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Apha]t-impregnated corrugated sheets (ACS) of organic
fiber felts were studied for their performance requirements.
Six sample materials from different countries—two from
North America, and one each from Europe, Central Ameri-
ca, South America and Asia—were procured for this pur-
pose. The manufacturing of this type of roofing material
in many countries, each one using somewhat different tech-
nology, indicates that the asphaltic sheets are adaptable to
a wide range of climatic conditions—from northern cold
climates to tropical heat. Accordingly, a number of perfor-
mance characteristics were considered that would satisfy the
requirements for a variety of weathering conditions. They
include asphalt saturation, tensile strength, bending strength,
impact resistance, nail pull-out resistance, water absorption,
weatherability or protective coating, effect of heat on bend-
ing strength, and cold temperature.

Samples from each of the materials were tested for these
properties. It is seen from the test results that a significant
variation exists between properties. This suggests that an in-
ternational standard for asphalt corrugated sheets could be
developed to help improve the quality. Presently, the test
results are presented without attempting to correlate the
properties with the types of sheets, and some tests are recom-
mended for the evaluation of performance properties.
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INTRODUCTION

Most of the world population lives in the underdeveloped
areas where one of the basic needs is appropriate housing.
The roof is the most significant part of the house, both tech-
nically and functionally. It is commonly used as a symbol
for shelter and conveys a sense of security and comfort.
Construction materials in various countries are of differ-
ent origins. Roofing materials range from the traditional
palms, grasses and fibrous plants, to metal sheets and ce-
ment products. The former is of comparatively poor dura-
bility, high flammability and susceptible to insect infestation.
Of the conventional materials, asbestos-cement sheets are
no longer used in most countries due to the potential health
problems, while galvanized iron (GI) sheets transmit heat

radiation from the sun, and noise from rain and hail caus-
ing an uncomfortable indoor environment. They are expen-
sive, and not generally affordable by low income families.
In coastal regions, they show poor behavior due to their cor-
rosion susceptibility.

The energy cost of firing clay tiles is high, although the
raw material is inexpensive. In addition, the product is heavy
requiring a stronger structure to support the tiles. This adds
to the cost of the roof.

The difficult economic conditions of these countries
makes it hard to provide adequate solutions to the roofing
problem. Imported goods are high priced and they do not
represent the most appropriate material in every case.

The most suitable solution to the roofing problem is the
fabrication of other types of materials that will reduce the
high cost of importing and make use of locally or national-
ly available raw materials. Experience generated worldwide
in the making of fiber-reinforced cement tiles,>*** sulphur
impregnated sheets,>*® and asphalt-impregnated corrugat-
ed sheets (ACS)’ is potentially beneficial. There is consider-
able experience generated with ACS in a number of devel-
oping countries in medium scale production of roofing
sheets.

Asphalt corrugated sheets are made of organic fibers, con-
sisting of paper and cardboard wastes, to which cloth or
other natural fibers may be added. The material is processed
by mechanical means to form fiber sheets, like thick card-
board, which is corrugated and saturated with hot asphalt.
The corrugated sheets are then painted for UV protection.
Their future use in the developing countries as alternatives
to the traditional roofing materials, depends largely on im-
provement of their properties to make them economical and
durable.®

In order to evaluate properties of ACS, samples from six
different manufacturers were obtained—two from North
America, one each from Europe, Central America, South
America and Asia—and were tested. Some plants were visit-
ed to study the production techniques. This investigation
shows that ACS are appropriate for underdeveloped regions,
although of less interest to developed countries. Standardi-
zation is needed for uniformity and to ensure that they are
durable as well as attractive.® In this paper preliminary
studies concerning the properties and performance of the
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ACS are reported. No attempt has been made to correlate
the properties based on the types of materials manufactured.
Some tests and their requirements are recommended for
the evaluation of performance properties.

PRODUCTION OF ACS

Different manufacturers use different technologies in the
production of asphalt corrugated sheets. In the intermittent
system, each sheet is made individually starting with the
forming of fiber mat with layers of felt, to the finishing of
exposed surface with protective coating. In the continuous
production process, the fiber mat is formed as a continu-
ous ribbon that is corrugated, dried and then cut into sheets
for impregnation and finishing. This process uses expen-
sive automated equipment with a low labor content, while
the intermittent system uses a low capital cost and is highly
labor intensive which makes it well suited for the underdeve-
loped countries.

