, w that luush rating mcasurcmceats fog dussinular assembhics
arc tahen with thermocouples which may be located at vastly diffeecat locations, that is, individually
under the gypsum mcmbrancs for wall tests above vs. at wood joists at the lup ola plcmuu space when
ratcd hung celings arc tested. Both measuccments, however, represent o “limsh rating.”
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72 FIRE HAZARD AND FIRE RISK ASSESSMENT

-~ TABLE V—Fire endurance and finish ratings of 1- and 2-h walls inclading PVC pipe,
ey ! | ' sbre, and conduy.

!

L LIR . ! Finish Rating, Fire Endurance,
Included Clcment min h Refesence
noe 20.0 | ]
none 19.5 1 )
nuone 19.0 ] +4
rvCc-DWV 19.5 [ s
EMT scction 6.0 2 0
I'VC ENT scction 67.0 2 0
CEMT scction o).0 2 7
PVC ENT section .0 2 7
wne 06.0 2 S

'

This is a conscrvative assessinent, however, since the most common plumbing wall penc-
tration of a fire resistive asscmbly (a pipe trag at u sink) is windes negative pressure duiing
a postllashover fire. Nevertheless, positive pressute is justificd in testing since piping also
may pass through fire resistive assemblics high in a room (us at Noor penctrations or above
a hung ceiling). Sprinkler piping, for example, is oficn run overhead, as is DIICW.?

Finally, most of the test results which follow ase for plastic pipe products installed using
common, geacric fisestopping materials to cusure fire tesistive integrity which is usually the
simplest and most cost elffective installition solution. However, because plastic pipe, tube,
and conduit do mclt and bum, in some applications such as kuger diasmceters of pipe or with
ovenized penctrations, installation details based on proprictary firestopping wiaterials (such
as lntumescent rubbers, proprictacy fiber insulations) and mcchanical lirestopping devices
ure necessary 10 provide superior and/or cost elfcctive protection. “Fest results involving such
detailing (which are usually listed and somctimes kibeled by thid pasty vnganizations) e
included where nceded to illustrate particular points. For the most extensive listingss of such
products, the reader is referred 1o the Undeswiitess Labonory, Inc., Fire Resiviunce
Dueviory |8).

Stundurd Fire Testing of Plustic Pipe

Mot plastic plumbing pipe is run veatically in walls and shaltways in fie resistive con-
structions where pipe installations are bowmled by gypsum wallboand. For this rcason, most
of the casly fire test work was dirceted atl evaluating the integrity of such generic plumbing
walls with plastic pipe installed in various ways.,

Because of a lack of bascline data for classically used steel and copper pipe, the initial
fire test study conducted included these inaterials as well as PVC and ABS plastic DWY
pipe [13]. To date, no other standard test sesults for metal plumbing products have been
published, which makes the question of performance critesia for them in conducting hazard
asscssments somewhat ill defined. In the other carly tests of plastic DWYV, generic plumbing
walls with commonly available firc stopping matcrials (such as grout and thermal insulations)
weic cvaluated {1421}, These are similar approaches to that followed in the initial scrics

tcsestingly. in Canada the building code calls for positive pressure testing to be conducted at a
tevel which is 10 times thit called fog in the Usited Stastes [22]. The justification for this is. in pat,
based upon “stack cffect™ srgumcats. One can question the requirement for such high pressaie -
Terentials a1 test, based on the prescace of enginecred smoke control pressurization systems in high
e busldings constiucied today. Converscly, in low sise, lire rosistive buddings, the stack cllcct is not
a luctur,
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at the National Institute for Standaeds and Technology's Center fue Fire Research (formerly
Nationai Burcaw of Standards).

