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-+ Performance of Plastic Plumbing and

Joseph B. Zicherman'

Electrical Products in Fire Resistive
Assemblies

REFERENCE: Zicherman, J. B., **Performance of Plastic Plumbing and Electrical Producls
in l-‘lr.c Resistive Assemblies,”* Fire Huzard and Fire Risk Assessment, ASTM STP 1150, Marcelo
M. Hirshchler, Ed., American Society for Testing and Materials, Philadelphia, 1992, pp. 66-
83,

ABSTRACT: The plastic pipe, tube, and conduit products used in the United Staltes evolved
_Irom transplanted European technologics over the past 30 years. Though originally only used
in non-fire rated construction, different versions of these products have qualificd for use in a
varicty of fire rated assemblies and building types after appropriate fire endurance tests. End
uses for these products include clectrical power, signal distribution, and various plumbing and
meclanical applications.

Plumbing systems showing acceptable performance in fire resistive asscanblies include drain,
wuste, vent, and supply piping (domestic hot and cold water, spriokler piping). Approved
clectrical applications include PVC-based rigid non-metallic conduit and a fexible polyviny)-
chloride (PVC) tubing product called clectrical non-metallic ubing. Tested approaches avail-
able to safely install plastic pipe, tube, and conduit include passive and active fire stopping
systems bascd on insulations, intumescent systems, and even mechanicul *cut-off” devices for
thermoplastic piping systems. Fire test results for these products and systems, and the designs
that resulted from those testing programs, are widely available, Plastics uscd o manufacture
these products include PVC, chlorinated PVC, acrylonitrile-butadicnc-styrene (AlS), poly-
bul):lcnc (PB), und polypropylene (PP).

Fire risk assessments of potential performance of these products must take into account
propertics of the resin-polymer systems involved, the nature of the product itself (that is,
drain, wasle, and vent versus supply piping versus clectrical conduit or tubing), where the
product is installed (for example, within a cavity wall versus penctrating or encased in a slab),
and the type of installation detailing uscd. Because of the number of possible combinations
fur end use, analytical approaches based vn (1) standiaed test sesults, (2) fickd diut on hire
!u:rl'unuancc of the plastic pipe, wbe, and conduit products, and (3) fire resistive assemblics
into which they are instalied all contribute to inferences drawn in conducting hazard
assessments,

_ Specifically, this paper reviews information available to assist in preparing more specialized
risk assessments for these products than the general studies cited above, under foresecable
end use conliguralions in firc resistive asscmblics. An attempt has been made to utilize up:
proaches suggested for general fire hazard assessiment procedures that have been under ex-
tended study within the ASTM Commiittce E-5 on Fire Standuards over the past scveral years
but which have not reached the status of standards. '

Most ficld performance data on plastic pipe come from residential occupancics where these
products have been used for over 20 years, and where they comstitute 95% of pipe installed.
ln addition, there have been numerous instalations in non-combustible buildings (including
high riscs) here and outside the United States, This database represents a arge population
for cvaluating the lire cisk associated with using plastic piping products, The sesidential dats
are mast interesting because (1) numerdcally, they represemt the kugest number of instathations
(2) this occupancy type is the most fire prone, based on frequency of oceurience, and (3) lhcn:

"President, Integrated Fire and Failure Technologies, Ine., 2322 Sixth Sireet, Suite 107, Beikeley, CA
94710, '
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structures are constructed using the least sophisticated building technotogy. Simdarly, clectncal
tubing and conduit products (having met standard lire endurance test conditions) have been
used widely in the ficld without adverse effeet since their incremental acceptance wito the
National Electrical Code (NEC) over the past decade.

For the above reasons, the thiee model building codes most widely used in the United States
(which themselves represent an ad hoe rish assessiment process) have accepred these products
alter requining demonstration of both acee plable lire petformance and availability of reasonable
installation methodologics.

KEY WORDS: plastic pipe, fire endurance, through-penctration, hazard assessinent, lire re-
sistive asscmbly, intumescent.

The plastic pipe. tube, and conduit (herealter called plastic pipe, untess otherwise noted)
technology used in the United States and Canada has ¢volved to include many new uses
following its introduction from Europe over the-past 30 to 40 years. Originally pernmtied
only in non-fire resistive construction, plastic pipe has been demonstrated as acceptable los
fire resistive end uses alter substantial testing and tickd evaluation.

Risk assessment studies addiessing general use of plastic pipe and plastic clectrical tubung
have been published. Both were conducted as part of code adoption processes. One dealt
with possible increases in fire hazards when allowable uses for unplasticized PVC electineal
raceways were expanded in the National Electrical Code (NEC) {1]. The second included
an assessmient of lire related hazieds assoctated with use ol plastic plumbing pipe in fire
resistive construction. Thatl study can be tound in the dralt eovitonmental impadt repost
published recently by SRI International as pist of the wotrk associaed with the state ol
California plumbing code adoption process [2}.

Both of these studies considered the combustible nature of the plastic products and found
their use appropriate in {ire resistive construction il appropriate anstallunon detailing
occurred.