Different types of organic fibers obtained from paper,
cardboard waste, cloth and other natural fibers are added
to water and mechanically reduced to a pulp. In the inter-
mittent system, the pulp stock is pumped to a sheet form-
ing machine which consists of a rotating drum covered with
a fabric felt to collect the fibers and to deposit it onto a
receiving drum. The thickness of the material is controlled
by the number of turns. Each turn deposits a layer of fiber
mat. Once the desired thickness is reached, the drum stops
and the mat is removed to a flat bed.

The individual mats are partially dried in the open or in
a kiln. They are trimmed to size and corrugated to the
desired size of corrugations by rolling them through a pair
of geared rods. The sheets are then loaded into baskets and
each basket in turn is placed in the open tank containing
heated asphalt for impregnation by gravity and capillarity.
An alternative method uses a vacuum tank.

After impregnation, the basket is removed from the tank
and the sheets are left for conditioning at normal tempera-
ture. The exposed surface is spray painted with an acrylic
latex or other paint to provide protection from solar radia-
tion. The paint is formulated to penetrate the surface cracks
and adapt to the surface expansion and contraction.

It was observed during visits to some of the plants that
a number of variations exist in the manufacturing process.
These are listed as follows:

B Quality of fibers obtained from locally available card-
board waste, rags, etc.

B Type of asphalt used for impregnation of fiber mat.

B Manufacturing of mat using the two methods—thin felt
layers combined, or a single uniform layer of fibers from
pulp stock spread on a moving belt—to give required
thickness.

B Drying of mats either in open air or in an oven.

B Corrugation of sheets using either of these three ar-
rangements:

® Steel rods move with and press on the mat ribbon.

® Individual mats pass through a pair of geared corruga-
tion cylinders.

® A battery of rods pressed on the individual mats.
(These methods cause different stresses in the mats.)

B Asphalt impregnation, done either by gravity or by vacu-
um in the heated asphalt tank.

B Different types of protective coatings which may or may
not be applied.

In addition to the above differences, quality control varies
from minimal to adequate at different plants. At one plant,
there was practically no quality control, except for check-
ing weight or thickness.

In the developing countries, a significant number of
processes in a manufacturing plant are carried out by manu-
al labor which adds to the variation in quality control.

INVESTIGATING PERFORMANCE PROPERTIES

Samples from different manufacturers were obtained for in-
vestigating the roof sheet properties. Most manufacturers
have established manufacturing limits that they feel are ade-
quate for ensuring production of a suitable product. Some
aspects of sheets related to their performance were also con-
sidered. These were grouped in broad areas for discussion.

Asphalt Content

Asphalt provides the corrugated sheets with waterproofing
property as well as durability and dimensional stability when
exposed to weather. Different types of asphalts are processed
to impart the properties suitable for roofing, pavements and
other uses. The roofing asphalts are further divided into var-
ious types with different properties for use in coating,
saturating, or modifying.

Two aspects of saturation must be considered; the amount
of asphalt absorbed by the sheet, and the uniformity of im-
pregnation. They are affected by the variation of tempera-
ture at different areas in the asphalt tank and the depths
of immersion of the sheet.

The quantity of asphalt should be optimum for durabili-
ty.'® It must be sufficient to render the sheet waterproof.
Insufficient asphalt allows the fiber to gradually absorb water
in regions where the relative humidity is always high. The
resulting swelling of the fiber breaks the bond with the pro-
tective coating and leads to ingress of additional water. Ex-
cessive asphalt not only adds to the cost but also may cause
flowing and dripping of asphalt in hot weather.

Both the quantity of asphalt and uniformity of impreg-
nation can be improved by maintaining uniformity of tem-
perature in the tank by a stirring mechanism and using a
vacuum system for impregnation.

Moisture Effects

Water affects the durability of the ACS. The base material
is cellulose, which is prone to fungus attack and is subject-
ed to the degradation of fibrous matrix. The degradation
of the matrix reduces the strength of the element, and the
excessive water also increases the weight of the sheet. The
factors which are affected by moisture are:

® Water absorption
Water permeability
Waterproofness
Dimensional Change

Strength

The absorption of water affects the strength of the sheet
and was therefore included in the study for tensile strength
before and after the absorption. Out of other factors the
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water tightness test answers questions to the permeability
and waterproofness.