F'Test results produced and the plumbing and fire stopping conligurations that resulicd
from these tests clieet the evolution in wndestanding of nceded installation technology
that occuned liom the initial series through the most recent tests of vae and twa b metal
framcd wall systems. The latter are found in typical non-combustible buildings (5.22}. Maay
of the assemblies tested in these series were designed to simulate a plumbing wall undergomg
a fire exposure, on a floor between iwo simlar fige resistive assemblies above and below
the test Hloor. This testing was uscd to assess possible vertical fire spread where veated
DWYV systems are installed as well as hosizontal lise spread across such assemblics. The
latter is the most obvious behavior expected ina fire resistive assembly with combustible
through peactrating clements. Vertical spread has not been observed in properly constrocted
test assemblies due to both (a) the propensity of the DWV aerials to melt and close off
openings at protecied locations within cavity walls and (b)_the functioning of fise stopping
or novmal clearance penctrations at simulated Hoor lines. ™

Consistent with the abuave, failure modes obacrved in testing DWV systems have included
carly horizontal buin tiwough in test assemblics where sstallations included oversized an-
nular spaces at thiough penctration Jucations and/or plumbing littings bearing on gypsum
wallboard membiances [14.24].

With regard to amount of plastic pipe tested on fire paformance, the most conseevative
triads have included 4.877 m (16 11) of 50.8 mum (2 in.) and 76.2 mm (3 in.) 'VC DWYVY

‘installed together in a 139.7 mm (5%: in.) deep, 2,048 x 3,658 m (10 x 12 1) metal frame
‘plambing wall. The installation included two through peactrations. The same plumbing
configuration was successfully tested in one and two bour wall designs, “The test assembly
included six vertical wall cavities and simulated upper and lower floors, two of which included
the DWYV pipe. A schematic of the test assembly can be scenin Fig. 2 |24]. For ABS-DWV
pipe, o single plumbing cavity, ina JHB x 3,658 m (10 x 12.01) 1 h 50.8 x 152..4 mm
(2 x 6 in) wood fiamed test wall with the sime plumbing configurition shown above
seprescnis the most pessimistic condition teated 1o dine [19).

1o onder (o assess the impact ol loam core technalogy in which coextiusion tedmiques
are used to produce plasue DWWV pipe with solid exterior layers and a low density loam
cane, @ test on the penctiation detail only tor the assembly desenibed above wis conducied
accorded o the ASTM L B4 test stundand. Test tesults showed no ditfesence i performance
for the fuam core product as compared 1o the solid core test result [25]. Table 2 sumuasiees
the test series discussed above for DWY pipe in gypsum wallboard clad §- and 2-b mctal
and wood framcd assemblics,

Specialiced, proprictary systems for DWV through penctration of gypsum shaft walls or
masonry walls by plastic pipe have been developed and tested, These incude gmllotine-
like systems ar intumescent closures for 2- or 3-h assemblies lor plastic pipe dimmcters up
to 152.4 mm (6 in.). [27-31].

From a standpoint of lire performance of plastic pipe used for sprinklers or DIICW
applications as compared (0 DWV (which is kugely cmpty and of greater diameter), the
latter poscs a greater threal 1o five spread. However, P sprinkles and DUHCW pipe up 1o
50.8 nun (2 in.) in disncter have been tested in both metal and wood [ramed asseablics
under the citeria of the ASTM L 814 stiadard [32,34).

Although these applications contain water, this was not possible for testing. Thus, tcst
results are comscrvative since the presence of water will increase fire endusance,

Because far less plumbing pipe is found in fire resistive flood/eeiling assemblics, (ewer
fise endurance tests have been run with such systems. Test results available are summarized

in Table 3.
inT CTL029124
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FIG. 2—Generic gypsum board clad, metal siud wall assembly for fise testing. Specimen inclindes
veriical drain and vent hnes (with simukscd phanbing penewrutions) as well as lowral plunbing pencirasions.

.

TABLE 2—Gypsum clud 1- and 2-h wall ussemblies containing plaviic DWV.

Houdy Penciruting Struciueal

Raning Maicsial® System* Tesling Agency Reterence
] ADS (solid cuse) wood frame AB,C {43, 17, 19}
[} AUS (loam coc) wood {rame n 25
| IrvC wuouod (tame AB.C |43, 17, 19}

: ! rvc metal frame 8 5)

2 ADS (solid core) wood [rame L] 17|

2 rvc woud frame 1} 14
2 pve mctul frame L |22

“Pencirating matcrials arc sll 1% of 2-in. (3.81 of 5.08-cm) DWYV pipe. Ve and drain size range
from 2 10 4 in., dcpending on asscajbly snd gencsic pipe type. For specific sizes and types, consull Ref
26.

sFor minimum thickness of tcst asscmbly and description of stcuctural clements, consult Ref 26.

