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Executive Summary: This report documents and summarizes the work conducted to determine
with reasonable certainty the roof service life that can be expected of a “like-in-kind”, low-slope 55%Al-
Zn alloy-coated steel Standing Seam Roof (SSR) system when installed today in a like environment using
best practices. It incorporates the results of multiple field inspections, independent laboratory analyses
of metallic corrosion of the roof panels, components and sealants, and includes assessment of all integral
ancillary components that impact the end of roof service life.

Background and Introduction

The desire to be able to accurately predict low-slope roof service life has been an important objective of
the roofing industry for years. The benefits of achieving this objective include more accurate Life Cycle
Cost (LCC) or whole building Life Cycle Assessment (LCA) analyses, as well as better preventive
maintenance/repair cost estimating and scheduling. One method used previously to estimate roof
service life relies on opinion surveys of roofing professionals [1, 2]. Another method uses tabulations of
actual roof replacements at the end of their service lives [3]. ]J.L. Hoff has discussed the merits and
limitations of these methods, as well as the use of manufacturers’ warranty service records [4] and
warranty periods [5] to develop a meaningful number for roof service life of low-slope membrane roof
coverings.

One of the shortcomings of using manufacturers’ warranty periods is that they can change as more
experience is gained and actual field performance is documented. For example, Bethlehem Steel
Corporation developed a highly corrosion-resistant 55% Al-Zn alloy-coated steel product in the 1960’s
and began to market it in 1972 under the trade name of GALVALUME® sheet. Shortly thereafter, a 20-
year warranty against through-penetration corrosion was offered, based on 9-year atmospheric
corrosion data measured on pilot-line produced specimens [6]. As the product gained more widespread
use through worldwide licensing agreements and additional corrosion data were developed [7-10], the
warranty period was extended to 25 years. More recently, field inspections of 12 low-slope standing
seam roofs in place in the U.S. for 30-36 years [11] have shown that the product continues to perform
well in a wide range of environments, and that the current 25-year warranty period clearly
underestimates the actual service life of a 55% Al-Zn alloy-coated steel standing seam roof.

The objective of this investigation was to determine with reasonable certainty the service life that can be
expected of a “like-in-kind” 55% Al-Zn alloy-coated steel SSR system when installed today in the Continental
United States. To arrive at such a determination, numerous elements require consideration. A “roof
system” is comprised of many components, each having a different service life. Thus, in order to
accurately assess the system service life, it is necessary to evaluate the service life of each individual
component that comes to bear on the life of the roof system in total.

GALVALUME® is an internationally registered trademark of BIEC International, Inc. or one of its licensed producers.



In many cases, the expiry of a certain component may not constitute expiry of the roof system. If the
component can be replaced or rehabilitated in a manner consistent with the design intent of the roof
system (durability, reliability, maintenance freedom) for a reasonable cost without further detriment,
then such replacement or rehabilitation should be considered “maintenance” or “capital renewal”, but
should not be deemed to have defined the service life of the entire system. On the other hand, when
service life of some vital component is at its end and it cannot be refurbished at reasonable cost, it defines
end-of-life for the roof system. Discretion then needs to be exercised as to the meaning of the words
“reasonable cost”, and the nature of the repair should not be such that it occurs so frequently that it
becomes a maintenance nuisance in order to maintain roof system integrity.

Although first commercialized in 1972, the establishment of expected life for 55% Al-Zn alloy-coated
steel, based on empirical data alone, is not possible due to the lack of data that would indicate end of
service life. The logical approach then, is to locate roofs of significant age, analyze their “in service”
condition and from that analysis, project future performance. Given the fact that some of these roofs are
now past 30 years of age, there is a survey pool of sufficiently aged roofs available presenting
opportunity to collect and assemble meaningful data for such evaluation and projections.

Given the above stated objective, a real challenge is to assess changes in technology and industry practice,
and their effects on the expected service life of a roof as it would be constructed today. The goal is not
only to project the service life of the roofs constructed over 30 years ago, but to use the pertinent data
from those surveys as a tool to project the life of a similar roof constructed today using current
technologies and best practices. While the key basic materials and systems have changed little, some of
the related trade practices of 30 years ago have changed significantly. Simply stated, roofs are not built
today in the manner in which they were commonly built then. Newer technologies, materials,
components, details and practices have evolved over the last 30 years that have now become “best
practice”, and are used regularly on premium metal roof systems being installed today.