A sample with a higher void content absorbs more water
and tends to lose strength. As such, these two tests were con-
sidered adequate for assessing the effect of moisture content.

Fire
Fire is an important factor since it concerns the safety of
people and is an economic factor for property owners.
Different regulatory authorities ask for different fire tests
depending on the type of construction and size and oc-
cupancy of the building. For example, in Canada roofing
materials for small buildings, for residential or commercial
use, which meet the specified limits of building height and
roof area, do not require any fire rating according to the
National Building Code (NBC). Regional governments may
have their own requirements in addition to the NBC.
The issue of fire testing has been included in the present
study for the purpose of discussion only; ACS has not been
tested for fire resistance. Because this is a specialized test,
and its requirements vary from one area to the other, the
manufacturers normally get their materials assessed for fire
resistance where it is required. A roof designer should ask
for such testing while specifying the product if so desired
or wherever required by law.

Strength

Strength is needed at different stages of the product life,
starting from the manufacturing, transportation, storage, in-
stailation and maintenance. There are various situations
where sheets are subjected to stresses {e.g., tensile, bending,
shear impact, etc.). Most roofing materials are tested for one
or more stresses depending on the product and its usage.
For example, tensile or bending stresses are involved in most
situations; such tests are therefore relevant. Shear loads com-
monly lead to interply slippage or tearing during applica-
tion or service. These properties are tested for in most
roofing materials, Impact loads are more common on roofs
compared with other sections of a building envelope, such
as falling objects during storms or tools by workers during
installation or maintenance. Sheets must have adequate
resistance Lo tensile, flexural and impact loads."!

Weather Factors

Testing for the effect of weathering is essential as the roof
sheets are exposed to inclement weather. Although natural
weathering tests help in studying behavior during service,
it is quite cumbersome to maintain longterm records of field
performance. Consequently, various methods of accelerat-
ed artificial weathering are used in the lab. They include
cyclic exposure to water sprayfradiation, condensationfradi-
ation, heating/cooling, freezingfthawing, wetting/drying, etc.
In this study, it was considered adequate to use the fluores-
cent UVicondensation apparatus for exposing roof sheets
and visually examining and comparing them with control
specimens. The common defects visible after exposure in-
clude loss of protective paint, discoloration, deformation
{form change), delaminations, etc. In the case of non-avail-
ability of accelerated test equipment, as is common in un-
derdeveloped countries, with tropical climates natural ex-
posure for six months to a year can show defects in many
cases, Also, mechanical tests after weathering may give use-
ful information as to the degradation of these materials.

Hence, testing for strength before and after accelerated ex-
posure should be considered.

Chemical and Biological Attack

Resistance to fungus, termites and rodents is important to
both siding and roofing applications. The ACS should have
resistance to attack by chemicals (salts, acids, alkalies) as
chemical environments are commonly found in industrial
and coastal areas, However, special treatments to provide
the resistance and specialized tests to evaluate the results
are required, As a result such products may be an expen-
sive solution for those areas. For such products the manufac-
turer should be consulted.

Dimensional Change During Fabrication and After Ex-
posure

Dimensional change affects appearance and serviceability,
and causes the development of stresses that could cause fur-
ther degradation. This aspect requires strict control of the
design dimensions of the sheets by the manufacturer, In
tropical climates, the material should be tested after six
months to a year of exposure to natural conditions. In gener-
al, tropical areas provide an excellent environment for
weathering. Monitoring of the materials performance could
provide useful information about durability.

Thermal and Acoustical Properties

Thermal and acoustical properties are of concern in build-
ings where environmental conditions such as thermal gain
and noise pollution are important factors, Testing for the
measurement of thermal coefficient of expansion, sound
transmission rate and other acoustical properties should be
called for when the building design includes these factors.
These are specialized tests and should be considered. In the
case of low cost housing however, these aspects are of little
concern particularly when the testing and treatment are eco-
nomically not feasible.

TESTING

The following tests were selected for use in evaluating ACS.
As most test specimens were required to be flat for testing,
they were obtained from the somewhat flat portion between
adjacent corrugation (i.e., in the contraflexural region). Each
one of the six samples was tested to determine the listed
properties, and the results are given in Tables 1-3.

