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1.0. INTRODUCTION

Thisreport provides a ical — engineering application describing the fire performance
of avariety of Carlg, rical products in construction assemblies commonly found in
fireres onstruction.

produ ions addressed in this report are listed below:

metalic T : Carlon Flex-Plus® Blue™ ENT.
1.2. RI§i lic Condulit (RNG)? Carlon Schedule 40.

1.3. Liqurdtight E e Nonmet it (LFNC-B): Carlon Carflex®.
4. Carlon's Nonmetallic j
resistancer al floor-c
1.4.1. Qu
ou [
u

outlet and switch boxesin fire-
O 14.1. h

lies
4.1.2. Fourqnch
box ext
1.4. @g Boxes

/O 4 Diameter
1.4.2. an ili
/ Ji A
}‘FI oor Boxe$—, and two- nonmetallic electrigal outl
esused infir | stance rated tloor- 3 b
Thisreport providesi ion and gui d on standare >n@ldrance testing
of typical non-combusti and Cg bustible Ttre ive walls and fl@@r ceiliggs as

commonly found and used R bUiding types | thr1V :
and built for usein thefield ra identical to inte ion of,the

information in this report is nec rvirtually all caseg ally being
built. For that reason,adiscussiont in such interpPreié

[
3.7 of thisreport. é
It is the objective of this report to provide n y information

iligence ¢
review of relevant fire performance properties which are of interest t ing officials,
fire officials, designers, architects and contractors involved with use of the @ gucts.
The specific applications addressed in this report include installation and Use@t the
Carlon products listed above in fire-resistive floor-ceiling assemblies and other fire-
resistive constructions including fire rated walls.
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2.0. DESCRIPTION

2.1. Carlon Nonmetallic Tubing and Conduit Products Addr essed

The specific applications incorporating Carlon raceway products described
below ar%d in this report:

2.1.1. Gener

metallic tubing, rigid nonmetallic conduit and
idtight flexible allic conduit described in this report shall be
combustible, fire resistive load bearing and

D
| earing wall floor-ceiling assemblies. As demonstrated by
e tests, use of the tubin d conduit in assemblies will not affect the
r

@ fire-resisti bly rati en installed within the limits prescribed
Q by thisr
} 2.1.2. Elec ;@

ibed
The Carlon Flex- i onmgtallic tubing (ENT) isa
inyl chlorid [ Sizes (Metric
gmator) Y2 (16) ies Y5 (16), ¥2(21) or 1

opr-ceiling

edule 4

[ it 0 | chloride
ra@de Sizes [ ator) ¥z (16) o4 (21) for
/1 ) through 2 izes¥or floor-Cel

14400 [ ible Nopimetallic Cond ghibed
flex®isaliqflexibleno duit availab
in Trade Si ric Designai@ (12) , %2 (16 ord (27) f
wall and flo fssanblies.
*
2.2. Wall Assembly {Q /Q ]l
Specific wall assembly appli ﬁporaﬂng a@l oxes witlgfthe
ib

raceways described above are d sreport. uses, electrical
outlet boxes shall consist of single-, wo+three- and four-g 'gurationS\Mth
amaximum surface area of 26.5_squar& nches. The boxes ar@
3/32-inch-thick (2.4 mm) nominal PV C or modified phenylene Oxi

material. They are used with listed cover plates in bearing or nonbeg
steel stud walls with fire-resistance ratings of up to two hours including stagger
stud assemblies.
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2.3. Floor-Ceiling Assembly

Specific floor-ceiling assembly applications incorporating Carlon ceiling or outlet
boxes with the raceways described above are described in this report. For such
uses, the electrical ceiling or outlet boxes shall be circular in shape with a
maX|mum di 4 inches (102 mm) and are constructed from the same
ove. The maximum surface area of individual boxes shall

» : s (8387 mm2). The electrical ceiling or outlet boxes
light fixtures, ceiling fans or listed cover platesin
gmb |eSW|th fire-resistance ratings of up to two
of gypsum wallboard attached directly to

gfesilient channels are used in the assembly, they
rsof g m wallboard.

