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Abstract 

The objective of this project was to successfully demonstrate and evaluate 
two technologies for extending in place the service life of failed metal roofs 
on two different buildings at Wheeler Army Airfield, which is located in a 
severely corrosive marine environment. A polyurea-hybrid coating was 
applied to a leaking corrugated aluminum-panel roof on a barracks build-
ing, and a structural standing-seam metal roofing (SSSMR system) with an 
innovative sub-purlin framing system was used to re-cover a severely cor-
roded metal roof over the Bowling Center.  

Because both technologies allowed the existing metal panel roof to remain 
in place, rehabilitation could be completed more quickly and cost-
effectively than a full replacement. The projected return on investment 
(ROI) for these technologies ranged from 21.6 to 28.7 depending on as-
sumptions. Additional benefits not quantified in the ROI analyses include 
deferred roof-removal costs; reduced costs for restoring protection of 
building occupants and interior furnishings; and reduced disruptions of 
building operations during rehabilitation. 

When full replacement of a failed metal roofing system is being consid-
ered, Army facility managers should also evaluate the feasibility of using 
one or both of the demonstrated technologies to reduce roof rehabilitation 
time and cost burdens. 
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Executive Summary 

This Corrosion Prevention and Control Program demonstration tested two 
market-available technologies for rapidly and cost-effectively rehabilitat-
ing failed corroded metal roofs. One is a high-build polyurea-hybrid mem-
brane-producing coating, and the other is a structural standing-seam met-
al roof (SSSMR) system that uses a customized sub-purlin system that can 
be fastened through the failed roof. 

A polyurea coating can be used to extend the service life of a damaged 
metal roof for many years. Different formulations are used to achieve a 
range of physical properties. These coatings are typically field-applied onto 
existing metal roofs to provide a flexible, impermeable membrane for 
long-term protection against water intrusion.  

The demonstrated sub-purlin framing system can be custom-fabricated 
with slot depth and spacing to nest over the profile of an existing metal 
roof and provide a level surface for placing new metal roof panels. The 
metal panels marketed today provide many improved material properties 
compared with those available in the 1980s when metal roofs began to ap-
pear in significant numbers on military installations. They can be formu-
lated to reduce building cooling loads and for improved resistance to chip-
ping, peeling, fading, and chalking, helping to reduce building life-cycle 
costs. 

This report documents the demonstration of each technology on separate 
buildings at Wheeler Army Airfield, Hawaii. Lessons learned related to site 
selection and application parameters particularly with the polyurea coat-
ing. 

An exposure rack with coupons for evaluating the polyurea coating and the 
PVDF coated metal was erected on a building at Wheeler AAF. The cou-
pons will be evaluated in the laboratory on a yearly basis to assess perfor-
mance. 
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Unit Conversion Factors 

Multiply By To Obtain 

degrees Fahrenheit (F-32)/1.8 degrees Celsius 

feet 0.3048 meters 

gallons (U.S. liquid) 3.785412 E-03 cubic meters 

inches 0.0254 meters 

mils 0.0254 millimeters 

square feet 0.09290304 square meters 
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1 Introduction 

1.1 Problem statement 

Metal roofing has seen a continual increase in use on Department of De-
fense (DoD) installations since the 1980s. In 1999, metal roofing was esti-
mated to make up 21% of the total amount of roofing on nonfamily hous-
ing buildings on Army CONUS installations (Bailey 1999). This percentage 
is probably much larger today, and standing-seam metal roofing is most 
often specified both for new buildings and for steep-sloped conversions of 
low-slope membrane roofs.  

Metal roofing system components on buildings located in severely corro-
sive environments often fail prematurely due to advanced material degra-
dation. Common failure mechanisms include weakening of roof member 
attachment points or perforation of the roofing sheet material. Contrib-
uting factors include continual wet and humid climates, aerosolized chlo-
ride contamination from close proximity to sea water, and accumulation of 
industrial pollutants or soil on roof surfaces. Roof design issues that may 
contribute to poor performance include selection of inappropriate coating 
materials and poor roof detailing. Of significant concern is that degraded 
roofing structures exposed to natural phenomena such as high winds asso-
ciated with tropical storms can cause catastrophic structural failures. Four 
typical examples of metal roof corrosion are shown in Figure 11

As older metal roofs of lower quality are degraded by severe corrosion, 
Army Departments of Public Works (DPWs) must plan for rehabilitation 
or replacement. Properly selected roof-rehabilitation strategies offer DPW 
facility managers low-risk, high-payback facility sustainment options. In-
novative technologies and approaches can avoid conventional tear-off and 
replacement, and extend the service life of roofs already in place while re-
ducing construction and demolition waste.  

.  

1.2 Objective 

The objective of this demonstration was to install and evaluate the effec-
tiveness and costs of applying either a polyurea coating or a roof re-

                                                                 
1 All figures are presented in sequence immediately following reference list. 
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covering technology for failed metal roofing systems in a severely corrosive 
environment. 

1.3 Approach 

Wheeler Army Airfield (AAF), Hawaii, was selected as the demonstration 
site owing to its location in a marine coastal environment. A polyurea-
hybrid coating was applied to a leaking corrugated aluminum panel roof 
on a barracks building (Bldg. 118); and a severely corroded metal roof over 
the Bowling Center (Bldg 835) was re-covered with structural standing-
seam metal roofing (SSSMR) system using an integral sub-purlin framing 
system. The ease of application, cost effectiveness, and functionality of 
these technologies were assessed.  

The AAF DPW selected a barracks building and a recreational center hous-
ing bowling lanes for the demonstrations. Both buildings had recently 
been inspected by the DPW and determined to need roof replacements. 

The work on each building was performed at separate times during spring 
and summer of 2008. Individual contracts were issued for each technology 
demonstration. Preliminary onsite meetings were held with representation 
from ERDC-CERL, USACE, DPW, the prime contractor (Mandaree Enter-
prise Corporation) and the subcontractors to plan, program, and execute 
the project with minimal disruption to facility operations. Health and safe-
ty plans, work plans, and quality control plans were provided and ap-
proved by the government before work began.  

Metrics were established to quantify the success of each demonstration. 
The metrics for the polyurea hybrid test coating addressed color, thick-
ness, and aesthetic properties; effective sealing capabilities; and the avail-
ability of a 15-year warranty. The metrics for the roof re-covering system 
included corrosion treatment and coating properties; availability of a 20-
year warranty; ability to meet wind uplift requirements as attached over 
the existing metal roof; and minimal use of exposed fasteners.  

