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Toxic Hazard Evaluation of
Plenum Cables

RICHARD W. BUKOWSKI, P.E.
Center for Fire Research
National Bureau of Standards

(Paper submitted October 1984, accepted May 1985)

Code provisions covering the installation of low voltage cables in
plenum spaces above suspended ceilings used for environmental air
are reviewed. A calculation procedure which could be used to estimate
the potential toxicity of the decomposition products from these
cables relative to the toxicity of the compartment fire necessary to
decompose the cable insulation is presented. These estimates are used
in a four-step procedure for estimating Smoke Toxicity Hazard pro-
posed by the NFPA Toxicity Advisory Committee which is described.
Example calculations for some typical cases and a discussion of their
limitations are included.

INTRODUCTION

N MAY OF 1984 the Toxicity Advisory Committee of the National Fire
Protection Association (NFPA) presented a procedure for providing
“order of magnitude estimates’’ of the toxic hazard of smoke for specified
situations.! This procedure was suggested for potential use by the technical
committees of NFPA in helping them assess the relative contribution of
toxic products to the overall hazards of fire in evaluating standards pro-
posals. This paper presents an example calculation intended to illustrate the
use of this procedure. In general, one calculation by itself will not be suffi-
cient for resolving all possible concerns, even this particular case. Rather
one should expect that a number of such calculations be performed for the
ranges of key parameters the technical committee members believe are
likely. This should lead either to resolution of the concerns or identification
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of those specific cases for which more detailed analyses, data or tests may
be desired.

The widespread growth in the use of computers and other automatic
data transmission equipment in commercial occupancies has resulted in a
significant increase in the quantity of low voltage signal and communica-
tion cabling in such buildings. Since suspended ceiling systems are quite
common in these structures, the most convenient and practical place to
route the cables is through this above-ceiling space which is also often used
for environmental air. Current building and fire codes commonly require
such cables to be “listed as having adequate fire resistant and low smoke
producing characteristics.”’* The most common cable insulation type having
these characteristics is a fluorocarbon type material such as FEP or PTFE
(fluorinated-ethylene-propylene or polytetrafluoroethylene).

Recently, combustion toxicity testing of PTFE has indicated an ap-
parent toxicity three orders of magnitude more toxic than wood when
decomposed under certain laboratory conditions.® This has caused some
concern about the possible toxic hazard of PTFE cables within plenum
spaces. The following represents an initial look at the problem and an at-
tempt to provide “‘order of magnitude estimates” of what might be ex-
pected when a fire occurs in a compartment below a plenum space contain-
ing PTFE cables using the procedures suggested by the National Fire Pro-
tection Association Toxicity Advisory Committee.'

EXISTING CODE REQUIREMENTS

Article 300 of the National Electrical Code (NFPA 70) contains re-
quirements for electrical power wiring in ducts, plenums, and other air han-
dling spaces. Section 300-22 (c) allows only metal covered types of cabling
in spaces, such as suspended ceiling spaces, used to transport environmen-
tal air that are not specifically manufactured as ducts or plenums. But this
pertains only to class 1 wiring systems. Articles 725 (remote control, signal-
ing, and power limited circuits); 760 (fire protective signaling systems); 770
(optical fiber cables); 800 (communication circuits), and 820 (community
antenna television), all specifically allow class 2 and class 3 circuits to be
run in unenclosed cabling within ducts and plenums and other spaces used
for environmental air provided such cables are listed as having adequate fire
resistant and low smoke producing characteristics.

NFPA 90A contains a similar requirement for such unprotected cables
to be fire resistant and low smoke producing. If the floor-ceiling assembly is
not fire rated, some additional requirements are imposed to delay possible
collapse of the suspended ceiling system.

Of the model building codes, the Basic Building Code (1981) and Stan-
dard Building Code (1982) require conformance with the National Electrical
Code. The Uniform Building Code (1982) appears to allow only factory as-
sembled multiconductor cable which is specifically listed for such use and
only when the building is protected by an automatic sprinkler system or the
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plenum space is protected by a smoke detection system which, upon activa-
tion of either system, will cause the air moving equipment to shut down.

While at least 15 laboratory procedures for testing toxicity of combus-
tion products were reported in the literature by 1976, the relevance of
laboratory toxicity data to practical firesafety measures has been con-
troversial over the past decade.®* Specific code requirements have not been
established nor is such a course universally endorsed within the fire science
community. Although a total consensus has yet to be achieved, one major
direction both in the United States' and internationally’ has been to view
laboratory toxicity tests as potential sources of input data for hazard
analysis applied to specific situations. This avoids the obvious shortcom-
ings of attempting to classify materials as acceptable or unacceptable
without reference to the circumstances of use.

