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Executive Summary : This report documentsand summarizesthe work conducted to determine

with reasonable certainty the roof service lifetha® AT AA AP A-hEGEA Aledbpebiv@l- E E A
Zn alloy-coatedsteel StandingSeamRoof (SSR¥ystem wheninstalled today in a like

environment using best practices. It incorporates the results ofmultiple field inspections, independent
laboratory analysesof metallic corrosion of the roof panelscomponentsand sealants, and

includes assessmenbf all integral ancillary components thatimpact the end ofroof service life.

Background and Introduction

The desire to be able to accurately predict l@-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) owhole building Life Cycle Assessment (LCA) analyses, as well as betteryanative
maintenance/repair cost estimating and scheduling.One method used previously to estimate roof

service life relieson opinion surveys of roofing professionals [12]. Another method usegabulations of
actual roof replacements at the end of theiservice lives [3]. J.L. Hoff has discussed the merits and

1 EIl EOAGETT O 1T &£ OEAOGA 1 AGET AGh AO xAll AO OEA OOA
warranty periods [5] to develop a meaningful number for roof service life of lowslope membraneroof
coverings.

/ITA T /&£ OEA OET OOATIT EITCO I £ OOET ¢ | AT OEAAOOOAOOG
experience is gained and actual field performance is documente&or example, Bethlehem
SteelCorporation developed a highly corrosionresistant 55% Al-Zn alloy-coated steel product in the
pwend O AT A AACAT O 1 AOEAO EO EIT cpheg. Shofly tiedkdter@QE A
20-year warranty against through-penetration corrosion was offered, based on §ear atmospheric
corrosion data measured on pilotline produced specimens [6].As the product gained more widespread
usethrough worldwide licensing agreementsand additional corrosion data were developed [710], the
warranty period was extended to 25 years.More recently, fieldinspections of 12 lowslope standing

seam roofs in place in the U.S. for 386 years [11] have shown that the product continues to perform
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well in a wide range of environments, and that the current 2&ear warranty period clearly
underestimates the actuakervice life of a 55% AlZn alloy-coated steel standing seam roof.

The objective of this investigationwas to determine with reasonable certainty the service life that can be
A@b A A OA Ain-E EEI586 AbZn BliEykoated steel SS&stem when ingtlled today inthe Continental
United States To arrive at such a determination, numerous elements require consideratiod. OOT T A&
OUOOAI 6 EO Al i POEOAA | £ hdiferent sArlide id. Thid, O @dertd AAE EA
accurately assess theystemservice 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 | icensed producers.

In many cases, the expiry of a certain component may not constitute expiry of the roof systeth.the
component can be replaced or rehabilitated in a manner consistent with the design intent of the roof

system (durability, reliabilit y, maintenance freedom) for a reasonable cost without further detriment,

OEAT OOAE OADPI AAAT AT O T O OAEAAEI EOQOAOQETOATOEN Al oAh AL
should not be deemed to haveefined 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 efurbished at reasonable

cost, it definesend-of-life for the roof system. Discretion then needs to be exercised as to the meaning of
OEA xT OAO OOA A @k haturd bf &e rBpaitsBobilth notlbk duich 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% Aln alloy-coated

steel, based on empirical data alone, is not possible due to the lack of data that would indicate end of
servicelife. AEA 11T CEAAT APPOI AAE OEATh EO O 11 AAGA OI1
condition and from that analyss, project future performance. Given the fact thatsome 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 projéens.

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 lie 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
changedlittle, some of the related trade practices of 30 years ago have changed significant8imply

stated, roofs are not built today in the manner in which they were commonly built thenNewer

technologies, materials, components, detailand practiceshave evolved over the last 30 years that have

N s o~ A o~

TTx AAATT A OAAOO POAAOGEAAGh AT A AOA OOAA OACOHI AO

N s o~ A o~

O#O000AT O AAU AAOO POAAOGEAASG EO AAEET AA AO OEA OO
conscientious buyer,specifieri O AT T 001 OAT O ET to @dxifidelhs rdarliad gb&sibiéyie] A A .
total roof system life expectancy) T T OAAO O AA AT 1 OEAAOAA OAAOO bC
have ample commercial availability and be known ahutilized regularly by scrutinizing trade
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practitioners. ItT AAA 11 0 T AAAGADOBEhU ADA OGEOAODDPAOI AOEOA O
consequence that is not commercially viable on aAbroad scale, and therefore not often practiceucases,
however,x EAT @AOMHA EO AATTTTEAAIT U OEAAT AR EO T AU A,

