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Abstract

Durability of Building Envelope Materials

Jorge Mario Blanco Urruchurtu, M.S.E.

The University of Texas at Austin, 2017

Supervisor: Atila Novoselac

Co-Supervisor: David W. Fowler

This thesis is part of a series of documents that presents some research on different
topics that are being conducted at The Durability Lab of The University of Texas consisting
of groundbreaking research focused on the durability of building envelope materials used
in construction.

Behavior of stucco was analyzed when different construction joint configurations
were used, Strict and Compromise cases (accepted by the ASTM standard) and Usual case
(often used in construction). These cases were used, in a wall constructed at the exposure
site at The University of Texas Pickle Research Campus to compare the joint opening
widths due to temperature and weather conditions by installing gage points on both sides
of the construction joints.

Water-resistive barrier testing is ongoing as well as nail sealability testing,

observations on the performance of products exposed on mockups are being made and the
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new implementation of the ASTM D7349, Standard Test Method for Determining the
Capability of Roofing and Waterproofing Materials to Seal around Fasteners, regarding
nail sealability is presented.

Building sealants are crucial when avoiding water to get inside buildings through
the perimeters of doors and windows principally. Long-term testing is being done based on
ASTM C1589, Standard Practice for Outdoor Weathering of Construction Seals and
Sealants Procedure C, and important trends are presented after observation and data
analysis of the gathered information.

Important takeaways from water-repellent testing are listed considering the
behavior and performance of water-repellents based on the effects of UV radiation and
weather conditions, as well as the active component and the type of water-repellent.

Construction tapes and flashings are vital in many water-resistive barrier systems,
since they seal around all penetrations to provide a complete waterproofing system. Test
of construction tapes and flashings has been performed mainly based on ASTM D3654,
Standard Test Methods for Shear Adhesion of Pressure-Sensitive Tapes, considering
different types of tapes and different substrates.

Lastly, the effect of surfactants on the performance of building paper were
observed, two different conditions were evaluated: the presence of surfactants on stucco
mixes and admixtures, and the presence of surfactants on detergents and soaps used to
clean the outer part of buildings.

Some other, but no less important research topics, are ongoing, including properties

of plaster mixtures, pedestrian membranes, and elastomeric wall coatings.
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Chapter 1: Introduction

1.1. Background

Envelope materials have played an important role regarding the serviceability of a
building. The industry has been moving forward, looking for environmental efficiency and
outstanding performance. Many issues and challenges have been faced along the way, with
the reliability of materials and the workmanship being the most important ones.

Manufacturers have tried different ways to excel in both. In order to guarantee the
proper installation of products, they have started educational programs and certifications
for sub-contractors, specifically on the correct application of products. With respect to the
reliability of products and materials, manufacturers have improved their innovation and
development departments, performing more tests and continuously developing new state
of the art standards.

Despite this effort, different problems related to these two vital factors are
commonly encountered in practice, setting a critical objective for the coming years. These
issues represent a large amount of money for the industry, due to lawsuits and several other
expenses. It is necessary to evaluate the performance and durability of envelope materials,

doing so will improve quality and optimize operations in both industry and academics.

1.2.  Scope of the Research

This research is mainly focused on the performance and durability of materials
when exposed to weather conditions in an attempt to simulate actual conditions in practice,

which could lead us to a better understanding of the material behavior.

1.3.  Significance

In addition to the economic savings, represented by a reduction of maintenance
and/or remedial costs, the results of this research may offer valuable feedback for
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manufacturers, and provide recommendation for changes in standards, which may also

improve performance.

1.4. Topics

This document provides updated information on research that has been underway
at the Pickle Research Campus of The University of Texas at Austin. The chapters
following this introduction detail six specific research topics and the main trends that have
been noted over time.

Chapter 2 focuses on the behavior of the stucco used for cladding, regarding the
effect of drying shrinkage and temperature on surface cracking of a stucco wall, using
different joint configurations exposed to weather conditions.

Chapter 3 contains significant information related to the long-term research on
exposed mock-ups of water resistive barriers. Nail sealability testing is also presented, as
well as a nail penetration test performed on an integrated WRB.

Chapter 4 consists of testing performed on building sealants exposed to ambient
temperature cycles. The evaluation takes place during the interaction between the sealants
and two common materials in construction such as concrete and aluminum.

Chapter 5 covers the test done on water repellents and shows a comparison of the
performance of different products and the most significant takeaways from the test.

