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Effects of Thermal Insulation on Fire-Resistive Assemblies
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Fig. 1. In building construction four basie types ol insulation are used; batts and blankets, mineral

board and fiberboards, loose fill, and foamed plastics,

The Energy Conservalion and Production Act of
1976, PL 94-385, requires that all new buildings be
designed to meel specilied energy consarvation
guidelines, These conservation efforls have raised
guestions as to how tha fire protection provided by
bullding assemblies is being atfected

Architects, designers, and bullding code offi-
clals are being required to select ar approve ther-
mal insulation for roof-cailing assemblies and &x-
teriar wall elements withoul knowing the impact
that insulation has on hourly fire ratings. For exarm-
ple, it has beenfound that increased levels of insu-
lation restrict the heat dissipation capabilites of
some fire-resistive assemblies; thereby causing
grealer heat buildup inthemand a possible reduc-
tion in the fire resistance

EFFECTS OF THERMAL INSULATION

Il lhe llame spread and combustibility character-
istics of thermal insulation do not significantly con-
Iribute to the severity of the fire environment, add-
ing Insulation to an assembly will generally reduce
lhe overall heal transmission through the assam-
bly under firg-expasure conditions. This results in
lower unexposed surface temperatures. (Sea Fire
Praotection Planning Repart Na. 3 for explanation of
standard fire-1est end-point criteria,) However,
this reduction in heal lransmission can cause
other regions within certain assemblies to develop
higher temperatureés in companson with similar
assemblies without the added insulation. This may
lead lo premature structural fallure of the assem-
blies and a subseguentreduction in fireresislance




The magnilude of the temperature Increase of
components within an assembly and the overall
etfect on the fire-resistance rating of an assembly
incorporating additional insulalion depends on
several factars, including

{1) Basic conslruction and struclural charac-

teristics of the assembly

{2) The composition and thickness of the Insu-

lating materal

{3} The location af the insulaling malerial within

the assembly

FLOOR AND ROOF ASSEMBLIES

Floor-celling and rool-ceiling assemblies are
classified for fire resistance as eithar protected or
unprotected. Assemblies classified as protected
are lurther categorized as lo method of protection,
that is, membrane protected or direct-applled pro-
tected. Membrane lire proleciion uses a fire-re-
sislant ceiling to prolect the floor or roof framing
fram a polential fire. Direct-applied fire proteclion
usually cames in direct conlact with the surfaces
of structural members, A blanket of mineral liber or
cementilious mixlure is sprayed directly lo the
underside of the decking and lo the exposed struc-
tural members. Examples of these assemblias and
location of protection are shown in Fig. 2,

To understand how the addition of insulation to
an assembly can alfect ils fire resistance, the
heat-transfer machanisms associaled with differ-
ent kinds of assemblies must be considered. For
unprotected assemblies and direct-applied pro-
tected assemblies, haal is transierred through the
assembly by conduction and then carried 1o the
ambient atmosphere by convection and radiation,
For membrana-protecied assemblies, heal is first
transferred through the proteclive ceiling by con-
duction It is then ransterred through the plenunt
space to the underside of the floor or roof deck by
the combined action ol natural convection and
radiation. Finally, heat is transferred through the
floor or raof dack by conduction and carried 1o the
ambient atmosphere by convection and radiation.

The greatesl problems associaled with adding
thermal insulation to fire-resistive assemblies
geccur with membrane-prolecled assemblies. If
insulation Is added to the lop side of the prolective
membrana, the lemperature of the membrane will
increase. This can cause a premature failure of
the membrane and ultimately lead 1o early failure
of the assembly

If insulation ina membrane-protecled assembly
i5 applied directly to the underside ol the fioor or
root deck or tothe top of the roof deck, the ability of
the assembly to dissipale heal to the ambuent at-
mosphere s reduced. This causes a bulldup of
heatl within the plenum and exposes lhe structural
elements there to considerably higher tempera-
tures, The results may be a premature structural
fallure and corresponding reduction in the fire re-
sistance of the assembly,