Follow-on condition evaluations of the demonstrated materials will be per-
formed over a 3-year period. This will be done through the evaluation of 
coupons mounted on an exposure rack at Wheeler AAF. 
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2 Technical Investigation 

Wheeler AAF is located in the central area of Oahu, HI, approximate lati-
tude: 21 29’05” N, longitude – 158 02’23” W. The test site is approximately 
10 miles west, 9 miles north, 11.6 miles east, and 12 miles south inland 
from the Pacific Ocean at an elevation of 837 ft (255 m) above sea level. 
This site was chosen because it is located in a highly corrosion-prone area 
and an environment with high wetness and ultraviolet (UV) exposure that 
severely degrade roofing systems.  

2.1 Polyurea coating 

2.1.1 Technology description 

All polyurea coatings consist of two components: an A-side 
(polyisocyanate pre-polymer) and a B-side (resin blend formulation). The 
resin blend consists of amine-terminated molecules of varying sizes and 
types. The choice of particular amines and the ratio of the selected amines 
included in the coating will determine the performance and the properties 
of the polyurea. A pure polyurea has no hydroxyls intentionally added to 
the system. If hydroxyl-containing products (polyols) are included, the 
coating is considered a polyurea hybrid. A polyurea hybrid resin blend 
may contain catalysts for system reactivity, and it may also contain addi-
tives such as pigments dispersed in a polyol carrier. For the current pro-
ject, a polyurea hybrid resin blend was used. 

2.1.2 Project roof overview 

Building 118, a three-story troop barracks building, was selected for the 
technology demonstration. Its existing corrugated aluminum roof (Figure 
2) is part of the original 1980 building construction and measures approx-
imately 20,000 square feet. As the result of a 2005 real property condition 
assessment, the roof was determined to require replacement due to its age 
and recurring water leaks. The service order history for this roof indicated 
that only minor repairs were performed over the service life period, but an 
acrylic-based coating had been applied during this time. Defects noted 
were typically leaks around roof penetrations. In August 2005, the 
Wheeler AAF DPW submitted an Engineering Work Request for the Build-
ing 118 roof replacement action.  
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During the selection process, the logistics of coating this fully occupied 
barracks with vehicles surrounding it was analyzed to determine the many 
contingencies that would have to be addressed during the coating process. 
These included the limited staging area, the close proximity of a child care 
center (Figure 3), the many vehicles that could be affected by overspray, 
the need to isolate the fumes from the barracks air-handling system, the 
effect of weather on the application process, and the necessity that the 
coating pigment match the building’s copper color requirement.  

2.1.3 Project design 

Building 118 is one of many structures at Wheeler AAF designated as his-
toric, and therefore is required to conform with certain exterior color re-
quirements. In the original project narrative, the specified test coating col-
or was an aluminum/silver color. However as the project design was 
developed, a color change from silver to a copper was required by the gov-
ernment. The copper coating was slightly more expensive than the silver. 

The demonstration materials selected for use on this project are the VFI™-
11 primer and the VFI™-535 polyurea-hybrid topcoat, manufactured by 
Volatile Free, Inc. (VFI), Brookfield, WI. The topcoat material contains a 
copper-colored pigment that gives the appearance of a metallic coating 
when properly applied. The coating product data sheets are shown in Ap-
pendix 1B (VFI Polyurea-Hybrid Test Coating Information). 

The polyurea-hybrid topcoat is advertised by the manufacturer as having 
been tested using the following ASTM International tests and achieving 
the following results:  

1. Solids: — 98% by weight 
2. Tensile per ASTM D-412 — 1800 psi  
3. Elongation per ASTM D-412 — 500% 
4. Permanent Set per ASTM D-412 — 10% max. 
5. Hardness Shore A per ASTM D-2240 — 60 + 3 
6. Tear Resistance per ASTM D-624, Die C — 250 pli 
7. Water Vapor Permeability per ASTM E-96 — 0.025 perm In. 

The VFI-11 epoxy primer is applied using a conventional airless paint 
spray unit. The VFI-535 copper topcoat is applied using a plural compo-
nent spray system (Figure 4) with a heated fluid line for each component A 
and B to reduce the viscosity for spraying. As the combined A and B mate-
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rial leaves the spray gun it immediately begins to crosslink. The setup time 
of the material is several seconds, dry to touch in 45 seconds, and easily 
handled within several minutes after the material cools. It should be noted 
that polyurea coatings can be formulated for shorter and longer setup 
times. The short setup and cure times are necessary to prevent runs and 
sags in the coating that would normally be experienced when spraying 
high-build coatings using high-volume spray equipment on a sloped roof. 
The short setup time also facilitates coating applications where inclement 
weather may be a factor. Because of the heated lines and fast setup times, 
the polyurea materials can be effectively sprayed in cold weather where 
conventional coatings cannot. 

2.1.4 Installation 

The coating team consisted of a coating manufacturer representative 
trained in surface inspection and preparation, an onsite team leader em-
ployed by the coating manufacturer, and two applicators. Upon arrival at 
Building 118, the team assembled the required man-lift, air compressors, 
electrical generator, and spray equipment. Next, they conducted a visual 
inspection of the roof surface. The roof coating appeared to be a baked-on 
finish with no peeling or flaking. There was minor surface corrosion noted 
on and around fasteners, signs of missing seam sealant/tape, gaps in seal-
ant, and large areas having mold and mildew on the surface. However, 
there were no signs of deterioration to the coating other than color fading. 
The substructure, which was not included in this evaluation, was noted to 
have significant corrosion.  

The contractor pressure washed the roof to remove mold, mildew, and 
chalking from the existing roof surfaces. In areas where mold and mildew 
remained, a mixture of 80% water, 15% bleach, and 5% of a mildewcide 
was applied. All gutters obstructed with debris were subsequently cleaned 
to allow proper drainage of water from the roof.  

After cleaning, the applicators sealed all areas having open seams, exposed 
fasteners and gaps occurring between roof panels and at flashed penetra-
tions. A gun-grade, one-component dark bronze polyurethane construc-
tion sealant was used for this purpose. The team leader then visually in-
spected the roof surfaces for any defects such as holes, missing caulking or 
sealant, and missing fasteners. All anomalies were corrected. The coating 
application process was allowed to proceed only after the coating manufac-
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turer’s technical representative was satisfied the surface was prepared 
properly.  

A coating material application trainer provided instruction to the two ap-
plicators prior to spraying the roof. The applicators were instructed on 
proper operation and handling of the equipment (Figure 5). During the 
training period, they destructively collected coating thickness measure-
ments during the spray applications. Within 40 seconds of spraying the 
coating onto a primed substrate, the applicators would cut slices of the 
coating. The applicator would then manually pull the slices from the sub-
strate before final coating cure. The slices were visually evaluated by the 
applicators to roughly estimate the coating thickness that a typical pass of 
the spray gun would achieve. This allowed the applicator to develop their 
personal spray rate/rhythm/overlap techniques. It was also done to avoid 
the need for destructive testing the roof after the coating was applied.  