Hazard Assessmenl Bases

In considering fire hazard clements assoctated with use ol plastic pipe, it is nccessary to
determine whether i proposed use will 1esultin levels of safety which exceed, are conastent
with, or are less than existing products performing the sime tuncton. In addition, methods
(o assess safety of new or non-classical uses of those products in lite tesistive constiuction
are also needed.

Potentially undesirable consequences needing cxamination nay include rapid lire spread
and unusual smoke threats. Failure or compromise of fire resistive assembhics prior to then
design limits which lead to unanticipated levels of damage from fire ulso need to be evaluated

Considering this topic from the standpoint of the draft, “Standard Guide lor the Devel-
opment of Fire Hazard Assessment Standards for Products,” produced by the ASTM 125 35.01
Task Group on Fire Risk and Fire Risk Assessment, the document instructs the analyst tha
“one needs to describe the product, how it is used, and its envisomment™ [3]. tmitially
examining “its environment” is key to several questions related 1o both occupant safety and
tise spread where uses ol plastic pipe are concerned, and desaription ol s cavirommon
will ultimately delme what products are sutable for use. Intuitively, it can also be seen that
the other two (“the product and how itis used”) fend themselves to evaluation by tests that
can lead to Lairly specific but broadly appheable results. For these rcasons Cenvitonmicnt”
will be considered lust.
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68 FIRE HAZARD AND FIRE RISK ASSESSMENT

End Use Environments for Plastic Pipe, Tube, and Conduit in Fire Revistive Construction
/

Plastic pipe, tube, and conduit are typicatly installed within the envelope which forms the
boundaries of firc resistive spaces. Since these products are installed behind such wall and
ﬂoﬁr/cciling surfaces, their longevity and resistance to involvement in a growing fire situation
substantially exceeds human tenability in an affected space. Additionally, because this class
of products are typically installed behind barriers, changes in preflashover characteristics of
the space as compared to when metallic piping componeats are used will be minimal,
Exceptions come in the form of minor amounts of plastic pipe found in plumbing traps, and
so forth, whose quantity is minimal in comparison with total amounts of normally occurring,
combustible room contents,

Further, for most plastic piping products and in the case of PVC electrical raceways,
installation occurs within assemblics whose surface membranes (1sually gypsum wallboard)
possess @ minimum 15 min finish eating. Thus, it will take at least 15 min for such materials
{0 be exposed to temperatures of 325°F (165°C) or greater, a temperature range relied upon
in judging the performance of protective membranes (as detailed in scetions 46 and 47 of
ASTM Method for Fire Tests of Building Construction and Materials), and one which is
substantially lower than the ignition temperature for members of this generic class of ma-
terials. Because of this mode of installation, harm to occupants of such spaces from com-
bustion products associuted with these materials is minimized i an origin arca. Additionally,
because the nature of the fire resistive construction is intended 10 prevent migration of
combustion products, smoke threats elsewhere will be limited.

As is well known, lire resistive construction depends on barriers at selected locations 1o
prevent lire spread. In theory, if these baniers (walls, Noor/ecilings, and so forth) function
as intended, building occupamts will have adequate time to avoid injury by exiting salely or
evacuating to arcas of refuge. Fire spread will also be limited. 1lowever, since nctual strue-
tures contain openings such as doors, ducts {or heating, ventilating, air conditioning, and
channels for distributing all sorts of utilitics and services, the concept that such barriers are
monolithic in nature is gencrally only theoretical. In practice, mosl contain numerous open-
ings which must be protected.

Thus, the environment being considered involves the envclope formed by fire resistive
components with plastic pipe, tube, or conduit installed within them and/or passing through
them.

No assumplions are made as to chauges in fuel load which these products may provide,
Rather, through testing, performance of assemblies which include combustible plastic cle-
ments are compared with tested designs which do not contain those materials (or details
needed for their installation) and evaluations are made whethes or not plastic inclusions
reduce the fire endurance rating of the original design. Fire cxposure conditions are pre-
scribed in ASTM € 119, for full assemblies, and its derivative, ASTM E 814, Method for
Fire Test of Through-Penetration Fire Stops, for testing of a2 penctration detailing itself.

Description of Product

The “product” in this case is various plastic pipe, tube, and conduit materials manufactured
from a variety of gencric polymer resins. These include unplasticized polyvinylchloride
(PVC), chlorinated PVC (CPVC), acrylonitrile-butadienc-styrene (ABS), polypropylene
(PP), polybutylene (PB). Each of these has its own physical propertics which include melt
point, melt viscosity, fucl content, ease of ignition, and so forth. Additionally, application
of different manufacturing technologics has led (o versions with solid or foam core in rve
and ABS drain, and waste and vent (DWYV) pipe products.

TS A AT
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i i 'y he : inating genenc resn tog cach
Products e divided in the citegones below with predominating gencnie

use shown below.

I. Mcchanical system end uses, o
(a) DWYV Piping (unplasucized PVC, ABS, l'l'-\p«.:cmhzcd systems).
(b} Domestic hot and cold water (DHCW) (CPVC, PB).

{¢) Condensate drains (unplasticized l’V(“).
(d) Roof drains (unplasticized PVC, ABS).
(¢) Fire sprinkler systems (CPVC, PB).