Assemblies with direct-applied proleclion may
also be allected by additional thermal insulation.
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Fig. 2. There are three basictypes ol roof assemblies:
Membrane-protected assemblies are protected by a
noncombustible ceiling either suspended or
altached directly o the underside of the floor or roaf
Iraming. Direct-applied protected assemblies utilize
a sprayed-on application of mineral fiber or
cementitious mixture to protect the structural
mambears and (he underside of the decking.
Unprotected assemblies such as precast planks and
tees and reinforced concrete decks have built-in
fire pratection,
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Fig. 3. Changing the location of the insulation within
agiven design can also change the hourly fire rating
Shown are two similar designs with different
locations for the insulation, Design No, L516-U.L
with the insulation directly below the floor deck has
a rating of 1 hour. However, when the insulation is
placed directly on the ceiling membrane as in
Design MNo. L520-U.L., the rating is reduced to

¥ hour.
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Changing the composition of the insulation 10 a
material with a greater R value (thermal resist-
ance) orincreasing the thickness of rool insulation
above that specified in a rated roof-ceiling design
can, according to Underwriters Laboratories Inc.,
“result in higher temperatures on the structural
alements including the metal rool deck, leading to
premature structural failure of the assembly. """
The temperatures increase because of the de-
crease in heat dissipation.

For unprotected assemblies such as reinforced
concrete decks and precast planks and tees, ad-
ditional insulation has little effect on their fire re-
sistance. That is because the fire endurance ol
most of these assemblies is determined by end-
point criteria for lemperature rise on the Unex-
posed surface. In addition it has been observed
that temperatures of the reinforcing steel in these
assemblies s not significanily affected by addi-
tional thermal insulation.” ¥ When Insulation is
added lo such an assembly, on either the boltom
ar the top, the heal transmission through the as-
sembly is reduced, thus providing a lower unex-
posed surface temperature. In cases where the
fire-resistance rating is governed by temperature-
rise criteria on the unexposed surface. adding
thermal insulation will increase Lhe fire resistance
of these unprotecled assemblies.

BUILDING CODES

Model building codes da not specifically require
retesting of fire-resistive assemblies when addi-
tional thermal Insulation is added. Until recently,
mos! building coade officials had not queslioned
lhe effects of additional insulation on the perlorm-
ance of fire-rated assemblies. Yel, Underwriters
Laboratories, a major tesling agency of fire-re-
sistive assemblies, clearly points out in their Fire
Resistance Directory ™ that “roof insulation musl
be carefully controlied as to manutacturer, type,
and thickness as specified. Less than the speci-
fied thickness could cause an early temperature
end point on the top surface while a greater thick-
ness could cause earlier structural failure.”

According to the Basic Building Code* thermal
insulating materials “incorporated in construction
elements shall be installed and used in a manner
ihat will not increase the fire hazard characleris-
tics of the building or any part thareof.” One musl
question whether compliance with the code is
maintained when insulation is added to a fire-re-
sistive assembly, since the structural resistance of
the assembly to lire may be severely diminished.

The Basic Building Code also requires that all
buiding "'plans or specifications shall include doc-
umentation or supporling data substantiating all
required fire-resistance ratings.” Similar provi-
sions are found In the Uniform and Standard Build-
ing Codes. Building officials should therefore re-
quire reevaluation of fire-resistive assemblies that
have been altered from their specified design by
the addition of insulation to determine compliance
with the intenl of the code.

Full-scale retesting of assemblies wilh addi-
tonal insulation is not always necessary. Some
research and lests have already been conducted
that can be used lo predict fire ratings for many
assemblies incorporating added Insulation.

RESEARCH

It has been observed during fire tests that addi-
tional roof insulation results in an increase in the
temperature of the supporting members ol sleel
roof construction!!! The same is not true of the re-
inforcing steel in concrete roo! consiruchion.

Published test information'® shows that strand
temperatures in prestressed concrete double-lee
beams are not significantly changed when insula-
tion s added to the unexposed surface. This Is be-
cause heat buildup inthese members 0ccurs near
the unexposed surface away from the strand. Simi-
lar information is available for hollow-core roof
units ™ A comparisan of fire lests of hallow-core
specimens with and without roof insulation shows
that the use of roofinsulation does not result in high-
er strand lemperatures. These lest resulls also
apply to the steel reinforcing used in casl-in-place
concrele assemblies.

The tested fire endurance ol concrele floars,
roofs, and walls Is usually governed by criteria for
temperature rise of the unexposed surface rather
than by structural considerations™ Fire tests of
concrete slabs have shown thal the lempératura
rise of the unexposed surface is a function of the
slab thickness and type of aggregate used. Floor
assemblies typically consist of concrele base
slabs with overlays of concrele. Roof assemblies
normally consist of bulll-up rooling with thermal
insulation but may be undercoated with direcl-
applied lire protection. Fire tests of these multi-
course assemblies have been conducted 1o deter-
mine heat transmission relationships.

