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Preface

Aluminum melts at approximately 660 ° C (1220 ° F), lower than most 
common structural metals such as iron and steel. Because of this, its be-
havior in fires can lead to confusion about its performance. Work was 
expended on this publication to document facts about the fire resistance of 
aluminum and aluminum alloys, and to enable engineers and designers to 
take account of aluminum’s characteristic high resistance to burning while 
recognizing its relatively low melting point. The information includes 
facts with corresponding references;  speculation and subj ectivity are 
excluded.

Other publications have provided very useful technical data and guid-
ance concerning some aspects of dealing with the characteristics of alumi-
num alloys with respect to fire exposure, but none has provided the full 
scope of coverage contained here.

The author gratefully acknowledges the support of the Aluminum As-
sociation, Inc. for access to its publications and photographs, the support 
of Alcoa, Inc. for access to previously unpublished data for aluminum al-
loys included herein, and to ASM International.
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Introduction

The natural physical characteristics of aluminum and its alloys are such 
that they do not burn under normal atmospheric conditions nor do they 
contribute to flame spread or act as a fire accelerant. The data supporting 
these statements are provided in detail in the following chapters. Other 
organizations have addressed various aspects of this subj ect qui te well 
(Ref 1–6), but none has addressed the whole scope of relevant material as 
attempted here.

The performance of aluminum alloys is excellent in many applications 
requi ring exposure to relatively high temperatures, including (a) personal 
and commercial vehicles of many kinds, (b) marine applications such as 
fast ferry hulls and oil drilling rigs where superior corrosion resistance is 
critical, and (c) a variety of structural applications such as buildings, 
bridges, and pressure vessels. More details about the importance of alumi-
num’s high resistance to burning in some of these applications is 
discussed.

Because aluminum melts at a temperature of approximately 655 ° C, or 
1200 ° F (Ref 7, 8), lower than most common structural metals such as iron 
and steel, its behavior in some structural situations can lead to misunder-
standings about its performance in fires. For example, when vehicles such 
as cars, trucks, or ships with aluminum components are caught in an en-
gulfing fire, the aluminum components may be reported to have burned 
because they appear to combust and burn away. In fact, the aluminum 
components melt and run off, giving the appearance of being consumed in 
the fire. Aluminum or aluminum alloy components do not burn or contrib-
ute to the combustion.

Misunderstandings about aluminum behavior in fires has occurred in 
the past. For example, during the Falklands War in 1982, it was widely 
reported that the British warship HMS Sheffield was destroyed by Argen-
tine rockets because the ship was made largely of aluminum and had com-
busted;  in fact, the Sheffield was made entirely of steel and its destruction 
had nothing to do with aluminum (Ref 9).
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It is the purpose of this book to describe the facts regarding the behav-
ior of aluminum at very high temperatures, including those as high as or 
higher than necessary to cause it to melt, and to characterize its behavior 
in a wide range of applications where high-temperature performance is 
important. The behavior described is based entirely on documented test 
data, primarily the results of tests made in accordance with ASTM Stan-
dard Methods (Ref 10–12) and British Standards (Ref 13–17) .

Consideration is also given to situations where aluminum alloys have 
been exposed to fire but not melted and there is a subsequent need to esti-
mate the residual strength of the exposed members. Although aluminum 
alloys lose strength when exposed to temperatures above approximately 
100 ° C, or 212 ° F (Ref 18), they do not deform until temperatures near 
500 to 600 ° C (800 to 900 ° F) are reached. Engineers must be able to de-
termine whether aluminum alloy components that have had exposure to 
fire are able to continue to function satisfactorily or if performance has 
been compromised. By using nondestructive tests such as hardness and 
electrical conductivity measurements, it is possible to estimate with con-
siderable accuracy the retained mechanical strength. Tools are included 
herein to guide estimates of this type.

There are, of course, applications where the high-temperature exposure 
is too great for aluminum to be used due to its low melting temperature. 
These are also documented, and guidance is provided for decisions on 
whether or not to use aluminum alloys in new applications.

The facts concerning the fire resistance of aluminum are:

•  The physical properties of aluminum, notably high thermal conductiv-
ity, specific heat, and reflectance and its low emissivity, provide resis-
tance to structures against temperature rise comparable or superior to 
that provided by steels in the early stages or in a non-engulfing fire. 

•  Even when temperatures do increase to intense incendiary levels, alu-
minum does not burn in air nor will it support combustion. When 
tested in accordance with ASTM or British standards, aluminum pro-
vides the highest ratings for resisting flame spread because it is not 
easily ignitable under atmospheric conditions and does not support 
flame spread.

•  When necessary, the structural integrity of aluminum alloy structures 
can be protected against fire by practical and commercial fireproofing 
technology such as lightweight vermiculite concrete, similar to that 
used to fire protect steels, or Rockwool or gypsum sheeting.

•  Aluminum is nonsparking in all environments and with all materials, 
with one known exception: when bare (unpainted or uncoated) alumi-
num is struck by or strikes rusty ferrous metals, sparks may result.

•  Under conditions where it is likely or possible that aluminum may be 
struck by rusty ferrous metals, protective coatings such as paint are 
recommended to avoid any possibility of sparking.
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