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• All insulation must pass ASTM 
E84: Steiner tunnel test

Building Insulation Standards

• Not appropriate for ”materials 
that melt, drip, or 
delaminate”
Ø like foamed plastic

• Foam plastics requires flame 
retardant chemicals to pass
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Studies: Flame retardants do not provide a significant 
fire safety benefit behind a thermal barrier.

FIRE AND MATERIALS, VOL. 18,297-305 (1994) 

A Model for Predicting Heat Transfer through 

Gypsum-Board/Wood-Stud Walls Exposed to Fire 

J. R. Mehaffey, P. Cuerrier and G. Carisse 

Forintek Canada Corp., 2665 East Mall, Vancouver, Canada V6T 1W5 

To facilitate the development of cost-effective and flexible design options there is a need to develop models to predict 

the fire resistance of wood-frame building assemblies. Such assemblies often derive much of their fire resistance from a 

protective membrane composed of gypsum board. A simple two-dimensional computer model is presented to predict 

heat transfer through gypsum-board/wood-stud walls exposed to fire. Input data for the thermophysical properties of 

gypsum board were measured exploying standard bench-scale tests. In
put data for wood were selected from the 

literature. Small- and full-scale fire resistance tests were conducted on gypsum-board/wood-stud wall assemblies 

to provide data for the validation of the model. The model is shown to predict heat transfer through these walls 

rather well. 

INTRODUCTION 

To inhibit the spread of fire and prevent premature 

collapse, building codes require fire separations and 

structural elements in buildings exhibit fire-resistance 

ratings exceeding prescribed values. While the current 

practice for demonstrating that a building element com- 

plies with these requirements is based on fire testing, 

simple calculation methods for estimating fire resistance 

ratings are also permitted.’ Mathematical (computer) 

models offer an even more flexible and cost-effective 

alternative. 

This paper summarizes progress in the development of 

a simple two-dimensional model to predict the fire resist- 

ance of wood-stud walls protected by gypsum board.’ 

Model development is shown to have advanced to the 

point that predictions for finish ratings, for the time to 

onset of charring of the studs and for the time to failure of 

the assembly (due to heat transmission), are in good 

agreement with the results of small- and full-scale fire 

resistance tests. 

Plans to introduce refinements in the description of 

wood studs and cavity are also discussed as are those to 

couple the model with structural models to address 

additional fire performance attributes, such as the ope- 

ning of joints and structural performance. 

____ 

GYPSUM BOARD 

Fire performance 

As a first step in developing a mathematical model for the 

fire resistance of a gypsum-board/wood-stud wall assem- 

bly it was necessary to develop a model to describe heat 

transfer across the exposed gypsum board membrane. 

Gypsum board is a sheet product consisting of a non- 

combustible core, which is primarily gypsum, with paper- 

laminated surfaces. Type X gypsum board has a specially 

formulated core that provides greater fire resistance than 

regular gypsum board of the same thickness.334 Type C 

board is reputed to exhibit even better fire performance. 

Until 1991 the Canadian standard3 required that the 

density of gypsum board be not less than 616 kgm-3. In 

the 1991 version of the standard: however, minimum 

density specifications were removed to foster ‘harmoniz- 

ation’ with American standards. Such changes are not of 

practical significance for fire-rated (Types X and C) 

boards as these must demonstrate minimum fire 

pe r f~ rmance .~ .~  It has been argued, however, that reduc- 

tions in density may result in poorer fire performance of 

non-rated (regular) gypsum boards. This raises concern 

because regular boards are often employed in fire-rated 

assemblies in Canada by use of the Component Additive 

Method.’ Models such as the one presented here can shed 

light on issues such as these. 

Gypsum, the primary component of the core of gypsum 

board, is calcium sulphate dihydrate, CaSO,. 2H20, a 

crystalline mineral that contains about 21% by weight 

chemically combined water. In addition, gypsum usually 

contains a small amount of absorbed free water. 

As gypsum is heated to temperatures in excess of 80°C 

it begins to undergo a thermal degradation process 

known as calcination, in which the chemically combined 

water dissociates from the crystal lattice.6 The chemical 

equation for this process is 

CaSO, . 2H20  - CaSO, .1/2 H 2 0  + 3/2 H 2 0  (1) 

Calcium sulphate hemihydrate (CaSO, .1/2 H 2 0 )  is com- 

monly known as plaster of Paris. The energy absorbed in 

the process is 100 kJ per kg of gypsum.’ By the time the 

specimen reaches a temperature of 125°C calcination is 

usually complete. Through continued heating, the re- 

maining water is released as the hemihydrate undergoes 

dehydration to form anhydrous calcium sulphate, 

CaSO,. 