PROCEDURE FOR ESTIMATING TOXIC
HAZARD FOR A SPECIFIED SITUATION

The NFPA Toxicity Advisory Committee proposed a four step pro-
cedure for estimating the incremental change in toxic hazard represented by
the use of specific materials in a given context.’ These steps are:

1. Define the context of use of the proposed material, product, or pro-
cedure. This includes the occupancy, its design, occupants and their
capabilities, other materials, products, systems involved, etc.

2. Identify the scenarios of concern regarding the use of the proposed
material.

3. Develop quantitative estimates of the magnitude of the hazards to life
for each of these scenarios; the principal hazards being thermal and
toxic smoke exposures.

4. Evaluate the consequences in terms of total and incremental losses
from addition of the proposed material or product, or its substitution
for the traditional alternative.

CONTEXT OF USE

For the present case, the material in question is low voltage (class 2 and
3) PTFE insulated cables located within the void space between a sus-
pended ceiling and the floor slab above where this space is used for en-
vironmental air (either supply or return). Where the space is not used for en-
vironmental air, no specific restrictions on wire types (other than general
wire installation requirements applicable to any other areas of a building)
are imposed by the codes. Toxicity testing of other types of plenum cable in-
sulation has not revealed any unusual toxicity when compared with other
(limited) combustible materials which are allowed in such spaces.

The occupancies in which such materials are present include primarily
business and mercantile, but may also include educational or assembly. Oc-
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cupants are assumed to be mobile and alert when present during hours of
operation. Principal combustibles are assumed to be building contents —
furniture and furnishings.

SceNARrI0(s) oF CONCERN

The scenario of interest involves PTFE insulated cables run in a plenum
space used for environmental air (typically return air) above a compartment
in which a fire occurs. The proposed material, PTFE insulated cables, is not
likely to self ignite from electrical failure nor be ignited or heated by fire
from other combustibles in the space above the suspended ceiling. Rather,
the scenarios of concern involve burning combustibles below the suspended
ceiling which lead to heating of the cables. Such combustibles may include
office furniture, papers, or furnishings or merchandise. The fires of concern
may include, for example, a large item of furniture with or without flashover
of the compartment. The fires of concern range from small exposures affect-
ing only a small portion of the cabling to larger plumes which lead to
elevated temperatures of the entire ceiling and even flashover of the com-
partment. The potential toxic hazard would come from the movement of the
cable insulation decomposition products from the plenum space to some oc-
cupied area, where it would add to the toxic hazard of smoke from the com-
partment fire.

EstimaTE HazAaRrDs TO LIFE

Approach

The relative hazard to life from smoke toxicity is estimated by first
calculating the likely smoke exposure produced by the materials involved in
the scenario of concern and then by considering the response of occupants
to the exposure — both with and without the proposed material involved.
The smoke exposure resulting from the scenario of concern is calculated as
follows:

Smoke Exposure = (Smoke Concentration) X (time exposed)

where

mass burned

Smoke Concentration = volume filled
and

mass burned = burning rate X time.

Estimate mass loss

For this case we need to estimate both the mass of PTFE likely to be in-
volved and that of the materials which produce the heat to decompose the
PTFE.
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Since suspended ceilings which form a part of fire rated floor-ceiling
assemblies and many nonrated assemblies are made of noncombustible
thermal insulating materials, they provide a significant barrier to the
transmission of heat to the space above. Thus, the first question which must
be answered is how big a fire in the compartment below is needed to release
sufficient energy to produce temperatures in excess of the thermal decom-
position temperature of the wire insulation in the plenum space. Since the
thermal decomposition temperature of PTFE is known we can apply simple,
steady state heat transfer calculations to estimate the size of fire in the com-
partment below necessary to decompose it. The important parameters of
this problem are illustrated in Figure 1. Note that a more rigorous transient
heat transfer analysis could be undertaken using computer fire modeling
techniques if warranted.

This figure shows a compartment with a suspended ceiling system,
plenum space, and structural slab. The compartment has a vent (doorway)
to an adjacent space and a fire releasing energy (Q;) at a constant rate which
forms a hot upper gas layer at an average temperature of T,.. Temperatures
of interest include the lower and upper surface temperatures on the ceiling
tile, average plenum space temperature, and surface temperatures on the
lower and upper side of the structural slab (labeled T, through T;, respec-
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Figure 1. Compartment diagram.
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tively). The compartment vent (doorway) has an area of A, and a height of
H.. The plenum cabling of interest is assumed to be in physical and thermal
contact with the upper surface of the ceiling tile.