*Key to agencics: )

A —National Institute of Standards and Technalogy Center fur Fire Rescarch ((omacrly Natiosal
DBurcau of Standards).

11— Ohiio State University

C—University of California, lerkeley )

D —Wagnock Hlersey Intcsnational, Inc., Vancouves, B.C., Canada.

LE—Wainock Hersey latcrnational, lne., Pitsburg, CA.
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TADBLE )— Examples of fire endurance test results for flooriceiling assemblics.

Howly Penctrating Structural
Rating Material® System* Testing Agency” Relerence
2 PvCe concrele slab A {34)
2 v Q wund frame A |d5a,b.c)
1 i, 56 min.© AlS, PVC concrele slab on mctal B 1946}
deeh with huog ceid-
ing detail
I, X min. ANS woud (rame A 15a}

“Maximum pipe sizes—3 or | in. (7.0 or 10 cwm) dependiig on specilic desiga tested.
*Kcy 10 agencics:
A—Underwriter's Laboratorics
H—Olvo State University
*Iai the test of s 2-h asscinbly, an apparently rmdom Gilure occurrcd in the protective hung cciling
lower membrane, leading (o slightly premature lwihie. ==

Standard Fire Testing of Unplusiicized P’V C Producis for Elcctrical End Uses

ASTM E 119 testing of fire resistive assemblics with unplasticized 'VC clectrical raceway
(and boxes) installed has been conducted. Initially, this test work was dirceted at demon-
strating the equivalency of the PYC products with competing metal praducts, Subsequently
testing 1ook the form of more usual performance testing based on the ASTM E 119 standard
aloue. Quee again, scant test results existed for the metal products with no 1esls available
for fire sesistive wall asscmblics including rigid metallic conduit, for example. Tests of wall
asscmblics containing various PYC materials are summarized in Table 4.

Bascd upon analysis of the preceding test results, the Conference of American Building
Officials (CABO) cstablished that PVC raceway can be used in combusuble and nun-
combustible 2-h asscmblics based on S0.8 x 101.6 mun (2 X 4 in.) nominal frapung |37).

Theee different floor/eciling desigas containing PVC clectrical components have been
tested successfully. One, a M3h dosign with concrete dech and metal structural system,
included o plesum in which thice diffesent combinations of PYC raceway and boxes were
tested. A fouwsth, control section, included mctallic raceway and boxes. The lower membrane
was a lise rated, inonganie tile [3S] This westing vaailics that PYC buxes (see also Ref (1Y)
for an cvaluation of PVC box impact in combustible Hoor/eeiling assemblies) and raceway
can be successfully used in Hoorleciling assemblics without compromising fire performance.
In particular, itaddresses the hazard poscd when PVC materials melt onto a lower membranc
which has a critical protective function as where, in the test cited above, the lower membrane
provided piotection for steel membeis suppoiting a concerete deek.

TABLE 4—PVC clectrical raceway tested in gypsum clad, fire eesistive wall assemblics.*

lourdy
Rating PVC Matcrial Structural Sysicm Reference
2 Yi-in. (12.7-mm) rigid non- 2 x 4o, (30.8 x HHL6 -um) {6}
wetallic candut numinal woold studs of 3%.
in. (Y2.08-mmm) 22 gauge
steed stnds
2 Yeein, (19.05-mm) clectrical non- I%-in. (Y2.08-mm) 25 gauge 7l

metallic tubing steed studs

“Hoth tests run at Undeowater's Labosaorics, Inc,
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, The other two systems tested were based on poured in place slabs of 2-h design. One was
k'.' of normal weight concrete 114.3-mm (4%-in.) thick and contained thice runs of 25.4-mm
¥ (1 in.), PVC clectrical non-metallic tubing (ENT) raceway [40]). The other systcm, based on
1 lightweight concrete, was formed on a propriciary corrugated metal pan system 47 ]. Both

! ASTM E 119 time temperature curve. Testing was primarily 1o determine temperature rise

% above the ENT on the uncxposed surface of the slab or where the non-metallic tubing exited

1 the unexposed face. Figures Ju and b illustrates test specimens.