Chapter 6 presents construction tapes and flashing tests based on the ASTM D3654
Standard, which considers different substrates and types of tapes commonly used in
construction to evaluate their performance under conditions such as UV exposure, rain,

humidity, and temperature.



Chapter 7 includes the study referred to on the effect of surfactants on WRBs,
especially on house wraps. For this purpose, RILEM tube testing was done using different
types of surfactants combined with distilled water.

Finally, chapter 8 presents the conclusions drawn from the research and

recommendations for future practice.

1.5. Objective

In this thesis, the author shows the progress of the research done at The University
of Texas at Austin. The data presented, relates the performance of building envelope
materials, which may assist in the development of quality control programs. These finding
could result in economical savings during and after the construction stage of every research

topic of this project.



Chapter 2: Stucco Panel Behavior

2.1. Introduction

One of the most widely used cladding systems is portland cement-based plaster
(also known as stucco), composed of portland cement, sand, and water, which in
combination with metal lath, construction and control joints, and weep screeds complete
the outer part of the building envelope. Despite stucco having been used continuously over
time, not much research has been done regarding its performance.

In this chapter, the construction of a stucco panel at the Pickle Research Campus of
The University of Texas at Austin is described using different joint configurations, both
code and not code compliant, with the intent of promoting cracking when they are exposed
to the same weather conditions, including temperature and moisture changes, UV radiation,
rain, and wind, among others. Interesting conclusions have been drawn based on recorded
data and observations.

Further, prisms samples of the different stucco coats used to build the wall were
prepared, and measurements of length variations were taken and compared to the
movements of the wall panels observed and recorded using gage points installed on both
sides of the joints. A brief description of the construction and the observation processes is
presented to show the collected data through charts and tables, which helps to understand
the actual behavior of a stucco wall constructed in the field.

The stucco wall panel was built in October 2016, previous students have
contributed to define the procedure and the data collection that support the analysis

presented in this chapter.



2.2. Stucco Panel

Initially, the main goal of constructing the stucco wall was to evaluate the
performance of four different conditions, using cracking of the panels as a reference to
assess the functioning of each configuration when exposed to weather conditions. First, a
joint configuration compliant with all codes and specifications, where the lath is cut and
fixed on one side of the joint and the other side is left free (Strict Configuration). Second,
a joint configuration consisting of the cut lath, which is left free on both sides of the joint,
as recommended by some experts of the plaster industry (Compromise Configuration).
Third, a configuration with a construction joint where the lath is installed continuously;
this is commonly used by plaster contractors in practice and supported by another group of
experts of the industry (Usual Configuration). Lastly, there was a smaller section where no
construction joints were installed, and with lath fastened continuously to the sheathing.

Additionally, some important considerations were followed when designing the
dimensions of the wall. To facilitate cracking, an approximate width-to-height aspect ratio
of 2.5:1 was established for the biggest panels. However, the smallest section did not follow
this aspect ratio since it was intended to serve as a reference for comparison. Three replicate
panels with the same joint configuration were built for each case.

Lastly, the complete specifications of the stucco wall comprised a 7 ¥2-ft by 16-ft
wood frame wall constructed using standard 2 x 4 wood framing and oriented strand board
(OSB) sheathing. A water resistive barrier (WRB), Tyvek® house wrap, was fastened
directly to the OSB, and two layers of No. 15 felt were fastened over the WRB. Three 26-
in. strips of lath (one for each specific control joint section) and one 12-in. strip of lath (for
the continuous section) were fastened to the wall. Casing beads were placed around the
perimeter of the wall, back to back, with a ¥2-in. gap between control joint sections for
sealant. Also, three caliper points were installed on each side of the construction joint in
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every panel to measure movement over time. The layout of the stucco wall is shown in
Figure 2.1.

Currently, the only standardized procedure used to test shrinkage of plaster
mixtures is the ASTM C157, Standard Test Method for Length Change of Hardened
Hydraulic-Cement Mortar and Concrete, which does not consider the presence of the metal
lath or the temperature and moisture changes and UV exposure, factors that are essential

for a better understanding of the performance and durability of the stucco when used as

cladding.
Caliper Points o st Caliper Points o cast
26.0in y Sy
s e cums
N e oo
26.0in e e o
915in . (—CJCS . (—C.ICB
| ——cin | —— cius
26.0in N N
| ——cius | — csus
13.51n No control joints in this stucco section
i
=T T =T == =T
64.01in 64.010n 64.01in
192.0in

Figure 2.1: Stucco Wall Layout.