2. Electrical tubing and conduit (also known as raceways) end-use (unplasticized PVC).
(1) Electrical power distribution (116 1o 220 volts).
(b) f.ow voltage uses.
(1) Signal systems. -
(2) Eleetronic dita processing (EDP) distribution.

Currently, PVC is the only 1esin systens available which provides the needed physical

propertics for the clectrical end-use ca.

How These Producis are Used

“To asscss hazards associated with “how™ plastic pipe products are u?vt'd..l.l.lc fIIL: |c.s.f>:|.vc.
assembly for which the hazard n»cs.slm.:nl is made must be b])L‘CIlICI. -l[YI;;hll II:L\/::T::)]::[:
applications which may include plastic pipe can lfc. bioken down by the u.(.)\vlng, .N.. .
all of whnch assist in developing as eaact a detinition of the assembly type iy possible.

1. Assembly Type
A. Wally/Partitions
1. Cavity type
2. Monolithic type .
B. Floor/Ceiling and Rool/Ceiling Assemblics
1. Cavily type
2. Muonalithic type
2. Construction Type
A. Combustible systems N
1. wood stud walls and partitions
2. wood joist Hloor/eeiting assemblics . .
3. composite or mixed assemblies such as those including:
(a) wood-based trusses
(b) wood-based 1 beams )
(¢) concrete decks on wood framing
B. Non-combustible systems

1. metal stud walls and partitions N o ' .
2. protected metal deck floor/eciling and rool/cciling assemblics including bar joust-

types . . .
1. reinforeed concrete assemblivs with and without exterior metal [raming, support

or protective membranes.
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70 FIRE HAZARD AND FIRE RISK ASSESSMENT

Piping and raceway conligurations uscd with these assemblies fall in one or more of the
. categorics following:

® Through-penctrating elements
¢ Partially penctrating clements
® Included clements

® Combinations of A, B, and C

Given the preceding background information, a 3-dimensional matrix to visualize vari-
ables in the evaluation is suggested. The three axes, (a) project fire environment, (b) product
being considered, and (c) use format in project, form in the three axes as represented in
Fig. 1.

Hazard Asscssment Data for Plastic Pipe, Tube, and Conduit Based on ASTM E 119 and
ASTM E 814 Testing

Results from well defined standard testing of assemblies are uscful as input when con-
ducting hazard assessments for plastic pipe, tube, and conduit instalfations. The scope for
this paper defines the eavironment for these products as fire resistive construction of one or
more hours expected fire endurance. Thus, when specific plastic pipe products are tested as
part of an assembly designed for use in that cavironment, applicable test data results. The
following sections describe and discuss such standard test results and provide references for
them.

End Use Cheracteristics of
Pipe, Tube, or Conduit Installation

My
d  Fre Encirance Requred
1 How, 2 Hou, J Hour et

Chasacteriration
of Plastic Element

. FIG. 1 —Schematic representation of possible combinations of fuctors which must be evaluated when
installing plastic pipe, tube, and conduit in a fire resistive assembly.
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In overviewing ASTM E 119 and ASTM [E 814 results for plastic pipe, derating of fire
resistive asscinblies and impact of penctrating clement diameter vs. thickness of assembly
are importaat,

Concerning derating of assemblies (reduction in fire endurance of the assembly containing
the plastic pipe product as compared 10 one without that product), the concept of finish
rating can be applicd to compare performance of assemblies.? In the case of the 1- and
2-h gypsum wallboard clad wall assemblies, direct comparisons can be mide between finish
rating (time) with and without plastic pipe, tube, and conduit installed. Such a series of
comparisons are shown in Table 1 and reflect no substantial variation between specimens
with pipe and/or conduit installed, and those without those products present. These results
are panticularly important, since carly failures of fite resistive assemblies are the most critical
and potentially catastrophic oncs.

A sccond clement of fire endurance behavior for assemblics containing plastic pipe is the
relationship between pencetration diameter and assembly thickness. This was explored years
ago in ad hoc testing in Lurope, where different diameters of plastic pipe were installed in
concrete slabs of differing thicknesses [9]. Recently, the author conducted similar tests which
were 2 hiin duration. Four direet theough penctrations were evaluated in 114.3- and 165.1-
mm (4%2- and 6%2-in.) thick concrete slabs. PYC-DWYV sizes tested included 38.1, 50.8, 76.2,
and 101.6 mm (1'4, 2, 3, and 4 in.). The pipe was installed in 6.35-mm (Ys-in.) oversized
holes with ceramic fiber packing as firestoppmg. In both thicknesses of slab, the 38.1-mm
(1%-in.) pipe petformed satisfactorily for the full 2-h test duration and the 50 8- and 76.2-
mm (2- and 3-in.} pipe installations performed satisfactorily in the 165, 1-mm (6%2-in.) thick
slab. The 101.6-mm (4-in.) pipe failed in both thickness of slab with the geaeric firestopping
used, as did the 50.8- and 76.2-mm (2- and 3-in.) pipe in the thinner slab, Overall, failure
times in the thin slab for the 2-h test were inversely proportional to pipe diameter and all
failure times for all pipe diameters were proportionally longer in the thicker slab [10]. This
relationship between slab thickaess and pipe diameter is an expression of what could be
called an “aspect ratio”™ as relates to plastic pipe use and allows one to gencralize, not
surprisingly, that larger openings are less desirable than smaller ones, and thinaer asscmblics
are less desirable than thicker ones, where fire endurance is concerned,

The impact of clevated atmospheric pressure on the pearformance of plastic pipe, tube,
and conduit in fire affected rooms is of recogniced importance. Of these, vented applications
(s found in plumbing uses) are the most aitical. Conversely, nunimal air flows can be
expected within clectrical raceways which contain substantial fill and are essentially closcd
at terminating locations in junction, switch, or outlet boxes. Additionally, electrical raceways
arc used typically in substantially smaller diameters.