Anhydrous calcium sulphate can also be produced 

directly from the dihydrate with the absorption of 

150 kJ kg- ’ of gypsum. Of course, the water released will 

be in the form of steam. Under atmospheric conditions, 

the heat of vaporization of water is 2.26 MJkg-’ of 

water. Assuming this value is relevant for water within 

gypsum and that gypsum is 21% by mass water, the 

energy absorbed in vaporizing the ‘water of dehydration’ 

is 475 kJkg-’ of gypsum. Consequently, the heat ab- 

sorbed to dehydrate and vaporize water in converting 
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TECHNICAL NOTE 

Finish Ratings of Gypsum Wallboards 
Joseph B. Zicherman and Avi Eliahu 
IFWFire Cause Analysis, Berkeley, California 

Abstract 
The term “finish rating” is used in NFPA 70, National Electrical Code (NEC)’ to describe 
the required performance of finish materials installed as thermal barriers for electrical 
nonmetallic tubing. Finish rating data is most commonly associated with assemblies con- 
taining combustible wood framing, although the definition has also been extended to 
assemblies with noncombustible metal framing. To date, however, very little finish rating 
data has been available for common finish materials installed over metal framing. To sup- 
plement the available information, finish rating tests were conducted on identical wall sec- 
tions finished with standard !4” gypsum wallboard from five different manufacturers, con- 
structed with metal and wood stud framing. All 10 assemblies tested demonstrated finish 
ratings of 15 minutes or more. 

Introduction 
In 1987, NFF’A 70, National Electrical Code (NEC),’ adopted language that ref- 
erenced the concept of “finish rating” in conjunction with the installation of pli- 
able electrical raceways, called electrical nonmetallic tubing CENT). ENT is rou- 
tinely installed in buildings using both combustible wood and noncombustible 
steel framing systems, and in buildings of both fire-resistance rated and nonrat- 
ed construction assemblies. As use of this material has increased, it has become 
clear that, while extensive finish rating data for gypsum board cladding installed 
on wood framing elements has been available for some time, data specific to the 
finish rating performance of gypsum wallboards on steel framing elements has 
been limited. 

To provide this needed finish rating data on steel framing and to determine rea- 
sonable levels of finish rating variability, general tests were conducted of identi- 
cal steel- and wood stud-based assemblies clad with similar gypsum wallboards 
produced by several manufacturers. The objective of the testing was to develop 
data describing anticipated variability of finish ratings for the most commonly 
used combinations of framing and cladding materials. 

This technical note reviews the background of finish rating testing and presents 
the data developed from such tests. Given the renewed importance of the term 
“finish rating,” an additional objective of this work was to review the concepts 
and history underlying the term. 

Keywords: electrical nonmetallic tubing, ENT, finish rating, gypsum wallboard, steel studs. wood studs. 
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Building Insulation & Fire Safety

• Flame retardants produce 
smokier, more toxic fires which 
may be harder to escape from  

• FR-free EPS/XPS widely used in 
Europe

• Tons of FR-free foams for food 
service are produced, shipped, 
stored and used daily
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Flame Retardant Harm
• Insulation flame retardants cause: 

§ elevated cancer risk
§ developmental/reproductive harm
§ hormone disruption

• Others unstudied for health harm but 
related to harmful chemicals

• Organohalogen FR combustion by-
products: halogenated dioxins and 
furans

§ associated with types of cancer 
which disproportionately affect 
firefighters



State Fire Marshal Study
California State Fire Marshal study on FR-free polystyrene insulation 
beneath slab:
• No risk of fire spread to the building and or to occupants or first 

responders.
• FRs in insulation do not significantly reduce its fire intensity.
• Building codes can be safely updated to allow use of this insulation.



California Code Reform

Jan 2019: CBSC unanimously adopts changes CRC and CBC 
to allow flame retardant-free insulation below a slab

California State Fire Marshal proposes building code reforms 
that to allowing choice of FR-free insulation beneath slab



RB131-19
Allows the choice of flame retardant-free EPS and XPS 
insulation beneath a concrete slab on grade
Ø Aligns IRC and CRC

Committee disapproval: marking, 
potential misuse or inspection burden. 

Public Comment RICH-2:
• Marking language simplified and 

aligned with industry standards
• Red stripes clearly designate 

material for inspection an proper 
use



RB131-19
• When there is no fire safety benefit, there is no rationale 

for requiring the use of flame retardants

Supporters:

• Voluntary change: allows builders the choice to use 
flame retardant-free EPS and XPS insulation

• Clear marking will facilitate inspection and proper use



For more information

• GreenSciencePolicy.org
• SixClasses.org
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