“Current day best practice” is defined as the trade practice that would likely be demanded by a
conscientious buyer, specifier or consultant in today’s marketplace to maximize, as nearly as possible, the
total roof system life expectancy. In order to be considered “best practice”, the material/method must
have ample commercial availability and be known and utilized regularly by scrutinizing trade
practitioners. It need not necessarily be “state-of-art”, as this superlative sometimes carries economic
consequence that is not commercially viable on a broad scale, and therefore not often practiced. In cases,
however, when “state-of-art” is economically viable, it may be considered synonymous with “best
practice”. In similar fashion, when “best practice” is of little economic premium, it is also “standard
practice”.

In 2011, Haddock and Dutton developed general protocols for the inspection and analysis of a low slope
55% Al-Zn alloy-coated steel total standing seam roof system [12]. Those protocols are included and
expounded herein. The Haddock/Dutton report however is for a single roof in Denver, Colorado. That
project piqued interest in exploring a broader sampling of roofs and in developing more comprehensive
findings. Using the 2011 report as a basis for further research, three independent consulting firms with
experience in the field were assembled for contribution to various aspects of this research project and
report, including: the criteria of sample site selection, site inspection protocols, field data and sample
collection, lab test protocols, evaluation of collected data, and analysis of findings and conclusions.



Basis for Site Selection, Inspection and Evaluation

[t is appropriate that multiple sample sites be visited for data collection. Different climate regions with
respect to heat and cold, UV and sunlight, relative humidity and pH of precipitation may have varying
effects on degradation of metal roof system elements. The sites selected should be aged sufficiently to
provide meaningful empirical data from which projections can be based. The original construction dates
must be reliable. Preferably, the systems represented should still be commercially available and of style
and art that are commonplace in today’s market for low-slope, coated-steel commercial roofing systems;
hence machine-folded, trapezoidal standing seam metal styles are preferred at slopes of <1:12 (4.5°).

The selected sites must exhibit acceptable trade practice of the era when the roofs were constructed. The
specimens should be installed in substantial compliance with manufacturer’s standards and instructions
and devoid of significant installation error. The base material must be 55% Al-Zn alloy-coated steel. This
material is the standard practice and most common choice for today’s low-slope, unpainted commercial
metal roofing. It is known by many trade names throughout the world; principally GALVALUME® and
Zincalume® in the United States.

The research team selected 5 climate regions of various geographies in the Continental United States,
exhibiting a spectrum of climates related to heat and humidity. They are designated, Hot-Dry, Hot-
Humid, Cold-Dry, Cold-Humid, and Moderate-Acid, as seen in Figure 1. The precipitation acidity also
varies considerably from one site to the next over this broad geography.
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Figure 1. U.S. map showing general climate conditions of temperature and moisture.

Zincalume® is an internationally registered trademark of BIEC International, Inc. or one of its licensed producers.



Because these roof types and sites are more easily identifiable by their original makers, members of the
pre-engineered metal building community were contacted for possible candidate sites. The identification
of probable survey sites thereupon became challenging. Because of multiple mergers, acquisitions and
attrition within that industry, most constituents did not have records dating back 30-plus years to
identify these projects. Butler Manufacturing, a division of BlueScope Buildings North America, Inc., was
the single exception, having ample records for sample identification and dating of origin nationwide.
Because the researchers desired a broader sampling with respect to brand of manufacture, exhaustive
efforts were made to identify and include other brands.

The intent of the research team was to survey 3 sites in each climate region (totaling 15). After
considerable delays and difficulty in identifying diversity in brand of roof manufacture, 14 final specimen
sites were visited for inspection and sample and data collection over the course of approximately two
years. While this falls just short of the 15-roof objective, it provides ample information for
comprehensive analysis.

