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1.0 ABSTRACT

This multifaceted field and laboratory research project evaluated seven different types of asphalc-saturated underlayment felts thar are typi-
cally used with steep-slope watershedding roof coverings, such as asphalt shingles. The underlaymenc felts were exposed to the effects of
outdoor conditions on actual full-scale roofing projects in five different climatic areas of the United Scates.

Laboratory analysis was done initially to characterize the seven types of underlayment felts. The field research was conducted to investi-
gate each product’s performance during exposure to weathering conditions. After inscallation, the underlayment felts were exposed at each
site for a few days with one site exposing the underlayment feles for 28 days. During exposure, data on the underlayment’s susceptibility co
wrinkling and buckling were recorded. The underlayment’s watershedding capabilities also were examined.

The field exposures resulted in varying degrees of wrinkling of most underlayments under differential exposures (i.e., various weather
conditions and orientations). A rating system was used to report the degree of wrinkling observed.

This report documents the materials included in the evaluation, the field exposure conditions, the materials’ response ro the exposure,
and the laboratory evaluations. Conclusions are drawn as to the factoss that contribute to the wrinkling or buckling, and recommendations
are presented as to how o improve the underlayments’ performance.

2.0 KEYWORDS

Asphalc-saturated felt, buckling, fehs, field exposurc, humidicy, moisture, roofing, saturation, steep-stope roofs, underlayment, wrinkling.

3.0 INTRODUCTION

This report presents research on the in-situ exposure performance and comparative laboratory testing of seven different types of asphalc-
saturated underlayment feles,

3.1 Purpose

The purpose of the research was to test common asphalt-saturated undcrlayment felts in various climaric areas of the United States to deter-
mine the products’ susceptibility to wrinkling and/or buckling and to examine the feles watesshedding capabilities. The research compared
laboratory data {obtained from physical property tests run on the underlayment materials) with che performance data obtained from field
exposure.

3.2 Background Information

Asphalt-saturated felts have been used as underlayment in steep-slope roof systems throughout the different climatic regions of the United
States for decades. Originally, the organic feles used as steep roofing underlayment were composed primarily of cotton fibers saturared with
asphalt. Since che late 1940s, the majority of asphalt-saturated felts have been composed of cellulose fibets saturated with asphalr,

In recent years, there have been increasing reports of wrinkfing and/or buckling problems with various types of asphalt-saturated felis.
These problems have occurred during application of the asphale-saturated felts, prior to the application of asphalt shingles over the under-
layment, and after asphalt shingles have been installed.

In 1989, the National Association of Home Builders (NAHB) submitted a code change proposal to the Council of American Building
Officials (CABO) and the three model building code groups (Building Officials and Code Administrators, International, Inc. [BOQCA], the
Incernational Conference of Building Officials [[CBOY], and the Souchern Building Code Congress International, Inc, [SBCCI]). The pro-
posal called for the elimination of the requitement to provide underlayment felt beneath asphalt shingles.'

In support of the proposal, NAHB presented several reasons to justify the elimination of underlayment. However, the Asphale Roofing
Manufacrurers Association (ARMA) and the National Roofing Contractors Association {NRCA) viewed all but one of the reasons to be
without merit. The exception was underlayment wrinkling. Instead of eliminating the underlayment to solve the wrinkling problem,
ARMA and NRCA recommended that underlayments comply with applicable ASTM standards and further recommended thar these
standards be re-evaluared.

ARMA and NRCA opposed NAHB’s proposal. The proposal was disapproved by the three code bodies, and NAHB withdrew the pro-
posal from che fourth body. Following defeat of the proposal, NAHB expressed a willingness to meet with ARMA and NRCA. The meeting
occurred in 1990, with the primary issue being the variable performance of the underlayments with respect to wrinkling. ARMA and
NRCA foliowed up by initiating a jeint research project, which began with detailed project planning in 1991.

This research was undertaken by ARMA and NRCA with the primary goal of identifyin g the nature and cause of the wrinkling and
buckling problems and then attempting to recommend solutions ro the steep-slope roofing industry,

3.3 Summary of Literature Survey

In general, there have not been many articles or research reports written aboue underlayment felts as they relate to steep roofing applica-
tions. However, there is a wealth of rescarch and associated reports on organic felss used in toofing, In the 1950s and 19605, several govern-
ment agencies, academic institutions, and private individuals conducted various research programs on organic felts. These reports were
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prompted by the increase of premature built-up roof failures being experienced within a few years after installation. At that rime, the
teseazchers focused ateention on. the felts used as the reinforcing plics—namely organic, asbestos, and, to a limited extent, glass fiber
piysheers—for baift-up roofing.

The correlation between the historic research on built-up roofing ply felts and the organic felts currently used for steep roofing underlay-
mencs js that they are used in similar applications today. However, composition of the products has been changed over the years because of
raw material supply differences.

A literature survey encompassed 21 refercnces dating from 1929 to 1993. As phalt-saturated organic felt was the predominant review sub-
ject because it is the product used most frequently for shingle underlayment materials. The majority of authors described research results
and often related them to performance experience. Most papers discussed cause and effect(s) of the asphalt-saturated organic felt’s changing
moisture content on the felt’s performance in various roofing applications. This moisture change in organic felrs causes dimensional
changes. Of importance is that the researchers of the 1950s and 1960s noted the impact that the percent of bitumen saturation and mois-
ture ahsorption had on the organic felts.

The literature survey revealed that felt compasition has changed constantly throughout the materials” history. The rescarchers described
changes in the various types of wood, rag, and paper fibers used to produce the base felts. They related how the base felt is sarurated with
asphalr to produce the finished asphalt-saturared organic felt product, the major component of asphalt shingles, built-up roofing organic
ply feles, and shingle underlayments. The fibers of the base felt are hygroscopic, causing the felt to expand and shrink as the fibets ahsorb
and lose moisture under changing moisture conditions. The literature rclated how asphalt saturants protect the basc felc’s fibers, thus
decreasing their ability o take on moisture. The authors concluded that the more thorough the bitumen saturation, the less moverent is
likely to occur under changing ambient moisture conditions.

In brief, the consensus among the authors clearly demonstrates that moisture changes in organic felts result in dimensional changes of the
material, often resulting in wrinkling and/or buckling. In general, the conclusion is thar these changes are funcrions of the base felt’s ability
1o hold asphalt (i.c., kerosene value and, therefore, saturation efficiency) and the amount of asphalt saturant in the base fele {i.e., percent
saturation). The literature concludes that deficiencies in saturation cfficiency and percent saturation are key to the dimensional changes
experienced under changing maisture conditions. Some authors suggested minimum percent saturation of 140 percent and minimum
saturation efficiency of 70 percent,

As early as 1959, K. G. Martin recommended to the industry thar performance tests be used in standards for felt products. He even
offered a Laboratory Shrinkage Test for Saturated Felys?

The previous research work cited hercin provides some revcaling data, similar conclusions among several researchers, and proposed rec-
ommendations. A complete discussion of the literature survey can be found in Appendix D. The following points can be drawn from the
previous research: .
* The actions of the saturated felts (e.g., expanding, shrinking, ridging, and wrinkling) are caused by changes in mois-

ture content.”***&7
» When moisture penetrates a saturated felt, the felt swells and subsequently shrinks upon drying oue.>****

» Moisture causes a higher degree of movement in the cross-machine direction (width) of the saturated felts compared
with the machine direction (length).>*»%7?

« Coefficient of linear thermal expansion obtained in the cross-machine direction {width) of the saturared felts is appre-
ciably greater than that obtained in the machine direction (length)."

« Moisture absorption, if accomplished nonuniformly throughcut a roll of saturated felt, also can lead to temporary or
permanent distortions of the saturated felt.®

+ Faiture of 1950s 210-Ib. organic asphalt shingles was found to be caused by alternating cycles of wetting and drying of
the undersaturated organic base felt, which resulted in the distortion of the shingle.”

» Saturated felts are not cruly saturated, because they contain small voids with only 75 percent of the volume of voids
filled in organic felts.”

* Saturated feles move in response to both temperature and humidiry variations.®

+ Thermal movement is not linear with temperature but increases as the temperature is decreased for saturated felts.

» Humidity changes are so great relative to temperature changes that they prcdéminace and often obscure the thermal

effect for saturated felts &7
o Test data indicate that complete equilibrim in regard to motsture content of saturated felts exposed to a constant rela-

tive humidity is approached very slowly. On a roof, because the weather is never a constang, it is unlikely that saturated

felts are ever in a state of equilibrium.®

» While exposure to moisture is a factor, duration of exposure is often the most significant factor that affects perfor-
mance of the saturared felts.

» Saturated felts respond promptly co changes in relative humidity, regardless of temperature, between -20°F {-297C)
and 160°F (71°C).”
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* The motion of saturated feles depends on the moisture history and the duration of changed environment.”

* There are difficulties in achieving complete saturation commercially so compromise saturations are required.
Commercially, a saturation of 195 is realistic.”

* Moisture content {at time of manufacture} has co be 3 percent minimum and 7 percent maximum for asphalt-
saturated organic felts.?

* Data shows that saturated felts respond rapidly to changes in relarive humidity.’

* Atall relative humidities, moisture absorption proceeded rapidly.”

* “Equilibrium” moisture contene decreased as the saturation of the felr was increased.*

* “Equilibrium” moisture content increased with the relative humidity to which the felts were exposed.®
* Saturated felt, as it is furnished, is not protected from moisture encrance and swelling,’

* Organic fiber felts with all voids full of bitumen still will absorb water and swell, and poorly sacurated felss, therefore,
are likely to swell to a greater extent,

* Even most highly saturated felts in this study absorbed moisture.?
* It is necessary to front- and back-coat roofing products to isolate and protect the felts from moist environmens,®

* Even under the most favorable conditions, only 82 percent of the theoretically possible saturation was artained.

3.4 Underlayment Use in the United States

With most types of watershedding roof systems, the underlayment is an important component and should not be overlocked for inclusion
within steep-slope roof systems. Underlayment may be composed of various types of materials. However, in the United States, the vast
majority of stecp-slape projects use asphalt-saturated fel as the predominant underfayment macerial,

Following arc the primary reasons for using underlayments with steep-slope roof systems:

* Underlayment provides protection from moisture for the roof deck during construetion,

* It provides secondary protection for the building in case the primary roof covering is damaged or blown off,
* It sheds water in case of moisture migration (e.g., wind-driven rain) into the finished roof system.

* Irisa component in the tested assembly of many roof coverings that have a Class-A fire rating.

* The three model building codes require the use of underlayment.

On lower stope projects and projects in severe climatcs, the underlayment can be extremely critical for long-term successful roof system
performance,
In general, however, in order for the underayment to help the roof to perform successfully, the underlaymene marerial must:

* be capable of shedding warer

* be able to withstand roof system remperatures withour premature degradation

* remain durable within the roof assembly so that it can function for the life of the roof system
* not telegraph minor irregularitics in underlying deck construction

* be relatively craffic resistant and safe to rraffic over during roof construction

In order to perform the above functions, one additional characteristic is important: it must lay relatively flat, nor wrinkled or buckled.

3.5 Project Limitations

This particular research project was quite complicaced, involving numerous variables, with many different persons performing important
functions. Complicated research witch variables usually means ehac there will be limitations with the study.

Because this research involved full-scale exposure of the undertayment felts in several climatic and geographic regions of the United
States, many variables were an accepred part of the study. In order to compare laboratory-tested physical properties of the felts with actual
documented performance in the field, certain variables and limirations must be tolerated,

This research project focused primarily on the issues of wrinkling, buckling, and watershedding capabilitics of the underlayments com-
monly being used (and reported as sometimes being problematic) in the United States. To allow the results of this study to be urilized accu-
rately, it is important to realize the project’ limitations. Following is 2 list of some of these limitations:

* The research did not include all of the different construction conditions where underlayments may be applied.
* Weathering conditions that the fetes were exposed to were not all-inclusive.

* Materials tested did not include all of the diffcrent asphale-sarurared underlayment formulations that can be produced
and arc in use roday.

* Underlayment exposure was conducted on relatively large roofing projects. (1his was done so anomalies in marerials
would be lesser)
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» Actual expostre in-situ on roofs in different climates is not the same as a controlled laboratery environment.