Dimensional

Sheets were received from the manufacturer cut in quarter
pieces for convenience of shipping. The dimensions of
length and width were obtained from literature supplied by
the manufacturers. Other dimensions were determined by
measurement and testing in the kaboratory using standard
procedures. Thickness was measured using a dial gauge and
the other measurements, using a pair of calipers, steel rul-
er, a steel tape and a travelling microscope. At least five read-
ings were taken at different spots for each quantity and
averaged. These are shown in Figure 1 and included in Ta-
ble 1.

Asphalt and Cellulose Content
The cellulose and asphalt contents were determined using
two methods in different laboratories.
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Lab 1—First, surface paint was removed from each sam-
ple by lightly scraping and then rubbing with sand paper.
Samples were then extracted with dichloromethane under
reflux. The extracts were filtered and the asphalt recovered
by the Abson Method (ASTM D 1856). The weight of asphalt
was subtracted from the total weight to obtain the quantity
of cellulose. A negllglble amount of contaminants was de-
tected but ignored in the computation.

Lab 2—In the second method, some 10-50 g of sample
was cut into small pieces and placed in a Whatman Cellu-
lose Extraction thimble. The sample was soxhlet extracted
with toluene. The cellulose component of the sample was
dried in an air-circulating, and vented oven at 70°C for 4
hours. Discernable flakes of paint were removed and weighed.
The remainder of cellulosic mixture was also weighed. Their
weights were subtracted from the original sample and taken
as the weight of asphalt.

Since the individual results of the two laboratories were
within 5 percent of their mean values, they were adopted
and recorded in Table 2. The difference in the total of
asphalt and cellulose varies between 0.5 percent and 8.5 per-
cent. It is attributed to dust and impurities.

Water Absorption, Length Change

Specimens, 127mm X 12.7mm, were cut from the flat por-
tions and, without sealing the edges, were immersed in a
water bath maintained at 20 + 3°C for 24 hours. After that
period, samples were mopped with a paper towel and dried
with a light air jet. The weights were taken and water ab-
sorption computed. Their average was recorded.

For length change measurements, the specimens were con-
ditioned at normal temperature and humidity (22/65) for
24 hours. Before immersion their lengths were measured
using a travelling microscope. Measurements were taken
again after removal from the water bath. Percentage length
change values are recorded in Table 2.

Tensile Strength

Specimens approximately 127mm X 12.7mm were taken out
of the contraflexural part of the sample and the cross-
sectional dimensions were carefully measured and record-
ed. The specimens were conditioned at room temperature
and humidity (22/65) for at least 24 hours before testing in
the umniversally tensile testing apparatus (Instron model
1122).

Each specimen was mounted in the hydraulic grips space
at 50mm. The test was carried out with a crosshead speed
of brm/min, The test results were stored in the computer
as well as recorded on the machine chart. At least five speci-
mens of each material were tested and their mean value
recorded.

Fach set of specimens was also conditioned simulaneously
at three temperatures (normal 22°C, hot 70°C and cold
—40°C) for 12 hours, as both of the extreme temperatures
occur on the roof surfaces in Canada. The specimens were
tensile tested at those temperatures using an environmen-
tal cabinet mounted on the tester. The mean values of the
results for each product are given in Table 3.

Flexural Strength

Samples of 110mm X 12.7mm were cut out from the asphalt
impregnated mat or sheet and conditioned at normal tem-
perature and humidity (22/65) before testing in flexure.

Cross-sectional dimensions of each specimen were record-
ed and the specimen was placed on two supports set at
80mm apart. A loading tip or nose was lowered on the mid-
dle of the span at the rate of 5bmm/min. The load gradually
increased until the material was locally squashed, and the
load started dropping. The peak load was adopted for com-
puting the flexural stress.'® The mean values of five tests for
each product are recorded in Table 3.

Bending of Sheet (Foot Load)

This test simulated the situation where a person on the roof
steps on the middle of roofing panel between.two battens
610mm apart. Each sheet sample was approximately 680mm
long and 400mm or more wide. The width contains full four
corrugations. The sheet was placed on two supports 610mm
apart. A wooden plate 100m X 100m was placed at the center
of the middle two corrugations. A loading tip on the univer-
sal tester was gradually lowered on the plate at a crosshead
speed of 50mm/min. After coming to a peak, the load start-
ed dropping. The peak load was considered the end point
of the load at yield. The test was repeated three times and
the mean value is recorded in Table 3 for each product.