The site inspection protocols and methods for testing, evaluation, and future repair/rehabilitation costs
are varied depending upon the component(s) involved. Those components have therefore been divided
into 4 categories: Coated Steel Sheet; Sealants; Closures and Fasteners; and Ancillaries. Hence, each of
these categories is segregated within this report with its own related 1) Inspection/Sampling/Test
Procedures, 2) Observations and Results, and 3) Evaluation/Discussion. The protocols, logic and
procedures that are common to all specimen sites are fully expounded within this Summary Report, and
summary conclusions are likewise contained herein. Specific findings from each site surveyed are
attached as Appendices and contain statistical and other information more specific to each sample site.

In summary, this report documents those efforts undertaken to determine with reasonable certainty the
roof service life that can be expected of a “like-in-kind”, unpainted, low-slope 55% Al-Zn alloy-coated
steel standing seam roof system when installed today using best practice within the Continental United
States. In this analysis, a value for renewal costs in excess of 20% of the total roof system replacement
cost was deemed to be excessive and would therefore constitute end of service life for the roof system.

Best Practices
For purposes of this study and report, the following shall be considered “best practice” of today:
Best Practices: Soil Stack and Other Round Penetrations

Best practice is to flash these type roof penetrations using a special pipe flashing having black EPDM top
(state-of-the-art would be black silicone rather than EPDM) with flexible aluminum base, sealed to the
roof with butyl copolymer tape, as shown in Figure 2. These products have been used now for more than
30 years and have also become the standard practice for this type roof. They are widely available from
multiple sources and several brand names [13]. The expected performance life of such a flashing is 25
years or more, at which time they are easily replaced at an installed cost of less than $150.



Figure 2 - Best-practice flashing of round roof penetration.

Best Practices: Condensate Drainage

Best practice today concerning condensate from A.C. condensing units or effluent from swamp coolers is
that it is plumbed through the roof using a pipe flashing (as described above) into a plumbing drain, or
alternatively direct it to the eave on the roof’s topside using PVC piping and discharged to the ground
avoiding any contact with coated steel roof components [13]. An example of this type of arrangement is
shown in Figure 3.

Figure 3 — Best practice is to carry condensate to the eave or a vent pipe using
PVC piping properly mounted to the roof panels to avoid premature corrosion
of the 55% Al-Zn alloy coating of roof panels.



Best Practices: HVAC (Typical Load-Bearing and Non-Load-Bearing Roof Curbs)

Best practice today utilizes a welded, all-aluminum or stainless “floating” equipment curb similar to that
pictured in Figure 4. The curb flanges are sealed with butyl polymer tape sandwiched between curb
flange and the roof panel. Such an installation according to today’s best practice would have a service life
of 65 years or more in most environments. In a mild corrosive environment such a curb may be expected
to perform for 70 or 80 years—well beyond the service life of any HVAC unit, and likely beyond the
service life of other, more crucial, roof system components. Such curbs are available from numerous
sources within the metal roofing industry and can be replaced if necessary for $1,500- $2,500 in today’s
dollars (installed cost for the approximate size illustrated by Figure 4). Replacement during the service
life of the roof system, however, would not be necessary.
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Figure 4 — Best-practice floating equipment curbs.

Best practice today [13] for a frame-mounted HVAC unit is that the frame is mounted to the standing
seams using non-penetrating seam clamps as shown in Figure 5. Care should be taken to evenly
distribute collateral loads into the roof, and that point loads do not exceed 200 pounds per ASTM E1514.
Any necessary ducting through the roof for units such as these is done with welded, all-aluminum or
stainless “floating” equipment curbs similar to that pictured in Figure 4.

A

Figure 5 - Non-penetrating seam clamps used to frame-mount HVAC unit.



Best Practices: Mounting of Other Ancillaries

Best practice for the mounting of ancillaries that are not by function penetrating the roof membrane such
as communications satellites, antennae, gas piping, condensate lines, lightning protection and the like is
accomplished by means of non-penetrating aluminum seam clamps attached by pinching the seam with
polished round point 300-series stainless steel fasteners as seen in Figure 6.

Figure 6 — Aluminum seam clamps used to mount a variety of ancillaries.