is section provides det
esglescribed —1i

A Boxeso
Il cases - all be tak thew
ovdls
C etween cut (0] tIet boxes eed 1/8
Any gap the box edges and the wall or Img sshall
with wall t ound or er kllng compo
The electrical bo e attach s or jOI stsusi (

|ng w the fire resistive
Ci ducts - shall be

hangers or brackets
Electrical outlet box
staggered wood stud wal
as specified in the applicable @ o

g, Tess than art, on op deso
ne separated flrestop g mat
code sectl

3.2. Two-hour Fire-Resistive Wall A

3.2.1. Two-Hour Fire-Resistive Nonload-Bearing
Installation of the tubing and conduit in the fire-resisti
described below shall comply with the applicable Electri
limited to a maximum of three runsin any 6 foot (1828.8 mm) length of
wall, with a maximum of two tubes or conduitsin any one stud cavity.

The tubing and conduit are installed within a noncombustible two-hour

fire-resistive nonload-bearing partition consisting of the following: A base
layer of 5/8 inch (15.88 mm) Type X gypsum wallboard or veneer base,
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applied parallel to minimum No. 25 gauge, 3-5/8 inch (92.08 mm) steel-
studs spaced a maximum of 24 inches (609.6 mm) on center with 1-inch
(25.4 mm) Type S gypsum wallboard screws spaced 8 inches (203.2 mm)
on center along the edges and 12 inches (304.8 mm) on center to

intermediate studs.
The f&erconsi sts of a second layer of 5/8 inch (15.88 mm) plain or

pre-decorateddFype X gypsum wallboard base, applied parallel to the studs
ithl 5/8i m (41.28 mm) Type S gypsum wall board screws
@a maximuay o inches (406.4 mm) on center. The vertical joints
a
i

m of 24 inches (609.6 mm) on center from the

er. The top and bottom tracks shall be fastened
with recognized fastenérs spaced a maximum of 24 inches (609.6

v ,
mm) on the top tomyrunners.
Q A uniforig ¥4 35 mm) gnd is maintained between the top
and botto h stud.€nj sed to attain the ¥4 inch (6.35
) clearance an oved after the w. ard is fastened to the
@ and tracks. $tu t be atté€hed t op and bottom runners.

ing openin
ing compound:
two nails, fian

des of staggered ‘
ialsasdeﬁcrib@a' 0% :
Building , Section ﬁzsos.mft d
Building Cade,‘Sectign 708 of théUnifbrapBuilding C tion
716 of the 2000 &ﬁonal Bui ge
el

3.2.2. Two-Hour Fir¢ @ stive Limit ring W
Installation of Carlon FleX-RItiS® Blue® nmetallic tubi?g in
shall ¢ y avith the applicable

fire-resistive assembly desCribg
Electrical Code and is limited’to @maximum numb: ubesin any
one stud cavity. *

The tubing isinstalled within a two-hour fire-resistive Iom%
partition consisting of the following: 2 by 4 inch (50.8 x 101.6 mm)
nomina wood stud kiln dry number 2 Douglas-Fir lumber, cut into 9 foot -
7 %2inch (2933.7 mm) lengths, and the three bearing plates cut into 10 foot
-1inch (3073.4 mm) lengths. The two lower bearing plates are nailed

together with 16d steel nails 16 inches (406.4 mm) on center. The upper
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and lower bearing plates are to be secured to the top and bottom of the
masonry opening, respectively, with ¥ -20 by 2 %2 inch (63.5 mm) long
steel screws spaced 24 inches (609.6 mm) on center.