Over a three-day period, the entire roof was primed with a two-component 
water-based epoxy primer using a conventional airless spray system 
(Figure 6). The topcoat was applied (Figure 7) using the two-component 
proportioner system and spray gun with a No.1 spray tip and 2,000 psi 
back pressure. The polyurea-hybrid coating line heat was set and main-
tained at 150 °F. Shortly after starting the operation, the applicators 
changed to a No. 2 spray tip and reduced back pressure to 1,500 psi and 
then to 1,200 psi. The No. 2 spray tip provided a more oval and even pat-
tern, and the lower back pressure reduced overspray. 

During the spraying operations, the contractor noticed some of the seam 
tape lifting. This seam tape had been previously applied over rows of ex-
posed fasteners that were used where adjacent panels overlapped . The 
applicators used the polyurea, with its quick setup properties, to re-adhere 
the seam tape to the surface. The applicators then applied the polyurea 
material over the top of the seam tape to effectively seal the area. Around 
roof penetrations, the contract required application of the polyurea 6 inch-
es up from the base of the ventilation stacks and vents to ensure that the 
sprayed membrane would not allow water to wick in around the base of 
the stack or vent.  

The close proximity of the surrounding buildings, parking areas, and 
streets provided very limited space for staging of equipment and materials. 
These constraints imposed several challenges to the applicators. Parking 
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areas adjacent to the building were cordoned off, and covers were placed 
over some vehicles to protect from overspray. At times the three-story 
building had overspray occurring as far as 100 feet from the building, put-
ting more cars and property at risk of damage than first anticipated. 

Several application delays were caused by adverse weather conditions. 
Weather conditions were monitored through data supplied by the auto-
mated weather monitoring equipment at Wheeler AAF. Those environ-
mental conditions and other comments are noted on the Daily Quality 
Control Reports (Appendix 1D, Daily Quality Reports) that were entered 
by the general contractor while he was onsite or provided by the coating 
team when the general contractor was not onsite. The finished appearance 
can be seen in Figure 8 and Figure 9. 

2.1.5 Project plan deviations 

Shortly after coating operations began, a distinct sheen variance between 
the original beige color of the barracks roof and the newly applied 
polyurea-hybrid copper color was very apparent, and considered unac-
ceptable by the prime contractor and the coating contractor. The coating 
representative said that the shinier copper color was expected immediately 
after application and would become more evenly dull in appearance in a 
matter of days. In addition, the vents and stacks were not originally in the 
coating contract. The color contrast with the light beige on the flashings 
and the new coating was not acceptable. Once verifying that enough mate-
rial was available for the entire project it was agreed that the applicators 
should spray the entire outer surfaces of the ventilation stacks and vents 
with the polyurea-hybrid system to ensure color uniformity. 

Due to the man-lift safety issues, access to the roof was limited to the two 
coating applicators only. Because they were fully engaged with the coating 
operations, the continual recording of the surface temperatures during 
spraying operations was not feasible. As noted in the Daily Quality Control 
reports, the ambient temperature during the application period was well 
within normal coating application requirements. Additionally, the in-line 
coating temperature was kept constant at 150 °F during spraying applica-
tions.  

Because the dual-component material begins to gel and harden immedi-
ately upon mixing at the spray tip, the normal wet-film thickness gage 
used in spray painting was not appropriate for tracking the real-time coat-



ERDC/CERL TR-12-3 8 

 

ing thickness. To ensure optimum coating thickness and coating service 
life, the project instead required the dry-film coating thickness measure-
ments. For this purpose, the contractor purchased a ferrous metal magnet-
ic dry-film coating thickness gage based on the contract requirements for 
compliance with SSPC PA2, “Measurement of Dry Coating Thickness with 
Magnetic Gages.” The gage was brought to the jobsite shortly after the 
coating process had begun, but there were enough uncoated, primed, and 
topcoated areas available to conduct the baseline measurements. When 
the contractor began calibrating the thickness gage using the roof material 
standard, it was discovered that the as-built drawings of the barracks had 
mistakenly identified the roof material as steel, but it is actually alumi-
num. Consequently, the magnetic gage could not be used to measure coat-
ing film thickness.  

Based on observations of the application process, coating thickness taken 
from the test coupons already sprayed, and calculations of the theoretical 
coverage of the coating available, the contractor chose to hire a National 
Association of Corrosion Engineers (NACE) certified coating inspector to 
verify the coating thickness requirement. The inspector acquired the coat-
ing thickness measurements after the application was completed. The 
NACE coating thickness report is shown at Appendix 1F (Coating Thick-
ness Report). Based on the observations noted above and the approved 15-
year coating manufacturer’s and applicator’s warranty (Appendix 1G – 
Coating and Labor Warranties), the thickness requirements were deter-
mined to have been met.  

Bare aluminum test coupons were coated during the priming and 
topcoating operations to evaluate the spray characteristics of the coating 
material. The test coupons were divided to allow evaluation of the primer 
alone and separate evaluations of multiple passes of the spray material 
over the primer. The test coupons and roof coating application processes 
were virtually the same, except that more of the topcoat material was ap-
plied to the roof. The prime contractor recorded dry-film coating thickness 
of the primer on the coupons consistently averaging 3–5 mils and dry-film 
coating thickness of the topcoat averaging 24–27 mils for each pass of the 
spray gun.  
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2.2 Metal roof re-cover 

2.2.1 Technical description 

Standing-seam metal roofs have an uneven profile of alternating sections 
of pan and raised rib, so they do not provide a flat substrate conducive to 
overlaying with a replacement roofing system using standard purlins. 
However, with the use of a customized sub-purlin framing system that is 
attached to the supporting substructure, a failed metal roof can be left in 
place and re-covered with a new structural standing-seam metal roof 
(SSSMR). By not removing the existing roofing system, disruption of regu-
lar building operations can be minimized, removal and disposal of the old 
roofing materials can be eliminated, and a more energy-efficient roof sys-
tem can be obtained by adding an air space between the old and new roof. 