Such an installation is metallurgically compatible with 55% Al-Zn alloy coating and permits free drainage
on the surface of the roof, avoiding any situation that would trap moisture, and thus lead to premature
deterioration of the coating. These seam clamps are widely known and used within the industry. They
have been commercially available at moderate cost since 1993. Such an interface would be expected to
outlive the roof itself based on the exceptional corrosion resistance of the 300-series stainless steel and
aluminum materials used in these clamps [14-16]. While gas piping and angle iron frame are beyond the
scope of this report, prudence would suggest a rust-inhibitive paint coating to prevent formation and
leaching of oxides onto the metal roofing.



1. Inspection, Sampling, Test Procedures

The procedures described in this report were used in the roof inspections that took place in 2012 and
2013 to evaluate and document the performance of 55% Al-Zn alloy-coated steel standing seam roofs
(SSR) on 14 buildings in the United States. These building locations are shown in Figure 7 on a map of
the U.S. that shows precipitation pH. This variable is a measure of the acidity of a solution on a
logarithmic scale on which 7 is neutral, lower values are more acid, and higher values more alkaline. The
local precipitation pH is a factor that will be shown to be of importance under Observations and
Discussion. The building locations are also listed in Table I with accompanying information.

Hydrogen ion concentration as pH from measurements
made at the Central Analytical Laboratory, 1999

Sites not pictured:
AKO01 54

AK03 53 45-4.6

Vio1 52 L4445
a3_aa
<43

National Atmospheric Deposition Program/National Trends Network
http://nadp.sws.uiuc.edu

Figure 7. Locations of building inspection sites placed on a U.S. map showing precipitation pH levels [17].



Table I. Building Locations and Pertinent Statistical Information

Roof # and Location Climate Precipitation

Region pH in 1999 Built | Age* | Slope
1- Denver, CO Cold-Dry 5.00 1977 33 Y5:12
2- Riverton, WY Cold-Dry 5.05 1980 31 Y5:12
3- Riverton, WY Cold-Dry 5.05 1977 34 Ya:12
4- Ashland, OH Moderate 4.36 1976 35 Y5:12
5- Ashland, OH Moderate 4.36 1977 34 Y5:12
6- Ashland, OH Moderate 4.36 1979 32 Y5:12
7- Athens, GA Hot-Humid 4.64 1983 29 Y5:12
8- Irmo, SC Hot-Humid 4.71 1992 20 Yi12
9- Elloree, SC Hot-Humid 471 1983 29 Ya:12
10- Phoenix, AZ Hot-Dry 4.99 1989 23 Yp:12
11- Albuguerque, NM | Hot-Dry 5.05 1983 29 1:12
12- Westford, MA Cold-Humid 4.47 1983 30 Y12
13- Westford, MA Cold-Humid 4.47 1980 33 Y12
14- Eugene, OR Cold-Humid 5.37 1981 31 1:12

* Age in years at time of inspection

l.a  Inspection, Sampling, Test Procedures: Coated Steel Sheet

Collection of Coating Specimens for Laboratory Analysis

For most locations, the collection of coating specimens for laboratory analysis of corrosion will be done
by finding a representative end lap for disassembly and removal of material. Where an end lap is not
available, a ridge or roof penetration location can be selected for material sampling.

At the area of end lap disassembly, inspectors will cut a material specimen from the unexposed lower
(down slope) panel that is covered by the upper panel. The specimen should be a minimum size of 27 cm
(10.6") wide x 7.5 cm (3.0”) long.

At an area immediately down-slope of the above end lap, inspectors will cut a specimen from the exposed
panel area. The specimen should be a minimum size of 35 cm (13.8”) wide x 25 cm (9.8”) long. The
photograph in Figure 8, depicting a laboratory mock-up of the standing seam end lap location, illustrates
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the relative locations for obtaining the unexposed and exposed samples. The sample locations are
represented by the circular disks in Figure 8, although the actual samples taken from the roof are larger
in size and rectangular in configuration.