The actual pressure gradients which exist during postflushover fires begin with negative
values in the ringe off —0.508 to —0.254 mm (—4.98 10 —2.49 Pa.) of water at Hoor Jevel
and increase 1o zero at about one-third the height of an affected room. They contnue to
increase such that, near the ceiling, positive pressure in the range of +.508 to t 1.02 nun
(+4.98 to +9.97 Pa.) of water may exist [10].

The effect of these pressure gradients on possible fire travel through assemblies which
include penetrations has been debated extensively in code forums, where pressures utilized
in test furnaces have been at issue. In response, code agencies have stipulated that some
degree of positive pressure be applicd to assemblies tested under the ASTM E 814 standind

1A confusing situation cxists in the ficld, w that fimsh rating measurcments fos dissinnlas assemblics
are taken with thermocouples which may be located at vastly different locations, that is, mdividually
under the gypsum membranes for wall tests above vs, at wood jotsts at the 1op of a plenum space when
rated hung ceilings are tested. Both mcasurements, however, represent a “limsh rihing ™
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72 FIRE HAZARD AND FIRE RISK ASSESSMENT

TABLE | —Fire endurance and fmish ratings of 1- and 2-h walls including PVC pipe,
e, and condunt,

Finish Rating, Fire Endurance,

Included Element min h Reference
none 20,0 | 14|
none 19.5 1 [+]
none 19.0 ] 4
PVC-DWV 1v.5 [ 151
EMT section 67.0 2 |6]
PVC ENT scction 67.0 2 |6]
EMT scction 00.0 2 17
I’VC ENT scction 0.0 2 7}
none 66.0 2 1}

This is a conservative assessment, however, since the most common plumbing wall pene-
tration of a fire resistive assembly (a pipe trap at a sink) is under negative pressure during
i postllashover fire. Nevertheless, positive pressure is justificd i testing since piping also
may pass through fire resistive assemblies high in a room (as at floor penetrations or above
a huag cciling). Sprinkler piping, for example, is often run overhead, as is DHCW.?

Finally, most of the test results which follow are for plastic pipe products installed using
common, generic firestopping materials to ensure fire resistive integrity which is usually the
simplest and most cost effective installation solution. However, because plastic pipe, tube,
and conduit do melt and burn, in some applications such as larger diameters of pipe or with
oversized penctrations, installation details based on proprictary firestopping materials (such
as intumescent rubbers, proprictary fiber insulations) and mechanical firestopping devices
are necessary 1o provide superior and/or cost effective protection. ‘Fest results involving such
detailing (which are usually listed and sometimes labeled by third parly organizagions) aie
included where needed to iflustrate particulir points. For the most extensive listings of such
products, the reader is referred to the Undawitas Laboratory, nc., Fire Resistance
Dircctory |8).

Standard Fire Testing of Plusiic Pipe

Most plastic plumbing pipe is run vertically in walls and shaftways in fire resistive con-
structions where pipe installations are bounded by gypsum wallboard. For this reason, most
of the early fire test work was directed at 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 materials as well as PYC and ABS plastic DWV
pipe [13]. To date, no other standard test results for metal plumbing products have been
published, which makes the question of performance criteria for them in conducting hazard
assessments somewhat ill defined. In the other carly tests of plastic DWV, generic plumbing
walls with commonly available fire stopping materials (such as grout and thermal insulations)
were evaluated [14-21]. These are similar approaches to that followed in the initial serics

‘lnterestingly, in Canada the building code calls for positive pressure testing 1o be conducted at
level which is 10 times that called for in the United States |12}, The justification for this is, in pag,
based upon “stack effect” urguments. One can question the requirement for such lugh pressure dil-
ferentialy at test, based on the presence of engineered smoke control pressutization systems in Jugh
rise burldings consteucted today. Conversely, in low rise, fire resistive buitdings, the stack cffect is not
a lactor.
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at the National Institute for Standards and Technology’s Center for Fire Rescarch (formerly
Nationil Burcau ol Standards).