Nail Pull-Out Test
This failure of roof in the wind uplift situation is caused
by either the nails being pulled out of the wood battens, or
the sheets lifted with the nail heads tearing through the
holes. The latter situation of each nail is simulated by the
pulling of one nail through a sample corrugation sheet.
A simple apparatus was designed to conduct a pull-out
test using a nail having a 10mm diameter head or a nail with
a washer of 10mm diameter (Figure 2). The assembly is
mounted on the Instron tensile tester and the nail is pulled
at a speed of 5Smm/min. until it ruptures through the hole.
The pull force (in Newtons) for one nail multiplied by the
number of nails in a sheet provides the value of theoretical
wind uplift resistance of the roof sheet assembly, assuming
the structure is adequate. The single nail values are given
in Table 3.

Dynamic Impact (Puncturing) Test

ACS samples were tested for impact resistance at 22°C in
an apparatus shown in Figure 3. It consists of a long tube
acting as a guide for a mass (steel rod) that falls on an in-
dentor fitted with a hemispherical tip of 10mm diameter
that hits the corrugated sample. The total mass of the fall-
ing rod is 1 kg and it can be dropped from different heights.
Specimens from the six materials were tested with the im-
pactor falling from four different heights of 75, 150, 250
and 500mm to establish the performance requirement.
These generated impact energy values of 0.74,1.47 245 and
4.95], respectively.

The rating was based on the visual examination of inden-
tation as follows: (1) for visible puncture through the sheet
thickness; (2) for possible puncture but not discernible; (3)
for slight indentation but no puncture, and (4) for no punc-
ture and no indentation.

Four replicates were tested for each of the four drops.
Their averages are shown in Table 3.

Accelerated and Natural Weathering
Four samples from each material were placed in a UV/con-
densation accelerated weathering apparatus described in
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ASTM G53. The samples were partly flattened in a press in
order to fit them in the panels. The samples were exposed
to cycles of 4 hour radiation and 8 hour condensation for
a total of 1000 hours.

After exposure, samples were visually examined for any
surface degradation. Also, specimens of 12.5mm X 125mm
were cut out of them and tested for tensile and flexural
strengths using the sample parameters as for the control
samples. Their results are recorded in Table 3.

One sample (approximately 450mm X 450mm) from each
of the six products was exposed to natural weathering in
Costa Rica on a roof sloping at about 30°. A similar speci-
men of each was kept in the laboratory as control. Both sets
of samples were examined on a regular basis for any visible
deterioration. Photographic records and notes on their con-
dition were maintained.

RESULIS AND DISCUSSION

The six samples procured from different countries exhibit
significant variation in their properties. These differences
can be attributed to various factors such as the quality of
fibers, type of asphalt, fiber felt making process, drying in
air or oven, corrugating technique, asphalt impregnation
method, type of protective coating and, lastly, the variation
in quality control.

Many results are inconsistent. It was found in repeating
the tests on seme products, that the test results differ from
one batch of sheets to the other.

B The data given in Table 1 shows that the dimensions vary
partly due to differences in the basjc technologies and
the local construction practices. Redesigning of corruga-
tion sizes could help in making the sheets, uniform in
size and economical without adding weight to the sheet.

B Variation in asphalt content appears to be significant,
38-55 percent, (Table 2). This important factor in the per-
formance of ACS should be addressed when developing
the standard. The amount of volume change due to water
absorption ranging between 6.7 and 15.6 percent appears
to be excessive and not consistent with the amount of
water absorption. This aspect should be studied further
particularly from the point of view of volumetric change
and change in strength with water absorption.

B Mechanical properties (Table 3) show large variation
among different products. For exampile, tensile strengths
(line 1) range from 8.9 to 26.3 MPa. The effect of acceler-
ated weathering (line 2) shows a general trend in the
reduction of strength values which range between 5.7 and
95,0 MPa, These variations will, of course, be reflected
in their durabilities. The differences in the values of two
sets of tests at 22°C (lines 1 and 3) are due to the latter
being from a different batch of productions.