The fire endurances ol two-course roofls fortwo
types of insulation'® are shown in Fig 4. [t can be
seen that fire endurance increases as thickness
of insulation increases. This is because the de-
crease in heal transmission results in lower lem-
peratures on the unexposed surface

Stondard 3-ply bulli-up rooting

Thicknass of concrele bose slab, in

Fig. 4. Fire endurance of concrete roof slabs with
rigid insulation—based on heat transmission.



WALL ASSEMBLIES

Similar to rools, the fire hazard associated with
adding combustible insulation 1o exterior masonry
cavity walls is minimal since brick or block is Ln-
likely 1o fail in a fire. Tesls have shown that if the
insulation completely fills the cavity, localized ex-
posure of the insulation to fire will nat result in rapid
or extensive llame spread." Where riaid insula-
tion is used with an air space for insulaling mason-
ry cavity walls, the reduced venlilation plus the fire
resisiance of the masonry combine to restncl ac-
tive flaming. When adequale perimeter cavily
slops are pravided, the danger ol loxic gases dif-
fusing into adjacent areas s practically eliminated.

Some precast wall panels are made by sand-
wiching an insulaling material belween two face
slabs of concrete, Several building codes require
that where noncombustible conslruction s speci-
lied, thermal insulation shall have a flame-spread
rating of not more than 75 when sandwiched be-
tweaen {wo layers of noncombustible material with-
out an intervening air space, Where the insulation
is not inslalled In this manner, i s required to have
a flame-spread rating of nol mere than 25,

The fire endurance ol sandwich walls and cavity
walls can be calculated fram Ihis eguation;

H]'b“ = H:J--'-'r 4+ _H!'.I.H':I 4 H‘g.‘-u
1 '
where A = fire endurance of the composile assem-

bly in minutes and A,, A,, and A, = the lire endur-
ance of each of the individual courses in minutes.

Table 1 lists the tire endurance of several pre-
casl concrete sandwich walls and masonry cavity
walls, Comparison is made betweeninsulated and
uninsulated walls. Adding Insulation 1o these as-
semblies ingreases the fire resistance.

EVALUATING PREVIOUSLY
RATED ASSEMBLIES

There is a need for evaluating Ihe effects of adding
insulation in fire-raled assemblies. Since the cost
of full-scale tests tends to prohibil the mandatary
retesling of all assemblies incorporaling added
insulalion, other tarms of evaluation are needed

Factors necessary lor such an evalualion ara
{1} the fuel contribution characteristic of the in-
sulating material, and (2) the magnitude al tem-
peralure increases within the assembly and the
resulting effect on structural performance.

The characteristics ol an insulating material
that musl be considered Include combustibllity,
flame spread, and smoke developed In most
pases thaese have been evaluated in other full-
scale fire tests!" For new lypes of insulation,
small-scale fire lesting of medel constructions
can be used to evaluate the fusl contribution char-
acteristics. Tests for flame spread and combust|-
bllity can be used as supplementary information

Building codes and other regulations usually in-
clude provisions limiting the use of combustible
materials in certain types of construction and pro-
vide material-flame-spread requiremenis based

Table 1. Fire Endurance of Masonry Cavity Walls and

Precast Concrete Sandwich Walls {c_l_l_i_rv._:y_lnlsed}

Insulﬂlﬂ.rl.:l. wni I |
inside Oulside Fira Lininsulated Fira Insulated
wyltho Insulation m_rl:ha endura nce: wall end urance | _Gontribution
Concrate, Concrata, Concrete,
inches Inches inchas {hr:min} inches {rriminj __[min}
2 1-CP 2 1.60 4 1:18 32
3 1-CF 2 2:25 § 2:00 25
4 1=CP 2 3:15 [} 2:50 25
5 1=CP 2 414 T 3:53 21
;] 4 1-CP 2 5:20 8 5:00 20
2 4-GFB 2 2:07 4 1:18 | 49
2 1%-GFB Bl 3:08 4 1:18 | 110
Concreta
masonry, Brick, |
inchas Inches inches [Rrmin Inches fheimin) | {minj
4-NWCM  1-CP+1-Alr 4 5:05 4,2-Rird 4:20 | 45
B-MWCM 1=CP+1-Alr a 6:08 B.2-Aird 518 49
B-NWCM  1-CP+1-Alr 4 727 B.2-Adr4 6:35 52
4-LWCM  1-CP+1-Alr a 5:35 4,2-Alr 4 A48 a6
B=LWCM 1-CP+1-Air 4 g5 G 2-Alrd 601 50
B-LWCM 1-CP+1-Alr 4 8:28 B.2-Adr 4 - 7:33 55