2.3. Construction Process

A scratch coat was first applied that consisted of a 1:2:9 ratio of portland cement,
masonry cement, and sand respectively. Next, a brown coat consisting of a 1:2:10.5 ratio

of portland cement, masonry, and sand was applied 1 %2 hours after application of the
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scratch coat. After this, in the following day, the wall was moist with a mist spray and
cured twice a day for two consecutive days. The finish coat was applied 8 days after the
initial application. During the initial 8 days, the temperature ranged from 49 to 92 °F (9 to
33 °C) with an overall mean temperature of 72 °F (22 °C). The relative humidity ranged
from 30% to 99% with an overall mean relative humidity of 67%. The ambient dew point
was 54 °F £ 5°F (12°C = 3°C). A photograph of the wall at completion can be seen in
Figure 2.2.

Simultaneously, prisms were prepared using both the scratch and the brown coat
for the purpose of comparing and recording shrinkage behavior with and without metal
lath, and with the mixes being exposed and not being exposed to weather conditions. These

prisms were stored inside in a non-air-conditioned or heated space.

Figure 2.2: Stucco Wall at Completion.



2.4. Observations and Discussion about Stucco Panel Behavior

Measurements were taken at 4, 7, 14, and 28 days to check the initial shrinkage of
the panel and the prisms. After that point, measurements were taken regularly, generally
every two weeks, and special attention was given to cracking of the panels. Subsequently,
the surface temperature of the panel and caliper point readings were recorded. The testing
data presented in this document in Appendix 1 consist of measurements of the first year of

observations for the caliper points installed on the wall and for the shrinkage readings taken

on the prisms using a length comparator.

The analysis of all the collected data is presented independently for the stucco panel

and for the prisms as well as a comparison plot in Tables 2.1 and 2.2:

Table 2.1:  Data Analysis Stucco Panel.
Construction Joint Shrinkage | Construction Joint Shrinkage
Time (in.) (%0)
(days) |Strict |Compromise |Usual |Strict |Compromise |Usual

1] 0.0172 0.0228 | 0.0152| 0.0089 0.0119| 0.0079

2| 0.033 0.0383| 0.0308| 0.0172 0.02| 0.0161

5| 0.0382 0.039| 0.0323| 0.0199 0.0203| 0.0168

7| 0.0475 0.0495| 0.0393| 0.0247 0.0258 | 0.0205
16| 0.0708 0.0687| 0.0533| 0.0369 0.0358| 0.0278
21| 0.0788 0.0768| 0.057| 0.0411 0.04| 0.0297
28| 0.0618 0.0715| 0.056| 0.0322 0.0372| 0.0292
35| 0.0562 0.0597| 0.0488| 0.0293 0.0311| 0.0254
49| 0.0628 0.0672| 0.055| 0.0327 0.035| 0.0286
93| 0.0892 0.098| 0.0818| 0.0464 0.051| 0.0426
125| 0.078 0.087| 0.0777| 0.0406 0.0453| 0.0405
153| 0.0897 0.0967| 0.0803| 0.0467 0.0503| 0.0418
175| 0.0873 0.0935| 0.0773| 0.0455 0.0487 | 0.0403
198| 0.0715 0.0762| 0.0682| 0.0372 0.0397 | 0.0355
215| 0.0852 0.0882| 0.0757| 0.0444 0.0459 | 0.0394
236 | 0.0885 0.0962| 0.0805| 0.0461 0.0501| 0.0419
250| 0.073 0.078| 0.064| 0.038 0.0406 | 0.0333
264 | 0.0787 0.0813| 0.0702| 0.041 0.0424| 0.0365
278 | 0.0783 0.0858| 0.0765| 0.0408 0.0447| 0.0398
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Table 2.1: Continued

285| 0.075 0.079| 0.0722| 0.0391 0.0411| 0.0376
292 | 0.0778 0.0807| 0.0687| 0.0405 0.042| 0.0358
306 | 0.0778 0.082| 0.0725| 0.0405 0.0427| 0.0378
322| 0.0738 0.074| 0.0712| 0.0385 0.0385| 0.0371
334| 0.0703 0.0727| 0.0653| 0.0366 0.0378| 0.034
348 | 0.0883 0.0943| 0.078| 0.046 0.0491| 0.0406
362 | 0.0867 0.0945| 0.0832| 0.0451 0.0492| 0.0433

Table 2.2:  Data Analysis Stucco Prisms.