Following the extraction of the specimen, field patching needs to be skillfully accomplished with new
55% Al-Zn alloy-coated material and sealed with butyl polymer tape. Figure 9 shows the specimen area
from an actual site after the sample extractions and field patching of the area were accomplished.

Sample area
unexposed to the
outdoor
environment.

Sample area
exposed to the
outdoor
environment.

Down-slope panel.

Figure 8. End lap location where two standing seam panels overlap and on which
unexposed and exposed sample areas are represented.

For all samples, measurements of coating thicknesses should be made and recorded with a portable
device, such as a magnetic induction or eddy current instrument. Similar measurements should also be
made at random locations on other areas of the roof to establish an approximate range of coating
thicknesses and to ensure the sample areas are representative of the roof. Atleast5 other roof locations
should be sampled, making 10 measurements at each location.

It is wise to label and photographically document the entire procedure to facilitate laboratory testing and
detailed data analysis of samples.



11

Figure 9 - Completed patch after removal of exposed sample.

Inspectors should photo-document any unusual corrosive effects seen elsewhere on the roof and provide
commentary, as well as photographing and providing commentary of sheared edges and radius bends of
material.

Determining Corrosion Rate and Projected Panel Service Life

The samples taken from the roofs are to be evaluated by an independent laboratory (see
Acknowledgments) for corrosion. A single specimen (denoted #1) will be cut from the unexposed sample
from each site visited. Two specimens (denoted #2 and #3) will be cut from the exposed sample. Based
on the corrosion measurements made on these specimens, the corrosion rate in g/m?2/yr can be
calculated by dividing the amount of corrosion loss on specimens 2 and 3, by the age of the roof, as shown
in equation 1. Details of this analytical technique may be found elsewhere [12].

R =(S1-Sn)/t (1)
where
R= rate of corrosion, g/m?2/yr
S1= total coating mass of unexposed specimen 1, g/m?
Sn= total coating mass of exposed specimen n, g/m?
n=2or3

t= age of roof, years

These data will then be used to calculate a projected panel service life for a 55% Al-Zn alloy-coated steel
SSR constructed today using best practices. The projected panel service life can be defined as the time
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required until total mass loss due to corrosion of the top coating surface has been achieved. Thus for a
55% Al-Zn alloy-coated steel SSR constructed today, it was assumed that a nominal coating mass of 165
g/m?2 (AZ55) would be used, as this is representative of most current unpainted 55% Al-Zn alloy-coated
steel SSR systems. A “worst case scenario” is also assumed in that, according to ASTM A792/A792M -09a,
“not less than 40% of the single-spot test limit will be found on either surface”. Further, assuming that
40% of the single-spot test limit of 150 g/m? is on the top surface of the roof panels where corrosion
occurs, then the most conservative projected panel service life would be calculated from equation 2 as
follows:

Lp=(C¢/R) 2)
where
Lp = projected service life of roof panel, years
Ct = coating mass on top surface, g/m? (in this case, 40% of 150 equals 60 g/m?)

R =rate of corrosion, g/m?/yr

[t should be noted that these calculations are based on a straight-line relationship between year zero and
the corrosion mass loss measured at the year representing the age of the roof. As such, itis a
conservative estimate since the corrosion rate of 55% Al-Zn alloy-coated steel sheet is known to decrease
with time [18].

Other Observations and Reporting

Inspect the entire roof area visually, making photographic note of any unusual corrosive effects. Report
the nature and effect of unusual corrosive effects, and the cause. If the cause is a normal phenomenon,
then it may determine end of life of the coating. If the corrosive effect is the result of flagrant negligence
or failure to observe best practice in installation, it shall be reported, but not considered as determining
end-of-life of the metallic coating.

For panel edges and profile radius bends, representative areas will be photographed at close range to
document the visual appearance at these areas. Any areas of corrosion will be noted, as well as any
mechanically induced coating crazing due to roll forming or seaming.