Test results produced and the plumbing and tire stopping configurations that resulted
from these tests rellect the evolution in understanding of needed installation techinology
that occuried from the initial series through the most recent tests of one and 1two b metal
framed wall systems. The latter are found in typical non-combustible buildings [5.22] Muany
of the assemblies tested in these series were designed to simulate a plumbing wall undergoing
a fire exposure, on a Noor between two similar fire resistive assemblies above and below
the test floor. This testing was uscd 1o assess possible vertical fire spread where vented
DWYV systems are installed as well as hotzontal fire spread across such assembhes. The
Latter is the most obvious behavior expected in @ lire resistive assembly with combustible
through penetrating clements. Vertical spread has not been observed in properly constructed
test assemblies due 1o both (a) the propensity of the DWV materials to melt and close olf
apenings at protected locations within cavity walls and (b) the lunctioning of tire stopping
or normal clearance penctrations at simulated loor lines., )

Consistent with the above, failure modes abserved in testing DWV systems have included
early horizontal buin through in test assemblies where instailitions included oversized an-
nular spaces at through penctration locations and/or plumbang fittings bearing on gypsum
wallboard membianes [13,23].

With regand 1o amount of plastic pipe tested on tire performance, the most conservative
trials have included 4.877 m (16 {1) of 50.8 mm (2 i} and 76.2 mm (3 in.) PVC DWV
installed together in a 139.7 mm (5%2 in.) deep, 2,048 % 3.658 m (10 < 12 1) meta! frame
plumbing wall. The installation included two through penctrations. The same plumbing
confliguration was successfully tested in one and two hour wall designs. The test assembly
included six vertical wall cavities and simulated upper and lower Hoors, two of which included
the DWV pipe. A schematic of the test assembly can be seenin Fig. 2 [24]. For ADS-DWV
pipe, o single plumbing cavity, in a 3448 % 3.658 m (10 x 12 (1) | h S0.8 x 152.4 mm
(2 x 6 in.) wood famed test wall with the same plumbing confliguration shown above
sepresents the most pessimistic condition tested 1o date [19].

In order 10 assess the impact ol loam core tedhnalogy in which coextrusion techmggues
are used 1o produce plastic DWYV pipe with solid extenion layers and a low denstty toan
core, i test on the penctration detail only lor the assembly descrthed above was conducted
accorded o the ASTM L 81 test standsnd, Testresults showed no ditlerence m pedtonmance
for the foam core product as compated to the solud core test result {25]. Table 2 summaizes
the test seties discussed above for DWYV pipe in gypsum waltboaud clad - and 2-h metal
and wood framed assemblics.

Specuilized, proprictary systems for DWYV through penctration of gypsum shaft walls or
masonry walls by plastic pipe have been developed and tested. These mclude gumtloune -
like systems or intumescent closures for 2- or 3-h asseiblics for plastie pipe disimeters up
to 152.4 mm (6 in.). [27-31].

From a standpoint of tire performance of plastic pipe used for sprinklers or DHCW
applications as compared to DWV (which is Lugely empty and of gieater diameter), the
latter poses a greater threat 1o fire spread. However, P sprinkler and DHCW pipe up to
50.8 mm (2 in.) in dizuncter have been tested 1n both metal and wood frumced assembhies
under the ariteria ol the ASTM 81 standand | 12,33,

Although these appheations continn water, this was not possible tor tesling. Thus, test
resulls ate conservalive since the presence of water will increase fire endurance.,

Because far less plumbing pipe 1s found in fire tesistive Nuor/eciling assemblics, fewer
fire endurance tests have been tun with such systems. Test results avalable are sununanized
in Table 3.
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FIG. 2—Generic gypsum board clad, metal stud wall assembly for fire testng. Specimen includes
vertical drain and vent lines (with sinudused plunbing penetrations) as well as lateral plumbing penetrations.

TADBLE 2—Gypsum clad - and 2-h wall axsemblies containing plasie DWV.

Hloudly Peactrating Suuctural

Rating Matcrial® System” Tusling Agency’ Relerence
1 ADS (solid core) wood frame ABC {13, 17, 19]
1 ADS (foam cure) wood frame D |25}
1 I'vC wuod frame ABC 13, 17, 19]
1 pPvC metal frame E 15}
2 ABS (solid core) wood frame [}} 117]
2 pve wood frame n [14]
2 pPVvC metal frame E [22]

“Penctrating materials are all 12 of 2-in. (3.81 of 5.08-cm) DWYV pipe. Vent and drain size range
from 2 10 4 in., depending on assembly and gencric pipe type. For specific sizes and types, consull Rel

26.

*For minimum thickness of test assembly and description of structural clements, consult Ref 26.

*Key to agencics:

A —National Institute of Standards and Technology Center for Fire Rescasch (formerly National

Burcau of Standacds).
13— Ohio State University
C— University of California, Berkeley

D —Warnock llersey International, Inc., Vancouver, B.C., Canada.

E—Warnoch THersey International, lac., Pittsburg

, CA.
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TABLE 3— Examples of fire cndurance test results for floorlceting assemblies.