Examination of the resules of testing al extreme temper-
atures + 70°C or —40°C (lines 4 and 5}, indicates a signifi-
cant difference. The hot and cold averages are 12.9 and 33.7
MPa, respectively, compared to the normal temperature
average of 15.7 MPa (line 3). This would accordingly affect
the flexural strength of the sheet. It is evident that the soften-
ing of the sheet when hot is critical if someone walks on
the roof. This aspect should be taken into consideration
when designing for very hot climates. In very cold tempera-
tures, the material will be comparatively much less flexible.

The test results for “flexure of materials” before and af-
ter accelerated weathering (lines 6-8} reveal variation simi-
lar to those in the tensile results. It was anticipated that this
test, in addition to giving bending strength, would show a
shearing effect in the mat which bas layered fiber felts. The
shear effect was not visible indicating the layers are well
bonded.

Bending of sheets is an important performance criteri-
on. The variation in test results (line 9) is significant. This
test should be extended to use a bigger specimen so as to
inclade the effect of continuity of a sheet in either direc-
tion. Also, a deflection limit should be established in addi-
tion to the load limit.

Nail pull force or wind uplift resistance (line 10) varies
between 132 and 284 units. These figures will change if the
nail head size is changed. In order to establish the perfor-
mance requirement for a region, the wind velocity data of
that region and sheet installation details, as well as the nail
dimensions and wood type, should be taken into consid-
eration.

Dynamic impact behavior was studied using different
drop distances (lines 11-14). Adoption of the test method,
based on the indent rating average, can be settled for a drop
distance between 150mm and 250mm. Beyond these limits
the test may be very harsh or very lenient. This range can
be narrowed down by repeating the tests with different size
indentors which could give optimum size of indentor and
drop distance,

The samples from the accelerated weathering tester after
1000 hours of UVicondensation exposure exhibited varying
degrees of color fading of protective paint. In one sample,
some flaking and loss of paint was evident. There was an
average reduction in the strength of about 12 percent (lines
1 and 2} in the specimens tested,

It was observed during inspection of the samples after six
months of exposure to natural weathering in Costa Rica that
almost all had shown significant fading of colors. One sam-
ple, which was unrestrained, had suffered deformation. This
is evident in Figure 3 where flattening of the corrugations
have occurred when compared to the contro] sample placed
on top of the deformed one.

In the inspection after one year of natural weathering,
one sample with brick red color paint was seen with signifi-
cant loss of paint due to flaking (Figure 4), which was much
more severe than a similar sample after artificial weather-
ing of 1000 hours. Another sample which was unpainted
showed extensive fading and surface cracking (Figure 5).

Visual comparison of weathering effect indicates that one
year of natural weathering in Costa Rica was more severe
than 1000 hours of accelerated weathering in the lahoratory.

# The dimensional data and the test results of physical and
mechanical properties are given in Tables 1-3, including
the ranges and means of their values. Specific tests and
their minimum requircments given in Table 4 are consi-
dered important for the performance of ACS. The dimen-
sional aspects, except thickness, have not been included
in the assessment, as they depend on a regional tradition
in the construction practice.

CONCLUSION

The study shows that there is need for improvement of the
corrugated sheets through standardization and quality con-
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trol. This will help developing countries improve the dura-
bility and the life cycle cost of roofs.

A number of performance-oriented tests have been recom-
mended. Others should be developed, particularly for cold
climates, coastal regions and toxic environments.

Specific areas concerning the raw materials such as fibers
and asphalts, and the consistency in impregnation need fur-
ther research for improving the durability and economics
of the product. _

Natural weathering in a tropical climate like Costa Rica
is quite severe, and this instead of accelerated weathering
in the laboratory should be used for the study of durability
of materials.
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Properties Products Values
A B D E F Average Range

Length, mm 2000 2000 1830 2000 1830 2550 203b 1830-2035
Width, mm 1200 1090 700 1200 685 700 930 695-1200
Thickness, mm 2.5 25 2.7 28 2.7 23 2.6 2328

. Corrugation
Pitch, mm 90 77 92 92 77 65 82,2 65-92
Corrugation
Depth, mm 36 27 35 35 23 21 30 21-36
Weight of
Material, kghm?® 2.6 3 3 2.6 2.6 2.1 2.6 2.1-3.0