1.b  Inspection, Sampling, Test Procedures: Sealants

Collection of Sealant Samples for Laboratory Analysis

For most locations, the collection of sealant samples for laboratory analysis will be done by finding a
representative end lap for disassembly and removal of material. Where an end lap is not available, a
ridge, eave or roof penetration location can be selected for material sampling. After material removal,
suitable replacement sealant will be applied to the area to maintain the waterproof seal.
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Determining Material Properties of Sealant

The visual properties of the sealants will be noted and documented photographically upon sampling. In
addition, material will be collected and stored in air-tight plastic bags for subsequent laboratory analysis.
This analysis will consist of cohesive tensile strength according to ASTM C907 and cone penetration at
72-78F according to ASTM D217.

Conformity of Other Sealants to the Sample

During site inspections, sealants at eaves and ridges will also be examined by probing to ascertain that
their general physical condition and aging is consistent with the sample area sealant. Document
photographically and with commentary. Note any disparity between the visual observations of sealants
at these locations and the sample area.

1.c  Inspection, Sampling, Test Procedures: Closures and Fasteners

Ridge and eave closures will be examined for expected service life on each site. Ridge closures can
normally be replaced if necessary. Eave closures cannot always be easily replaced, and therefore may
constitute expiry of the roof system depending upon the eave detail and replacement practicality.
Typically these components are not as directly exposed as the roof panels, but may be fabricated from
different materials with different weathering characteristics.

Exposed fasteners would not constitute the expiry of the roof system, as they can be easily replaced,
however their service life must be estimated and replacement costs factored if appropriate. Site
inspections will include visual inspection, documentation of the condition of any exposed fasteners and
rationale concerning remaining life and replacement costs when warranted.

1.d Inspection, Sampling, Test Procedures: Ancillaries

If a certain component is not actually part of the roof system, but an ancillary that is mounted on the roof
system, the service life of the component itself need not be evaluated, but the actual interface should be
evaluated. Examples include gas piping, conduit or a communications satellite that are mounted on the
roof. These ancillaries are not integral to the roof and their condition and service life is not relevant to
this report, however any mounting method for those components that interfaces with the roof is relevant
and any detrimental effect of such methods and materials should be noted. For example, consider an
HVAC unit mounted on a curb or frame that interfaces with the roof. The condition of the HVAC unit itself
is not relevant to this report, but the condition of the curb or frame, and particularly its interface with or
detriment to the roof should be evaluated as to service life (and replacement cost if appropriate) and
noted within the site report. Another example is a PVC plumbing vent installed with a penetration
flashing. The condition of the PVC pipe is not relevant. The flashing integrity and weather-tightness is
relevant.

Perimeter flashings, gutter and gutter hangars are considered “ancillary” for purposes of this study.
Often, they are a different material or may age differently than the roof material itself. They also would
not constitute expiry of the entire roof system if their selective replacement is quite feasible and
relatively inexpensive. They are to be inspected for condition and expected service life and replacement
costs if appropriate.
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Procedures for Component Rehabilitation/Replacement Costs

Given the stated objectives and repair parameters of this report, the ancillaries or components that
reflect best practice of today and would be used in similar construction today but still require
replacement within a 60-year time frame should be cost-factored within this study of the subject roof.
Ancillaries or components that have or will expire that do not reflect best practice of today should only be
factored to the extent that is reflective of today’s best practice. Example 1: A galvanized roof curb on a
subject roof has expired at the time of inspection. Given that.080” all-welded aluminum curbs are
today’s best practice, and have expected service life of 65+ years, the replacement of the subject roof curb
should not be factored because today’s best practice would use the appropriate curb material, not that of
30 years ago. Example 2: A galvanized pipe flashing for a soil stack is expired at the time of inspection.
Given that EMDM rubber pipe flashings are currently best practice, and demonstrate a 25-year service
life, replacement of this ancillary component should be factored in year 25 and again at year 50.

Costs for rehabilitation or replacement should be consistent with respect to best practices of today, and if
multiple replacements are required during the 60-year term, they should be calculated accordingly using
today’s dollar values. All these replacement costs for all components not punctuating “end of roof service
life” should be aggregated for a given site. Replacement costs shall be calculated in similar fashion to the
33-year old roof in Denver [12], including both labor and material using fair value in today’s market. If
and when these aggregated costs exceed 20% of today’s costs for total roof replacement, the roof shall be
deemed to be at end of life.