+ Evaluations of dimensional change in the materials (i.e., extent of wrinkling) were difficult to quantify because of the
evaluarors subjectivity in assigning a rating {variances due to human choice) and evaluations occurring ac different
times of the day (differences in performance from morning to afternoon were documented in some instances).

"+ A fastening pattern for the underlayment felts was not prescribed because each site needed a case-by-case evaluation,
based on slope and other important factors.

3.6 Summary of Testing Protocol

To limit the variables in this research, a testing protocol was developed by ARMA's and NRCA's residential/steep roofing committees. This
testing protocol outlined the items involved in the study, and the various criteria important for the success of the research. The following is
a brief list of the items included in the protocol:

* geographical areas where the fieldwork would be conducted

* acceptable roof slopes

* acceptable substrates

* the seven types of undedayment felts to be tested

the acceptable installation exposures {e.g., acceptable roof deck area or size, opposing exposures to the weather, etc.}
* application particulars, such as alignment of fels, etc.

» dara collection intervals and how moisture readings and samples would be taken

* examination of samples

For further specifics regarding the testing protocol, refer 1o Appendix A of chis report.

4.0 LABORATORY TESTING

The underlayment felts for this test project were donated by several ARMA member manufacturers and were selected 1o provide a sampling
of the types of products available to the market. These included produces that were manufactured to meer each of the two existing ASTM
specifications, products that were non-classified’, and one glass-fiber-reinforced product that is unique.

The two ASTM standard specifications that currendy apply to the felts used for shingle underlayment are ASTM D 226-89, titled “Stan-
dard Specification for Asphalt-Saturated Organic Felt Used in Roofing and Waterproofing”” and ASTM D 4869-88 (Reapproved 1993),
titled “Standard Specification for Asphalt-Saturated Organic Felt Shingle Underlayment Used in Roofing™"*. These specifications are similar,
but not identical, in their requirements. As the titles stare, D 226 covers a broader range of uses for felts while [} 4869 specifically relates to
undertlaymnent used with asphalr shingles. Refer to the ASTM standard specifications for specific differences each has in the test methods
and criteria included.

Each specification identifies two types of products, Type 1 and Type II*", which are more commonly referred to today as No. 15 and No.
30, respecrively. Historically, these products were referred to as 15 pound and 30 pound felts because, per square, the felts actually weighed
that much. A product readily available on the marker was selected for cach category and type.

The foliowing table lists the products selected and the designation key to be used for reviewing the tese results:

SAMPLE CATEGORY

A30 Non-classified, Type I

B15 ASTM D 226, Type I

Cl5 Non-classified, Glass-fiber-reinforced!
D15 ASTM D 4869, lype 1

E30 ASTM D 4869, Type 11

F15 Non-classified, Type 11

(30 ASTM D 226, Type I}

* Non-~classified producis are those materials thae are manufactured in the same manner as the ASTM labeled products except thart the
marerial may not have the same physical properties thar the ASTM standard requires.

" Type 1 refers to all No. 15 praducts {(non-classified, [} 226 and D) 4869) and Type 11 refers to all No. 30 products {non-classified,
D 226 and D 4869).
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4.1 Summary of Laboratory Testing

Four laboratories participated in the evaluation of the underlayments used in this project. In addition to the test methods outlined in the
ASTM standards already noted, a proposed ASTM method for measuring the effect of moisture also was utilized. This method, titled
“Standard Method of Test for Moisture Conditioning and Related Testing of Roofing Felts and Membranes™ calls for water immetsion of
the specimens for an extended period of time and subsequent measurement of the moisture, dimensional gain, and tensile strength. This
method is intended for use as a research tool in evaluating roofing felts, and the results included here should be interpreted accordingly.
However, this type of test could be developed into a performance test for use in future ASTM material standards for underlayment felts.

The laboratory results are summarized in the tables and graphs of Section 4.2. The graph presentations also can be used for 2 comparison
with the ASTM physical property criteria. These results are discussed in the following paragraphs.

Finished Weight/Mass of Saturated Felt/Mass of Saturant: The finished weight, mass of saturated felt, and mass of saturant specifica-
tions were met by Samples B15, D15, and G30, but Sample E30 fell short of the criteria for ASTM D 4869. The results of these measure-
ments also were used to calculate the sacuration efficiency and percent saturation, which are important properties in regard to wrinkling.
Again, all of the ASTM products met the criteria, except Sample E30. It is interesting to note that the non-classified products, except Sam-
ple C15, met the ASTM D 4869 criteria for saturation efficiency and percent saturation,

Percent Loss on Heating: Loss on heating is a measure of the volatiles in the product thar are removed when che underlayment is
exposed for five hours at a remperature of 221°F (105°C), minus the amount of moisture present, as measured by the solvent extraction
test. The requirement is the same for both ASTM specifications. All of the products, except Sample C15, met the criteria. Of course, the
ASTM specifications do not apply to Sample C15 because it is a non-classified, glass-fiber-reinforced product.

Kerosene Number: Kerosene number is a measure of the amount of kerosene held per 100 grams of felt and refates to the sarurating
capacity of the felt for any biruminous sarurant. It is another property that is known to be related to moisture absorprion and wrinkling per-
formance. Neither ASTM specification lists a required value for this property, but the measured values are reported here, for information
and comparison,

Percent Moisture Criteria: By reviewing the data, it can be observed thar neither of the D 4869 felts met the petcent moisture criteria;
however, this criteria applies ro macerial as manufacrured, and these measurements were made after shipment and sample cutting, There-
fore, the results are not surprising and should not be cause for concern. However, a test could be developed, for future standards, that could
be applied after manufacture under restricted conditions of exposure.

Percent Ash Criteria: All of the products met the percent ash criteria specified in ASTM D 226 and ASTM D 4869.

Tensile Strength and Pliability: Tensile strength and pliability are indicators of an underlayment’s ability to resist damage during applica-
tion or under wind stress conditions. ASTM D 4869 does not have 2 requirement for tensile strength, All of the products essentially met
the ASTM D 226 criteria for both directions: with the fiber grain and across the fiber grain. Note that the undetlayments exhibit
anisotropic tensile properties; chat is, they do not have the same properties in both directions. This is not unusual and is done by design for
various manufacturing or field requirements. Also, all samples passed the pliability cest.

Tear Resistance: Tear resistance is another propercy that relates to application and wind stress performance. It is specified in ASTM D
4869, but not in ASTM D 226. Examination of the data shows that all of the products exceeded the specified tear resistance criceria.

Percent Linear Gain/Percent Moisture Gain: As noted eaclier in this report, a proposed ASTM method was used to evaluate the changes
in moisture, tensile strength, and dimensions after exposure to water for an extended period of time. These properties also are not included
in the ASTM specifications but are reported here for information. Dimensional stability plays a major role in providing smoatch, uniform,
and stable underlayment prior to and after shingles are applied. Caution should be taken when using the reported results, because the rest
method is noc officially established as a standard. In fact, some manufacturers believe the exposure time in this study is extraordinarily long.
In any case, the results for all products indicate 2 substantial drop in tensile strength, a substantial moiscure gain, and a small dimensional
gain, especially in the machine direction.

Water Transmission Test: The water transmission test is another test specified in ASTM D 4869 but not in ASTM D 226, This rest
method measures the abilicy of the shingle underlayment 1o resist the transmission of water and visible deterioration. Note that two of the
Type [ feits (D15 and F15) failed the water transmission test. Upon further inspection of the test specimens, one of these had obvious pin-
holes, which is a defect and can be cause for concern.

Summary: Generally speaking, the selection of underlayment sarnples met the objective for the project, which was to have 2 sampling of
the produccs available on the market and a range of properties for comparison with the field results. One exception is that Sample E30 did
not meet several of the eriteria for ASTM D 4869, Type 11, as intended. Sample A30 (non-classified, Type II) and Sample E30 were very
simifar in laboratory measured properties.

Although samples were taken from the underlayment felts after exposure, there was no laborarory testing done on these samples.

The laboratory resules clearly demonstrate thac the properties of the seven underlayment marerials varied widely notwithstanding
the fact that all products are expected to perform the same function as shingle underlayments.
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4.2 Tabulation of Laboratory Results
« FROM DATA REPORTED BY THE PARTICIPATING ARMA LABORATORIES

Type I (No. 15} Products:

AS
Physical Properties gsszng D ;“gg B15 D15 F15 C15
D 4869 N-C}' N-C)t

Test Method Vakte Value (D 226) { ) (N-C} (N-C)
Tensile:
Average breaking
strength, min. [bffin.
of width (ASTM D 146):

Wich fiber grain 30 nfa 44.5 47.00 39.1 40.4

Across fiber grain 15 nfa 23.8 26.4 13.5 16.1
Pliability at 77°F (25°C)
over ¥ in. radius
{(ASTM D 146): 1060 160 100 100 100 100
Loss on heating at
221°F (105°C) for 5 hours,
max. % 4 4 2.4 3.5 37 4.8
Moisture, max, %
at time of mannfacrure
(ASTM D 95)
[Note: measured after delivery]

43 2.0 2.7 4.4 32 3.4

Net mass of saturared
fele, min., |b/100 fi 1.5 3.0 13.21 10.08 9.05 7.2

Mass of saturant,
min., [b/100 ft? 6.2 4 7.77 5.59 5.01 2.7

[Implied calculation: Mass of
saturantshould not be less than
1.2 tirnes mass of dry

{desaturated) felt.]

1.2 x wy _ [6.24] nfa [6.528] {5.388] [4.848] (5.4}
Mass of desaruraced
felr, min., Ib/100 i 5.2 4.0 5.44 4,49 4,04 45
Ash, max. % 10.6 10.0 9.9 2.5 2.9 9.6

H{N-C) represents Nen-Classified.
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Type I (No. 15) Praducts: [continued]

Physical Properties 33272': 334?;9 B15 D15 F15 cis
Test Method Value Vaiue (D 226) {D 4869) {N-C} {N-C)
Saturation efficiency 70% [58%] 76 72 69 43
[D 4869 value implied
from D 226 k]
Percent saturacion 120% 100% 143 124 124 60
Elmendorf Tear Resistance
(ASTM D 689) grams
MD nfa 200 (0.44 1bf) 391 469 305 270
CD nfa 200 (0.44 |bfy 448 511 394 340
Water rransmission nfa pass pass fail fail pass
Water vapor transmission, min.,
permeance, petin nfa 5 NOT TESTED
Kerosene number nfa nfa
[171.5 implied in D 226} :
ASTM D 727 [reported] 189 172 180 141
UL 558 [calculated] [195.6] [178.02] [186.3] [145.9]
b=wt. of kerosene
absorbed plus felt  {12.33 implied) [13.66] [10.L66] {9.85] [9.57]
[calculated from 1D 727 k number)
Asphalr capacity (k (d/Q)) dfe=1.29375 [244.5] (222.51 [232.9] [182.4]
[using ASTM k]
Saturating capacity d x k [195.6] {178.02] [186.3] [145.9]
[using ASTM k]
Tensile (after moisture conditioning) :
MD 21.5 £5.1 18.3 14.5
CDh 10.5 8.8 6.7 5.1
Percent Moisture Gain (after moisture conditioning)
MD 47.9 (35.5 51.0 79.7
CD 50.8 4.0 51.3 32.0
Percent Dimensional Gain (after moisture conditioning}
MD 0.05 0.20 0.27 0.26
CD 117 1.75 2.32 1.89
Note: Values in brackets [ ] are implied Implied k for D 226: - percent saruration
ot are calculated using a value obtained " saturation efficiency/100

by working a formula backwards from a
reported result.