Average
Time Shrinkage
(days) (%)

7 0.0299
14 0.0405
21 0.0452
28 0.0531
35 0.0516
49 0.0541

125 0.0678
153 0.0627
175 0.0653
198 0.0723
215 0.0697
236 0.0661
250 0.0684
264 0.0727
278 0.0747
285 0.0796
292 0.0741
306 0.0811
322 0.0816
334 0.0798
348 0.0781
362 0.0867

It is important to mention that the readings from the prisms were taken starting the

seventh day after they were cast as recommended in the ASTM C157 standard. Readings



were taken within an hour for both the panel and the prisms to be as consistent as possible

with the comparisons.

Stucco Panel and Prisms Behavior
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Figure 2.3: Stucco Panel and Prisms Behavior.

Figure 2.3 shows a comparison of the prisms and joint movements. It can be
inferred that the metal lath greatly contributes to reducing the effect of shrinkage on the
stucco panels. Furthermore, starting from day 93, when the shrinkage percentage stabilized
(Figure 2.3), the average difference between the three configurations is around 10%.

Generally, the panels with the usual configuration show that they have experienced
less shrinkage, while the panels with the compromise configuration underwent the most
shrinkage. Lastly, the shrinkage of the panels with the strict configuration fluctuated
between the previous two configurations described above.

The shape of the shrinkage versus time curve shows fluctuations that are most likely

due to variation in ambient condition (temperature).
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Measurements were taken with high frequency, on an hourly basis, during eight
hours on two different days (at day 107 and day114 after casting) to observe the behavior
of the panels regarding temperature changes in a single day. The obtained data are

presented in Table 2.3:

Table 2.3:  Data Analysis Stucco Panel at Day 107 After Casting.

Construction Joint Shrinkage (in)|Construction Joint Shrinkage (%)|  surface
Hour Hour . . . . Temperature
Strict Compromise|Usual Strict Compromise|Usual P
1 9:45a. m. 0.0618 0.0722| 0.0645| 0.0322 0.0376 0.0336 47
2 10:45a. m. 0.0623 0.07| 0.0625| 0.0325 0.0365 0.0326 52
3 11:45a. m. 0.0623 0.0697| 0.0628| 0.0325 0.0363 0.0327 51
4 12:45 p. m. 0.0647 0.0705( 0.0638| 0.0337 0.0367 0.0332 53
5 1:45p. m. 0.0635 0.0702| 0.0628( 0.0331 0.0365 0.0327 53.5
6 2:45p. m. 0.0633 0.0693| 0.0623| 0.033 0.0361 0.0325 52
7 3:45 p. m. 0.0625 0.0685| 0.0613| 0.0326 0.0357 0.0319 51
8 4:45p. m. 0.0618 0.068| 0.0602| 0.0322 0.0354 0.0313 47
Stucco Panel Behavior
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Figure 2.4: Stucco Panel Hourly Behavior at Day 107 After Casting.
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In this case, as opposed to the overall behavior of the joint configurations noted
before, the difference in movement of strict and usual configurations is shown in Figure
2.4. However, due to a slight change in temperature, little difference in shrinkage is
observed for each configuration.

Correspondingly, in Table 2.4, the behavior of both the strict and the usual
configurations were again similar as in Table 2.3. Of note is that the maximum surface
temperature in Table 2.4 was higher than those in Table 2.3, but the movements were
slightly higher than those shown in Table 2.3. Figure 2.5 shows the collected data at day

114 after casting.

Table 2.4: Data Analysis Stucco Panel at Day 114 After Casting.

Construction Joint Shrinkage (in)(Construction Joint Shrinkage (%0)| Surface
Hour Hour Strict Compromise|Usual Strict Compromise|Usual Tem?f;’)ature
1 9:45a. m.| 0.0612 0.0705 0.0625 | 0.0319 0.0367 0.0326 63
2 10:45a. m.| 0.0633 0.0705 0.062 0.033 0.0367 0.0323 64
3 11:45a. m.| 0.0643 0.0703 0.0655 | 0.0335 0.0366 0.0341 76
4 12:45p. m.| 0.0633 0.0708 0.0652 0.033 0.0369 0.0339 77
5 1:45p. m.| 0.0653 0.073 0.0668 0.034 0.038 0.0348 82.5
6 2:45p. m.| 0.0657 0.0748 0.0687 | 0.0342 0.039 0.0358 87
7 345p. m.| 0.0672 0.0757 0.0705 0.035 0.0394 0.0367 93
8 4:45p. m.| 0.0672 0.0753 0.0708 0.035 0.0392 0.0369 89
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Stucco Panel Behavior

@ Strict @ Compromise Usual
0.045

0.04
0.035

(¢
«

0.03
0.025

0.02
S 0.015

rinkage (%)

0.01
0.005

Figure 2.5: Stucco Panel Hourly Behavior at Day 114 After Casting.