DOAAQE’TAACDE& El AO AAOEEI | h xEAT OAAOO POAAOEAAG EO

N s o~ A s~

In 2011, Haddock and Dutton developed gearal protocols for the inspection and analysis of a low slope
55% Al-Zn alloy-coated steeltotal standing seamroof system[12]. Those protocols areincluded

and expounded herein. The Haddock/Dutton report however is for a singleroof in Denver,

Colorada That project piqued interest in exploring a broader samplingof roofs and in developingmore
comprehensive findings. Using the 2011report as a basis for further researchthree independent
consulting firms with experience in the fieldwere assembled ér contribution to various aspects of this
research project and report,including: the criteria of sample site selectionsite inspection protocols, field
data and sample collection, labest protocols, evaluation of collected dataand analysis of finding and
conclusions.

Basis for Site Selection, Inspection and Evaluation

It is appropriate that multiple sample sitesbe visited for data collection. Different climate regions with

respect to heat and coldUV and sunlightrelative humidity and pH of precipitation may have varying

effects on degradation ofmetal roof system elements.The sites selectedshould be aged sufficiently

to provide meaningful empirical data from which projections can be basedl'he

original construction dates must be relidle. Preferably, the systems represented should still be

commercially availableand of style and artthatare AT I I T 1 1 AAA ET OI AAUBO 1 AO
slope,coated-steel commercial roofing systemshence machinefolded, trapezoidal standing

seammetalstyleO0 AOA DOAZEAOOAA AO O1 T PAO T &£ Spdgpg j180LIQ

The selected sites must exhibit acceptable trade practice of the era when the roofs were constructétie
OPAAEI AT O OET OI' A AA ET OOAIT T AA ET OOAOOAT OEAI AT
and devoid of significant installation error. The base materiamust be 55% Al-Zn alloy-coated steel. This
material is the standard practiceand most common choiceEl O OT Asfopefudpaintdd sommercial

metal roofing. It is known by many trade nanes throughout the

world; principally GALVALUME and Zincalume® in the United States.

Theresearchteam selectedb climate regions of various geographiesin the Continental United
States,exhibiting a spectrum of climates related to heat and humidityThey are designated, HeDry, Hot-
Humid, ColdDry, ColdHumid, and ModerateAcid, as seen in Figure 1The precipitation acidity also
varies considerably from one site to the next over this broad geography.
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Moist (A)

Figure 1. U.S. mapshowinggeneral 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 their original makers, members of
the pre-engineeredmetal building community were contacted for possible candidate sitesThe
identification of probable survey sites thereupon became challengingBecause 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 ofBlueScopeBuildings North
America, Inc., was the single exception, having ample records for sample idén#tion and dating of
origin nationwide. Because the researchers desired a broadsampling 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 sitas each climate region (totaling 15).After
considerable delays and difficulty in identifying diversity in brand of roof manufacture, 14 final specimen
sites were visitedfor inspection and sample and data collectiorover the course ofapproximately two
years. While this falls just short of the 15-roof objective, it provides ample information

for comprehensiveanalysis.

The site inspection protocols and methods for testingevaluation,and
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future repair/rehabilitation costsare varied depending uponthe component(s) involved. Those
components have therefore been divided into 4ategories: Coated Steel She@&galants; 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 areommonto all specimen sites are
fully expounded within this Summary Report, and summargonclusionsare likewise cortained

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 reasonableertainty the

Oi i £ OGAOOEAA | EAA OBIADE Ruhfinintddiowssior 568 QlirAalldy-doatdd O E E
steel standing seanroof system when installed todayusing best practicewithin the Continental United

States. In this analysis, a valudor 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 followingshalhk A AT T OEAAOAA OAAOO DPOAA
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 ratherthan EPDM) with flexible aluminum base, sealed to the
roof with butyl copolymer tape, as shown inFigure 2. These products have been used now for more than
30 years and have also become the standard practice for this type rodfhey are widely availablefrom
multiple sources and several brand nameflL3]. 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 7z Bestpractice flashingof round roof penetration.
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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 (adescribed above) intoa plumbing drain, or

Al OAOT AOGEOGAT U AEOAAO EO OiF OEA AAOGA 11 OEA O1 1 A5
avoiding any contact with coated steel roof componentd3]. An example of thistype of arrangementis

shown in Figure 3.