* (N-C) represents Non-Classificd.
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Type II (No. 30) Products:

ASTM ASTM
D 226 D 4869
Value Value

G30 E30 A30
{D 2286) (D 4869) {N-C)’

Physical Properties
Test Method

Tensile:

Awerage breaking

strength, min. ibffin.

of width (ASTM D 146):
With fiber grain 40 65.0 56.2 75.2
Across fiber grain 20 39.9 21.3 34.5

Pliability at 77°F (25°C)
over % in. radius

(ASTM D 146} 100 160 100 100 100

Loss on heating at
221°E (105°C) for 5 hours,
max. % 4 4 33 3.9 3.8

Moisture, max, %
at time of manufacture
(ASTM D 95)
[Note: measured after delivery]
4.1 2.0 3.4 4.6 4.00

Net mass of saturated
fele, min., Ib/100 f¢ 26 20 26.35 17.42 15.7

Mass of saturant,

min., Ib/100 f¢ 15.0 10.8 15.99 9.16 8.35

[Implied calculation: Mass
of saturant should not be less
than 1.5 times mass of dry
(desaturated) felt.]
1.5 x Wy [15.0] nfa [15.54] (12.39} [11.02]

Mass of desaturated
felt, min., Ib/100 f 10.0 9.0 10.36 8.26 7.35

Ash, max. % 10.0 10.0 39 1.2 33

t (N-C} represents Non-Classified.
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Type 11 (No. 30) Products: [continued]

ASTM ASTM

Physical Properties G30 E30 A30
Test Method D 226 D 4869 (D 226) (D 4869) (N-CY
Value Value
Saturation efficiency 70% (56%) 74 60 65
[D 4869 value implied
from D 226 k]
Percent saturation 150% 120% 154 111 143
Elmendorf Tear Resistance
(ASTM D 689) grams
MD nfa 400 {0.88 1bH) 864 720 584
CD nfa 400 {0.88 1bf) 948 914 658
Water transmission nfa pass pass pass pass
Water vapor transmission, min.,
permeance, pertn nfa 3 NOT TESTED
Kerosene number nfa nfa
{214.3 implied in D 226]
ASTM DD 727 [reported] 208 184 175
UL 55B {calculated] [215.29] 1190.46] [181.13]
b=wt. of kerosene
absorbed plus felt  [27.14 implied] {27.6] [20.42] [17.64]
[calculated from I3 727 number)
Asphalt capacity (k {d/c}) dfc=1.29375 [269.1] [238.05} [226.41]
[using ASTM k]
Saturating capacity d xk [215.28] (190.44] [181.13]
[using ASTM k}
Tensile (after moisture conditioning)
MD 26.5 25.5 20.3
CD 15.0 9.1 11.2
Percent Moisture Gain (after maoisture conditioning)
MD 55.0 70.4 69.5
CD 55.0 71.9 67.0
Percent Dimensional Gain (after moisture conditioning)
MD 0.07 0.45 0.33
CD _ 0.68 2.03 1.36

Note: Values in brackets [ ] are implied  Implied k for D 226: | percent saturation

or are calculated using a value obtained " saturarion efficiency/100
by working a formula backwards from a

reported result.

Y (N-C) represents Non-Classified.
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UNDERLAYMENT PROGRAM

TENSILE STRENGTH

B2 cb TENSILE
TYPE Il PRODUCTS

BB mp TENSILE B

LBS.

WD TENSILE E

EZ cD TENSILE
TYPE | PRODUCTS

B-226, D-4889, F-NS, C-GLASS

LBSs.
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UNDERLAYMENT PROGRAM

TEAR STRENGTH

.

TYPE 1l PRODUCTS

TYPE | PRODUCTS
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UNDERLAYMENT PROGRAM
DIMENSIONAL STABILITY, % MOISTURE GAIN
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5.0 FIELD EXPOSURE SITES, CLIMATIC DATA, AND OBSERVATIONS

When selecting the sites for field exposure, climates of differing temperatures, humidicy, and rainfall were sought. Combinations of the
variables of hot, cool, dry; and humid/wet were put together to arrive at desirable weather characteristics for the sites.

5.1 Project Locations/Climatic Areas

The climatic areas were selected based on their typical summer/fall temperatures and humidities. The areas included: Boulder, Colorado
{cool temperatures and dry); Neenah, Wisconsin (cold temperatures and damp); Phoenix, Arizona (hot temperarures and dry); Seattle,
Washington (moderate temperatures and damp); and Tampa, Florida (hot temperatures and high humidities).

5.2 Weather Data During Field Exposure of Felts
The following is a brief summary of the local weather during the exposures at the sites:

Site:  Boulder, Colorado

Each felr rype was exposed for three to five days during a period from August 1993 to December 1993. High temperatures were in the
80°F (27°C) range in August, while only reaching 40°F (4°C) in December. During the maximum daily temperature, relative humidicy was
generally around 30 percent for the time period.

Site:  Neenah, Wisconsin

Each felt type was exposed for five days, from January 21, 1994, to January 25, 1994. High temperatures were in the 20°F (-7°C) range.
During the maximum daily temperature, relative humidity was in the 50 percent 1o 80 percent range. Heavy frost was noted during the
exposure, and snow occurred toward the end of the exposure period.

Site; Phoenix, Arizona

Each felt type was exposed for three to five days during a period from September 1993 to January 1994. High temperatures were in the
80°F (27°C) o 95°F (35°C) range. During the maximum daily temperarure, relative humidity was generally below 20 percent. Rain
occurred during only one product’s exposiire.

Site:  Seattle, Washington

Each felt type was exposed for three to four days during a period from July 1993 to September 1993. High emperatures were in the
60°F (16°C} 1o 70°F {21°C) range. The relanve humidity fluctuated greatly during che exposures. Fog, dew, and light mist were reported
during the exposure of some felcs,

Site:  Tampa, Florida

Each felr type was exposed during the period from August 5, 1993, to September 1, 1993. High temperacures were in the 90°F (32°C)
range with relative humidity during the maximum daily temperature in the 80 percent range. A total of 10 inches of rain fell during the
exposure period.

5.3 Comments on Weather During Field Expesure of Felts

As can be seen from the preceding information, the underfayment felts were exposed 1o a wide range of wearher conditions. Although each
product was not exposed during the same time to the same weather conditions ac the Bouider, Phoenix, and Seatde sites, the variety of con-
ditions to which the products were expased presented an excellent opportunity for evaluation of the underlaymen: felts’ performance. At
the Neenah and Tampa sites, each of the products was exposed at the same time on the same building, which allowed for cross comparison
of the performance of the products relative to each other.

Specific weather dara were obtained from the National Weather Service for each of the sites for the days of exposure and are included as a
reference in Appendix B.

5.4 Buildings Used for Exposures

The testing protocol set forth guidelines for the type of building construction that could be used for exposure of the underlayment felts.
The testing pretocol had guidelines for slope, decking (including an exclusion for nonvented cathedral type ceilings), opposing exposures
(i.e., north and south, east and west), minimum square footage of roof area size, and ventilation. A fastening partern for the underlayment
felts was not prescribed, because each site needed a case-by-case evaluartion, based on slope and other important factors. At each site, the
underfayment felts were installed shingle-fashion up the slope.

The following is a brief summary of the buildings used for the exposures at the sites:

Site:  Boulder, Colorado

The underlayment feles were installed as part of reroofing projects on enclosed, occupied houses. No ventilation problems were reported.
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Samples D15 and E30 were installed on the same building and exposed at the same time. The remaining samples (A30, B15, C15, F15,
and G30) were installed on separate buildings and exposed on different days.

Site:  Neenah, Wisconsin

The underlayment felts were installed as part of a new construction project of an apartment building. The structure was not fully
enclosed during the exposure. All seven of the products were exposed at the same time. Each product was installed from eave to ridge
on two opposing slopes. On each slope, the seven products wete installed side by side across the length of the deck.

Site:  Phoenix, Arizona

The underlayment felts were installed as part of reroofing projects on enclosed, occupied houses. No ventilation problems were reported.
Samples C15, D15, and E30 were exposed on the same days but on separate buildings. Samples A30, F15, and G30 were installed on sepa-
rate buildings and exposed on different days. Sample G30 was installed over spaced sheathing composed of wood planks. Sample B15 was
not evaluated.

Site:  Seatde, Washington

The underlayment felrs were installed as part of reroofing projects on enclosed, occupied condominiums. No ventilation probiems were
reported. Samples A30, C15, and G30 were installed for two separate exposures, each lasting about a week, with both exposures occurting
over a consecutive two-week period. Samples A30, C15, and G30 were installed on separate buildings, with G30’s exposures occurring on
two different buildings. Samples B15 and E30 were installed on separate buildings and exposed on different days. Samples D15 and F15
were not evaluated.

Site: Tampa, Florida
The underlayment felts were installed as part of 2 reroofing project for a multifamily, single-story building. The structure was enclosed
and occupied during the exposure. No ventilation problems were reported. All sever of the products were exposed at the same time. Each

product was installed from eave to ridge on two opposing slopes (eastern and western exposures). On each slope, the seven products were
installed side by side across the length of the deck.

5.5 Observations From Field Exposures

Each contractor that exposed underlayment felts for chis research project designated an experienced individual to oversee the installation
of the underlayment felts, 1o collect the data, and to report the observations. The diligence of these individuals brought forth information
abour the performance of the underlayment felts that went beyond what the protocol had expected. One important observation noted was
the daily cycle of wrinkling in the morning and laying flat in the afternoon.

While some variations exist in the way each observer reported the Underlayment Condition Index (i.e., wrinkling rating), the overall
results showed that every product experienced wrinkling to some degree under varying conditions. The observers did not have comparative
photographs to guide them in rating the observed wrinkling, only the written description provided with the Underlayment Condition
Index in the testing protocol.

The Undertayment Condition Index used was as follows:

Rating Description
1 Laying smooth, no apparent wrinkling
2 No longer laying smooth, minimal wrinkling
3 Apparent wrinkling throughout
4 More than wrinkled, actually buckled in locations
5 Severe buckles/ridging

The research project steering committee’ selected from the photos submitted by the contractors what it felt were representative examples
of the five different levels of the Underlayment Condition Index. The following photographs are those selected as representative of the
ratings:

" The research project steering committee was composed of ARMA technical staff, representatives of ARMA’s research and residential
committees, NRCA technology and research staff, and representatives of NRCA’ participating contractors.
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Phote 5.5.1 Rating 1. Laing smooth, no apparent wrinkling.
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Photo 5.5.2 Rating 2: No longer laying smooth, minimal wrinkling
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Photo 5.5.3 Rating 3: Apparent wrinkling throughout.
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Photo 5.5.4 Rating 4: More than wrinkled, actually buckled in locations.
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Photo 5.5.5 Rating 5: Severe buckles/ridging.

5.5.1 Summation of Field Observations by Climatic Area

The following is a summary of the specific observations noted for each climatic area. A detailed list of the products with the corresponding
Underlayment Condition Index rating received for each day of exposure is included in Appendix C.

Site:

Site:

Sice:

Boulder, Colotado
« All underlayment felts performed reasonably well, excepr CI5.
+ Sample C15 showed severe wrinkling when wet but smoothed cut in sunshine.

Neenabs, Wisconsin

« All underlayment felts wrinkled after three days under the same climatic conditions.

* Samples B15 and A30 showed the least wrinkling. (Note: The lab results for the owo were similar.)

» Wrinkling increased as relative humidity decreased and temperature increased.

¢ The ambient temperature was below freezing throughout the exposure.

+ The workability and handling of the different product types were noticeably different in the cold weather. The work-
men installing the products reported that the Type I products were easier to work with in the cold weather than the
Type II producss.

Phocnix, Arizona

* All samples laid flat when installed.

« All underiayment felts wrinkled to some extent even though the relative humidity was low.

* Many of the underlayment felis wrinkled within approximately one day. The wrinkling was more prevalent in the
morning than in the afternoon.

« All the data were collected in the morning.
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Site:  Seatde, Washington
« Wrinkling occurred under some differential exposure conditions (i.e., different day, weather, and orientation).

+ Samples C15 and E30 showed significant wrinkling from the day of application. Fog and dew were present when
these products wrinkled.

* Underlayment felts wrinkled in the presence of fog and/or mist.
* Surface moisture was visible and was recorded by the capacitance meter, as reflected in the unusually high readings
reported.
Site:  Tampa, Florida
¢ All underlayment felts wrinkled and/or buckled to varying degrees under the same climatic conditions.
» Type Il products showed less wrinkling and/or buckling than Type I products.
» More wrinkling and/or buckling occurred in the morning than in the afternoon.
+ Wrinkling and/or buckfing was much more pronounced on the western exposure than the eastern exposure for all feits.

The amount of wrinkling and laying flat lessened as time went on.

* Type I felts retained more residual wrinkling (i.e., wrinkling became “set”} than Type II felts.

* Little difference was observed in wrinkling between all felts (Type I and II) on eastern exposures.
 B15 showed more stability than D15, C15, and F15 {respectively).

* (30 showed more stability than E30 and A30 (respectively), while A30 was much worse.