[

K

Test results for the two unprotecied concrete slabs addiess possible fise risks in using
- PVC raceway in a cast in place format. Where possible derating of such assemblics is at
issuc, two failure modes are poteatially impostant.

® possible increascs in backlace lemperature rise duc to the presence of I'VC (clectrical
saccways) and

® possible fire spread along PVC raceway, leading from exposcd o the amexposed side

; or from internal ignition of raceway within the slab to the saexposcd side,

Rl
o

In rclation 10 the first itcm, data {rom lllctmoa;uplcs placcd digcctly above ENT runs in

", thesc tests showed lower rcadings than in arcas where concrete only was prescat, This is a

!
R ;

" scficction of the lower thermal conductivity of the PVC raccway as comparcd to the thermal
" conductivily of the concrcte itscll. Figurcs 4a and b illustrates this for the normal weight

.
‘1° PLWDLE PVC RACEWAY
: nf, e,

e

THERMOCOUML LOCATIONS.
(D) ON UNEXPOSED SURFACE.

@@ ® ou coucrtic
SURFACT ADOVL
[NT RUNS.

® @ rACto ON CONCREIC
.. o 1° HOMZONIALLY
S IROM CMLRGHIG (NI

! ABOVE VLRICAL RUN
CONCRLIL SLAB SPECIMEN

LUIERING SLAD
FROM DILOW
._, @9 A1 1 oM SURFACE.
) @ " AoV suan on
)
i @ 14 ABovt sLAa on Ll

FIG. Y(a)— Concrete slab test specimens 1.829 % 2.438-m (6 % 8-1); Self supporsing 114.3-num (47
in.) thick slub. Thermocouples Nos. 11w Y ure ASTM & 11Y stundurd; Nuos. 10w 12 are ASTM 12 814,
. i

e, . '
‘

* of these tests were conducied on 1.829 x 2.438-m (6 x B-ft) specimens according o the-

R ]

i

'
I:

ZICHERMAN ON PLASTIC PLUMBING AND ELECTRICAL PRODUCTS 77

I PLAGLE PYC RACEWAY
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FIG. ML)~ Concreewe slab test specimens 1.829 % 2.438-m (6 x 8-J1); Lightweight cancrete slab cant
on propriciucy metal pan, 83.9-nun (3:-in.) minonun slub thuckness. Thennocoaples Nos. 1 10 & are
ASTM E 119; baluice ure ASTM E 814 thermuvcauples.
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4.57 (1143 mm) SLAD WITH 1° (25.4 mm) ELECTRIC NONMETALLIC TUDBING (ENT) INSTALLED
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I1G. 4(b)—Comparative time temperature curves fon thermocouples associated with meiallic (Fug. da)
andd mows-mciollic (Fig. 4b) clectrical raceways iesicd m couci cie slabs.

slab. Similar results were abo oblamed with the hghiweight test slab which included the
25.4-oum (1-in.) ENT siceway.

Regarding pinsible fure sprcadd abong the PV raceway, testing showed thiat no such lise
spread occurred. Rathier, the matcnal witlun the slab caied graduadly: and temperatures
at locations where ENT cxited the teat usscinblics were below failure criteria far ASTM E 814
(Fig. 4b).

Converscly, an identical specimien, lesicd wath cast in place, thin wall clectrical metallic
bing (EMT) showed higher backfuce temperatuics above the metallic raceway during testing
than in the licld of the concrete (Fig. 4a). In addition, #t exit locations on the uncxposed side,
temperatuies abso excecded altowable Jevels Tor ASTM L B14. Test assembly design was
identical o that of the normal weight slab shown in the pceeding Fig. 3. Back fuce time
tcmperature curves showed higher emperatures above the EMT as well as at outlet locations on
the uncxposed surfice of the slab {42]. These readings are a consequence of the high thennal
conductivity of the stecl tubing as comparcd to both the concrete and the PVC raceway,