The manufacturer of the (Roof Hugger1

The coating for the new SSSMR was specified to be a long-lasting cleana-
ble or self-cleaning system to improve performance in the Hawaiian envi-
ronment, which has excessive soiling and vegetation growth on the roofs 
contributing to coating failure and corrosion. Polyvinylidene fluoride 
(PVDF) coatings factory-applied to galvanized and galvalume steel roofing 
panels have such characteristics and produce a high-quality finish with 

) sub-purlin system used for the 
demonstration of Building 835 custom-fabricates the sub-purlins, ena-
bling them to overlay a large variety of existing metal panel systems. The 
sub-purlins are long, slotted 16 gage galvanized steel zee-channels that are 
placed over the existing standing-seam metal roof. They are typically fab-
ricated in 10 ft lengths and with a profile height ranging from 3/8 in. to 
1/2 in. above the top of the existing panel rib. The sub-purlins have pre-
punched pilot holes and are fastened with screws to the existing sub-
purlins, providing support and holding down the original roof. The manu-
facturer fabricates the sub-purlins with slot depth and spacing to nest over 
the existing metal roof profile and provide a level surface to place the new 
metal roof panels. The clips for the new metal roof are attached to the sub-
purlins, with spacing determined by the sub-purlins. Enhanced attach-
ment may be achieved by increasing the fastener size and/or gage of the 
clip. Structural load testing of various designs are made available by the 
manufacturer. 

                                                                 
1 Roof Hugger is a trademark of Roof Hugger, Lutz, FL. 
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high reflectance and high emissivity. They are typically warranted against 
chipping, peeling, fading, and chalking for various periods of time.  

2.2.2 Project roof overview 

The failed roof on Building 835, which serves as a bowling center and 
snack bar, is part of the original 1985 building construction. Its standing-
seam metal roof was displaying severe paint deterioration/flaking (Figure 
10) and some corrosion, but it remained structurally sound. There was ev-
idence that the roof had been repainted but the coating did not properly 
adhere to the substrate. As a result, the recoating material recently starting 
to peel off in large sheets. According to the Wheeler AAF DPW Facility 
Manager, the roof and entire building exterior was scheduled for repaint-
ing. Typically, when repainting, the new coating is not expected to have the 
same service life as a factory-applied baked-on finish. And in this case, be-
cause of severity of coating failure and corrosion, the surface would have 
required extensive surface preparation; making it an excellent candidate 
for re-cover.  

2.2.3 Project design 

The contract specifications for the demonstration required that the 
SSSMR meet the following criteria: 

• The SSSMR assembly, including metal roof panels, fasteners, connect-
ors, and roof securement components must be tested and approved in 
accordance with ASTM E1592, Standard Test Method for Structural 
Performance of Sheet Metal Roof and Siding Systems by Uniform 
Static Air Pressure Difference, to meet the local wind-uplift require-
ments. 

• The panel material must be 22 gage. 
• All roof accessories and their fasteners must be capable of resisting the 

specified design wind-uplift forces and allow for thermal movement of 
the roof panel system. Any exposed fasteners must not restrict free 
movement of the roof panel system resulting from thermal forces. 

Specific requirements for the SSSMR coating included the following: 

• The roof coating must have high reflectivity and high emissivity on the 
exposed side. Color is to match the color of the existing roof of Building 
835. 
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• The coating was to be not less than 2 mil thick (dry-film thickness 
[DFT]), which is greater than the industry standard of 1 mil. 

• A sample of the coated sheets must withstand a cyclic corrosion test for 
a minimum of 2016 hours in accordance with ASTM D5894, including 
the scribe requirement in the test. Immediately upon removal of the 
panel from the test, the coating shall receive a rating of not less than 
10; no blistering, as determined by ASTM D714; no rusting, as deter-
mined by ASTM D610; and a rating of 6, over a 2 1/16 to 1/8 inch fail-
ure at scribe, as determined by ASTM D1654. 

• When subjected to testing in accordance with ASTM D522 Method B, 
1/8 inch diameter mandrel, the coating film must show no evidence of 
cracking to the naked eye. 

• A sample of the sheets must be tested in accordance with ASTM G154, 
test condition UVA-340 lamp, 4h UV at 140 °F followed by 4h CON at 
122 °F for 2,000 total hours. The coating shall withstand the weather-
ing test without cracking, peeling, blistering, loss of adhesion of the 
protective coating, or corrosion of the base metal. Protective coating 
with an adhesion rating less than 4B when tested in accordance with 
ASTM D3359, Test Method B, shall be considered as an area indicating 
loss of adhesion. Following the accelerated weathering test, the coating 
shall have a chalk rating not less than No. 8 in accordance with ASTM 
D4214 test procedures, and the color change shall not exceed 5 CIE or 
Hunter Lab color difference (delta E) units in accordance with ASTM 
D2244. For sheets required to have a low gloss finish, the chalk rating 
shall be not less than No. 6 and the color difference shall be not greater 
than 7 units. 

• Exposed sealant shall be colored to match the applicable building color 
and shall cure to a rubber like consistency. 

The roofing contractor employed an engineering consultant to perform de-
sign calculations and engineering of the roof assembly and determine the 
wind uplift requirements. See Appendix 2D (Design Calculations Report) 
for a comprehensive review of the calculations and engineering. During 
ASTM E1592 testing, a proposed two-piece hold-down clip did not provide 
acceptable results. Therefore, a one-piece fixed clip with a sealed seam was 
used in the test assembly, passing the test criteria. The information from 
the testing was used in combination with ASCE-7 wind uplift criteria to 
determine the proper clip spacing. Typically, fixed clips should only be 
used in roof panels shorter than 40 feet or one clip per rib to create the 
line of fixity.  
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The contractor’s submitted design called for a 22 gage SSSMR prefinished 
with the BASF Ultra-Cool™ coating (a 70% PVDF resin-based coating sys-
tem supplied as Kynar® 500) attached to the Roof Hugger sub-purlin 
framing system. Self-drilling fasteners were specified for installing the 
sub-purlins to the existing purlins and roof clips to the sub-purlins. This 
design would increase wind uplift resistance as compared with the existing 
roofing system owing to the “box” configuration created by the added pur-
lins and roof panels. The above-sheathing ventilation between the old and 
new roof should improve the thermal performance in cooling and wet cli-
mates (see Appendix 2K, Cool Metal Roofing Coalition Report). 

The installation design for the sub-purling framing system is in Appendix 
2I (Roof Hugger™ Guide Specification). The design details for fascia, roof 
penetrations, and other details were accomplished by the roofing contrac-
tor (see Appendix 2A, Hi-Tec Roofing MRS 200 Project Details).  

Several designs using different metal gage, clip types, and spacings, and 
rib design were considered. However, due to time and cost constraints, on-
ly the selected system (22 gage, fixed clip, 180-degree vertical rib and 5 ft 
clip spacing) was tested to ASTM E1592 standards. 

2.2.4 Installation 

The project work sequence included preparing the existing roof; removing 
the old fascia and gutters; attaching the sub-purlin framing system; in-
stalling new fascia and gutters; fabricating, placing and securing the metal 
pans; and applying new flashings at terminations and around roof pene-
trations. All of the work was performed by the roofing contractor’s crew, 
which on a daily basis consisted of a team leader, a detail applicator, and 
six to eight roof mechanics. They were only allowed to start the installation 
after their Health and Safety Plans (Appendix 2B – Contractor Health, 
Accident Prevention and Safety Plans) and Project Work Plan were ap-
proved by the government. 