5.6 Discussion of Field Exposures

Roof exposures played a major part of the investigation. The underlayment materials were applied by professional roofing contractors and
observed by members of the project team. Parameters such as temperature, humidity, solar radiation, and moisture condition of deck and
underlayment materials were monitored during application and the test exposure period.

The amount of wrinkling and buckling, predominant defects associated with the performance of shingle underlayments, that occurred
during exposure was ohserved and rated. Ratings were recorded, and underlayment conditions were photographed. (For an explanation of
the ratings, reference the discussion earlier in this section on the Underlayment Condition Index.)

Most of the exposed products wrinkled to some degree at all of the sites. Wrinkling was not a serious problem in ali cases. However, the
fact that the felts responded to the moisture to the extent chey did is cause for concern, especially considering the asphalt shingle materials
that are being produced today.

The observed performance of the underlayment feles in Boulder, Colorada {cool temperatutes with relatively dry conditions), was the
best of all sites in that the extent and severity of the wrinkling was the least, except for one product. Sample C15 exhibited the worst wrin-
kling noted of all products, at any site, according to the reviewers of the field data. As shown in Photo 5.6.1, the C15 felt wrinkled exten-
sively after an overnight dew, rising off the deck a few inches. {Another product thar was not part of the test but had been installed next 1o
the C15 product did not wrinlde.) Sample F15 exhibited similar wrinkling when dew occurred during its exposure. Both products were
reported to lay flat once the moisture had dissipated and the sun was shining on the roof area. This is an example of the cycle of wrinkling
and then faying flar when changes in moisture are experienced.

In Neenah, Wisconsin, the weather was cold and damp, rypical late-January weather. Although the air temperature was low enough that
it could not hold much moisture, changes in the relative humidity of about 30 percent were experienced, and wrinkling of the felts was
observed. When snow fell at the end of the exposure period, the wrinkling was pronounced enough that blowing snow was trapped in the
valleys between the wrinkles, as shown in Photo 5.6.2. Even before the snow fell, the felts had wrinkled to some degree, as shown in Photo
5.6.3. The contractor reported thar the felrs wrinkled when frost occurred overnight and would tend to lessen in severity in the afternoon.
This is another example of cycling.

Similar to the results noted in Colorado, the observed wrinkling in the products exposed in Phoenix, Arizona, was not severe but was
apparent throughout all products. Although the temperatures were hot, the relative humidity was low. The humidity did fluctuate as much
as 30 percent to 40 percent. As can be seen in Photos 5.6.4 and 5.6.5, wrinkling resulted. The contractor noted that the cycling was very
noticeable, further stating that the Type I products would relax (i.e., lay flar) quickly.

Moisture in Scattie, Washington, was 2 major factor. Fog and mist in July would fast undl noon. Wrinkling occurred during installation
in some cases. The products would lay flat when the moisture dissipated in the afternoon. The wrinkling occurred on most exposures (i-e.,
northern and southern) so refationship to the sun did not seem to have as great an effect in this climate area. As seen in Photos 5.6.6, 5.6.7,
and 5.6.8, the wrinkling was significant.

Because of the extensive data reporting and lengthy exposure time, the data received from Tampa, Florida, provided insight into areas not
perceived by the testing protocol. The underlayment felts were exposed for 28 days, during which high temperatures were in the 90s and
high relative humidiries were in the 80 percent range. More than 10 inches of rain fell during the exposure. All of the samples wrinkled and
cycled. As shown in Photo 5.6.9, Sample F15 was severely wrinkled ac 9:30 in the morning of the fourth day of exposure. However, as
shown in Photo 5.6.10, by 2:00 thar afrernoon, most of the wrinkling had subsided. No rainfall occurred during the exposure. The
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humidity went from 65 percent (at 90°F [32°C]) in the morning to 80 percent (at 95°F [35°C]) in the afternoon. The wetting conditions
experienced overnight caused the felt to expand and wrinkle, and the drying conditions of the daytime caused the felt to shrink and lay flat.
The contractor indicared that the felts were still cycling at the end of the 28-day exposure but not to the same degree as they were immedi-
ately after installation. Also, felts exposed on the western face of the roof deck wrinkled more than those on the eastern face. The severity of
wrinkling, therefore, may be related to the amount of sunlight (and hear) received. E. G. Long, in his research, noted that exposing organic
felts to high temperatures and low humidities was a more effective drying tool than desiccation with calcium chloride at room temperature
for the same length of time.®

An item to note regarding the use of underlayment felt on “real-life” projects is the aesthetically objectionable result that can occur when
the underlayment felt wrinkles. By delaying application of the shingles over the underlayment felt, dimensional changes in the underlay-
ment felt can occur. These changes then can telegraph through the shingle, making them appear buckled. It is not always possible to install
shingles over the entire roof area by the end of the day’s work, thus necessitating that some of the underlayment felt be exposed for a period
of time under normal working situations. A possible solution to this is to tear off underlayment felt that has been exposed and has experi-
enced dimensional changes and replace it with new felr. However, this work practice will not help situations where underlayment felt wrin-
kles after the installation of the shingles.

The results of this study showed significant differences in the response of underlayment felt to changing moisture exposure and tempera-

ture conditions.

A \ . .. AN
rado: Preduct C15—

morning of the fifth day, western exposure, after dew overnight.

Photo 5.6.1 Colo
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Photo 5.6.2 Wisconsin: Product BI5—mornin g of the third day, eastern exposure, after snow.

Pheto 5.6.3 Wisconsin: Product F15—morning of the day after installation, southern exposure.




Photo 5.6.4 Arizona: Product E30—morning of the fourth day after installation, northern exposure.

Photo 5.6.5 Arizona: Product G30—morning afier the day of installation, northern exposure.
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Photo 5.6.6 Washington: Product G30—morning of the second day northern exposure.
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Photo 567 Washington: Product BS—marm'ng of the third day, western exposure, afier dew overnight.




ARMA/NRCA Research Report on the Performance of Asphalt-Saturated Underlayment Felts

u

Phots 5.6.8 W’ax:’ngton: Product C15—morning of the day after izian, southern exposure, after dew
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Photo 5.6.9 Florida: Product F15—third day affer installation, 930 am.
western exposure.
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Photo 5.6.10 Florida: Product F15~—third day afier installation, 2:00 p.m.,

western EXPOSUTE.

6.0 CONCLUSIONS

An analysis of the data from the rescarch indicates thar the wrinkling effect of the felts is related to their susceptibility to moisture, most
natably, their saturation efficiency {i.e., the ability of organic felts 1o hold asphalt and the amount of asphalt absorbed). The dimensional
stability of the felt after moisture exposure is also a characteristic.

The conclusions from this research are summarized as follows:

* All underlayment feles in the test program wrinkled to some degree. .
* The nature and severity of the wrinkling varied in the different geographical areas evaluated.

* No individual underlayment felt performed well (with regard to wrinkling) in all climatic conditions evaluated.
Climatic and exposure variations resulted in performance variations. -

* Variability in the underlayment felt matcrials, conditions, application, and observations limited the dara results, not
aflowing for consistent conclusions.

* In most cases, moisture from dew in the evening or early morning was associated with more pronounced wrinkling,
especially on northern and western exposures.

* The wrinkling would dissipate depending on ambient drying conditioas (usually by afternoon).

* Seasonal differences (between winter and summer) affected workability, ease of handling, and performance.
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7.0 RECOMMENDATIONS

ARMA and NRCA recommend the following to minimize wrinkling and/or buckling of asphalt-saturated underlayment felts:

1. Based on the field study, improvements in the ASTM D 226 and D 4869 material standards are necessary.

2. Based on the laboratory analysis, the literature survey, and the field study, product improvements that will lead to underayment felts
being less susceptible to wrinkling should be considered by individual manufacturers, .

3. Based on this study, field experience, and previous research, asphalt-saturated underfayment felts with a higher level of saturation effi-
ciency should minimize wrinkling caused by climatic conditions in the field. It is recommended thar further research be undertaken,
under more controlled conditions, to compare the wrinkling effects of currently produced underlayment felt products with those of
products manufictured with higher saturation efficiencies.

4. Performance criteria should be established by a third-party standards organization to gauge the asphalt-saturated underlayment felts’
response to moisture. When this criteria is established, the test methods and correlating values should be incorporated into consensus
material standards sponsored by ASTM or the American National Standards Instirute (ANSI).

5. Underlayment products should be selected based on their ability to shed water and to remain dimensionally stable.

8.0 GLOSSARY

Asphalt—#A dark brown or black substance found in a natural state or, more commonly, left as a residue after evaporating or otherwise pro-
ducing crude oil or petroleum, Asphalt may be refined further to conform to various roofing grade specifications, like those of ASTM D 312.

Asphalt capacity—The kerosene number multiplied by the ratio of the specific gravity of the asphalt saturant to the specific gravity of the
kerosene used. When no specific saturant is being considered, 1035 is used as the specific gravity of the saturant.
asphalt capacity = kerosene numberx (d + ¢)
where:  d = specific gravity of saturant
¢ = specific gravity of kerosene

Buckle—An upward, elongated tenting displacement of a felt. A buckle may be an indication of movement within the felt.

Built-up rogf—A continuous, semiflexible multi-ply roof membrane, consisting of plies or layers of saturated felts, coated felts, fabrics,
or mats between which alternare layers of bitumen are applied.

Coated felt—An asphalt-saturated fele that also has been coated on both sides with harder “coating” asphalt.

Dimensional .fmbifity—ThE ability of a material to resist change in length and/or width and/or thickness that results from exposure 1o
elevated or freezing temperatures, and moisture, over time.

Dry felt—Unsaturated felt in an oven-dry condition.

Felt—A paper-iike material made by a felting process, rather chan a weaving process. Felts may be of asbestos, paper, wood, rags, glass, etc.
Note: Those in this study were made from a mixture of paper, rags, and wood fibers.

Felt number—Also referred 1o as folt mill ream or point weight—The mass in pounds of 480 square feet of dry, unsaturated felt.
Furnish—The composition of the felt in terms of fiber types (e.g., rag, wood, and paper).
Impregnate—To coat, saturate, and/or surround the fibers of a reinforcing fabric or felt with an enveloping liquid material (e.g., bitumen},

Kerosene number—T he relative saturating capaciry of felt papers for roofing. The kerosene number of felt is computed from the maximum
weight of a kerosene of known specific gravity retained by the felt after displacement of all the air from the interior voids. Ir is the millilicers
of kerosene held per 100 grams of felt and thus is a measure of the quantity of saturant chat a given felt will absorb. (The kerosene number
varies with the procedure by which it has been determined.) A high kerosene number is considered desirable. Refer to ASTM D 727, “Stan-
dard Test Method for Kerosine Number of Roofing and Flooring Felt by Vacuum Method.”
kergsene number = [(b + wg) - 11 x 125
where:  wyp = weight of dry felt, in grams
b = weighe of felt plus absorbed kerosene, in grams
The kerosene value may also be computed by the method described in UL 55B.
kerosene vatue = e x (b, / a) x 100
where:  a = weight of dry felt
by, = weight of kerosene absorbed
e = conversion factor
convetsion factor = ¢ = dfc
where:  d = specific gravity of saturant (can use 1,035}
¢ = specific graviry of kerosene (can use 0.8)
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Organic—Being composed of hydrocarbons or their derivatives, or matter of plant or animal origin,

Percent saturation—The ratio of the weight of the saturant to that of the dry felt, expressed as a percentage. Calculate dhe percent sacuration
by dividing the mass of the saturant by the mass of the dry felt, and multiply the result by 100.
percent saturation = [ Wg-wy) + wye ] x 100
where: W= weight of saturated fels
wyr = weight of dry fele

Prepared roof covering materiali—Prepared materials thar can be applied directly 10 a roof deck in accordance with the manufactirér’s
instructions provided with the product, These coverings usually are considered “watershedding” and not waterproof. They are usually
“units,” such as shingles or tiles, that are assembled to create a “systern.”

Relative humidity—The ratio of the weight of moisture in a given volume of air-vapor mixture to the saturated (maximum) weight of water
vapor at the same temperature, expressed as a percentage.

Sarurans—A relacively soft asphalt used to impregnate felts.
Sarurated feltr—Felt containing some asphalt saturant, not necessarily as much as it can hold.