Hously Penctrating Structural
Rating Material* System” Testing Agency Relerence
2 PvC concrete sl A {34}
2 rve wood (rame A | 350l |
I h, 56 min.* ABS, PVC concrete slib on metad 1] |36]
deckh with hung ceil-
ing detd
1 h, 30 min. ADS wouad triume A 135a)

“Maximum pipe sizes—3 or 4 in. (7.6 or 10 cm) depending on specitic design lested.
AKey to agencies:
A—Underwriter’s Laboratorics
13— Oto State University
“In the test of this 2-h assembly, an apparently random failure occurred in the protective hung ceiling
lower membrane, leading to shightly premature failue, ~~

Standard Fire Testing of Unplusticized PVC Products for Electrical End Uses

ASTM L 119 testing of fire resistive assemblies with unplasticized PVC clectrical riaceway
(and boxes) installed has been conducted. Tnitially, this test work was disected at demon-
strating the equivalency of the PVC products with competing metal products. Subscequently
testing took the form of more usual performance testing based on the ASTM I 119 standard
alone. Once again, scant test results existed for the metal products with no tests available
for fire resistive wall assemblies including rigid metallic condut, for example. “Fests of wall
assemblics containing various PYC materials are summarized in Table 4.

Based upon analysis of the preceding test results, the Conference of American Building
Officials (CABO) cstablished that PVC raceway can be used in combustible and non-
combustible 2-h assemblics bascd on 50.8 x 101.6 mm (2 X 4 in.) nominal franung [37].

Thiee ditfeient Hoorfeciling designs containing PVC clectiical components have been
tested suceesslully, One, a 3-h design with conciete dedk and metal stiuctural system,
included a plenum in which three dillerent combinations of PVC raceway and boxes were
tested. A tousth, control section, included metalhic raceway and boxes. ‘The lower membrane
wais it lire nated, morganic tile [38]. Fhis testing verilies that PYC boxes (see alsa Ref [49)
for an evaluation ol PYC box impact in combustible Hoodcciling assemblies) and raceway
can be successfully used in floor/eciling assemblics without compromising lire perfosmance.
In particular, it addsesses the hazard posed when PYC materials melt onto alower membrane
which has a critical protective function as where, in the test cited above, the lower membrane
provided protection for steel membess supporting i concrete deck,

TABLE 4= PVC electrical ruceway tested in gypsum clud, fire resistive wall assemblies *

Hourly
Rating PVC Malterial Structural System Reference
2 Ya-in. (12.7-mm) agid non- 2 x 4-in. (50 8 X HH 6 -mm) [6)
metallic conduit nominal wood studs or 3%
. (Y2 DE-mm) 22 gaupe
steel studs
2 Yaein. (19.05-mm) clectrical non- 3%-in (Y2 O8-mm) 25 gauge [7)

metallic tubng steel studs

“f3oth tesks run at Underwriter's Laboratories, Inc. CTL007 3 65
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The other two systems tested were based on poured in place slabs of 2-h design. One was
of normal weight concrete 114.3-mm (4%-in.) thick and countained three runs of 25.4-mm
(1 in.) PVC electrical non-metallic tubing (ENT) raceway [40]. The other system, based on
lightweight concrete, was formed on a proprictary corrugated metal pan system [41]. Both

of these tests were conducted on 1.829 x 2.438-m (6 X B-{t) specimens according to the:

ASTM E 119 time temperature curve, Testing was primarily to deteimine temperatuse rise
above the ENT on the unexposed sutface of the slab or where the non-metablic tubing exited
the unexposed face. Figures Ja and b illustrates test specimens.

Test results for the two unprotected concrete slabs addiess possible fire 1isks in using
PVC raceway in at cast in place format. Where possible derating ol such assemblies is at
issuc, two failure modes are potentially importaat.

® possible increases in backface temperature rise due to the presence of PVC (clectrical
raceways) and

® possible fire spread along PVC raceway, leading from exposed o the unexposed side
or from internal ignition of raccway within the slub to the unexposed side.

In relation to the first item, data from thermocoupies placed directly above ENT runs in
these tests showed lower readings than in arcas where conerete only was present, This is a
reflection of the lower thermal conductivity of the PVC raceway as compared to the thermal
conductivity of the concrete itself. Figures 4a and b illustrates this for the normal weight

1 PLWBLE PVC RACEWAY
e, 1Yp, / ”

<

L THCRMOCOUPLE LOCATIONS
P Jlaivtad (1) ON UNEXPOSED SURFACE
Nl Lt @@ @ on concreit
NOrLeeT SURFACE ADOVE
S NI RUNS

(© (®) PLACED ON CONCR IE
17 HORIZONIALLY
tROM CMERGING ENI.

ABOVE VER! RUN
CONCRETE SLAB SPECIMEN © fm:nm\::l SI%L

FfRoMm vrLow
Al LHE ON SURFACE

@) 1" ABOVE Stag On ENI
(@ 14 ADOVE SLAB OK Ll

FIG. 3(a)— Concreie slab test specimens 1.829 % 2.438-m (6 X 8-f1); Self suppornng 114 . 3-mm (4'7-
in.) thick slub. Thermocouples Nos. 110 9 are ASTM E 119 siundurd; Nos. 10 10 12 are ASTM L2814
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17 PUAILE PYC RACEWAY
HY, e

) //q%ﬁﬂ/,"l//'; 4
SN

HIERMOCOUPL L LOCATIONS
() (D ON £XPOSLD SUREACL

Q) O @ AUV VLRULAL Run
LHIERING SLAL FROM
uLLOow

@ (D ON CONCROIC SURFACE

ABOVE (Y RUNS

ENT IN LIGHT WOICHT CONCRETE MUTAL DECK ® ON COHCRETE SURTACE

17 HORIZOUALLY T ROM

LMLRCING [HE Conpult

) Al EN1 0N SUAD SURFACL

e -
(B 17 ABOVL SEAR Ol LNt
()] 147 ADOVE SLAD 0N Ll

FIG. 0)— Concreie slab test specimens 1829 % 2.438-m (6 % 8-f1); Lightwetght concrete slab cave
on propriviary metal pun, 88.9-nun ($7sin.) mimuomum stab thickness. Thermoconples Nos § 1o 8 ure
ASTM E 119, bulunce are ASTM E 814 thenmocouples.