Before work began, the crew assembled the required man-lifts, scaffold, 
electric power generator, panel-forming equipment, roof seamers, and 
other specialty sheet metal equipment. For this job, a new and more sturdy 
mechanical seamer was required to bend 22 gage sheets to a 180 degree 
vertical rib seam. Next, they began preparing the surface of the existing 
main metal roof by pressure-washing the metal panel surfaces to remove 
any mildew and loose paint (Figure 11). Corroded areas were scraped to 
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remove rust, which was necessary due to the advanced deterioration of the 
finish and significant amount of corrosion that existed. After the pressure 
washing, all of the corroded areas on the upper roof were treated using a 
rust-inhibiting coating (see Figure 12 and Annex 2, Appendix 2E). 

Next, the crew removed and disposed of the old gutter and fascia. Due to 
the adjustment for a raised profile of the new roof and a change in the new 
fascia and gutter detail, approximately 2 in. of the existing roof had to be 
trimmed back. The sub-purlins were then installed (see Figure 13) over the 
entire upper roof section following the manufacturer’s guidelines. They 
were attached to the existing underlying purlins using self-tapping, corro-
sion-resistant fasteners. As this was being done, the installation of the new 
fascia and gutters began (see Figure 14). These operations were done sim-
ultaneously as the fascia and gutter installation had to be complete before 
the new upper roof could be installed.  

The new metal panels were fabricated to the correct profile from coil stock 
using roll-forming equipment and cut to the required lengths (Figure 15 – 
Figure 17). Each panel was put into place and secured to the sub-purlins 
using one-piece clips and screws. The standing seam between adjacent 
panels was formed using an automatic seamer (Figure 18) that folds the 
seam with a 180 degree profile. After seaming, the end of each panel was 
locked in place at the roof edge by folding it over a cleat at the fascia/drip 
edge, thereby eliminating the use of through-panel fasteners. The final 
step in the process was to install all base flashings, counter flashings, pipe 
seals, ridges and final sealants along tops of exposed counterflashing (see 
Figure 19 and Figure 20).  

The lower roof sections, which were smaller in area, were not addressed 
until the upper main roof was completed because they required complete 
demolition to remove the old roofing. Removal was necessary due to the 
limited clearance from the roof above and the numerous curbs that would 
have required additional structural support if raised to the required 
height. The installation process was the same as for the main upper roof 
except that the new panels were installed directly to the original purlins 
that once supported the original roof panels. Large vents and curbs were 
located on these sections, requiring significant effort and workmanship to 
install properly (Figure 21).  
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During installation, the crew’s team leader remained onsite full time and 
provided quality control. Areas of focus included 

• accuracy of cuts/seam placement/panel quality 
• minimized use of exposed fasteners 
• proper seating of fasteners 
• protection of installed panels from damage. 

Protection of the new roofing during installation was of high importance 
Workers performed some seaming and detailing work with wood planks 
wrapped with rubber roofing membrane placed beneath them to avoid 
scratching of the metal coating. Extra measures were also taken to prevent 
loose red soil near the worksite from being tracked onto the newly in-
stalled roofing panels and scratching them.  

Except for two days when overhead work required the kitchen to be closed, 
the Bowling Center remained open and fully functional during the installa-
tion process. This minimized disruption in availability to residents and 
loss of revenue. The level of quality and final appearance can be seen in 
Figure 22 and Figure 23. 

2.2.5 Project plan deviation 

Before work began it was discovered that an addition had been construct-
ed on the south end of the building after the project contract was awarded. 
The addition had an asphalt shingle roof over a plywood deck and wood 
fascia, so the scope of work had to be revised to include removal of the 
shingles and sheathing and addition of a new SSSMR with new metal fas-
cia and soffit (Figure 24 and Figure 25). The two roof planes were not in 
alignment, so an expansion joint with a batten cap was used to tie the two 
roofs together. 

2.3 Technology operation and monitoring 

An exposure rack for evaluating the polyurea coating and the PVDF-coated 
test coupons was erected on a building in close proximity of both the 
demonstration buildings. 

The polyurea test coupons were fabricated by applying the coating to a flat, 
galvanized steel plate using techniques, coating thicknesses, and drying 
times similar to those used during the demonstration project. The PVDF 
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coupons were cut from panel stock identical to that used for the demon-
stration roof. Cut edges were coated with a material recommended by the 
coating manufacturer.  

From both sets of coupons, eight from each set were placed on the expo-
sure rack (Figure 26). The remaining four from both sets were sent to the 
USACE Paint Technology Center at ERDC-CERL for evaluation. The rack 
was set at an angle of 45 degrees from vertical. Each coupon was scribed to 
base metal in accordance with ASTM Test Method D 1654, “Standard Test 
Method for Evaluation of Painted or Coated Specimens Subjected to Cor-
rosive Environment.” These coupons will be removed from the rack on a 
yearly basis and evaluated in the laboratory. Performance indicators will 
include visible corrosion and coating degradation (ASTM D1654-05) as 
well as adhesion (ASTM D3359). Monitoring will be performed by con-
ducting site inspections of the installed roof sections after 1 year.  
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3 Discussion 

3.1 Polyurea coating 

3.1.1 Metrics 

The performance metrics for the polyurea-hybrid coating were as follows: 

• The material must meet ERDC-CERL specifications for properties, col-
or, dry-film thickness, and appearance.  

• The coating must effectively seal areas around vents, stack, and seams. 
• The finished roof must be atheistically acceptable to Wheeler AAF 

DPW and garrison senior leadership.  
• The coating must have a minimum 15 year warranty. 

As noted in the previous chapter, there was initial concern about coating 
appearance because it was brighter than expected at the time of applica-
tion. The coating consultant stated that the uneven sheen of the bright 
copper color would age to a darker copper color and within a few months 
would not be noticeable, and this turned out to be the case. The Wheeler 
DPW personnel subsequently expressed high satisfaction with the appear-
ance of the pigmented polyurea-hybrid material.  

The coating thickness was to be measured in accordance with the Society 
for Protective Coatings (SSPC) SSPC-PA2, “Paint Application Specification 
No.2, Measurement of Dry Coating Thickness with Magnetic Gages.” 
However, a magnetic gage was not used because the as-built drawings in-
dicated that the roof was steel, but it was actually aluminum. The VFI-535 
Copper material was to be applied at a minimum thickness of 40.0 mils on 
all flat surfaces and 80 mils on all seams, fasteners and penetrations. This 
thickness was required to achieve the 15 year warranty. If a thinner appli-
cation was provided, the warranty would have been of lesser duration. A 
Positector 6000 FN was used to measure the total dry film thickness of the 
coating, including the original coat. This gage accommodates both ferrous 
and nonferrous substrate coating measurements. It was determined that 
the average thickness of the finished coating met the project thickness re-
quirements. 
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3.1.2 Results 

The project began on 6 March 2008 and was successfully completed 24 
March 2008. The result of the work was the extension of a deteriorated 
roof’s service life by 15 years, avoiding the extra costs and disruptions of a 
complete replacement.  