Another variable that could affect movement is the moisture content, as discussed
in some references. For example, Bowlsby (2010) shows where moisture content is
correlated to temperature change. Latta (1962) states:

A differential moisture content through the thickness of a homogeneous material
will also have a warping effect, since the side of higher moisture content will expand more
than that of the lower. Such a differential moisture content can be produced by vapor
migration or by having the opposite sides exposed to different atmospheric conditions. Rain
absorbed on the outer face of a material will have a similar effect.

This supports the hypothesis that moisture content may have caused the change in

movement when no significant difference in temperature occurred.
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In summary, the behavior of the stucco panel is more complex than it was initially

thought since the metal lath, the temperature change, the stucco mix, the moisture content,

and the type of joint configuration contribute to its final performance, which is not easy to

predict.

To consider all these factors, the following testing procedure, which is expected to

be implemented in the following months, is proposed:

Dimensions of the specimens

Length: 11.25-in. as the drying shrinkage prisms used for ASTM C596
Thickness: 7-in. as specified in ASTM C926 Table 4.

Width: 4.5-in., to replicate a strip of a stucco wall.

Number of specimens: 4 units

At the same time, specimens of the same size without metal lath shall be prepared,

which includes:

Temperature of materials: 65°F - 75°F (18°C - 24°C). All proportion of materials
to be done by mass. Water and liquids could be done by either mass or volume.
Mix the mortars in accordance with the ASTM C305 standard. Plaster proportions
Scratch coat: 1:2:9 ratio of portland cement, masonry cement, and sand.

Brown Coat: 1:2:10.5 ratio of portland cement, masonry cement, and sand.

Finish Coat: 1:2:6 ratio of portland cement, masonry cement, and sand.

Procedure for molding specimens from ASTM C157 9:

Place the mortar in the mold in two approximately equal layers. Compact each

layer with the tamper. Work the mortar into the corners, around the gage studs, and along

the surfaces of the mold with the tamper until a homogeneous specimen is obtained. After

the top layer has been compacted, strike off the mortar flush with the top of the mold, and

smooth the surface with a few strokes of a trowel. Immediately after completion of molding,
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loosen the device by holding the gage studs in position at each end of the mold in order to

prevent any restraint of the gage studs during initial shrinkage of the specimen.

Curing. Same procedure as for the stucco panel should be used. Apply the scratch
coat, and after it dries apply the brown coat, then cure for two days (moist cured
twice a day) and apply the finish coat eight days after the initial application.

From ASTM C926 X.1.5.2:

Moist curing is accomplished by applying a fine fog spray of water as frequently as
required, generally twice daily in the morning and evening. Care must be exercised
to avoid erosion damage to portland cement-based plaster surfaces. Except for
severe drying conditions, the wetting of finish coat should be avoided, that is, wet
the base coat prior to application of the finish coat.

One day after applying the finish coat, take the initial comparator reading.

Take measurements of the specimens at 4, 7, 14, and 28 days when stored at 73 +/-
3 °F [23 +/- 2 °C] and relative humidity of 50 +/- 4 %.

While the air temperature is 73 +/- 3 °F [23 +/- 2 °C], increase the moisture content
of the samples by placing them into a covered plastic container with water, making
sure that water is not in contact with the samples. Then, take measurements of the
specimens at 4, 7, 14 and 28 days.

Place the specimens (still inside the plastic container) inside an oven and increase
the temperature (the temperature change should be previously determined). Take
measurements again at 4, 7, 14 and 28 days. Compare.

Place the specimens (no plastic container needed this time) inside the oven at the
same temperature they were before. Then, take measurements at 4, 7, 14 and 28

days. Compare.
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. In each case, in addition to the measurement obtained from the length comparator,

moisture content and surface temperature shall be recorded.

It is envisaged that this new test will help to better understand how these variables
contribute individually to the global behavior of the stucco used for cladding in practice.

Additionally, special attention has been given to cracking across the panel, since it
is known that cracks are the starting point for a potential failure mechanism of the stucco
panels, especially when the construction process of the wall does not follow the
specifications, and the labor is not skilled.