Saruraring capacity—Calculate the percent saturating capacity of the felt for any bituminous saturant as follows:
sarurating capacity = d x kerosene number
where:  d = specific gravity of saturant

Saturation—The impregnation of a felt with a saturant. To accomplish this, during manufacture, the felt goes into a saturator tank on a
roofing machine, where it is immersed in hot saturant to impregnate the fibers.

waturation efficiency—Calculate the saturation efficiency as follows:
saturation efficiency = (percent saturation + hevosene number) x d x 100
where:  d = specific gravity of saturant
A suitable method for determining che specific gravity of bitumen is ASTM D 70.

Steep-siape roofing—A generic category of roofing thar includes all wﬁtershedding-typcs of roof coveringgs.

Underlayment—An asphalt-saturated felt or other sheet material installed becween the roof deck and the roof system, usually used in steep-
slope roof construction under prepared roof covering materials. Underlayment is used to separate the roof covering from the roof deck, to
shed water, and to provide secondary weather protection for the roof area of the building,

Water or moisture absorption—The penetration of warer {vapor ot liquid) into the felr, including both adsorption and absorption,

Wrinkling—See Buckling,
9.0 APPENDICES

Appendix A. Testing Protocol and Data Collection Form
August 1992
Purpose:

Test various underlayment products in various climaric areas of the United States to determine susceprtibility to wrinkling or buckling,
and to examine the products’ water shedding capabilities (i.c. compare water percolation rates for organic/glass fiber reinforced, and vasi-
ous asphalt saturated crganic felt underlayments).

Test Conditions:

I. ARMA to Provide Test Materials and Initial Laboratory Characterization of Samples:
* Provide underlayment materials to murually agreed project sites for installation by participating NRCA contractors.
* Perform initial laboratory work in two or three ARMA members’ fabs to characterize samples.

iL. Test Sites:
Test underlayment materials in various climatic zones as determined by ARMA and NRCA.
Test Sices:
—Phoenix, Arizona
—~Tampa, Florida
—Neenah, Wisconsin



40 ARMA/NRCA Research Report on the Performance of Asphait-Saturated Underlayment Felts

—Seartle, Washington
—Boulder, Colorado

III. Slopes Applicable for Tests: _
Underlayments will be installed on roof decks of 4:12 to 12:12 slope. Underlayments will be tested in single layer configurarions only, so
the “felts” experience true exposed conditions over the majority of the width of the roll.

IV. Substrates Suitable for Underlayment Testing Are:
~Exposure [ rated APA plywood, min. '%" thickness
—Oriented Strand Board, (OSB), min. X", APA rated for roof sheathing, (%" is preferred)
~Oriented Waferbeoard, min. %" thickness

—Nominal sized sheathing lumber, (e.g., 17 x 8")
Note: jobs with enclosed, non-ventilated cathedral ceilings are not applicable for testing underlayments for this research project.

V. Test Material Types:
The seven types of materials to be tested for exposure at each site are:
A) ASTM D-226-89 Asphalc-Sacurated Organic Felt Used in Roofing:
1. Type L, (non-perforated), commonly called No. 135 asphalt felr,
and
2. Type I, (non-perforated), commonly called No. 30 asphalt felt
B} ASTM D-4869-88 Asphalt-Saturated Organic Felt Shingle Underlayment Used in Roofing:
3. Type I, “Shingle Underayment”,
and
4. Type II, “Heavy Ducy Shingle Underlayment”
() Non-Specification Asphalt Sarurated Organic Felt:
5. No. 15, “Residential Grade Felt”
and
6. No. 30, “Residential Grade Felt”
D} Non-Specification Glass Fiber Reinforced Qrganic Fele:
7. Glass fiber reinforced organic asphal saturated felt

VL Installation Exposures:
* Each type of underlayment is 1o be installed in each climatic test zone,
* Install anly one type of underlayment on each building.

* Underlayments shall be installed on at least two separate roof decks per building with opposing cxposures to the
weather, {e.g. north and south, or east and west).

* Deck size suitable for data collection shall be a minimum of 500 sq. ft., (5 squarcs).

* Monitor, collect and report performance data during test time-frame per Data Collection Form. (Note: Although the
purpose of this research project is to test underlayments, do not jeopardize the structure or integrity of the roof by
exposure to weather for the sake of testing.)

* Remove test underlayments prior to installation of any other underlayment and steep slope roof system that has been
specified or selected as the building’s roof system. In other words, do not shingle or “roof-over” the test underlayment
materials at close of test,

VII. Undetlayment Application:

During the project’s Initial Coerdination Meering, held on August 20, 1992, it was mutually agreed between ARMA, NRCA and the
participating contractors that ezch contractor shall determine the suicable fastening pattern for the underlayments being used.

Due to varying slopes, climares, winds, safety procedures, and different material characteristics — the type of fastener and fastening pat-
tern was deemed not to be a significant factor for whether ot not an underlayment wrinkled. However, the atcachment pattern is anticipated
ta be a factor in the orientation of any wrinkles or bucldes.

In ight of the lack of manufacturers’ application instructions and the lack of established fastening schedules for common undertayments,
each individual contractor is to use care to align rolls so that underlaymenzs are installed without initial mis-alignment wrinkles or buckles,
but so that each material’s prescribed side-lap is achieved. Any irregularity of the previously applied underlayment will be accessed as being a
function of the performance properties of thar type of underlayment.

VTIL. Exposure Data Collection:
Artached is a copy of the Data Collection Form thar is to be used by each contracror’s Designated Field Representative, (DFR). Daca
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Collection Forms are to be used to record each underlayment’s performance at each test site in each climatic region, Informacion is to be
recorded at the following intervals:
A, Prior wo Installation
B. At Time of Installation
Note to Designated Field Representatives: When noting condition of deck at underlayment application, be sure standing water droplets,
snow, etc. are broomed-off prior to underlayment application.
C. At Intervals After Underlayment Application:

* As specific project conditions allow: record changes to the underlayment on first and third day after application, or
first day and again the day of or after precipitation. On projects where prolonged exposure is possible, (such as large
housing developments in temperate climates where tile is often specified), record conditions again on the fifth, and up
to the fifteenth day after applicarion.

* On Projects of Prolonged Exposure: record changes in underlayment, duration of exposure, major weather changes,
and note il there are relatively large amounts of curing interior concrete, plaster or joint compound. If by chance the
steucture is completely enclosed and temporarily occupied, note if humidifier and/or high energy/efficiency heater in
use, and record changes in underlayment.

D. If Deemed Necessary By ARMA, To Assure Manufacrurer’s Agreement with Underlayment Application:

* A technical represcntative provided by ARMA or manufacturer shall meet roofing contractor’s Designated Field Repre-
sentative on site to assist in data collection and recording.

= If test site is in remote location, and/or if a technical representative will not be available to assist in recording data, the

cquipment needed for accurate data collection, {e.g.. Delmhorse Meter, weather radlo, postage scale, 35mm camera),
shall be loaned to the participating contractor.

Final Examination of Exposed Samples:

I. After underlayments have been exposed, and the in-field portion of the testing is completed, three 12 inch-by-12 inch samples of each
type of exposed underlayment shall be collected from each climate test region. The specimens shall be individually double-bagged in zip-
lock type plastic bags, label the bags (dare, site, length of exposure, and type of underlayment), then seal the outermost bags’ top with duct
tape, and send to NRCA Headquarters for final examination by NRCA and ARMA representatives along with the Data Collection Forms
and photos.

Upon receipt of samples, data, and photos, NRLAS staff will assemble a preliminary report for review by NRCA and ARMA
Residential/Steep Commigrees,

1. If deemed bencficial by ARMA and NRCA, all or a poraon of test samples will be sent to 2 designated ARMA member laboratory
for final analysis.

EEL L2

End of Protacol
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UNDERLAYMENT IN-SITU TESTING
DATA COLLECTION FORM

July, 1993
Site Address:
City: County: Sarte:
Recorded by: Company:

Fit.L-IN PRIOR TO INSTALLATION:

Date:

Underlayment Sample Type (circle one):
1. D226-Type I (#15) 2. D226-Type 11 (#30) 3. D4869-Type I (#15)
4. D4869-Type IT (#30) 5. Non-Spec #15 6. Non-Spec #30
7. Glass Fiber Reinforced Organic

Cuc 3 Samples, each from a different roll, cut each sample 3'-4" (long} x 3' (roll widch)

Length Widrh Weight
(measure to nearest Xsinch) (fold & weigh)
Sample #1: & _in. fr. in. Ibs. oz,
Sample #2: _ fi._ in. fr. in. Ibs. oz,
Sample #3: _ f._ in. fr. in. Ibs. oz.
Relative Moisture Content of Feft (moisturermeter); ____ %

(average of 3 readings taken at different locations)

NOTE: Although the purpose of this research project is to test underlayments, do not jeopardize exposure of structure or integrity of roof
for the sake of testing.

FILL-IN AT INSTALLATION:

Date; Time Started: am. p.m.

Roof Deck Material (circle one): Plywood QOriented Strand Board (OSB) Oriented Waferboard
Orcher:

Roof Deck Thickness: in.

Deck Condition Prior to Underlayment Application (circle one):  Smooth  Uneven
Deck joints properly spaced {circle one): Yes No

Surface Condition of Deck just prior to undetlayment application {circle one):

Dry Surface damp (e.g., dew droplets) Wet (e.g., left out untarped)
Test Roof Orientation {circle one): North  South  East West
Relative Moisture Content of Deck (moisture meter): % (Norch) % (East) (average of 3 readings raken
% (South) % (West) at different locations)
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Total Roof Area of Structure: s5q. ft.
Test Roof Area: sq. fr. Test Roof Slope: :12

{verify with bubble level and rape measure)
Net {free) Area of Soffit Vencs: 5q. fr. (total for all soffit/eave vents)
Net (free) Area of Roof Vents: 5g. ft. {total for all roofiridge vents)
Total Floor Area of Awic: sq. ft.  Floor Area of Test Roof Only: sq. ft
Comments;

Roof Cavity Ventilation Ratio (1o be calculated @ NRCA office):

CONDITIONS DURING UNDERLAYMENT APPLICATION:

Temperature: F Relative Humidity: % Wind Speed: mph
{from NQOAA Weather Radio)

General Weather Conditions (circle one):

Clear Cloudy Light Precipitation (mist, Not rain)
Relative Moisture Content of Felc (moisture meter): %
(average of 3 readingg)

Sketch of Underlayment Fastening Pattern:

Underlayment Fastening Method (circle one):
Hand-nailed Paeumatic Nailer
Tack/Stapler Pneumatic Stapler

Describe General Fastening Pattern Used:

inches o.c. straight or staggered in field inches o.c. along side laps,
Is Uncured concrete, plaster or joint compound in strucrure {circle one):  Yes No
Is This (ciecle one): New Construction orf Reroofing Project
Is Scructure Enclosed (circle one):  Yes No
Is Seructure Qccupied (circle one):  Yes No

Comments:
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Please attach:

1. A photo of installation.

2. A sketch of roof—{indicate test arda by shading and show test cut locations #1, #2, and #3).
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AFTER APPLICATION—1st Day After Application:

Date: Time: am. p.m.

Relative Moisture Content of Felt (moisture meter): %
(average of 3 readings—-lift felt so deck surface is not measured)

Major Change in Weather (circle one): Yes No

If “Yes”, Describe Change:

Relative Humidity Change greater than 20%? {circle one): Yes No
{check NQAA Weather Radio)

If “Yes”, What is the Relative Humidicy? % Temperature F

Circle the description that best describes the underlayment condition:
1. Laying smooth, No apparent wrinkling

No longer laying smooth, minimal wrinkling

Apparent wrinkling throughout

More than wrinkled, actually buckled in locations

Severe buckles/ridging

Mok Wb

Average Size of Wrinkles/Buckles:
length: in. width: in. height: in.

Wrinkles/Buckles extend in (circle one):
Machine direction Cross machine direction Both Random

Relative Foot Traffic on Roof (circle one):
None
Light (e.g., only roofing mechanics)
Heavy {e.g., other trades completing masonry or siding work, etc.)