Noustandard Suurces of Hlazard and Risk Asscssmcnt Dala

In addition to results (rom standard testing, hazard and risk assessimcent proceduses often
must draw on other data to reach reasonable conclusions, Often a standard 1est may not
address a foresccable consequence of the use of i product or the intended use may dilfer
from the standard asscbly resull. Thus, engincesing judgment, a non-standard test, and/
or ficld data will be requircd to provide nceded answers, An inescapable fact is that so
many potential end-wse configurations exist for pipe, tbe, and conduit products (as with
ather widely uscd construction products) that one is precduded from testing of all combinations
of these making some form of haznd asscssment a necessity.

AT
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tn the case of PVC clectrical raceway products, for example, portions of the hazard
assessmgent findings in Rel 1 were based on non-standard test results used in concert witl
madeling results 1o assess probable impact of combustion products created from fire ca-
posures of these products. The hndingy demonstrated that no unusual hazieds existed, based
upon direet exposure of PVC clectrical raceway to flame, as did later lindings based on
rudent cxposures 10 PYC smoke from the sime products {43).

Likewise, potential ignition hazards posed by all clectiical raceway systems should be
considered and evaluated alihough these ae not readily subjected to standagd test conditions
However, seports are availuble oo this topic which show that PVC racewiays provide it
salety factors not found in metallic raceway systems due to their inability to fault’ 1o ground
[-44.45).

It is obvious that rcdundant fire protection features required in many contemporary
buildings impact fire risk levels there, This was demonstrated for PYC clectncal products
in a test conducted when sprinkler protection was added 1o an older, fire resistive bulding
in a demonstration of upgrading capabilitics of modern construction materials and techaigues
[46). 1n this case, the active protection provided by sprinklers based on plastic pipe prevented
damage 10 PVC-LENT installed within fire resistive wall assemblics to such an extent that
clectricat coptinuity was waintasined after even the fire test exposure had been conducted.
In actual situations like this test scemuio, actual fire loads rarcly challenge properly installed
bansicrs (such as single or multiple Liyers of waliboard) and the presence ol sprinklers further
reduces hagud levels. The presence of these construction features should be Giken into
account in preparing a fire hazimd assessment of such structures,

The cmergence of CPVC and PR as listed waterials for (ire sprinkler pipe has been
reviewed [47) and seports on the testing 1o gqualify them for hating are also available 48],
Those teat tesults also have implications for pipe uses in DHCW supply based on the same
gencric plastics which e gualiticd for use iy spomblers, For example, in test protocols (o
plastic pipe sprinkler systems, the piping, chinged with waler, is cxposed 1o a wood unb
heptane fire, When the test is begun and fullowing initiabon of sprnkler discharge, wites
flow is continued through the plastic pipe which 1s itsell exposed 1o the ongoing woud cnly/
heptane lire, “This provides adegualte evidence of piping integrity and resistance to flame
impingement under conditions where water is present and should relicve those conceined
that CPVC and PB for DHCW uses will derate Tise resistive assemblics i which they ae
installed,

Concerning non-standard postllashover testing of through penctration of slabs and pa-
titions by plastic DWV, two carly Canadian studies showed mixed results (or tests in which
attempts were minde to lollow the ASTM 2 119 time temperature curve, lor small specimens
These tests also preseated diffesent approaches 1o through peactration fire stopping, -
cluding application of mcital sleeving at through pencitntion locitions 1o protect pipe for
periads beyond onc b [49,50).

Australian rescaichers conducted tests on both unprotected PVC pipe penctrating conciete
slabs and protecied situations where PVC pipes were installed with intumescent fige stopping
systems. Their results icinforced the finding that fire stopping protection for direct, through
penctrations of PVC pipe through slabs was requited 1o maintain firc resistance ratings.
These rescaschers also conductied tests with metal pipes which showed high uncxposed face
temperatures but no transisission of lire [51-33].