In this panel, all the cracks have appeared at the bottom of the panel, where no
construction joint was installed, confirming the importance of installing them to prevent
cracking. Moreover, minor cracks have been noticed at the surroundings of both
construction and expansion joints, but it was considered that those cracks are not of great
concern since they are hairline cracks. A sketch of the observed cracks is presented in

Figure 2.6.
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Figure 2.6: Observed Cracks on the Stucco Panel.

FT

There is still more to learn from the durable, and reliable stucco. Measurements

should be routinely taken, twice a month, along with the proposed ongoing test, in order to

compare and understand the performance of the stucco. It is also intended to identify the

deficiencies in actual specifications, codes, and construction processes.
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Chapter 3: Water-Resistive Barriers Testing

3.1. Introduction

Water-resistive barriers (also referred as WRBs) prevent water from penetrating a
building. This makes them a vital component of the building envelope. Currently, there are
different types of water-resistive barriers such as self-adhered sheets, mechanically
fastened sheets, fluid applied products, integrated to sheathing barriers, wraps, building
papers, and felts. Additionally, water-resistive barriers could be air barriers and vapor
barriers. The latter are classified in four types: impermeable, semi-impermeable, semi-
permeable, and permeable. This variety of WRBs allows builders to set different
configurations and systems depending on the job conditions and requirements.

Since water-resistive barriers are a critical component of the building envelope,
special care should be given to the selection process, which includes important factors such
as UV radiation exposure, ease of installation, workmanship, and climate, among others.
Given the great number of manufacturers and products offered on the market, it is essential
to select a product that will not cause concern about its real performance and reliability.

A durability test of these barriers is taking place at The Pickle Research Campus of
The University of Texas at Austin, where relevant takeaways have been inferred and
discussed in the following section, in addition to the ambient conditions that at the same
time affect the performance and integrity of representative products. Since this test was
conceived as a long-term test, several students have documented observations over time
regarding the WRBs and the nail sealability tests. However, the integrated to sheathing

WRB test was recently performed as a complement of the ongoing research.
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3.2. Background and Testing Standards

Given the variety of water-resistive barriers available on the market, it is difficult
to define a specific test method to assess their performance regardless the type of barrier.
Chronologically, felts were the first type of barriers used in construction, followed by
papers and wraps (also known as mechanically fastened sheets), and self-adhered sheets.
The most recent types of WRBs are the fluid applied products.

Technological and knowledge development, and the permanent effort made to
produce environmentally friendly and equally efficient technologies, have resulted in a
great number of product offerings. There is a necessity to define common properties that
can be compared and evaluated through individual standards, most importantly, water
resistance, vapor transmission, air permeance, air leakage, sealability, tensile strength,
adhesion, crack bridging, and water penetration.

To simplify the process of evaluating the performance of the water-resistive
barriers, several acceptance criteria have been established. Two of them are the AC38 and
the AC212, both proposed by the International Code Council Evaluation Service with
regard to water-resistive barriers and water-resistive coatings respectively. Some of the
proposed test methods for barriers are: (1) weathering tests (Ultraviolet light exposure) and
water-resistant tests (based on ASTM D779, Standard Test Method for Determining the
Water Vapor Resistance of Sheet Materials in Contact with Liquid Water by the Dry
Indicator Method), (2) water ponding tests, and (3) drainage tests (based on ASTM E2273,
Standard Test Method for Determining the Drainage Efficiency of Exterior Insulation and
Finish Systems (EIFS) Clad Wall Assemblies).

For paper-based barriers, the AC38 acceptance criteria recommends the following
three important tests: dry tensile strength (ASTM D828, Standard Test Method for Tensile
Properties of Paper and Paperboard Using Constant-Rate-of-Elongation Apparatus),
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water resistance (ASTM D779 as mentioned before), and water vapor transmission (ASTM

E96, Standard Test Methods for Water Vapor Transmission of Materials - Desiccant

Method at 74.3°F (23°C)).

Felt-based barriers are required to comply with ASTM D226, Standard
Specification for Asphalt-Saturated Organic Felt Used in Roofing and Waterproofing.

Polymeric-based barriers should also comply with the dry tensile (ASTM D828),
as an alternative, the ASTM D882, Standard Test Method for Tensile Properties of Thin
Plastic Sheeting is accepted. Additionally, the ASTM D5034, Standard Test Method for
Breaking Strength and Elongation of Textile Fabrics (Grab Test) should be performed to
test the dry breaking force. Furthermore, ASTM D779 and ASTM E96 are tests that are
required.