Table 1 Dimensional data.
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Properties Products Values
A B C D E F Average Range

Asphalt
Content, % 334 48.7 50.7 49.0 40.0 55.3 46.2 35.4-55.3
Cellulose, % 58.1 48.9 48.8 49.6 56.0 434 50.8 43.4-58.1
Water Absorp-
tion, % (after
24h) 16.1 16.3 7.2 7.9 151 12.6 124 7.2-16.1
Length Change,
%* (24 h
absorption) 0.49 (.40 0.35 .19 0.99 0.33 0.46 0.19-0.99
Volume Change,
%* (24 h
absorption) 12.3 6.7 7.2 6.4 15.6 10.6 9.7 6.7-15.6
*Positive change means increase in property value.
Tuble 2 Physical properties.
Properties/ Products . Values
Tested at A B C D E F Average Range
Tensile Strength, MPa:
1. 22°C 26.3 15.7 8.9 9.2 22.8 17.7 16.8 8.9.26.3
2. atw*, 22°C 25.0 14.3 10.7 5.7 17.5 14.9 14.7 5.725.0
3. 22°C (second 26.0 18.7 6.6 6.6 23.5 12,5 15.7 6.6-26.0

batch) ,
4. 70°C 25.8 12,7 7.5 4.5 18.6 8.3 12.9 4.5-25.8
b, —40°C 51.6 34.4 24.1 148 50.1 27.4 33.7 14.8-51.6
Flexural Strength of Material, MFPa:
6. 22°C (Iab 1) 15.7 12.2 8.0 7.5 16.0 12.3 12.0 7.5-16.0
7. 22°C (Lab 2) 19.7 16.5 113 8.4 14.1 14.0 B.4.19.7
8. afw, 22°C (Lab

2) 17.3 15.2 121 8.0 13.2 11.8 129 8.0-17.3
Bending of Corrugated Sheets, Foot load N
9. 22°C - 331 321 _ 439 253 132 295 132-439
Nail Pull Force {or Wind Uplift Resistance)nail, N
10 220G 270 284 161 270 259 152 229 132-284
Dynamic Impact, Rating
Drop {mm}: 22°(
11. 75 4 4 4 4 4 3.0 39 3-4
12. 150 3.0 3.0 23 3.0 3.0 2.0 2.7 2-3
13, 250 30 2.8 1.7 3.0 2.3 2.5 2.6 1.7.3.0
14. 500 3.0 1.2 1.0 2.0 1.0 1.8 1.7 1.0-3.0

atw®* = After accelerated weathering in QUV for 1000 hours.
Note: All samples except in lines 2 and 8 are unweathered or unaged.

Tuble 3 Mechanical properties.
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Properties Requirements
1. Thickness, min, % 2.2
2. Asphalt content, min, % 45
3. Water absorption (in 24 h), max, % 12
4. Linear dimensional change, max, % 0.5
5. Tensile strength, min, MPa 10
6. Flexural strength of material, min, MPa 8
7. Bending of corrugated sheets (foot
load), min, N 300
8. Nail pull force per nail, min, N 200
9. Dynamic impact, min rating 2.5
10.  Fire rating As per terri-
tory's code
requirement

Note: Additional tests for cold climate and toxic environment con-
ditions can be included for performance evaluation.

Table 4 Performance properties of asphalt corrugated sheets and their
requirements.

Depth

N

Width

L k— Pitch

Dimensioning a corrugated panel

K
Guide s
tube \ 3
Lifting

pin \

Weigh
rod 3
R

Indentor with
round tip

Corrugated
Roofing
Specimen

Figure 1 A typical corrugated sheet.

Nail pull
force

?

=

Corrugated
Roofing O
Specimen

Figure 2 Apparatus for nail pull (wind uﬁfgﬂ) test using a tensile tester.

Figure 3 Impact load test apparatus.

Figure 4 Deformation (flattening) of corrugated sheet after six months
of natural weathering (in Costa Rica) in an unrestrained condition. The
control sample placed on top is for comparison.



188 1991 International Symposium on Roofing Technology

Figure 5 Protective paint (brick red color) partially flaked afier one year
of natural weathering in Costa Rica.

Figure 6 Unpainted asphalt surface showing fading and cracking after
one year of natural weathering in Costa Rica.
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