Finally, no boaa lide ficld data documenting the existence of identificd hire hazards duc
(o plastic pipe, tube, or conduit as currently used is available, This includes an Austialiun
study of the subject [54] and scarches and iiguirics in the United States to vanous inciden
repoting systems and databises by the author have lailed to develop ficld data demonsttating
a due hazard. Likewise, a scaich of ficld dati o installationy i hic sesistsve huddoigs made
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o under alicenate materials and methods sections in the building codes since the 1970s did not

\31, ;xshow a recognizable fire incidence related (o plastic pipe use. Similar inquiries rclated
,{: . ficld performance of clectrical raceways based on PVC raceway, whose use increased first

Hl.”

e,

] !;t
,

}

113
Jq
o

with the 1987 NEC acceptance and incrementally further with the 1990 NEC, have been

ncgative. '

Discussion

* ‘The preceding scclion presented data which will assist in projecting expected fire per-
formance of plastic pipe, tube, and conduit in specific situations. Genceralizations which can

‘.1 be drawn from these data include the following below.

Although the dilfcrent gencric matcrials used lor plastic pipe, tube, and conduit have
been tested to varying degrees in both combustible and non-combustible construction as-
scmblics of widcly diffcring types, such testing has not been conducted on every type of
included or pencirating clement in every possible lire resistive ussembly. The testing which
has becen conducted in both standard fire endurance fosmats (as well as for uses in fire
resistive buildings which include sprinklers bascd on plastic pipe) supports the following
gencral ranking where test results for a specific combination of pipe assembly arc unavailuble,

CPVC > PVC > fise sctardant PP > PP, PB, and ABS

The basis for this ranking can be found by comparing tabulated test resulls in reports
such as Ref 13 and fire endusance periods presented in listing documents such as Ref §
where differing geueric resins, uscd to labsicate plastic pipe, tube, and conduit have been
tested in identical installations. From a standpoint of measurcd fire resistance times in side
by side testing, both of thuse seferences present data that support this ranking for products
uscd in plumbing and clectrical applications. Likewise, properties sweh as sesistance of
polymecr resins to ignition (as expresscd by numerical results in ASTM D 286) tcsting) ase
of importance. Finally, presence of absence of fire setardants (as in the polypropylence
malcrials cited) and diffcring melt and charsing tendencies of the classes of resins used for
pipe, tube, and conduit will impact fire endurance.,

Model Code Acceplance

Each of the three model building codes, the Uniform Building Code (UBC), Standard
Duilding Codc (SHC), and the National Building Code (NBC),* upan which most locally
adopied building codes are based, provide (os the use of plastic pipc, tube, and conduit in
firc resistive constructi n in their latest versions, Other specialized or regional codes (such
as the NEC and the National and Swundard Plumbing Codes) allow for unlimited use of
plastic pipec, tube, and conduit, as specified. Likewisc the ANSI $-40 committee recently
developed a plumbing code allowing for use of plastic pipe in fire resistive coustruction and
the Conlercnce of Amcrican Building Officials, Board for the Coordination of Modcl Codes
(CABO-BCMC) issucd guidelines for use of plastic pipe, tube, and conduit in shaft, duct,
and at through penctration locations scveral ycars ago. lowever, dillerences cxist from
communily 1o community regarding adoption and amendment of these codes. Cestain inajor

‘UBC, promulgaied by the latcrnational Confercnce of Building Olficials {ICUO), Whittics, CA;
SIC, promulgatcd by the Southcin Building Code Congress International (SBCCH), Birmingham, Al;
NUC, promuigaicd by the Buding Officials and Code Admnustcators hitcanativnal (BOCA), Country
Club Lhalis, IL.
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citics which promulgite their own codes, and the model pluibing code used in much of the
westesn and midwestern United States, restrict wse of these products in i vitiety of ways.
Itis the author®s opinion that these sestrictions are based on cconomic, rather than techaical,
grounds, inasmach as theee is o substantial, positive scemd for these product’s fire perfor-
mance characteristics.

Conclusion

Adcquate literature and test results exist ta canduet hazard assessments seliated to many
uscs of plastic pipe, tube, and conduit. In doing so, application of products must be con-
sidered in light of their specific function, the type of asscmbly in which they will be installed,
and the overall design of the structuse concerned. Whenever possible, standard test results
and knowledge from fickd perfonmance should he applicd 10 make these assessments.

~—
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