4.5 (114.3mm) SLABWITH 1" (25.4 mm) ELECTRICAL METALLIC TUBING (EMT) INSTALLED
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FIG. Ma)—Comparative time temperature curves for thermocouples associated with metallie clecincal

raceway s tested i concrete slaln,
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4.57 (1143 mm) SLAB WITH 1~ (25.4 mm) ELECTRIC NONMETALLIC TUBING (ENT) INSTALLED
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FIG. 4(b)—Comparative time tenperature curves for thermocouples ussociated with metallic (Fig. 4a)
and non-meallic (Fig. 4b) electrical raceways tested in conci eie slabs.

slab. Simitar results were also oblained with the lightweight test slab which included the
25.4-nun (1-in.) ENT raceway.

Regarding possible fire spread along the PVC raceway, testing showed that no such lite
spread occurred. Rather, the muterial within the stab chareed graduadly and tempersatures
at locations where ENT exited the test assemblics were below failure criteria for ASTM 12 814
(Fig. 4b).

Conversely, an identical specimen, tested with cast in place, thin wall clectrical metallic
tubing (EMT) showed higher backface temperitures above the metallic raceway during testing
than in the ficld of the concrete (Fig. 4a). In addition, at exit locations va the unexposed side,
temperatures also excecded allowable levels for ASTM B 814, Test assembly design was
identical 1o that of the normal weight skab shown in the preceding Fig. 3. Back [ace time
temperature curves showed higher temperatures above the EMT as well as at outlet locations on
the unexposed surface of the slab [42]. These readings are a consequence of the high thermal
conductivity of the stcel tubing as compared 10 both the concrete and the PVC raceway.

Nonstandard Sources of Hazard and Risk Asscssment Data

In addition to results from standard testing, hazard and risk assessment procedures often
must draw on other data to reach reasonable conclusions. Often a stundard test may not
address a foresecuble consequence of the use of a product or the intended use may dilfer
from the standard assembly result. Thus, enginceering judgment, a non-standard test, and/
or ficld data will be required 1o provide nceded answers. An inescapable fact is that so
many potential end-use configurations exist for pipe, tube, and conduit products (as with
other widely used construction products) that one is precluded frons testing of all combinations
of these making some forn of hazard assessment a necessity.
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In the case of PVC clectrical raceway products, tor example, portions of the hacad
assessment findings in Ref 1 were based on non-standard test tesults used in concert with
modcling results 1o assess probable impact of combustion products created from fire ex-
posures of these products. The findings demonstrated that no unusual hazards existed, based
upon direct exposure of PVC clectrical racewity to fLune, as did later findings based un
rodent exposures (o PVC smoke from the same praducts [4.3].

Likewise, potential ignition hazards poscd by all clectical raceway systems should he
considered and evaluated although these are not readily subjected (o standard test conditions
However, reports are available on this tope which shaw that PVC raceways provide intnnsie
safety factors not found in metallic raceway systems duce to their inability 1o fault to ground
[14.45].

It is obvious that redundant fire protection features required in many contemporary
buildings impact fire risk Jevels there, This wis demonstrated tor PVC ciectieat products
in @ test conducted when sprinkler protection wis added to an older, lire resistive buikhng
in a demonstration of upgrading capabilitics of modern construction materials and technigques
[46]. 10 this case, the active protection provided by sprinklers based on plastic pipe prevented
damage to PVC-ENT installed within (ire resistive wall assemblics 1o such an extent that
electrical continuity was maintained after even the fire test exposure had been conducted
In actual situations like this test scemuio, actual fire loads rately challenge properly mstalled
Larricrs {such as single or multiple layers of waliboard) and the presence ot sprinklers turther
reduces hazard levels. The presence ol these conshiuction features should be taken mto
account in preparing a fire hazard assessment of such structures.

The emergence of CPVC and PB as listed materials for fire sprinkler pipe has been
reviewed [47] and reports on the testing 1o qualify them for listing are also avadable | 18]
Those test 1esults also have implications Tos pipe uses in DHCW supply based on the sane
generic plasties which ae qualiticd 1or use as sprmbless. For example, in test protocols Ton
plastic pipe sprinkler systems, the piping, changed with water, is exposed 1o i wood ath
heptane fire. When the test is begun and following initintion of spunkler discharge, wata
Now is continued through the plastic pipe which s itsell exposed to the ongoing wood cnlb/
heptane lire. This provides adequite cvidence of piping integsity and resistance to Hame
impingement uader conditions where water is preseat and should relieve those concerned
that CPVC and PB for DICW uses will derate fie sesistive assemblics in which they aie
instalied.