Each stud is toe-nailed to the upper bearing plate and the fop lower
bearlng ith four 16d steel nails per stud end. The studs are
post two rows, with the studs within each row spaced 16 inches

(406.4 mm) . Studs are to be staggered 8 inches (203.2 mm) on
center betw agent rows.
U Classmed 1.6 mm) thick mineral wool batt insulation
S|ty of 40.69 kg/m°) is cut to length and fitted into
ud |t| on bot#’sides of the assembly.

ck Type X gypsum wallboard is
'& x 101.6 mm) wood with 6d
ond | of 5/ (15.88 mm) thick
) Iled paral ds with 8d nails
in
Any n@ ectrical o
on'sUL ClI
326 Prec all¢be tak

SIzed Cl
| (3.18 mm) S between

cel ings shall"be %dwnh wall apmg PE

spac pound. T al boxes are ‘

joists nails, hangerkets El ectr xes install
on opposit€s f stagger -o ud WaI Is sh by
firestopping escrib 721.0 of th

National Buil 1999, 3 and 2305.

f
Standard Bw@&g ion 70 fform Bwéo ,
and Section 716 of the 0/l nter nat|on - Code.
The wood stud axial ar% 0.78 F3 not exceed 0. 78
F’ 4 aanl/dratioof 33. Th mum load ont %cnbedl
this section of thereport is 1, 100 pounds (4950 N) p r 50% of the
allowable axia stress. For purpose of design:
F = Allowable unit stress in compression parallel to the grain‘adjusted for
I/d ratio.

| = Effective length of compression member, inches.
d = Least dimension, inches.
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3.3 0One-hour Fire-resistive Nonload-Bearing Wall Assembly:

Installation of %2 inch or %inch (12.7 or 19.05 mm) trade size Carlon Flex-Plus®
ENT tubing in the one-hour fire-resistive assembly described below shall comply

of the following: A single layer of 5/8 Inch (15.88
oard is applied to each side of No. 20 gauge steel
e by 1 3/8 inches (34.93 mm) deep, having

ch'¢7. ) folded-b. eturn-flange legs, with No. 6 by 1 1/8 inch-long
(28.58 I drywal scr aced 8 inches (203.2 mm) on center
along the peri e board ermediate studs. The wallboards are
plied with lo jon parafel to s. Joints of the boards and screw
s are cov wi tape an ed%j nd. Top and bottom tracks are
with app S spac umn 24 inches (609.6 mm) on
enter.

A uni@ [
ottom tr
clearance

609.6 mm) piece of th
of the stud supporting th
fiber insulation is Thermafi

[ .84 76.2 X
in i A thé’open side
=00 ontheex gfof the wal 5] he minéral
d Attenuati onEise ket manufactur
U S. Gypsum Company. Q é ;r
Any nonmetallic electrical outlet bo. A n thisassemt{ ethose ¢

described in Carlon’s UL Classificatioﬁfor Fire Resistive O xi R8326

and in Section 3.1 of this report.
3.4. Fire-resistive Floor-Ceiling Assembly
The Carlon Schedule 40 rigid nonmetallic conduit, Carlon Flex-Plus® Blue™

ENT electrical nonmetallic tubing and Carlon Carflex® liquidtight flexible
nonmetallic conduit with necessary fittings and boxes are permitted to be installed
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in fire-resistive-rated floor-ceiling assemblies with arating of three hours or less,
without affecting the rating, with the following limitations and requirements:

3.4.1. Thetotal volume of rigid nonmetallic conduit, electrical nonmetallic
tubing and liquidtight flexible nonmetallic conduit shall not exceed 380
cubic inche§(6227.08 cm3) per 100 square feet (9.29 m2) of ceiling area.
This valtie also takes into account the amount of fittings and junction

o installation. Table 1 gives the volume per linear foot

feel per 100 square feet (9.29 m2) of ceiling areafor
342,
spaking ™y,.compli with the spacing requirements of the applicable
Electrical Cafle.
?} 34.3. CORelui all not p f dropped ceiling membrane.
34.4.Ther shall helnstalled g compliance with the
@cable Electri e.
@ distance from th of the ceiling prane to the bottom of
the of deck ab | giot be less th: inches (4 15.93
mm).
ﬁf Floor [ ngeswi Carlo other approv
R @and wirin fin Floor/Cellj blies

Carlon &ewithn&@ittingsandr ays pave,been sugessfully

tested and argfpermitted in 2 hodr fire resistive horizont@l slabsiusing eith

normal density génciigte [minimum g@:kness%— 2" or lightwrei ght concr
[ ona

installed on aflut deck [min ed

installed with metallic fasteners or hangers at

tested and are permitted in eresistiveh abs using hermal
density concrete with minimu i escent pads

installed above boxes and minimuh s yneﬁs — f ntumescent pads
4
o

installed above boxes.