Despite prorocol, does contractor intend to keave test felt in place prior to shingle/finished roofing
installarion (circle one):  Yes No
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Phetos

Include one of the entire job; close-ups of typical conditions and one of the felt—write directly on the felt the code number and date
photo is being taken. (Include general measurements by including tape measure in photo to indicate length, widch, height—of any bucldes
or wrinkles)
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3rd Day or First Day of Precipitation After Application

Date: Time: am. p.m,

Relative Moisture Content of Felt (moisture meter): %
(average of 3 readings—lift felt so deck surface is not measured)

Major Change in Weather {circle one): Yes No

If “Yes”, Describe Change:

47

Relative Humidicy Change greater chan 20%? (circle one): Yes No
{check NOAA Weather Radio)
If “Yes”, What is the Relative Humidiry? % Temperature

Circle che description that best describes the underayment condition:
1. Laying smooth, No apparent wrinkling

No longer laying smooth, minimal wrinkling

Apparent wrinkling throughout

More than wrinkled, actually buckled in locations

Severe buckles/ridging

bl ol

Average Size of Wrinkles/Buckles:

length: in, width: in. height: i

Wrinkles/Buckles extend in {circle one):

Machine direction Cross machine direction Both

Relative Foot Traffic on Roof (circle one):
None
Light {e.g., only roofing mechanics}
Heavy (e.g., other trades completing masoney or siding work, etc.)

Random

Despite protocol, does contractor intend to leave test felt in place prior to shingleffinished roofing

installation (circle onel:  Yes No
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Photos

Include one of the entire job; close-ups of typical conditions and one of the felt—write directly on the felt the code number and date
photo is being taken. (Include general measurements by including tape measure in photo to indicate length, width, height—of any buckles
or wrinkles)
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IF CONDITIONS ALLOW—5th Day After Application:

Date: Time: am. p.m.

Refative Moisture Content of Felt (moisture meter); %
{average of 3 readings—1ift felt so deck surface is not measured)

Major Change in Weather (circle one); Yes Na

If “Yes”, Diescribe Change:

Relative Humidity Change greater than 209 (circle one): Yes No
{check NOAA Weather Radio)
If “Yes”, Whar is the Relative Humidity? % Temperature F

Circle the description that best describes the underlayment condition:
1. Laying smooth, No apparent wrinkling

No longer laying smooth, minimal wrinkling

Apparent wrinkling throughout

Morte than wrinkled, actually buckled in locations

MR e b

Severe buckles/ridging

Average Size of Wrinkles/Bucldes:
length: in. width: in, height: in.

Wrinkles/Buckles extend in (circle one):

Machine direction Cross machine direction Both Random

Relative Foor Traftic on Roof {circle one):
None
Light (e.g., only roofing mechanics)
Heavy (e.g., other trades completing masonry or siding work, etc.)

Despite protocol, does contractor intend to leave test felt in place prior to shingle/finished roofing
installation (circle one):  Yes No
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Photos

Include one of the entire job; close-ups of typical conditions and one of the feli—write directly on the felt the code number and date
photo is being taken. {Include general measurements by including tape measure in photo to indicate length, width, height—of any buckles
or wrinlkles)
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IF PROJECT CONDITIONS ALLOW—After Prolonged Exposure (up to 15 days):

Date: Time: am, p.m.

Relative Moisture Content of Felr (moisture meter): %
{average of 3 readings—lift felt so deck surface is not measured)

Major Change in Weather {circlc one}: Yes No

If “Yes”, Deescribe Change:

51

Relative Humidity Change greater than 20%? (circle one): Yes No
{check NOAA Weather Radia)
[f “Yes”, What is the Relacive Humidity? % Temperature

Circle the description that best describes the underlayment condition:
1. Laying ssmooth, No apparent wrinkling

No longer laying smooth, minimal wrinkling

Apparent wrinkling throughout

More than wrinkled, acrually buckled in locations

L

Severe buckles/ridging

Average Size of Wrinkles/Buckles:

length: in. width; in. height:

Wrinkles/Buckles extend in {circle one):

Machine direction Cross machine direction Both

Relative Foot Traffic on Roof {circle one);
None
Light {e.g., only roofing mechanics)
Heavy (e.g., other trades completing masonry or siding work, erc.)

in,

Random

Despite protocol, does contractor intend to leave test felt in place prior to shingle/finished roofing

installation (circle one): Yes No
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Photos

Include one of the entire job; close-ups of typical conditions and one of the fele—write directly on the felt the code number and date
photo is being taken. (Include gencral measurements by including tape measure in photo to indicate length, width, height—of any buckles
or wrinkles)
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Appendix B. Weather Data Obtained from National Weather Service
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Site:  Boulder, Colorado
Underlayment Underlayment Reported Reported
Date Time Condition Index Moisture Reading Temp. (F) Humidity
Felt Product: A30 (Non-Classified, Type I} Orientation Unknown
8/23/93 - Installacion 0% 84° 16%
8/25/93 10:30 a.m. 1 1% - -
Felt Product: B15 (ASTM D 226, Type I) Northeastern & Southwestern Orientation
12/13/93 3:00 p.m. Inscallation 0% 36° 24%
2/14/93 10:30 a.m. 1 - - -
Felt Product: C15 (Non-Classified, Glass-Fiber-Reinforced) Orientation Unknown
9/3/93 - Installation 0% 79 36%
9/8/93 915 am. 3/4 5% 55° 89%
Felt Product: D15 (ASTM D 4869, Type 1} Scuthern Orientation
11/18/93 2:00 p.m. Installation 0% 45° -
Felt Product: E30 (ASTM D 4869, Type II) Northern Orientacion
11/18/93 2:00 p.m, Installation % 45" -
11/21/93 2:00 p.m. 1 ; 48 -
Felt Product: F15 (Non-Classified, Type I} Eastern & Western Orientations
8/25/93 - Installacion 0% 9Q° 32%
8/30/93 11:30 a.m. 3 0% 60" 44%
8/31/93 3:30 p.m. - 0% 69° 39%
Felt Product: G30 (ASTM D 226, Type 1) Oriencation Unknown
8/19/93 - Installation 0% 80° 20%
8/20/93 4:15 p.m. 1 4% 76" 50%
8/23/93 11:00 a.m. 1. 7.5% 86° 30%
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Site:  Neenah, Wisconsin
Date Time Undedayment Underayment Reported Reported
Condition Index Moisture Reading Temp. (F) Humidity

Felt Product: A30 (Non-Classified, Type II) Eastern 8 Western Orientations

1/21/94 12:00 p.m. Installation 1% 12° 55%

1/22/94 10:00 a.m. 1 4% 20° -

1/24/94 1:00 p.m. 2 3% 22° 80%
Felt Product: B15 (ASTM D 226, Type 1) Eastern & Western Orientations

1/21/94 12:00 p.m. Installation 1% 12° 55%

1122194 10:00 a.m. 2 5% 20° -

1/24/94 12:50 p.m. 2 4% 22° 80%
Felt Product: C15 (Non-Classified, Glass-Fiber-Reinforced) Eastern & Western Orientations

1/21/94 = 12:15 p.m. Installation 2% 12 55%

1/22/94 10:00 a.m. 2 - 20° -

1/24/94 12:40 p.m, 3 3% 22° 80%
Felt Product: D15 (ASTM D 4869, Type I) Eastern Orientation

1/21/94 12:40 p.m. Installation 1% 12° 55%

1/22/94 10:05 a.m. 2 6% 20" -

1/24/94 12:40 p-m. 3 4% 220 80%
Felt Product: E30 (ASTM D 4869, Type II) Northern and Southern Orientations

1/22/94 9:30 a.m. Installation 1% 20° 68%

1/24/94 10:00 a.m. 2 4% 22° 80%

1/25/94 . 11:00 am. 3 3% 18° -
Felt Product: F15 (Non-Classified, Type I) Northern & Southern Orientations

1/21/94 10:00 a.m. Installation 1% 20 68%

1/24/94 10:00 a.m. ) 2 4% az° 88%

1/25/94 11:00 a.m. 3 3% 18° -
Felt Product: G30 (ASTM D 226, Type II} Northern & Southern Orientations

1/22/94 10:00 a.m, Installation 1% 20° 68%

1/24/94 10:00 a.m. 3 3% ' 22 88%

1/25/94 11:00 a.m. 3 3% 18° -
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Site: Phoenix, Atizona
Date Time Underlayment Undedayment Reported Reported
Condition Index Moisture Reading Temp. (F) Humidity
Feit Produce: A30 (Non-Classified, Type I} Northern & Southern Qrientation
1/3/94 8:00 a.m. Installation 5% 44° 47%
1/4/94 10:00 a.m, 1 7% - -
1/6/94 10:00 a.m. 2 - - -
Felt Product: B15 (ASTM D 226, Type I)
No Data, Not Evaluated
Felt Product: C15 (Non-Classified, Glass-Fiber-Reinforced) Northern, Southern, Fastern, and Western Orientations
9/23/93 12:00 p.m. Installation 5% 95° 13%
9/24/93 11:30 am. 1 7% 85" 57%
9/25/93 %15 a.m, 2 5% - -
9/27/93 7:30 a.m. 3 - 777 18%
Felt Produce: D15 (ASTM D 4869, Type I) Northern, Southern, Eastern, and Western Orientations
9/23/93 11:00 a.m., Installation 5% 95° 13%
9/24/93 10:50 a.m. 1 5% 85° 57%
9/25/93 940 a.m. 2 - - -
9/27/93 9:30 a.m. 1 7% 82° 18%
Felt Product: E30 (ASTM D 4869, Type I} Northern, Southern, Fastern, and Western Orientations
9/23/93 9:30 a.m. Inscallation : 5% 95° 13%
9/24/93 10:15 a.m. 1 5% 85° 57%
9/25/93 8:50 a.m. 2 5% - -
9/27/93 G:50 a.m. 3/4 2%% 77° 18%
Felt Product: F15 (Non-Classified, Type I} Northern Orientation
11/10/93 2:30 p.m. Installarion 5% 78° -
11/11/93 11:00 2.m. 2 100% 56° 80%
11/13/93 9:00 a.m. z 40% - -
Felt Product: G30 (ASTM D 226, Type I1) Northern, Southern, and Eastern Orientations
10/26/93 10:00 a.m. Installation 5% 80° 16%
10/27/93 8:40 a.m. 2 4% 69° -
10/23/93 10:00 a.m. 2 5% - -
10/30/93 10:00 a.m i 5% - -
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Site:  Seattle, Washington

Underlayment Undetlayment Reported Reported
Condition Index Moisture Reading Temp. (F) Humidity

Felt Product: A30 {Non-Classified, Type I1)

Eastern Orientation

Date Time

8/12/93 2:30 p.m. Installation 0% 65° -

8/13/93 4:35 p.m. 1 2% 63° -

8/14/93 10:35 a.m. 2 5% 60” 60%
Western Qrientation

8/17/93 8:00 a.m. Installation 11% 65° -

8/18/93 13:30 a.m. 1 - 70" -
Felt Product: B15 (ASTM D 226, Type [} Western Oricnration

9/24/93 9:55 a.m. Installation 5% 50° -

9/25/93 9:30 a.m. 1 29% 55° -

9/26/9% 9:50 a.m. 1 20% 60° -

9/27/93 10:00 a.m. 2 8% 55° -

Felt Product: C15 (Non-Classified, Glass-Fiber-Reinforced)

Narthern Qrientation

9/25/93 9:30 a,m. Installation 29% 55° -

9/26/93 9:50 a.m, | 20% G6l° -
Southern Orientation

9/30/93 8:30 a.m. Instaliation 40% 53° -
10/1/93 8:30 a.m. - 100% 537 -
10/2/93 10:35 am. 1 2% 56° -
10/4/93 13:00 a.m. 3 62% 52° -

Felt Produce: D15 (ASTM D 4869, Type I}
No Data, Not Evaluaced

Felt Product: E30 (ASTM D 4869, Typ;a I} Western Qrientation

7130/93 11:30 a.m. Installzrion 10% o0° -
7131/93 1G:15 a.m. 2 9% 70° -
8/2/93% 8:20 a.m. 3 - - _

Felt Product: F15 (Non-Classified, Type 1)
No Data, Not Evaluarted

Felt Product: G30 (ASTM D 226, Type II)

Northern QOrientation

8/2/93 11:00 a.m. Inscallation 0% 65° -

8/3/93 9:45 a.m., 1 - - -

8/4/93 8:05 a.m. 1 - 68° -
Southern Orientation

8/9/93 8:00 a.m. Installation - 64° -

8/10/93 11:00 a.m. 2 2% - -




ARMA/NRCA Research Report on the Performance of Asphalt-Saturated Underlayment Felts