The coating manufacturer’s consultant provided coating operations, appli-
cation, and maintenance training to the applicator. Information on the 
care, inspection, and maintenance of the coating is contained in Appendix 
1A (VFI™ Coating Manual).  

There were a number of constraints experienced by the contractor that 
impacted the application processes. The very limited parking access and 
the coating operations on a fully occupied barracks were overcome by 
close coordination among installation facility managers. Recurrent rain 
showers and wind gusts, as noted in Appendix 1D (Daily Quality Reports), 
required the contractor to frequently delay the coating operations. Howev-
er, due to the fast set and cure times of the polyurea-hybrid material, the 
rain did not negatively impact coating properties. This was a distinct ad-
vantage of using the polyurea material because most coating systems do 
not set up so rapidly. 

The coating manufacturer has approved the 15-year coating warranty for 
the material and its installation, as shown in Appendix 1G (Coating and 
Labor Warranties). The stipulation was made that the warranty needed to 
be applied for before the coating task commenced and that additional 
submittals be provided at the conclusion of the work. That information in-
cluded such items as coating application process, area being coated, and 
materials used. The details of what criteria have to be met to obtain this 
warranty or a 20 year warranty are provided in the Appendix 1G (Coating 
and Labor Warranties). 

3.1.3 Lessons learned 

3.1.3.1 Site-selection lessons 

The use of a barracks building was ideal from the perspective of demon-
strating a roof-coating application in an area with continual personnel and 
vehicle traffic to show that the material could be safely and effectively ap-
plied. The building was fully occupied, limiting the crew’s time onsite in 
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order to avoid disturbing the occupants. The contractor established a daily 
preparation and painting operations schedule to accommodate most of the 
occupants during their normal duty hours.  

Overspray and resulting damage, particularly to nearby vehicles and adja-
cent facilities, is always a concern for these types of applications. The con-
tractor used no-parking stanchions to attempt to restrict vehicles from ar-
eas potentially affected by overspray. With parking around the building 
being very limited, military personnel often times moved aside the stan-
chions and signs and parked in the restricted spaces. When this occurred, 
the contractor placed tarps over those vehicles to protect them from spray 
damage. At times there were not enough tarps on hand, pointing to the 
need to appropriately address this requirement in future project specifica-
tions. 

The Wheeler AAF climate, with its frequent rain showers and wind gusts 
throughout the year, also provided a useful challenge for applying the 
polyurea-hybrid coating. The dual-component system proved adaptable to 
varying spraying schedules. 

3.1.3.2 Application lessons 

Several lessons were learned during application of polyurea-hybrid coating 
on Building 118. These included the importance of highly qualified appli-
cators or supervision to ensure proper mixing of the individual compo-
nents, maintaining the material components at the proper temperature, 
using proper spraying techniques, and fine-tuning of the spray gun pa-
rameters to conform to site conditions. 

Both the A-side and B-side components of the polyurea must be thorough-
ly mixed in their respective storage containers before changing out drum 
sets to ensure complete mixing. This is especially important if the coating 
is pigmented to ensure the pigments are properly suspended in the coating 
resin vehicle. It is also critical to keep both components separated during 
mixing. Even small amounts of cross-contamination can immediately start 
the polymerization process in the storage container. For this reason, a sep-
arate stirring motor for each component side also should be used. 

Keeping the fluid spray lines maintained near a target temperature is very 
important. The target temperature, which for this project was 150 °F, is 
required to reduce the viscosity of both the A-side and B-side components 



ERDC/CERL TR-12-3 19 

 

to their proper levels to ensure proper material flow through the fluid 
lines. Setup before spraying included a 30 minute preheating on each side 
using inline 7,000 watt heating elements wrapped around the fluid hoses. 
A 200 ft length of heated hose was used on this project. The maximum 
length for this specific piece of application equipment was 310 ft. To pro-
tect the crew, insulation should be wrapped around these very hot hoses. 

The quick setting of the material did not allow overspray to blend into 
newly sprayed areas. In many cases the amount of overspray detected was 
attributable to the standoff distance of the spray gun to the surface, the 
angle of impact of the sprayed material, wind gusts, the proportioner’s 
back pressure, and spray tip selection. Figure 27 illustrates the overspray 
observed during this project. As seen in Figure 28, the polyurea-hybrid 
overspray droplets do not flash or coalesce, and they cure almost immedi-
ately upon contact. Overspray was visible as dull areas on shiny surfaces, 
creating a “halo effect.” The following observations about overspray were 
noted during the application process: 

• Normally the applicator will position the spray gun 2.0–2.5 ft from the 
surface being coated. If the applicator raises the spray gun any higher, 
the potential for overspray increases.  

• The applicator should apply the coating at a 90-degree angle to the sur-
face to minimize overspray. The team noted that when the applicator 
flexed his wrist side-to side or when he extended his arm out at an an-
gle to reach the edges of the roof, overspray occurred. Also, as noted 
during the applicator training, higher spraying pressure and higher 
material temperature will produce more overspray. 

At the beginning of the spraying operation, the coating consultant set the 
spray equipment for 2,000 psi initial back pressure at gun tip. He later de-
creased the back pressure to 1,500 psi, then finally to 1,200 psi to reduce 
overspray. The original spray gun fluid tip selection was a No. 1 tip that 
produced a round pattern, not oval as expected. This tip was switched out 
for a No. 2 tip which produced the desired pattern. From these experiences 
it is clear that adjusting the spraying operation for the particular equip-
ment, coating material, and weather environment is necessary for ac-
ceptable results. 

A spray gun filter screen is typically used to prevent small particles of ma-
terial from flowing through the lines. However, the coating consultant ad-
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vised that the filter be removed when spraying the copper-pigmented coat-
ings because the copper powder will plug the filter screen. It was also em-
phasized to keep the pumps delivering at the correct ratio during spraying 
operations or the material will not cure properly. An observer should be 
available to monitor the barrel pumps and coating levels in storage drums 
to avoid running out of material during spraying. The observer must stop 
operations before a drum completely empties to ensure that air pockets do 
not form in the fluid line. 