2. OBSERVATIONS AND RESULTS

2.a Observations and Results: Coated Steel Sheet

The coating masses measured for each of the three specimens from each location and the corresponding
calculated corrosion rates (from equation 1) and projected panel service lives (from equation 2) for each
roof are shown in Table II.
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Table II. Total Coating Masses, Corrosion Rates and Projected Panel Service Lives

Coating
Coating Mass Mass of Calculated | Projected
. of Weathered | Corrosion Panel
Roof #Iand Cllm_ate Unweathered | Spec.2& 3, | Rates, R, Service
Location Region | gpec. 1, g/m? g/m?2 g/m2/yr | Life, years

1-Denver, CO Cold-Dry 188 0.36 167
200 189 0.33 182

2-Riverton, WY Cold-Dry 178 0.39 154
190 179 0.35 171

3-Riverton, WY Cold-Dry 193 0.29 207
203 189 0.41 146

4-Ashland, OH Moderate 159 0.66 91
182 159 0.66 91

5-Ashland, OH Moderate 182 0.53 113
200 176 0.71 85

6-Ashland, OH Moderate 171 0.84 71
198 166 1.00 60

7-Athens, GA Hot-Humid 181 0.59 102
198 179 0.66 91

8-Irmo, SC Hot-Humid 168 0.65 92
181 167 0.70 86

9-Elloree, SC Hot-Humid 166 0.48 125
180 169 0.38 158

10-Phoenix, AZ Hot-Dry 194 0.43 140
204 197 0.30 200

11-Albuquerque, NM | Hot-Dry n/a n/a n/a
200 191 0.31 194

12-Westford, MA Cold- 178 0.47 128
Humid 192 177 0.50 120

13-Westford, MA Cold- 189 0.73 82
Humid 213 188 0.76 79

14-Eugene, OR Cold- 180 0.16 375
Humid 185 180 0.16 375
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As an example, using the corrosion rates shown in Table II (as calculated from equation 1), and the
“worst case scenario” assumptions of coating mass distribution noted above, the projected panel service
life for a newly constructed 55% Al-Zn alloy-coated steel SSR system in Athens, GA can be calculated by
using equation 2 as follows:

Lp=C¢/R (2)
=60/0.59
= 102 years, based on specimen 2,

or =60/0.66

= 91 years, based on specimen 3.

These values for projected 55% Al-Zn alloy-coated steel panel service life are in good agreement with
other studies that used 10 x 15 cm atmospheric exposure panels to measure corrosion mass loss in a
wide range of environments [7, 19, 20].

Roof Panel Edges and Bend Performance:

Edges and bends typically exhibit the first signs of corrosion as they are areas where a raw steel edge is
exposed or where there may be a condition of tensile strain on the panel profile bend radius. Our
inspections revealed excellent-to-very good performance in these two areas. The close-up photograph in
Figure 10 shows a representative condition of a sheared, panel lap edge on the roof in Athens, GA. The
sheared edge is free of red rust, indicating excellent long-term edge protection after 29 years. This
performance is consistent with prior work [21] that reported only superficial stain and no rust deposits
on exposure panels after 30 years of exposure in rural, industrial and moderate marine environments.
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Figure 10 - Sheared, lap edge of 55% Al-Zn alloy-coated SSR panel showing negligible
corrosion after 29 years on a roof in Athens, GA.

Panel profile radii may undergo a degree of tensile strain if the panel is not properly roll formed.
Severely formed radii can exhibit heavy crazing of the metallic coating which can lead to significant
corrosion in aggressive environments. Currently, however, steel manufacturers, working with roof panel
manufacturers and trade organizations, have developed roll forming “best practice” guidelines that
virtually eliminate such occurrences.

The photograph in Figure 11 shows a representative condition of the major rib profile radius of the SSR
panel. Only minor crazing and light superficial staining is observable. The performance along the top
radius of the standing seam is also excellent, as shown in a representative seam in Figure 12.

Figure 11 - Light crazing and superficial staining along a major rib profile radius
after 29 years’ exposure on a roof in Athens, GA.