Air barriers should comply with the ASTM E2178, Standard Test Method for Air
Permeance of Building Materials, which minimum conditions of acceptance shall be an air
permeance less than or equal to 0.02 L/(s-m2) @ 75 Pa (0.004 cfm/ft2 @ 0.3 in. w.g. (1.57
psf)) for all three specimens.

In accordance with the AC212 Acceptance Criteria, water-resistive coatings should
comply with several ASTM Standards:

. Tensile Bond. ASTM C297, Standard Test Method for Flatwise Tensile Strength of
Sandwich Constructions.

. Freeze-thaw. A replicate of a treated joint using the water-resistive barrier on five
different specimens is exposed to 10 freezing and thawing cycles with temperatures
ranging from -20 °F (-29 °C) up to 120 °F (49 °C).

. Water-resistance. ASTM D2247, Standard Practice for Testing Water Resistance

of Coatings in 100 % Relative Humidity.
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. Water-vapor transmission. ASTM E96, Standard Test Methods for Water Vapor
Transmission of Materials — Water Method.

o Water-penetration. ASTM E331, Standard Test Method for Water Penetration of
Exterior Windows, Skylights, Doors, and Curtain Walls by Uniform Static Air
Pressure Difference.

o Racking. ASTM E72, Standard Test Methods of Conducting Strength Tests of
Panels for Building Construction.

o Weathering test. Specimens are exposed to UV lighting, accelerated weathering,
and hydrostatic pressures using special chambers.

Currently, there is no long-term test that permits evaluation of the behavior and
performance of the water-resistive barriers exposed to real weather conditions. The latter
is the principal motivation for conducting this research on water-resistive barriers since

very few or no real data are accessible at this time.

3.3. Testing of Water-Resistive Barriers

Representative products were exposed to ambient conditions using full-scale 2-ft x
3-ft mock-ups horizontally oriented on metallic racks facing south, to obtain the most sun
exposure, so the potential degradation and effect of UV radiation on the WRBs would be
accelerated.

The product application followed the manufacturers’ recommendations and
technical data. Also, usual details were replicated such as pipe penetrations (tap water pipe,
electrical penetrations, either for conduit or for electrical boxes), corrugated brick ties,
window flanges, sheathing joints, and outside corners.

A sketch of a typical mockup is shown in Figure 3.1(Feero 2015).
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Figure 3.1: Typical Configuration of a Mockup (Ferro 2015).

Each specimen was exposed to ambient conditions until the maximum
recommended exposure time was reached based on the product data sheet provided by each
manufacturer. Consequently, a fiber cement cladding was installed on the top half of the
specimen to monitor the differences in the appearance of each half when UV exposure is
continued, and not, principally, when some damage has been induced. Figure 3.2 shows
the exposed WRBs at the exposure site at The University of Texas at Austin.

Observations have been made to identify trends and typical failure mechanisms that
help the producers to reformulate their products or update their documented literature.

Table 3.1 shows the quantity and type of WRBs used for this test.
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Table 3.1:  Types of WRBs used for testing.

Type of WRB Quantity Percentage (%)
Self-Adhered Sheet 3 13.0%

Fluid Applied 17 73.9%
Mechanically Fastened Sheet 2 8.7%

Integrated with the Sheathing 1 4.3%

Total 23 100.0%

Figure 3.2: 'WRB Mockups at the Exposure Site.

3.4. Testing of Nail Sealability of Water Resistive Barriers

As stated in Feero’s Thesis Document (2015), the nail sealability test most
commonly used by manufacturers was ASTM D1970, Standard Specification for Self-

Adhering Polymer Modified Bituminous Sheet Materials Used as Steep Roofing
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Underlayment for Ice Dam Protection, which initially was conceived for self-adhering
sheets utilized in roofs. After testing the WRBs in accordance with the latter standard,
almost all the products failed because the two nails nailed at the middle of the 1-ft x 1-ft
plywood piece were pulled out approximately 0.25-in. before testing.

Simultaneously, the ASTM Committee D08 on Roofing and Waterproofing
approved the ASTM D7349, Standard Test Method for Determining the Capability of
Roofing and Waterproofing Materials to Seal around Fasteners, in which several protocols
were established to account for different parameters. It is interesting that these standards
were developed for roofing materials testing.

A new round of nail sealability test was performed on numerous products according
to the ASTM D7349 Protocol 4, except for not using the intervening material, and using at
least three specimens of each product. The most substantial change between these two
standards resides in the fact that the nails were not pulled out as stated in ASTM D1970
before erecting a water column over the test assembly. Figure 3.3 shows the test assembly
described by the ASTM D7349.