The coating consultant instructed the applicators to apply the polyurea-
hybrid material one section at a time. Normal painting practice has the 
applicator initially accomplish detail work such as inside corners and crev-
ices, metal panel laps and fasteners, and then apply the coating on the re-
maining surfaces. Following this practice for such a high-output/high-
build coating would waste material and cause coating thickness variations 
and excessive overspray. 

In this project, there were no limited-clearance areas to be sprayed. Some 
roofs may have features that reduce clearance for coating spray applica-
tion. In such areas, special attention is required, and if leaks occur these 
areas should be investigated thoroughly. 

Metallic coatings are often sprayed to allow the metallic pigments to “leaf” 
together in order to produce a consistent appearance. The application an-
gle must be kept fairly constant to achieve consistent texture and minimal 
cold joints in the finish. For this project, it appeared that the lay-up of the 
copper pigments produced different reflectant qualities when viewing the 
roof surface in sunlight from varying angles and locations. It is possible 
that this effect may have been caused by the quick setting of the coating. 
Figure 29 illustrates the gloss of the coating material. Despite the variance 
in reflectance, the appearance of copper pigment dispersed throughout the 
coating was consistent. The cross-section of the coating shown in Figure 
30 highlights the distinct layering of the product as it was applied.  

3.2 Metal roof re-cover 

3.2.1 Metrics 

The metrics for an acceptable application of the SSSMR system were as 
follows: 
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• The SSRM system must meet ERDC-CERL’s specified performance pa-
rameters, color, thicknesses, and appearance. 

• The system must be tested using ASTM E1592 to verify that clip spac-
ing is adequate to provide wind-uplift resistance as determined by 
ASCE-7. 

• The system must use emerging technologies to avoid demolition and 
resulting disruption of facilities/operations. 

• The system must provide a complete roofing system that effectively 
seals areas around vents, stack, curbs, and seams. 

• The system must be atheistically acceptable to Wheeler AAF DPW and 
the garrison’s senior leadership. 

• The metal coating for the system must have a minimum 20-year mate-
rials and finish warranty. 

With the exception of a leak at a roof vent flashing, which was corrected by 
the installer, the roofing system met all metrics and remains watertight. 
The final SSSMR has been accepted by Wheeler AAF personnel, who are 
very satisfied with the quality of the installation and its appearance. 

3.2.2 Results 

The demonstration project began on 18 July 2008 and was successfully 
completed on 11 August 2008. The project resulted in effectively extending 
the service life of a deteriorated roof by 25 years without the expense of 
inconvenience of a full tear-off and reconstruction. This customized sub-
purlin system for re-covering an existing standing-seam metal roof 
showed significant advantages for use in a wet climate. 

3.2.3 Lessons learned 

In general, this demonstration project was completed without complica-
tions. Several factors figured into the success. The roof installer did signifi-
cant pre-planning, preparation for staging, and provided excellent onsite 
management and quality assurance.  

3.2.3.1 Site-selection lessons 

The building and surrounding grounds provided very few obstacles for the 
roof installer. The crew was able to minimize its disruption of facility oper-
ations by cordoning off the work and laydown areas with delineators and 
barricade tape. A man-lift/scaffold provided access to the roof on all sides 
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of the building. Plywood sheets were laid on the surrounding grounds to 
minimize damage, especially at times immediately following rain. 

While the work space around building 835 was adequate, most buildings 
at Wheeler AAF are close together and do not provide as much access. 
Limited space and access during a complete roof demolition creates con-
siderable nuisances and dangers to both the work crew and building pa-
trons. By being able to leave the existing metal roof in place, many of these 
problems are eliminated. Additionally, disruption of building operations 
are minimized.  

3.2.3.2 Application lessons 

Selection of a coil-stock manufacturer proved to be difficult for the roof 
installer in terms of meeting project requirements for panel thickness, fin-
ish, and metal gage. The coils meeting these requirements weighed 600 lb 
apiece as manufactured and initially could not be mounted onto the roll-
forming equipment. A special assembly line had to be used until the coil 
size was reduced enough for the available equipment. 

After the existing roof substrate was pressure-washed and repaired, a week 
was dedicated to defining and improving details. Evaluating the edge de-
tail designs (Figure 31) during this time proved to be very beneficial. Once 
sections of the existing gutter and fascia were removed, many areas of the 
roof edges were found not to be square and plumb. To accommodate these 
conditions, fascia and gutter details were redesigned. The final design 
added an extra piece of 22 gage galvanized sheet metal drip edge to close 
up gaps as well as provide for a solid plate to attach the new fascia, drip 
edge, and gutter system. This changed caused minor delays.  

The installation of the sub-purlins proved to be a very straightforward 
task. Locating the original purlins for attaching the sub-purlins to was not 
difficult. However, the attachment clips of the original roof create slight 
bulging at the seams. A special tool was used for installing the self-drilling 
fasteners, and it worked very well for the task. 

Oil canning, or panel deflection, became visible when outdoors tempera-
ture increased. The extent to which this occurred was not expected with 
the 22 gage thick stock that was specified. This seems to have been caused 
by the dark color, panel width, and tension applied to the metal panels 
during the seaming process, and does not appear to have been avoidable. 
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One means of minimizing this problem would be to reduce panel width to 
12 in. Another approach would be to use a panel which has pencil ribs or 
striations. 

As noted in section 2.2.4, the preventive measure of using 2 x 12 (nominal) 
wood planks wrapped in rubber roofing materials worked very well to pro-
tect the installed metal panels from impact, abrasion, and panel defor-
mation as the crew performed detail work. 
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4 Economic Summary 

These technology applications demonstrate two different ways a failed 
metal roof can be rehabilitated without demolition and removal of the ex-
isting roof. Separate return on investment (ROI) analyses for each tech-
nology were performed by comparison with demolition and removal of a 
existing failed roof and replacement with a new SSSMR. Actual design and 
installation costs for each technology are used in the calculations. The 
combined overall costs of contract and project management for both 
demonstrations were distributed to the individual projects in proportion 
to the cost of design and construction of each individual demonstration. 

The ROIs do not include the benefits gained by reducing disruption of on-
going operations as no evacuation of the premises is required. For the 
metal roof recover, it also does not include the potential energy savings 
realized in having a ventilated space between the old and the new roof. 

4.1 Costs and assumptions 

• The installed cost of a new SSSMR is $14.00/SF. The costs for demoli-
tion and disposal of a metal roof are $3.00/SF. These costs were based 
on estimates provided by the Cost Engineering Branch of the Corps of 
Engineers–Honolulu District (Bailey 2009). 

• The expected service life for a new SSSMR is assumed to be 30 years. 
This is a conservative value, compared with industry claims which vary 
from 25 years (Cash 1999) up to 50 years (NIBS 2009). 