In addition, Carlon non-metallic electrical outlet boxes with

attachment methods have been successfully tested as components o hour
fire endurance rated wood framed floor ceiling assembly of 12" nomthal
thickness. The tested assembly included alower membrane consisting of 2 layers
of 5/8” Type X generic gypsum wallboard mounted to resilient channels, 2" x 10”
nomina wood joists and an upper membrane composed of a ¥4’ thick layer of
plywood sub-flooring and a %4’ thick layer of plywood flooring.

thickness -"3-
deep fluted metal d inimum gbver xes of 2|
L 4
Carlon Ceiling Boxes wi f y fittings @s have b succi
"
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3.6 Placement of PVC Electrical Racewaysin Concrete Slabs

Determination of safe depths for placement of PV C electrical raceways and

conduits when they are used in suspended, reinforced concrete slabs - such as
those found %structures - isimportant.

peftarito be awarethat the model building codes[eg IBC
2SS
]

ter not exceed 1/3 of the slab depth, but do not

in terms of slab depth. Nonetheless, “typical”
ifications frequently do direct that

i the slab depth’.

er reinforcement mat resultsin
ab If for example, ina5in.

Q me cases, phace 3 %
Pﬂgplacedv %

ick slab with #4 reihforge arslaid i on over ¥in. of bottom
cover terllneofa 2 1pfRomigal diam .05in. true outside
diam e23|n albQve the b mofthe . Thisds within 0.2 in. of
edab c e, and hencetg g co formance Proj ect requirement
haIcondw o at the dab<€ent ontheoth egdabis8in. in
kness and reinfor lioN, the centerline
iN. nomi (? it will be 1.8 in. above't ' b — well
e slab cent edh4 in. ab . : Id
requi Iementary | the condult
and sequentsu ity to dam el.

A slab undeg¥ertigal load exp pternal stresseﬁ from maxi
tension at one fgCe gi'the concrete to‘wum compress - ' pposite fac
Typicaly, tensio n the top O the dab ts amd on th

bottom of the slab @ ciof the rgure 1). cofcreteis

much stronger in com an in tensiom, ause slab ifg results

in the total loss of conc jensikestrength at cation, it 1§ general

assumed that such concrete h act, cracked i stance totensi|

stresses is provided by the rei aone. As theoss of cogrete
cross-sectional area due to condu pI |n the “t ﬁe” of the .

concrete slab has no significant aff rength of th

the discussion that follows is applicable where the bottom of the slab’isin

! Experience from the field — referring to all electrical conduits, whether metallic or non-metallic — suggests
that these are susceptible to damage when placed at the mid-point of slab depth. This occurrenceisthe
result of large downward deflections that may occur when workers step on conduits placed in this manner.
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compression, typically near the supports. In order to determine whether or not
placement of the conduit directly atop the bottom reinforcement will have an
impact on the structural integrity of the slab, analyses have been conducted to
determine the extent of the slab compression block in arange of possible

configurations, ranging from thin (4 in.) to thick (8in.) slabs.? Illustrations of

points addr ch an analysis can be seen in the accompanying figures.

Results sho ch conduit will not fall within the compression block in thin
reinforced cog

maxi by

ast /0.
Based on'this afal including
einforced conc 4in. to

. ipectly atop reinforcement including
thibse having a deubl bottom rérmf sat all reinforcement ratios
ted by codeWi ing adv ighificant effectsin slab bending
esistanci3 }
n Boxes wit y fittings and g

C ituations, conduits can be placed in

7 Use of

esistance rafedgwalls and floor® callin@ assemblies!

@ undredS§ ofg€orghinations of mgmbran d frami
W variety of thermal -in i0 '
f ionsinfire calieratedwalls r —=ceiling
Rep testing i s Tables associated
rasistiveﬁ1 ion assemifies) ing
fireresistan onstructio

Thru today, it h

Oters i
ion in the buildi desgthat use
avariety of racew alsy cable type§as boxes of m ore
recently of plastic can used accordin i instructionsibe without
compromising the fire ere gting of the in which are
installed. Thisstatementiss by results firetesting (in

*

2

2 Code limited extremes of both light reinforcement (0.18% of the total slab cross area and heavy
reinforcement (2.14% of effective slab area from the compression face to the center of t @
reinforcement) have aso been considered.