Figure 3 z Best practice is to carry condensate to the eaws a vent pipeusing
PVC piping properly mounted to the roof panelso avoid premature corrosion
of the 55% AlZn alloy coating of roof panels.

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

Best practice today utilizesa welded, akA1 01 ET Oi 1T O OOAET 1 AOGO OA&I 1 AOET C
pictured in Figure 4. The curb flanges are sealed with butyl polymer tape sandwicheuetween curb
flange and the roof panel3 OAE AT ET OOAIT 1 ACET T AAAT OAET ¢ O1 OI A

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 yearse well beyond the service life of any HVAC unit, and likely beyond the

service life of other, more crucial, roof system componentsSuch curbs are available from numerous

sources within the metal roofing industry and carbe replaced if necessary for $1,500A c hv tmt ET O]
dollars (installed costfor the approximate size illustrated by Figure 4).Replacement during the service

life of the roof system, howeverwould not be necessary.
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Figure 4 z Bestpractice floating equipmentcurbs.

Best practice today[13] for a frame-mounted HVAC unit is that the frame is mounted to the standing
seams using norpenetrating seam clamps as shown ikigure 5. Care should be taken to evenly
distribute collateral loads into the roof, and tha 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 alliminum

I O ANOEBdgu&d#s.O AOOAO OEI EI AO

N

Figure 5 z Non-penetrating seam clamps used to framenount HVAC unit.
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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, ar@nnae, gas piping, condensate lines, lightning protection and the like is
accomplished by means of nopenetrating aluminum seam clamps attached by pinching the seam with
polished round point 300-series stainless steel fasteners as seen in Figuse

Figure 6 Z Aluminum seam clampsused to mount a variety of ancillaries.

Such an installation is metallurgicallycompatible 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 thadustry. They
have been commercially available at moderate cost since 1993uch an interface would be expected to
outlive the roof itself based on the exceptional corrosion resistance of the 3&ries stainless steel and
aluminum materials used in these clampg14-16]. While gas piping and angle iron frame are beyond the
scope of this report, prudence would suggest a rushhibitive paint coating to prevent formation and
leaching of oxides onto the metal roofing.
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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 anddocument the performance of 55% AlZn alloy-coated steelstanding seam roofs
(SSR)on 14 buildings in the United States.These building locations are shown in Figur& on a map of
the U.S. that showsrecipitation pH. This variable is a measure of the acidity & solution on a
logarithmic scale on which 7 is neutral, lower values are more acid, and higheslues more alkaline.The
local precipitation pH is a factor thatwill be shown to be of importance underObservations and
Discussion. The building locations are alsdisted in Table | with accompanying information.

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

Sites not pictured:
AKO1 54
AKO3 53
Vio1 5.2

-4.
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].
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Table I. Building Locations and Pertinent Statistical Information

e | imae | Popiaien | i | ager | siope
1- Denver, CO Cold-Dry 5.00 1977 33 Y5:12
2- Riverton, WY Cold-Dry 5.05 1980 31 Y:12
3- Riverton, WY Cold-Dry 5.05 1977 34 Ya12
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 Y%:12
8- Irmo, SC Hot-Humid 4.71 1992 20 Y12
9- Elloree, SC Hot-Humid 4.71 1983 29 Y12
10- Phoenix, AZ Hot-Dry 4.99 1989 23 Ya12
11- Albuquerque, Hot-Dry 5.05 1983 | 29 1:12

NM

12- Westford, MA | Cold-Humid 4.47 1983 30 Yi:12
13- Westford, MA | Cold-Humid 4.47 1980 33 Yp:12
14- Eugene, OR | Cold-Humid 5.37 1981 31 1:12

* Age in years at time of inspection

la 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 @orrosion will be done
by finding a representative end lap for disassembly and removal of materialVhere an end lags not
available, a ridge or roof penetration locatiorcan beselected formaterial sampling.

At the area of end lap disassemblynspectorswill cut a material specimen from the unexposed lower
(down slope) panel that is covered by the upper panelThe specimen should be a minimum size of 27 cm
jpndedq xEAA @ x8uv Al jo8mnoq I111¢cCs8
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At an area immediately downslope of the above end lagnspectorswill cut a specimen from the exposed
panelarea.4 EA OPAAEI AT OET O1I A AA A T ETEI OI OEUAe | £ ovu
photograph in Figure8, depicting a laboratory mockup of the standing seam end lap location, illustrates

the relative locations for obtaining the unexposed and exposed sampleBhe sample locations are
represented by the circular disks in Figure8, although the actual samples taken from the roaire larger

in size and rectangular in configuration.

