
A
long way from its crude 
beginnings in the 1870s, 
built-up roofing (BUR) sys­
tems have grown in use and 
protect many of the nation’s 
commercial buildings. In its 

nearly 140-year history, the BUR industry 
has continued to evolve and set the bar for 
performance criteria in commercial roofing. 

Today, the industry faces several new 
challenges. Petroleum refiners are able to 
extract more from crude oil residuals, an 
act that impacts the quality of the asphalt 
produced. At the same time, changing eco­
nomics have caused refiners to turn from 
asphalt production to more lucrative end 
products, threatening the availability of 
asphalt for roofing.1 Also, the price of 
asphalt is expected to rise as the United 
States government implements plans to 
spend millions of dollars repairing roads 
and bridges.2 All of this is taking place while 
the commercial roofing industry is facing a 
shortage of trained BUR installers. 

Two critical changes – raw material 
asphalt quality and the shortage of trained 
installers – have reduced the latitude of 
application conditions necessary to pro­
duce a quality BUR. These factors have 
increased the need for a registered roof con­
sultant to ensure a proper BUR construc­
tion. 

HISTORY AND DEVELOPMENT 
History demonstrates that failure to 

account for mistakes of the past can pro­
duce devastating results. In the late 1800s, 
BUR materials were used to replace lead 
sheets on commercial wooden buildings.3 

BURs were constructed in situ, using alter­
nating layers of jute and tar or lake asphalt. 
These constructions, though crude, used 
largely unrefined bitumen that was rich in 
natural constituents and provided an 
improvement over conventional roof con­
structions of the time. 

Documented use of asphalt for roofing, 
in preference to coal tar, began in the 
1870s. However, its use became prevalent 
as petroleum refining technology improved 
in the early twentieth century. Asphalt 
gained preference because it was easier to 
handle and had a wider functional temper­
ature range than coal tar. 

The fluid catalytic cracking process, 
developed in 1942, established the founda­
tion of modern petroleum refining. Using a 
catalyst in the cracking reaction increased 
the yield of high-quality products. Several 
complex reactions are involved but princi­
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pally, the long-chain hydrocarbons are 
cracked into lighter products. 

Changes in reinforcements for BUR 
impacted performance, but the asphaltic 
bitumen that formed the waterproofing 
agent retained much of its chemical compo­
sition.4 Since failure mechanisms have been 
described as a function of asphalt’s basic 
molecular or intermolecular chemistry, the 
changes imparted by the refining process 
determine the quality of the asphalt pro­
duced.5 

AIR BLOWING 
Air blowing has been employed through 

one technique or another to harden the flux 
sufficiently to make it useful as an interply 
adhesive for built-up roof construction. 
Many use the term “oxidized” when they 
think of air-blown asphalt. The process is 
actually “dehydrogenation” and “polymer­
ization,” where hydrogen atoms are split off 
from the parent hydrocarbon chains, and 
smaller chains attach (polymerize) to form 
larger-chain molecules. Most of the oxygen 
that reacts with the asphalt in the blowing 
process forms water vapor. Only 5% to 15% 
of the oxygen introduced into the process 
remains bonded in the asphalt. The amount 
of oxygen in the finished product increases 
with augmented aromaticity of the feed­
stock. Thus, highly aromatic crudes pro­
duce an asphalt that is chemically different 
from those produced from crudes with low 
aromaticity. 

Investigators do not agree on the identi­
ty of all compounds in which oxygen is 
bound during air blowing, and the reaction 
mechanisms that take place in the process 
are still being investigated.6 

LESSONS LEARNED 
In the 1960s and 1970s, paper and 

asbestos felts were being offered. Some of 
the more interesting events occurred when 
conventional “tried-and-true” four-ply BUR 
constructions made with asphalt-saturated, 
15-pound paper “rag” felts were replaced 
with two or three heavier paper felts. 
Advertising slogans such as “One Plus One 
Equals Four” that promoted two-ply appli­
cations were abandoned when those con­
structions experienced widespread failure. 

BUR REQUIREMENTS DEFINED 
As a result of the extensive failure of 

various BUR designs, Bob Mathey and Bill 
Cullen of the National Bureau of Standards 
(NBS, now NIST) traveled across the coun­
try obtaining samples of installed BUR 

membranes of all types of felts available at 
the time. They transported the samples to 
their laboratory for testing and produced 
the first industry-accepted comprehensive 
work that described the minimum proper­
ties needed for a BUR system to perform 
effectively. 

Their results were reported in 1974 in 

NBS’s Building Science Series 55, a docu­
ment that defined the minimum perfor­
mance attributes of a completed BUR mem­
brane. The study gave the industry a means 
to determine the minimum performance of 
any BUR membrane, regardless of con­
struction. The popularity and application of 
NBS 55 criteria resulted in the development 
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of ASTM D 2178 Type IV and Type VI fiber­
glass felts used today in the construction of 
BUR roof membranes.7 

CHANGES IN ASPHALT 
Among the more significant changes in 

asphalt that impact roofing is that today’s 
refineries can extract more fractions from 
crude oil. Many refiners possess the tech­
nology to rearrange the structures of one 
fraction from crude oil to produce a differ­
ent fraction. Cracking takes large hydrocar­
bons and makes them into smaller ones, 
which can be recombined to make the 
desired product. Catalysts speed up the 
process.8 

Additionally, Congress has mandated 
production of low-sulfur fuels, which are 
accomplished in the refining process by a 
coker. Vacuum bottoms (the leftovers of 
petroleum distillation) are used as feedstock 
to produce either asphalt or coke. If low-sul­
fur fuels are in demand, the vacuum bot­
toms will be dedicated to fuel production 
and not asphalt. 

All of this means that today’s refinery 
technology can eliminate asphalt produc­
tion from slate and remain profitable. It also 
means that the quality of asphalt varies 
according to the crude slate and the prod­
ucts the refinery is making. Ultimately, 
asphalt quality will be decided by the refin­
ing companies. 

Once the quality of the roofing materials 
has been established, BUR quality is a 
function of the accuracy of the applicator to 
construct the roof membrane. Variations in 
asphalt quality decrease the latitude of 
application conditions, particularly the 
application temperature of the asphalt that 
forms the waterproofing layer. 

Based on these observations, it is 4 “Petroleum Refining and Catalytic 
apparent that the best BUR systems will be Crack ing,” The Encyclopedia Bri tan ­
constructed under the guidance of a regis- nica Online, June 7, 2009. 
tered roof consultant who will ensure that 5 Raymond E. Robertson et al., As ­
good roofing practices are observed. BUR phalt Behavior as a Function of Its 
systems have come a long way, weathered Chemical Constituents, 1991. 
many storms, and remain an important tool 6 John J. McKetta and William A. 
for roof consultants. Cunningham, Encyclopedia of 

Chem ical Processing and Design, 
FOOTNOTES CRC Press, 1977, p. 496. 
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