The ASTM D7349 is not intended for fluid applied products. However, they were
tested because some manufacturers claim that their products have the capability to seal
around fastener penetrations.

Figure 3.4 shows one round of testing in accordance with ASTM D7349.
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Figure 3.4: Test Assembly of Nail Sealability Testing.

3.5. Testing of Integrated to Sheathing WRB

The interest to evaluate the performance of this type of WRB motivated a real case
study, and a test was run at the Pickle Research Campus at The University of Texas at
Austin. A WRB integrated to the sheathing was tested using a RILEM tube under different
conditions with regard to how the sheathing was attached to the wood framing. The test
mimicked a critical condition, relating the combined effect of water ponding caused by the
wrong installation of sealants around a window opening, and the presence of fasteners,
studs, and flashings.

Several cases were considered for the testing: no nail, nail flush, head deep (head
of the nail slightly pushed into the sheathing), overdriven (head of the nail causing some
damage to the outer surface of the sheathing), and head above. These cases were tested
with and without tapes and wood studs. Examples of the test assemblies described above

are shown in Figures 3.5 and 3.6.
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Figure 3.5: Integrated to Sheathing WRB Testing.

Figure 3.6: Other Testing Configurations for Integrated to Sheathing WRB.
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3.6. Observations and Discussion about the WRB Testing

Several main failure mechanisms were identified during the ongoing test. Different
parameters such as the type of WRB, flashing products and details, and the manufacturer’s
recommendations for each case were considered. Also, the frequency of occurrence,
similarities among products, and failure mechanisms are listed.

The first observed mechanism was the discoloration, primarily related to sun
exposure and dirt pick up, with an occurrence of 74% among the tested products. UV
radiation could induce damage to the surface of the membrane, which is evidenced by the
change of color. Sometimes this mechanism has no consequences on the performance of
the barrier, but it could serve as a starting point for other mechanisms, since in most of the
cases, the WRB gets somehow “weaker”. Furthermore, discoloration can also be a result
of the combination of water and dirt accumulated at some points of the membrane, and
depending on the material and ambient conditions, several chemical reactions could

develop, resulting in a change of color. Figure 3.7 shows a specimen showing discoloration.

Figure 3.7: Specimen DRP1009-24 7 Months After Exposure Showing Discoloration.
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Cracking is considered a great concern when evaluating the performance of WRBs
since they represent a path for water going from the outer to the inner part of the building,
increasing the probability of failure of the waterproofing system and, of course, the
building envelope. Cracking mechanism is the second most common mechanism with a
65% of occurrence. There are diverse causes for cracking membranes: reflection of the
wood grain (wood sheathing) because of solar damage, changes in temperature, and a
combination of both. This type of mechanism is often noted in fluid-applied membranes,
as well as in the integrated WRB sheathing, and in some mechanically fastened sheets.

Figures 3.8 and 3.9 show different cracking patterns observed on two specimens.

Figure 3.8: Specimen DRP1009-19 9 Months After Exposure. Horizontal Cracks
Noticed at the Uncovered Part.
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Figure 3.9: Specimen DRP1009-16 Crazing Observed After 3 Years of Exposure.

Cratering (pinholes) is a unique phenomenon of fluid applied products; 59% of the
exposed products show pinholes and/or craters on their surfaces. In a few cases, these
craters go through the product reaching the sheathing. Pinholes are considered a result of

weather exposure. Examples of this phenomenon are presented in Figures 3.10 and 3.11.

Figure 3.10: Pinholes Noted on Specimen DRP1009-24 Before the End of UV Permitted
Exposure Time.
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Figure 3.11: Specimen DRP1009-01 3 Years and 11 Months After Exposure.

Fishmouthing is commonly detected in self-adhered sheets and flashing accessories
of mechanically fastened sheets. This mechanism is characteristic of asphalt-based
products, but can also be found on acrylics and butyl based products, and is related to
temperature changes over time, specifically when high temperatures are involved. A case

where fishmouthing was observed is presented in Figure 3.12.

Figure 3.12: Fishmouthing Along the Flashing at The Window Flange Noticed in
Specimen DRP1009-02.
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Washing the membrane is a mechanism directly related to rain and water rundown
that happens exclusively to fluid applied products. In this test, 18% of the fluid applied
products have washed away, causing a reduction of the dry film thickness of the membrane,
which derives from a decrease of the effectiveness of the system. Water-sensit