Following the extraction of the specimen, field patchingheedsto be skillfully accomplished

with new 55% Al-Zn alloy-coated material and sealed with butyl polymer tapeFigure 9 shows the
specimen area from an actual sitafter the sampleextractions and field patching of the

areawere 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 arwh 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 aagnetic 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 roét least 5other roof

locations should be sampled, making 10 measurements at each location.

It is wise to label and photographically document the entire procedure to facilitate laboratortesting and
detailed dataanalysis of samples.
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Figure 9 z Completed patch after removal of exposed sample.

Inspectors should photedocument any unusual corrosive effects seen elsewhere on the rawoid provide
commentary, as well aphotographing and providing commentary of sheared edgesind radius bends of
material.

Determining Corrosion Rate and Projected Panel Service Life

The samples taken from the roofare to beevaluated by an independent laboratory (see
Acknowledgments) for corrosion. A single specimen (denoted #1yill be cut from the unexposed
samplefrom each site visited. Two specimens (denoted #2 and #3ill be cut from the exposed
sample. Based on the corrosion measurements made on these specimens, the corrosion rate in
g/mz/yr can becalculated by dividing the anount 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 elsewhel@2].

R=(SS)t 1)

where

R= rate of corrosion, g/m/yr

S= total coaing mass of unexposed specimen 1, ghn
S= total coating mass of exposed specimen n, g/m
n=2or3

t= age of roof, years
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These datawill then be used to calculate a projected panel service life fors% Al-Zn alloy-coated

steel SSRconstructed today using best practicesThe projected panel service life can be defined as the
time required until total mass loss due to corrosion of the top coating surface has been achievddhus

for a55% Al-Zn alloy-coated steelSSR constructed tody, it was assumed that a nominal coating mass of
165 g/m2 (AZ55) would be used, as this is representative of most curreninpainted 55% Al-Zn alloy-
coated steelSSR systemsl.  Ox 1 OO0 A As@ldo as3umbd itiaE &céording to ASTM
A792/A792M -0wAh OT 1T O 1 AOO O Epbitestdimitwill bepurdBrieith@rE T C1 A

O 0 O A KuktiAed, @ssuming that 40% of the singlespot test limit of 150 g/mzis on the top surface of the
roof panels where corrosion occurs, then the most conservative projeatl panel service life would be
calculated from equation 2 as follows:

L=(C/R) (2)

where
L, = projected service life of roof panel, years
G = coating mass on top surface, g/a{in this case, 40% of 150 equals 60 g/m)

R = rate of corrosion, g/ml/yr

It should be noted that thesecalculations are based on a straighline relationship between year zero and
the corrosion mass loss measured at the year representing the age of tieef. As such, itis a
conservative estimate since the corrosion rate 5% Al-Zn alloy-coated steelsheet is known to decrease
with time [18].

Other Observations and Reporting

Inspect the entire roof area visually, making photographic note of anynusual corrosive effects.Report
the nature and effect of unusual corrosive effects, and the caudéthe cause is a normal phenomenon,
then it may determine end of life of the coatinglf 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 areag\ny 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 fdraboratory Analysis

For most locations, the collection ofealant sampledor laboratory analysis will be done by finding a
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representative end lap for disassembly and removal of materiaMVhere an end lap is not available, a
ridge, eaveor roof penetration location can be selected for material samplingAfter material removal,
suitable replacement sealant will be applied to the area to maintain the waterproof seal.

Determining Material Properties of Sealant

The visual properties of the sealants Wi be noted and documented photographically upon samplingln
addition, material will be collected and stored in aittight plastic bags for subsequent laboratory
analysis. This analysis will consist of cohesive tensile strength according to ASTM C907 aimhe
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 igonsistent with the sample area sealantDocument
photographically and with commentary. Note any disparity between the visual observations of sealants
at these locations and the sample area.