Nies: Concrela nionnaion shown s lor slicnous goragals concrels
CP =Celular plesic polyilyrens or pelureihane)

GFB - =Glass berboard

W = Mormal weighl conerata Mmasonmy

LWENM = Lgmbwaight conoreis masonry




en lype ol occupancy. Therefore, in specitying
thermal insulation for a given location, flame
spread and combustibility should be determined
toensure they meel the requiremenis ol the appli-
cable code.

Three methods by which the effects of higher
temperatures on assembly componenis can be
evalualed have been suggesied by Underwritars
Labaoratories Inc!tl These are (1) engineering
studies, (2) small-scale fire tests, and (3) full-scale
fire lests. The particular method used depends pri-
marily on the lype of assembly

ENGINEERING STUDIES

Engineering studies can be used as one method
of evaluation where full-scale lire iest data has
been developed for a particular lype or group of
designs with and without insulation, and informa-
tion is therefora already available on the effects of
adding Insulation. Such fs the case lor many con-
crete floor and roof assemblies and metal-faced
enterior wall assemblies,

SMALL-SCALE FIRE TESTS

Another method of evaluation involves small-
scale lesls where temperature rise of the unex-
posed surface Is the limiting factor, A fire lest IS
conducted on a representative segment ol the
assembly lo determine temperature rise within the
assembly and on the unexposed surlace, This
mathod of testing is only appropriate when it is
certain that the addition of insulation will nat cause
the structural resistance of the assembly lo control
the fire raling

Small-scale fire tests are useful in providing
data on the maximum temperatures of compo-
nents and the critical thickness of insulating mate-
rials, Quite often full-scale fire tests are continued
beyond the hourly rating period for which an as-
sembly is being tested. When this is the case, the
data can be utilized 1o evaluate the structural per-
lormance of an assembly at the elevated lempera-
tures associated with the critical thickness of in-
sulation as determined by the small-scale fire

Fig. 5 Small-scale test furnace 1s used to determineg
temperature rise within an assembly and on the
unexposed surface.

lests. However, if the tlemperature rise is consid-
ered signilicant and structural performance has
nol been evaluated at the increased temperature,
it may then be necessary 1o evaluale the perlorm-
ance of the assembly with a critical thickness of
insulation by a tull-scale fire tes

Small-scale fire tests have been successiully
used lo evaluale the performance of differant
types and varying lhicknesses of insulations in
precast concrele roof unils and also in direct-
applied-protected and unprotected steel rool
deck designs.

FULL-SCALE FIRE TESTS

Full-scale fire lesls may be required lor assam-
blies where |Increased tempearatures on campo-
nents may influence structural performance. This
is often the case for assemblies with membrane
ceiling protection. In these cases, il is necessary
to conduct full-scale lire tesls to determine if the
increased temperature exposure of the struclural
elemenls adversely influences structural fire per-
formance. An example would be the introduction
af insulation on top of a steel deck orin the plenum
of a rool-celling assembly Incorparating bar joists
protected with a suspended ceiling,

EVALUATION OF NEW DESIGNS

New assemblies should be lesled lo incorporate
the maximum and minimum anticipated thickness
of insulation in order that the rated assembly can
be ulilized with varying thicknesses of insulation.

RECOMMENDATIONS

Model building codes are beginning to recognize
that the addition of thermal insulation in some fire-
resislive assemblies can adversely affecl their
performance. Evalualion of assemblies with n-
creased levels of thermal insulation should be
required to substanliale new hourly fire ralings
Fire-resistive assemblies provide the barriers
essential for providing the lime and prolection

Fig. 6. Full-scale fire tests are used o evaluate the
relative parformance of construction assemblies
under fire exposure conditions. Altering a tested
assembly design by adding insulation can cause
some assemblies to fail prematurely.



necessary lo allow bullding occupants a sale
means of egress, for providing the struclural fn-
legrity necessary o permit firefighters lo safely
extinguish & fire, and for containing a fire and limit-
ing its spread. Deterioration of the fire resislance
ol these assemblies can be caused by added ther-
mal insulation. This should be recognized in the
design of buildings for fire protection,
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