® The above discussion addresses only reinforced concrete slabs that have not been post-tensioned. Post-
tensioning of a dlab causes it to be pre-compressed in a manner that offsets the tension that a portion of the
dlab cross section experiences under load and requires additional analyses.

* Additionally, references such as the Gypsum Association Manual, the UL Fire Resistance Directory
[Directory of Listed Building Products and Accessories, Omega Point Laboratories and ETL Verified
Product Directory, Intertek Laboratories] include information describing tested designs.

10
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However, it isimpractical from both cost and convenience perspectives to test
each and every possible combination of claddings, structural elements,
insulations and wiring methods used in fire resistive construction designs. For
that reason, generalizations — arrived at either formally or informally — about the
overall, expected hehavior of fire resistance rated assemblies are frequently relied
upon in thefiel [ i

predicting the probable fire performance of

ey have been referenced in various model

[ at time including most recently the 2003
 (“Resource A”) [IEBC], aswell as
ment of existing buildings. They
AyStandard 909 [addressing

Istoric buildings] and

HUD’ RP (1997).
y combi e endu '
assemblies TV L ectrical compo
Rules’ ro be con
b nec y it
floor ceili PY

o

scientist T. H (1965) cited hese have phovendh
considering and i the probabhe erformance 0
n various ifiod and '
documents (refs— 1CBC, NFPA, E .
Building on these concepts on specific@ ance testin r%
with generic wall and floor/ce ines cont ical compayients
e
d
this report.
Applicable assemblies include the following: O
specific; given thickness for fire endurance can be built and utilized at
thicknesses greater than the minimum thickness as exemplified by the

Th found in (

909 and P prepared by €

methodol ogi in “Ten Rtles of Bike Endurance

built in thefield as

r

the Harmathy methodol ogies can ZO generi floor/ceilings

which include the Carlon boxes an % y fittings and ® addressed®in
3.7.1 Generic walls and floor-ceiling assemblies successfully tested at a
tested assembly. Thickness increases may come in the form of additional

11
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slab thickness, deeper framing members or the addition of thicker layers of
the cladding materials tested examples include studs, joists and claddings
which may all be thicker or deeper — but NOT more shallow or thinner -
than the tested materials.

3726 walls and floor-ceiling assemblies successfully tested at a
Speci en thickness for fire endurance without thermal insulations
saf

can be ith thermal insulations at equal or greater thickness
han the t bly.
& Since ther ions add to the thermal resistance of

of such msulations to assemblies originally

ed for fire endurance may be
indivi ersef, the sasme material of

ill have the same or
t N

Nif asingle 58" - isgised in the
est ny twol 0 ) ickness can
aswell. Th atter ni cantly

wrmce in

1 ed and th must be carefully fires opped Use of m
ted by (
4.0. IDENTIFICATION ( l
The electrical boxes, tubing and con |dent|f|ed eand

trademark, the listing mark which includésth and/or |onaIIy
Recognized Testing Laboratories (NRTL) t et with words “ Classfl

5.0 CONDITIONS OF USE O

When used consistent with the descriptions and specificationsin this report,
noncombustible and combustible, fire-resistance-rated wall and fire- resistance-rated
floor-ceiling assemblies are intended to comply with the 2003 I nter national Building
Code provided that those installations are in accordance with the content of this report
and the applicable Electrical Code.

QL
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Consistent with the preceding comments, it is our opinion that the Carton nonmetallic
electrical outlet boxes described in this report meets all requirements for acceptance as
alternative products to those specified in the Inter national Building Code for fire-
resistance rated wall and floor-ceiling assemblies with fire-resistance ratings up to two
hours, subject to the fo conditions:

and raceway alled in accordance with this report.
two located in each stud space on the same side of
r walls.

ri utlet boxes may be insi@ed on opposite sides of wall assemblies
ing afire-res affating of two or |gss, as described below:
&) .1 Boxes inste
ud assemb
mineral wool ban imsul &
diaanéyleastzmn

h separ

ing and non load-bearing
d assemblies, without the use
orizontal separation

S esofaload-be(ire
GIATCK ineral

boxes are permi
mm) and thein
rated assembly.