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

Ridge and eave closures will be examined for expected service life on each sRalge closures can
normally be replaced if necessaryEave closures cannoalways be easily replaced, and therefore
may constitute expiry of the roof systemdepending 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 notonstitute the expiry of the roof system, as they can be easily replaced,
however their service life must be estimated and replacement costs factored if appropriat&ite
inspections will include visual inspection,documentation of thecondition of any expsed fasteners and
rationale concerningremaining life and replacementcostswhen 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 thaof
system,the service life of thecomponent itselfneed not be evaluated, but the actual interface should be
evaluated. Examples includegas piping, conduit or a communications satellitthat are mounted on the
roof. These ancillaries are not integrato the roof and theircondition and service lifeis 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 noteBor example,
consideran HVAC unit mounted on a curb or frame that interfaces with the roofThe 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 evaluatedas to service life (and replacement cost if
appropriate) and noted within the site report. Another exampleis aPVC plumbing vent installed with a
penetration flashing. The condition of the PVC pipe is not relevant. The flashing edrity and weather
tightnessis relevant.
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0OAOEI AOAO &I AOEET ¢cOh COOOAO AT A COOOAO EAT CAOO A
study. Often, they are a different material omay 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. Theyare to be inspected for conditionand expected service life and replacement
costs if appropriate.

Procedures for Componat Rehabilitation/Replacement Costs

Given the stated objectives andepair parameters of this report, the ancillaries or

componentsthat reflect best practice of today andvould be used in similar construction

today but still require replacementwithin a 60-year time frameshould be costfactored within this study

of the subject roof. Ancillaries or components that have or will expire that do not reflect best practice of

O1T AAU OETOI A T1T1TU AA EAAOT OAA O Okd BAgRAIAO OEAOD
galvanized roof curb on a subjectoof has expired at the time of inspection! EOAT OE AvBlde8 T Y 11 6
Al Oi ET Oi AOOAO AOA O1 AAUBO AAOO POAAOEAAR AT A EA
the subject roof curb $iould not be factoredbecauseOT AAUB O AAOO DPOAAOGEAA x1i Ol
material, not that of 30 years agoExample 2: A galvanized pipe flashing for a soil stack is expired at the

time of inspection. Given that EMDM rubber pipe flashings areurrently best practice, and demonstrate a
25-year service life, replacement of this ancillary component should be factored in ye25 and again at

year 50.

Costs for rehabilitation or replacement should be consistent with respect tbest practices of bday, and if
multiple replacements are required during the 60year term, they should be calculated accordingly using

Ol A AldNdr @alues.! 11 OEAOA OADPI AAAT AT O AT 66O &A1 O Al ATl
I EAAS OET Ol A ddhenAi Replahadtidsts gBhllde calculated in similar fashion to the
33-UAAO TI1T A O1TT £ ET $AT OAO frpgyYh EITAI OAET ¢ ATIDE 1 A

andwhenOEAOA ACCOACAOAA AT 00O A @ ArdohArdplacement, thefooiGhalbe U 6 C
deemed to be at end of life.

2. OBSERVATIONS AND RESULTS

2.a Observations and Results: Coated Steel Sheet

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

Coating Mass Coating Mass of Calculqted Projected
. of Weathered Corrosion Panel Service

Spec. 1, g/m?2
1-Denver, CO Cold-Dry 200 128 822 12;
2-Riverton, WY Cold-Dry 190 gg 832 i?i
3-Riverton, WY Cold-Dry 203 igg 8421? i%
4-Ashland, OH Moderate 182 igg 822 gi
5-Ashland, OH Moderate 200 igé 8?? 18153
6-Ashland, OH Moderate 198 %613 233 Z;é
7-Athens, GA Hot-Humid 198 i% 822 19012
8-Irmo, SC Hot-Humid 181 igg 8?8 gé
O-Elloree, SC Hot-Humid 180 igg 8:32 iég
10-Phoenix, AZ Hot-Dry 204 18? 833 %gg
B o g
12-Westford, MA | Cold-Humid 192 g? 8451; igg
13-Westford, MA | Cold-Humid 213 igg 8;2 %
14-Eugene, OR | Cold-Humid 185 128 gig g;g
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As an example, using the corrosion rates shown in Table(#is calculated from equation 1), and the o
Ox1T OO0 AAOA OAAT AOCET 6 AOOOI POEIT T Othé pljedtdd paet de@icel A O
life for a newly constructed 55% A{Zn alloy-coatedsteel SSR system in Athens, G#an be calculated by
using equation 2as follows:
L,=CG/R 2
= 60/0.59
= 102years, based on specimen 2,
or = 60/0.66

=91 years, based on specimen 3.