Site:  Tampa, Florida

Underayment Underlayment Reported Reported

Date Time Condition Index Moisture Reading Temp. (F) Humidity

Felt Product: A30 (Non-Classified, Type I)
Eastern Orientation

8/6/93 9:30 a.rm. Installation 11% 95° 85%
8/9/93 9:30 a.m. 2 12% 90° 65%
8/11/93 3:15 p.m. 2 11% 96° 84%
8&/17/93 3:45 p.m. 2 11% 92° 75%
8/27/93 2:45 p.m. 2 119% 95° 78%
Western Orientation
8/5/93 10:00 a.m. Installation 11% 95° 85%
8/9/93 2:30 a.m. 1 13% 90r 65%
8/11/93 315 pm, 2 1% 96" 84%
8/17/93 3:45 p.m. 2 11% 92" 75%
8/27/93 2:45 p.m. 2 11% 95° 78%

Felt Product: B15 (ASTM D 226, Type I}
Eastern Orientation

8/9/93 9:00 a.m. Installation 11% 90° 5%
8/11/93 3:15 pm. 1 11.5% 96° 84%
8/17/93 3:45 p.m. 2 11% 92° 75%
8/27/93 2:45 p.m. 2 11.5% : 95° 78%
Western Oriencation
8/5/93 10:00 a.m. Installation 119 957 85%
8/9/93 9:30 a.m. 1 14.5% 90" 65%
8/11/93 3:14 p.m. 1 11% 926° 84%
8/17/93 3:45 p.m. 2 11% 92° . 75%

8/27193 2:45 p.m. 2 11.5% 95° 78%

Felt Product: C15 (Non-Classified, Glass-Fiber-Reinforced)
Eastern Orienrtation

B/9/93 16:00 a.m. Installation 11% 90° 65%
8/9/93 2:00 p.m. - 11% 95° 80%
8/11/93 315p.m. 1 11% 96° 84%
8/17/94 3:45 p.m. 1 11% 92° 75%
B/27/94 2:45 p.m. 1 11% 95° 78%
Western Orientation
8/9/93 9:30 a.m. Installation 11% 20° 65%
8/9/93 2:00 p.m. 1 11% 95° 80%
8/11/93 3:15 p.m. 1 119 96" 84%
8/17/93 3:45 p.m. 1 11% 92° 75%
8/27/93 2:45 p.m. 1 11% 95° 78%

Felt Product: D15 (ASTM D 4869, Type I}
Eastern Orientation

8/6/93 10:00 a.m. Installation 11% : 95° 85%
8/9/93 9:30 a.m. 1 12% 90° 65%
R/10/93 10:30 a.m. 2 11% 90° 68%
8/11/93 3:15 p.m, 2 11% 96° 84%
8/27/93 2:45 pm. 2 11%% 95° 78%
Western Qrientation
8/5/93 10:00 a.m, Installacion 11% 95° 5%
8/6/93 4:00 p.m. 1 11% 95¢ 85%
8/9/93 9:30 a.m. 3 15% 90 65%
8/11/93 3:15 p.m. 2 11% 96 84%
8/27/93 2:45 p.m. 2 12% 95° 78%
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Site: Tampa, Florida (continued)

Underlayment Underlayment Reported Reported

Date Time Condition Index Moisture Reading Temp. {F) Humidity

Felt Product: E30 (ASTM D 4869, Type I1)
Eastern Orientation

8/6/93 10:00 a.m., Installation 11% - -
8/9/93 9:30 a.m. 2 11% 90° 45%
8/11/93 3:15 p.m. 2 11% 96° 34%
8/17/93 3:45 p.m, 2 11% 92° 75%
8/27/93 3:30 a.m. 2 11% 82° 85%
Western Orientation
8/6/93 10:00 a.m. Installation 11% 95° 85%
8/9/93 9:30 a.m. 2 11% 20° 65%
8/11/93 3:15 p.m. 2 - 96° 84%
8/17/93 3:45 p.m. 2 - 92° 75%
8/27/93 2:45 p.m. 2 11% 95° 78%
Felt Product: F15 (Non-Classified, Type I)
Eastern Orientation
8/6/193 10:00 a.m. Installation 11% 95° 85%
819193 9:30 a.m. 2 13% 90° 65%
8/11/93 3:15 p.m. 2 11% 96° 8405
8/17/93 3:45 p.m. 2 - 92° 75%
8127193 2:45 p.m. 2 11.5% 95° 78%
Western Orientation
8/6/93 10:00 a.m. Installation 11% 95° 85%
8/9/93 9:30 a.m. 2 15% 90° 65%
8/11/93 3:15 p.m. 2 11% 96° 84%
8/17/93 3:45 p.m. 2, 12% - -
RI27/93 2:45 p.m. 2 11.5% 95° 78%
Felt Product: G30 (ASTM D 226, Type I}
Eastern Orientation
8/5/93 9:00 a.m. Inscallation 11% 95° 85%
8/9/93 2:00 p.m. 1 11% 95° 80%
8/11/93 3:15 p.m. 2 11.5% 96° 84%
8/17/93 3:45 p.m. 2 11.5% - -
8/27/93 2:45 p.m, 2 11.5% 95° 78%
Western Orientation
8/5/93 9:00 a.m. Installation 11% 95° 85%
8/9/93 9:30 a.m. 1 14% 90° 65%
8/11/93 3:15 p.m. 2 11% 06" 84%
8/17/93 3:45 p.m. 2 11.5% 92° 75%
8/27/93 2:45 p.m, 2 11.5% 95° 78%

Notes regarding the tabularion of field dara:

A. Moisture readings were taken with an electronic capacitance meter designed to locate meisture in roofing systems.'

B. The Underlayment Condition Index used was described in Section 5.5.

C. Informartion on the size of wrinkles and/or buckles, the direction of wrinkles and/or buckles, and foot traffic on the roof also was
listed on the form but is not included here.

D. Information on the structure’s ventilation and deck construction also was listed on the form but is not included here. Ventilation
and deck construction were judged to have no significant impact on the products at ali five sites.

' The capacitance meter used for this research project was the “Moisture Encounter” model manufactured by Tramex and distributed
by David White, Germantown, WI.



ARMA/NRCA Research Report on the Performance of Asphalt-Saturated Underlayment Felts 77

Appendix D. Literature Survey
D.1 Research of the 19205 and 1930s

An investigation into the use of various fiber compositions in the production of organic felts for use in the manufacturing of asphalt-
saturated and asphalt-coated felts was conducted by the National Bureau of Standards (NBS)' through the research associare of the Manu-
facturing and Industrial Research Committee of the Asphalr Shingle and Roofing Institute™, in the 1920s and 1930s. The first report, RP
No. 67, “Experimental Production of Reofing Felts,” was published in June 1929.% In this research, the researchers manufactured cxperi-
mental felts containing various paper making materials, including No. 2 roofin g rags, old jure and manila bagging, old newspapers, and
finely ground wood sawdust. The experimental felts were made from various combinations of these marerials, The total content of the indi-
vidual material was a variable (cxpressed as a percentage). The experimental felts were compared to commerdially used felts {available at thar
time), which were included in the research. The researchers reported thar the contents of the materials used ro make the felts could be var-
ied without causing difficulty in the manufacturing process. Thesc experimental felts were then saturated and coated for an exposure dura-
bility test, the results of which were reported in another research paper years later. The purpose of this research was to determine if perform-
ance of the asphalt roofing felts would be affected by the substitution of these various materials for the traditional rag stock. The economics
of producing felts from these less expensive substicutes was a primary consideration.

The second parr of the NBS research into experimental felts was reported by O. G. Strieter in RP No. 888, “A Study of the Weathering
Quality of Roofing Felts made from Various Fibers.™ The 19 different felt combinations manufactured in 1926 were exposed for seven
years. Both saturated and coated felts were included in this stage of the research. The physical properties of the felrs were measured at the
outset, at intervals during the exposure, and at the conclusion of the exposure period. Strieter concluded, “There was no significant differ-
ence in the resistance to weathering of asphalt rocfing which may be attributed to the kind of fiber or combinarion of fibes employed.”

D.2 Research of the 1940s, 1950s, and 1960s on Absorption, Temperature, and Moisture-Induced Deformation

For reinforcing felts, groundbreaking research came from the Commonwealth Scientific and Industrial Research Organizadon, Australia
{CSIRQ) in 1959, when researcher K.G. Martin published the Division of Building Research Technical FPaper No. 8, “Changes in Bitumi-
nous Roofing Feles Associated with Changes in Moisture Content.” Martin reported on dimensional changes in organic and other roofing
feles. Martin concluded, “Shrinkage is associated with repeated wetting and drying of the bonded felt, and is accentuated by the usual con-
dition of high surface remperatures during drying and low surface temperatures during wetting.” Martin proposed a laboratory shrinkage
test for use in material standards, which he found to correlate with observed performance.

Martin stated, “The most common defects of the materials [felts) {shrinkage, folding, blistering}, nor covered by specification tests, are
due to change in moisture content.” When moisture penctrates a felt, Martin reported, “they rend to swell and subsequently shrink upon
drying out.” Martin referenced work performed by G.S. son Trey {Takpappen och de plana taken, Byggmastaren, 1952}, which stated:
“Organic fiber felts with all voids full of bitumen will still absorb water and swell, and pootly saturated felts are therefore likely to swell
to a greacer extent. 'the degree of saturation is consequently a factor which may influence the moisture movement of the material.”

In Martin’s research, vatious type of felts were exposed outdoors on a low-pitched roof for a period of time. Raw felts, saturated felts, and
coated felts were exposed. The felt samples were adhered to the roof’s surface with various adhesives, as well as being loosc laid in 2 retainer
box for the exposure. 1o addition to the weathering exposure, laboratory analysis of the physical propertics of the felts was conducted. The
reported properties for the organic felts used in the test by Martin were as follows: (Note: Only the organic saturated felts are listed below.
Martin also reported on other types of marerial.)

. Actual Weight Bitumen .
Mf]ter@l per Unit Area Capacity of Actual Sat.m"atlon
Designation : Saturant Efficiency
(Ib/100 fe2) Base Felt Bitumen (%)
(% w/w) (% w/w)

PS1 16.9 212 154 73

P&2 .1 142 91 65

PS3 21.3 194 © 136 70

PS4 11.7 149 9 70

Sonrce: CSIRQ, Division of Building Research Technical Paper No. 8, page 8.

' The National Bureau of Standards (NBS) is now known as the National Institute of Standards and Technology (NIST).

" The work was conducted through a research associate program established in 1926 by the Asphalc Shingle and Roofing Institure
{ASRI} at the National Bureau of Standards (NBSY. ASRI was the predecessor of the Asphalt Roofing Industry Bureau (ARIB),
which later became the Asphalt Roofing Manufacturers Association {ARMA) of today. This research associate program of the asphalt
roofing industry was continued through the 1960s, during which rime several research reporcs were issued on various topics relating
to asphalt roofing. '
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Marcin reported thar during the weathering exposure, the saturated organic felts began to pucker after four weeks and apparently reached
a stable condition after exposure for about 250 days. Martin noted, “The low capacity felts moved most and it is interesting to note that the
lotwer saturation efficiency for PS2 may explain its inferior behaviar compared with PS4.”

Martin also referenced work performed by H.E. Rance {The Mechanical Properties of Wood and Papers, 1953, which stated: “Organic
felts had a higher moisture movement in the cross direction than in the machine direction, for the organic fibers tend to orientate to the
machine direction during formulation of che felt, and part of the tension which is applied in the machine direction as the felt dried is
retained. This prestressed condition reduces the swelling strain in the machine dircction when the felt is rewetted, and most of the strain
which occurs after rewetting occurs in the cross direction.”

A couple of the conclusions Martin provided are as follows:

* The moisture movement of certain bitumen-saturated organic fiber felts when fixed wich a bonding bitumen and
exposed otttdoors is surprisingly large, being as great in the saturated felts as in the raw felts from which they are made.

* Shrinkage is greater when the bituminous felts are fixed with bitumen instead of being loose laid, as the swelling is
then restrained when the feles are wetred under cool conditions but the shrinkage under warm condicions is not
testrained.