5.4 Cover plates, other cov
National Electrical Code, when

all boxes
plastic cover plates, complying wi : steel co
plates, complying with Section 314.25 of e are required’.
5.5 The surface area of the wall and ceili n@outlet boxes are i mit@ aximum of
21.2 and 13 sguare inches (13,677 and 8,387 mmz2), respectively.

5.6 Ceiling boxes are separated from each other by a minimum of 4.5 feet (1,372
mm).

5.7 Aggregate surface area of the outlet boxesin walls or ceilings on one face of the
fire-resistance rated assembly do not exceed 100 square inches (64,516 mm2) or 31

13
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square inches (20,000 mm2) for any 100 square feet (9.29 m2) of wall or ceiling area,

respectively.

6.0. Ref e Materials:
Test data, aterials upon which these findings are based are

an der Vort, Vice-President Industry
aletter, dated January 30, 1984

ce R@ﬁi re Technology
., 1990. Engi ingkeport on fir, floor-
N tubing anthcopdui ed April 1 7ed by

icherman. /

jlding Code@sing Buildings, 200 ational®Code

lub Hills, lll¥hois.

National Evaluati ice, Inc., 200 nal Evalu R 290
Electrical Nonmet ingr Rigid Nonimet nduit iQui t
Flexible Nonmetallic &pired 20
Omega Point Laboratories, @port No. 11 dated Jan 27.
from Omega Point L aboratori rﬁests condu ne-hour wall

re Endura

assembly using Carlon ENT tubi

/ .
Product brochures and descriptive detafts under the cover (%/@, dated July

1984, prepared by M.B. Crawford, P.E., consultant.

Underwriters Laboratories Inc., 2002. Letter to David Kendall of Caffon, Lamson
& Sessions regarding Small-Scale Fire Test Investigation on Floor Outlet Box
Model B121BFB for Hourly Ratings up to 2 H. August 24, 2002.
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Underwriters Laboratories Inc., 1994. Fact finding report on load-bearing wall
assembly with nonmetallic outlet boxes and tubing, File No. R8326, Project No.
94NK 17350, dated November 21, 1994, Test was conducted in accordance with
ANSIIUL265, ASTM E 119, NFPA 252.

Underwrlter riesInc., 1994. Report of firetests, File R8326, Project
93NK 19678 N vember 8,1994, conducted in accordance with ASTM E 11

989. Fact Finding Report on Metallic and

ed March 30, 1989. The fire exposure
atuge rel ationships described in the test

andard FireT ildi d Materials, ASTM E1109.
“ébmmers Lab 1986. E/Bn gknalysis, File No. R8326 dated

ecember 21, 1986.

Und oratories 5 etails Subst@nti atj Increasein
ondwt Sizes, d y 20, 1985.

erwriters L{b'og; Inc, 1981, ndurance
Contai etallic Elect cal O Boxes’,
turersAsso |IeNC546- j

1

Underwr

Nonmetalli
Outlet Boxesi
4, dated Septemb

were conducted in
Underwriters Laboratori { 830.
April 10.1980, conducted in 3 @
Underwriters Laboratories Inc, 1973. ding R C and ngld
Metallic Conduits and Metallic Outl esin Nonbearl stlve
Assembly, File No. NC 646-1, -2, Datd December 21, 1973

Underwriters Laboratories Inc. Tests were conducted in accor STM E
119.

Report F|Ie No. 8326-3, daied

eW|thA

Zicherman, J.B., “Performance of Plastic Plumbing and Electrical Productsin Fire
Resistive Assemblies,” Fire Hazard and Fire Risk Assessment, ASTM STP 1150,
Marcelo M. Hirshchler, Editor, American Society for Testing Materials,
Philadelphia 1992, pp 66-83.
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