These values for projected 55% AZn 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 enwronments [7, 19, 20].

Roof Panel Edges and Bend Performarce

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 profiteend radius. Our
inspectionsrevealedexcellent-to-very good performance in these two areasThe close-up photograph in
Figure 10 shows a representative condition of a sheared, panel lap edge on the roof in Athens, Gide
sheared edge is free of redust, indicating excellent longterm 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 moddeamarine environments.
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300-series stainless stud
and nut

Aluminum cinch strap

55% Al-Zn alloy-coated panel

Lap edge

Sealant exposed to UV

Figure 10z Sheared, lap edge of 55% Adn 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 theetallic coating which can lead to
significant corrosion in aggressive environments Currently, however, steel manufacturers, working

with roof DAT Al T AT OEAAOOOAOO AT A OOAAA T OCAT EUAOQEIT T Oh
guidelines that virtually eliminate such occurrences.

The photographin Figure 11 shows a representative condition of themajor rib profile radius of the SSR
panel. Only minor crazing and light superficial staining is observableThe performance along the top
radius of the standing seams also excellent, as shown i@ representative seam irFigure 12.

Figure 11 7 Light crazing and superficial staining along a major rib profile radius 5
AEOAO ¢w UAAOOS Apbi OOOA 11 A O1TT &£ ET ! OEAT On
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14

Figure 12 z Excellent performance (only brownish dirt pick-up) along the top
radius of astanding seam on a 2%ear old roof in Athens, GA.

2.b Observations and Results: Sealants

The butyl sealants used in the construction of these roofsere observed to be consistently tacky to the
touch with good elasticwebbing characteristicsand adhesion to adjacent surfacesA representative
example of this performance iseen in Figure 13 whicrshowsthe disassembly of a 33year old endlap.

Figure 13 - Excellent elasticity demonstrated by the butyl sealant
on the Denver roof after 33 years.
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In addition to this favorable visual appearanceaboratory analysis of cohesive tensile strength and cone
penetration values revealed excellent performancen three roofs after up to 35 years. However, there

was not enough sample material to conduct these tests fine other 11 roofs in theoriginal 14-

roof study. Therefore an additional 7 roofs in one climate regionwer& AAT OEAZEAA AT A OOA
additional sealant sampes for testing. These 7 roofs were located itthe New England states oMA and

NH and ranged in age from 5 to 35 yeard=resh, unused sealant was also tested to provide baseline
properties. The data are shown in Table IlI.

Table Ill. Properties of Butyl Sealants Obtained from Roofs of Various Ages

Cohesive Cone Penetration
Age Tensile at 72 to 78F,
Roof # and Location ge, Strength, mm
years -
psi
A-Methuen, MA 5 19.0 93
B-Hampstead, NH 11 20.6 92
C-North Andover, MA 16 29.6 87
D-Haverhill, MA 26 17.4 140*
E-Westford, MA 30 21.0 98*
F-Westford, MA 33 28.0 86
G-Haverhill, MA 35 255 110*
1-Denver, CO 33 33.0 90
10-Phoenix, AZ 23 23.0 80
11-Albuquerque, NM 29 34.0 63
Fresh,unweathered 0 22.9 85

*De-polymerization noted in sample

The butyl sealantsat ridge and eave closures exhibited excellent elasticity and webbing
characteristics. Figures 14 and 15 show the condition of the butyl sealant when the eave closure and
ridge closure were probed with a knife edgeAt fillets exposedto U.V. from the sun, the sealant was dry
and chalky, forming somewhat of a barrier to further penetration of the elements into the

METAL CONSTRUCTION ASSOCIATION BUILD LEGACIES

8735 W, Higgins Road, Suite 300, Chicago, IL 60631 HEEIMETAL

847.375.4718 | mca@metalconstruction.org | www.metalconstruction.org




lap. However,when the outer-most exposed material was removed, the sealabeneath and
beyond exhibited the same tackinessfeel and elasticity as thendlap sealant sample area.

Figure 14 z Eave closure probed with knife edge (left) produced a sample of the
butyl sealant that exhibited significant elasticity after 33 yearsn Denver (right).

Figure 15 7 Sealant between metal panel and metaidge
closure wasalso very elastic after 31 years in Wyoming.
2.c  Observations and Results: Closures and Fasteners

Although some of these materials were somewhat less durable than the panel reaal, they are used in
areas where they are at least partially sheltered from U.V. and the most severe atmospheric
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