For simplicity in illustrating the calculation, radiative heat transfer is
neglected and the air flow is considered static (no forced convection). Inclu-
sion of radiation would add T* terms to the equations, greatly increasing the
complexity of the solution. The resulting steady state conduction and con-
vection equations for the system are given below:

heat transfer per unit area = q”; (kW/m? — sec) (1)

for conductive heat transfer through a material

q" = kAT/e (2)

where k thermal conductivity, (kW/m — °K)
AT = temperature differential across it (°C), and
4 the thickness of the material (m).

For convective heat transfer

q” = hAT (3)
whereh = convective heat transfer coefficient.

For steady state conditions, i.e. Q” is a constant, starting from the upper

layer of hot gases created by the fire in the compartment and working up

towards ambient temperature, T., above the concrete floor/ceiling, we can
apply Equations 2 and 3 using the definitions on Figure 1 as follows:

1. heat transfer from the fire through the upper layer (convective)

qQ" = h(Tu,, —T)) (4)
2. heat transfer through the suspended ceiling (conductive)

q" = kaudT,— T (5)
3. heat transfer from the suspended ceiling (convective)

Q" = h(T:—T,) (6)
4. heat transfer to the concrete (convective)

Q” = h,(T, — T4) (7)
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5. heat transfer through the concrete (conductive)

Q" = kendTs — Ts)leon 8)
6. heat transfer to air above concrete (convective)

q” = h(Ts—T.) 9)

The thermal decomposition temperature of PTFE is cited in the
literature as approximately 500° C (932° F).® Since the plenum cabling is
assumed to be in thermal contact with the upper surface of the ceiling tile,
we will then define the critical value of temperature T, as 500° C. This tem-
perature represents a hazard threshold, since below it the material does not
decompose and therefore does not contribute to the toxic threat of the fire.

Substituting the data in Table 1 we obtain for Equations 4-9,

q” = 10 (Ty — Ty) = 0.16 X 10 (T, — 500) in

= 107 (500 — Ts) = 10%T; — T.)

= 1.6 X 10 (T, — Ty) 39;"7 = 10(T, — 21)

Simplifying
Ts = .7TT.+ 625
T, = .58 T, + 8.63
T; = 358.2° C(676.76° F)
T, = 216.4° C(421.52° F)
Ts = 157.7°C

and
q” = 1.42 kW/m?

The steady state heat flux through the system is ¢” = 1.42 kW/m?
regardless of the suspended ceiling material selected since T, is assumed
fixed at a given temperature.

From these values, we can derive simple expressions for T, and the upper
layer temperature necessary to produce these temperatures in terms of the
thermal conductivity (k,) and thickness (¢) of an arbitrary suspended tile
material of interest. These expressions are given below:

T.(°C) = 500 + %’ (10)

Ty (°C) = T, + 142 {11)
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TaBLE 1. Assumed Data
1. T, = 500° C (932° F) thermal decomposition temperature of PTFE
2. Suspended Ceiling:
k. = 0.16 X 107°kW/m — °K
ow. = 385 kg/m®
Cite 2.64 X 102 m (1 in.)
C. 1.06 kl’kg — °K

3. Concrete Slab:
Keoe = 1.6 X 102 kW/m — °K
lone = 5 X 10?2 m (2 in.)

4. Convective heat transfer coefficients:
h,=h,= h; = h, =107 kW/m? — °K

5. Ambient air temperature

T.=21°C(70° F)

6. Compartment
H =203m(80"; W, =.74m A, = 15m’

Now that we have an upper layer gas temperature required to decompos:
the PTFE cabling, we can estimate the fire size necessary to produce this
temperature for an assumed compartment size using the relation derived by
Quintiere.” Rearranging Equation 16 from the Quintiere paper, we obtain
the following expression:

T T.) " & 12
6.85 (A, VH,) (Tlh, AL)

In this expression, A,/H, is the ventilation parameter (vent area
multiplied by the square root of vent height, in m? and m, respectively). For
a typical doorway of 2.03 m high by 0.74 m wide, the ventilation parameter
equals 2.13 m*2, The other term in the denominator of the righthand side of
the equation relates to the conductive heat losses to the compartment sur-
faces. For these steady state (long time) calculations, h, = k/f where k is the
thermal conductivity (kW/m°K), fis the tile thickness (m), and A is the sur-
face area (m?. Since the walls, ceiling, and floor are generally constructed of
different materials, h,A is computed individually for each material and
summed.

Since Equation 12 has three unknown terms; the ventilation parameter
(A.VH,), conduction loss (Zfh. A),), and the fire heat release rate Q,), one

must select any two to calculate the third. There will probably be only a few
possible ventilation parameters (single door, double door, etc.) consistent
with the room size. Also, for estimating purposes we might assume a square
room of height H such that the wall area equals 4WH -- (A.)..... and the floor
and ceiling areas are each W2,

To demonstrate the sensitivity of these numbers to the decomposition
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