In October 1961, research ar the University of Illinois, Small Homes Council—Building Research Council by 3. E. Brotherson was pub-
lished in Research Report 61-2, “An Investigation into the Causes of Built-Up Roofing Failures.” Brotherson was investigating the causes of
wrinkle-cracking in built-up roofs with the use of a conditioned laboratory exposure of test panels of built-up roof construction. During the
exposurc of the test panels under the conditions the researchers assumed would create the phenomena, Brotherson theorized “thar the ridge
or wrinkle was formed by the expansion of the roofing felts due 2o the absorption of moisture.” And from the observations of a test panel,
Brothersen concluded “that when the feles became saturated [with water] they will tend to expand, arnd, if the remperature is such that the
roof surface is flexible, wrinkling will occur.”

In September 1963, research ar the Pennsylvania State University College of Engineering, Building Research by EA. Joy was published
in Better Building Report No. 5, “Premature Failure of Built-Up Roofing.” Joy referenced the earlier work of K.G. Martin, C.E. Lund, and
D.E. Brotherson. Joy also referred to the work of N.G. Brown { The Analysis of Bituminous Felts, 1960)"!, who stated, “saturared felts are not
truly saturated, however, since they contain small voids.” Brown reported, “The saturating process does not eliminate air, the birumen fill-
ing 75% of the volume of voids in organic felts.” Joy further stated, “Asphalt felt will act somewhar like a sponge when wetted, and they
swell much more across the sheet than along its length.” Joy stated that wrinkles in built-up roofing are caused by the presence of moisture
within the roof system that then enters the organic felts and causes swelling. Joy also stated, “Saturated felt, as it is furnished, is not pro-
tected from moisture entrance and swelling.”

In June 1966, at the ASTM Symposium “Engineering Properties of Roofing Systems” (later published in ASTM Special Technical Publi-
cation No. 409), E.G. Long presented a paper titled “Effects of Temperature and Humidity on Lincar Dimensions of Roofing Fele Lami-
nates.” In his discussion of test results, Long stated: “The organic felt roofing laminates move in responsc to both temperature and humid-
ity variations, but the movement due ro humidity changes is so great relative to that due to temperaturc changes that it predominates and
often obscures the thermal effect. In this case the movement bevween the normal conditions and the wet conditions is an order of magni-
tude larger than any of the other measured movements. It is also seen that the response of organic felt to humidity change is sharply direc-
tional, with the transverse or cross-machine movement being much the greater.” Long further stated: “It is not surprising that a fair correla-
tion berween moisture absorption and movement caused by moisture was found. However, it may be surprising that the dara indicate that
complete equilibrium is approached very slowly.” Long concluded chis discussion by stating, “Since a roof never receives three or four days
of constant conditions of humidity and temperature, it is unlikely that it is ever in a state of equilibrium.”

Also in June 1966, ac the ASTM Symposium “Engineering Properties of Roofing Systems” (later published in ASTM Special Technical
Publication No. 409), E.C. Shuman presented a paper titled “Moisture-Thermal Effects Produce Erratic Motions in Built-Up Roofing,™ As
part of this work, Shuman conducted tests where strips of felc and built-up roofing were exposed to relative humidity variation at constant
temperature, Shuman stated: “The dara reveal a rapid response to changes in relative humidiry, even for BUR, although the expected lesser
degree of motion was found for the BUR. That a prompe length change with reversed relative humidity change occurs was demonstrated at
the extremes.” Shuman further stated: “While the BUR changed length substantially less than the single felts, the cumulative effect from
not {osing all absorbed moisture is clear. Not only did the BUR indicate this incremental effect, bur also the coated base sheet.” In furthet
describing the erratic behavior of the moisture-thermal motions, Shuman noted, “While exposure 1o moisture is a facter, duration of expo-
sure is often the most significant facter which affects performance.” In his conclusions, Shuman, like others, stated: “Roofings respond
promptly to changes in relative humidity regardless of temperature berween -20° and 160°F (-29°C and 71°C), but the moton depends
upon the meisture history and the duration of changed cnvironment. The moisture effect frequently overrides the thermal effect.”

The National Bureau of Standards published a report in June 1969, Butlding Science Series 19, “A Study of the Variables Involved in the
Saturating of Roofing Felts.”* Researcher Sidney H. Greenfeld {research associate for the Aspbalt Roofing Manufacturers Association) reported
on his investigation of the saturaring process for roofing feles. Greenfeld described the difficulties in achieving complete saturation commer-
cially because of the operating speed of felt production equipment. He also described thar if a felt was saturared av much as possible, problems
then would develop with adhesion of coatings applied to the felt {e.g., in roll roofing and shingles), incompatibility or slippage of coatings, or
sticking of the saturated felt within a roll. Greenfeld stated, “Thus, when specifications are written, compromise saturations are required.”
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Greenfeld listed common minimum saturation percentages at that time for the following products: asphals shingles—170 percent satura-
tion; redf reofing—160 percent saturation; sarurated felts—140 percent saturation. Greenfeld describes percent saturation as “the ratio of the
weight of the saturant to that of the dry felt, expressed as a percentage.” For example, this means that the amount of saturant used for
asphalt shingle felt must weigh 1.7 times as much as the felt itself. {Teday, according to ASTM D 226, for Type I [i.e., No. 15] saturated
felts, the mass of the saturant only has to weigh 1.2 times the mass of the dry felt, with a sacuration efficiency of 70 percent. This is a 14
percent reduction in saturant mass from the 140 percent minimum satararion that Greenfeld listed as being common.} Greenfeld stated:
“These figures are the compromises made to accommodare production, storage, and application requircments. Theoretically, com pletely
impregnated felt can hold more than 235 percent of its weight in saturant.” He further stated that commercially, a saturation of 195 is
motre realistic.

Greenfeld conducred saturation tests with two felcs designated by their felt number: No, 27 and Nao. 55 {weight of 480 square fect of dry
felt), which are the felts used for manufacturing No. 15 and No. 30 saturated felts, respectively. These saturation tests were conducted under
the conditions of ambient pressure, under vacuum, and ar above atmospheric pressure. Greenfeld commented on the volumes of gases and
vapors that release from otganic felts when saturated. To achieve the minimum specification of 140 percent, contact time for the lighrer fele
in excess of a quarter-minure was sufficient, For the heavier felt, a two-minute submersion achieved the desired results.

Greenteld also reported that the moisture content for flts had to be ar least 3 percent in order for the felts to funcrion in the equipment,
Greenteld stated: “Moisture tends to lubricate the fibers or fiber bundles to permit their movement over each other and swells the fibers o
permit the saturant to penetrate more casily. However, when the moisture content is too high, the felts again become weak and breaks
oceur.”

Greenfeld also performed tests designed to show how well saturation protects felts. The heavier felt was saturaced to cight differenc per-
centages between 64 percent and 185 percent. These saturated felts then were exposed to relative humidities of 30 percent and 50 percent at
737F (23°C) and 75 percent at 79°F (26°C). The lighter felt was saturared at six different percentages between 72 percent and 169 percent
and exposed to a relative humidity of 50 percent. Greenfeld reported: “Av all relative humiditics moisture absorption proceeded rapidly ac
first and then at progressively lower rates until some constant moiscure content was attained. The rate of absorption, rate of attaining ‘equi-
librium,” and ‘equilibrium’ moisture content decreased as the saturation of the felt was increased.” He continued, “For any particular satura-
tion, the ‘equilibrium’ moisture content increased with the relative humidicy to which the felts were exposed.”

Greenfeld conciuded: “Even the most highly saturated felts in this study absorbed moistuze to some extent, It is, therefore, necessary to
front- and back-coat roofing products to isolate and protect the felts from moist environments,” For the lighter weight felr, Greenfeld
emphasized thar the “vulnerability 1o moisture absorprion is very significant” and because saturated felts do not receive the higher levels of
saturant by design, this suscepribility to “moisture absorption, if accomplished nonuniformly througheut a roll of felt, can also lead 1o trem-
porary or permanent distortions of the felr.” ,

Greenfeld also submerged sacurated felts in water and found that “felts meeting ASTM specifications will absorb about 10 percent warer
in 2 week.” He stated, “These data further emphasize the necessity for protecting saturated felts by impermeable surfacc coatings as rapidly
as possible.” :

Greenfeld noted, “Fven under the most favorable conditions, only 82 percent of the theorctically possible saturation was artained.”
Greenfeld offered the following technical conclusions at the end of his report. They are listed here in their entircty.

(1) Ac400°F (204°C) with the saturancs normally used, it was immaterial wherher the No. 27 felt was saturared from either one or both
sidles if more than 15 seconds of submersion time was used. The No. 55 felt required a minimum of 1% minutes of complete sub-
meTsion to meet minimum specification requirements.

(2) Pelts containing about 4 percent moisture were saturated more easily and more completely than dry felts. As the moisture content
increased, the level of saturation artainable also increased, but beyond 7 percent moisture content, excessive foaming and cooling of
the saturant were obscrved. The moisture secmed to “open up” the felt.

{3) Under normal conditions, felts sarurated best in the viscosity range of 50 to 150 Hz. Ac higher viscosities, the penetration was hin-
dered; at lower viscosities, the sheet could not “carry” sufficient saturation to meet specifications.

(4) Spacers on the press rolls increased the quantity of saturant carricd on the sheet, but the viscosity range in which surface-dry saru-
rated felts could be produced was greatly shortened. The beneficial effects were more noticeable with the softer saturants.

{5) Small increments of pressure in the saturator produced marked increases in saturation, especially with the harder sacurants. Higher
pressures produced further improvemencs in saturation with the shingle saturan, but not with the softer saturant.

(6) Vacuum saturation produced the highest sarurations.

(7) Rare of moisture and liquid water sorption of saturated felt decreased with increasing saturation. A large fraction of the total sorp-
tion oceurred in the first few hours of exposure,

{8) Air permeability decreased rapidly with increasing saturation,

This work was sponsored by the Asphale Roofing Manufacturers Association (formerly the Asphalt Roofing Industry Bureau).

D.3 Research of the 19705 and early 1980s on Product Characteristics and Performance

Work conducted by E. Rissmiller was reported on in National Bureau of Standards ZTechnical Note 965, “Effects of Moisture in Buile-Up
Roofing—A State-of-the-Art Literature Survey,” published in July 1978."* “Rissmiller noted from laboratory experiments that moisture is
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absorbed rapidly in roofing felts and that significant quantities of moisture are absorbed in a few hours. For absorption tests of at least 100
days’ duration, the following order of increasing absorption was observed: coated organic raofing felt, impregnated glass mat, perforated
asphalt-sacurared asbestos felt, perforated asphalt-saturated organic felt, tar-saturated organic felt. Approximately 30-9¢ percent of the total
moisture was absorbed during che first 5 days of water immersion.”

Research work conducted by NRCA znd the Chicago Roofing Contractors Assaciation (CRCA) from 1976 to 1979 found that some
felts being manufactured and labeled as ASTM D 226 felts were not meeting the requirement for saturant levels. Information on this test-
ing was reported in an article that appeared in The Roofing Spec in May 1979." Conway Burton of Chicago Testing Laborartory (who con-
ducted the tests) reporced, “Manufacturers who use lower softening point asphalt as a saturant might be producing roofing felts with poorer
resistance to water absorption.”

In response to this artide, D. C. Portfolio responded with an article that was presented in The Roafing Spec in November 1979.* Portfolio
presented information from research conducted by Jim Walter Research Corporation (JWRC} and reported to ARMA.* The property of
the felt that controls moisture absorption was reported to be “the percent moisture that a saturated felt would absorb, hased on the weight
of the fiber in the felt is proportional to the percent saturarion efficiency.” Additional points made include:

* The amount of saturant that the fefe retained was controlled by the amount of time that the sample was allowed 1o
remain in the saturant and the 2mount of rime excess surface saturant was allowed to remain in centact with the felit
before the saturant was removed by a set of heated rollers.

* The type of fiber and the kerosene value of the felc had a profound effect on the amount of asphale that was absorbed
by the felt.

* Any time the moisture condition to which the felt is exposed changes subseantially, the equilibrium moisture content
of the felt will respond rapidly during the first 24 hours. Experiments were conducted on pieces of felt, not rolls of felt.
The edges and outer layers of felt are probably more apt to respond quickly to changes in humidity than the inner por-
tions of the rolls.

The informartion presented by this JWRC rescarch was used as part of the basis for making changes to ASTM I 226, resulting in
the standard in use today.
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