Concerning non-stindard posttiashover testing of through penctiation of slabs and par-
titons by plastic DWV, two carly Canadian studies showed nuxed sesults for tests in which
attempts were made 1o follow the ASTM 12 119 time temperature curve, tor small specunens
These tests also presented different approaches to thiough penctration fire stopping, -
cluding application of metal sleeving at through penctiation locations to protect pipe for
periods beyoad one h [49,50].

Australian rescarchers conducted tests on both unprotected PVC pipe penetrating concrele
slubs and protected situations whese PVC pipes were installed with intumesceut fue stoppiog
systems. Their results reinforced the finding that fire stopping pratection for direet, through
penetrations of PVC pipe thiough slabs wis required 1o maintn lire resistance ratings
These rescarchers also conducted tests with metal pipes which showed hugh unexposed fuce
temperatures but 0o transmssion ol lire {$1-53).

Finally, no bona fide ficld data documenting the existence of wdentified fire hazards duoe
to plastic pipe, tube, or conduit as currently used s aviulable, This mdudes an Australian
study of the subject [54) and searches and inquiries in the United States to vanons madem
reporting systems and databases by the aathor have Luled o develop ficld data demonstating
adite hazaird. Likewise, i scarch of iiekd data on nstallations ta live resisiive bioldings nvads
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under alternate materials and methods sections in the buitding codes since the 1970 did not
show a recognizable fire incidence related to plastic pipe use, Similin inquiries 1clated to
ficld performance of clectricul raceways based on PVC raceway, whose use inereased first
with the 1987 NEC acceptance and incrementally further with the 1990 NEC, have been
necgalive.

Discussion

The preceding section presented data which will assist in projecting expecied fire per-
formance of plastic pipe, tube, and conduit in specific situations. Generalizations which can
be drawn from these data include the following below,

Although the different geaeric materials used for plastic pipe, tube, and conduit have
been tested to varying degrees in both combustible and non-combustible construction as-
semblies of widely diffcring types, such testing has not been conducted on every type of
included or penctraling element in every possible fire resistive assembly. The testing which
has been conducted in both standard fire endurance formats (as well as for uses in fire
sesistive buildings which include sprinklers based on plastic pipe) supports the fullowing
general ranking where testresults for a specific combination of pipe assembly are unavailable.

CPVC > PVC > firc retardant PP > PP, PB, and ABS

The basis for this ranking can be found by comparing tabulated test results in reports
such as Rel 13 and fire endurance periods presented in listing documents such as Ref 8
whiere differing genceric resins, used to fabricate plastic pipe, tube, and conduit have been
tested in identical installations. From a standpoint of measured fire resistance times in side
by side testing, both of those references present data that support this sanking for products
uscd in plumbing and clectrical applications. Likewise, properties such as resistance of
polymer resins o ignition (as expresscd by numerical results in ASTM D 2863 testing) are
of importance. Finally, presence or absence of fire retardants (as in the polypropylene
materials cited) and differing melt and charring tendencies of the classes of resins used lor
pipe, tube, and conduit will impact fice endurance.

Mode) Code Acceplance

Each of the three model building codes, the Uniform Building Code (UBC), Standard
Building Code (SBC), and the National Building Code (NBC),* upon which most locally
adopted building codes are based, provide for the use of plastic pipe, tube, and conduit in
fire resistive construction in their latest versions, Other specialized or regional codes (such
as the NEC and the National and Standard Plumbing Codes) allow for unlimited use of
plastic pipe, tube, and conduit, as specilied. Likewise the ANSI $-40 committee recently
developed a plumbing code allowing for use of plastic pipe in fire resistive construction and
the Conference of American Building Officials, Board for the Coordination of Model Codes
(CABO-BCMC) issued guidelines for use of plastic pipe, tube, and conduit in shaft, duct,
and at through penctration locations several years ago. Iowever, differences exist from
communily to community regarding adoption and amendment of these codes. Certain major

‘UBC, promulgated by the lnlcmaljoqal Conference of Building Officials (ICBO), Whitticr, CA;
SBC, promulgated by the Sou_thgm Bunk{mg Cade Congress luternational (SBCCI), Birmingham, AL;
SPE‘I?’?])'“‘I‘[I_E“(C‘I by the Building Officials and Code Administrators Internativnal (BOCA), Country

ub liills, IL.
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citics which promulgate their own codes, aud the model plumbing code used in much ol the
western and midwestern United States, 1estiict use ol these products in i vanety ol ways
It is the author's opinion that these testrictions are based un cconontic, rather than techmeal,
grounds, inasmuch as there is a substantial, positive record for these product’s fue perfor-
mance characteristics.,

Couclusion

Adequate literature and test results exist to conduct hazard assessments related to many
uses of plastic pipe, tube, and conduit. In doing so, application of products must be con-
sidered in tight of their specific function, the type of assemmbly in which they will be installed,
and the overall design of the structure concerned. Whenever possible, stiandard test results
and knowledge from ficld performance should be applicd to make these assessments.

-
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