• The annual maintenance and repair costs are relatively small compared 
to other roofing systems and will be assumed to be negligible for this 
ROI calculation. 

• For both Building 118 and Building 835, the existing roof was defined 
as failed or failing, and was approved for replacement in the first year 
of the base case analysis.  

• The Barracks Complex (Building 118) has 20,000 SF of roof. The in-
stalled cost of the polyurea technology, excluding all demonstration 
unique costs, is $5.90/SF ($118,000/20,000 SF). The polyurea tech-
nology has a 15-year warranty. However, we will assume that the roof 
will have to be replaced 10 years after the coating is applied due to fail-
ure of other system components. 
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• The Bowling Center (Building 835) has 15,000 SF of roof. The installed 
cost of the metal roof recover is assumed to be equal to the cost of in-
stalling a new SSSMR - $14.00/SF. (Project costs attributable to con-
struction costs alone were not discernible from the overall demonstra-
tion costs). The expected service life of the metal roof re-cover is also 
assumed to be equal to a newly constructed SSSMR – 30 years. It 
should be noted that a lighter-gage metal roof panel and a 90 degree 
vertical rib could reduce the expense of the system. 

• The Army has approximately 120 million SF of metal roofing. Using an 
average service life of 30 years for these roofs, one-thirtieth of the roofs 
are assumed to fail each year. Five percent of the failed roofs are as-
sumed to be good candidates for polyurea coating as a repair. Ten per-
cent of the failed roofs are assumed to be good candidates for using the 
metal roof re-cover and sub-purlin framing system. 

• The ROI analysis will evaluate the cost effectiveness of the demonstrat-
ed technology by comparing the standard practice of roof removal and 
replacement (base case) to the installed costs unique to the demon-
strated technology. As specified in OMB Circular No. A-94, comparing 
the cost effectiveness of a proposed alternative is required perform a 
Life Cycle Cost (LCC) analysis using the real discount rate (with the es-
timate for inflation removed), as published in the annual revision to 
Appendix C. The OMB approved 30 year real discount rate is 7.00%. 
The standard LCC spreadsheet was modified to allow for the adjust-
ment of the discount rate from a standard 7.00%. 

4.2 Projected ROI for polyurea coating 

The baseline annual SSMR cost applied to the polyurea coating ROI analy-
sis is $2.8M (1/30 * 120M SF * 5% * $14/SF), using the assumptions and 
logic given in section 4.1. The annual new-system cost for rehabilitating 
select SSMRs with the polyurea coating technology for Years 1 – 10 is $1.18 
M (1/30 * 120M SF * 5% * $5.90/SF). Starting in Year 11, however, the an-
nual new-system cost for these roofs increases to $3.98M since the 
polyurea coating cannot be reapplied and the roof will need to be replaced. 
The annual new-system benefit gained by avoiding SSMR demolition be-
fore polyurea coating application is $600,000 (1/30 * 120M * 5% * 
$3/SF). That benefit will not apply at Year 11 and beyond where the ex-
pired polyurea-rehabilitated roof is replaced by a 30-year SSMR. The use 
of the polyurea system does not eliminate the need for roof demolition but 
defers the cost for 10 years, and discounts it, by extending a failed roof’s 
service life. 
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Based on the costs and assumptions in section 4.1, the expected ROI for 
recoating of the Army’s failed metal roofing with the polyurea coating is 
21.66 (Table 1). 

Table 1. ROI calculation for polyurea rehabilitation of Building 118. 

426,500

21.66 Percent 2166%

32,952,286 42,189,580 9,237,294
A B C D E F G H

Future 
Year

Baseline 
Costs

Baseline 
Benefits/ 
Savings

New 
System 
Costs

New 
System 

Benefits/ 

Present Value 
of Costs

Present 
Value of 
Savings

Total 
Present 
Value

1 2,800,000 1,180,000 600,000 1,102,828 3,177,640 2,074,812
2 2,800,000 1,180,000 600,000 1,030,612 2,969,560 1,938,948
3 2,800,000 1,180,000 600,000 963,234 2,775,420 1,812,186
4 2,800,000 1,180,000 600,000 900,222 2,593,860 1,693,638
5 2,800,000 1,180,000 600,000 841,340 2,424,200 1,582,860
6 2,800,000 1,180,000 600,000 786,234 2,265,420 1,479,186
7 2,800,000 1,180,000 600,000 734,786 2,117,180 1,382,394
8 2,800,000 1,180,000 600,000 686,760 1,978,800 1,292,040
9 2,800,000 1,180,000 600,000 641,802 1,849,260 1,207,458

10 2,800,000 1,180,000 600,000 599,794 1,728,220 1,128,426
11 2,800,000 600,000 3,980,000 600,000 2,175,958 1,615,340 -560,618
12 2,800,000 600,000 3,980,000 600,000 2,033,520 1,509,600 -523,920
13 2,800,000 600,000 3,980,000 600,000 1,900,700 1,411,000 -489,700
14 2,800,000 600,000 3,980,000 600,000 1,776,124 1,318,520 -457,604
15 2,800,000 600,000 3,980,000 600,000 1,659,792 1,232,160 -427,632
16 2,800,000 600,000 3,980,000 600,000 1,551,246 1,151,580 -399,666
17 2,800,000 600,000 3,980,000 600,000 1,450,028 1,076,440 -373,588
18 2,800,000 600,000 3,980,000 600,000 1,355,222 1,006,060 -349,162
19 2,800,000 600,000 3,980,000 600,000 1,266,370 940,100 -326,270
20 2,800,000 600,000 3,980,000 600,000 1,183,472 878,560 -304,912
21 2,800,000 600,000 3,980,000 600,000 1,106,070 821,100 -284,970
22 2,800,000 600,000 3,980,000 600,000 1,033,706 767,380 -266,326
23 2,800,000 600,000 3,980,000 600,000 965,922 717,060 -248,862
24 2,800,000 600,000 3,980,000 600,000 902,718 670,140 -232,578
25 2,800,000 600,000 3,980,000 600,000 843,636 626,280 -217,356
26 2,800,000 600,000 3,980,000 600,000 788,676 585,480 -203,196
27 2,800,000 600,000 3,980,000 600,000 736,922 547,060 -189,862
28 2,800,000 600,000 3,980,000 600,000 688,832 511,360 -177,472
29 2,800,000 600,000 3,980,000 600,000 643,948 478,040 -165,908
30 2,800,000 600,000 3,980,000 600,000 601,812 446,760 -155,052

Return on Investment Calculation

Return on Investment Ratio

Investment Required

Net Present Value of Costs and Benefits/Savings

 
 

4.3 Projected ROI for metal roof re-cover 

The baseline annual SSMR cost applied to the metal roof recover analysis 
is $5.6M (1/30 * 120M SF * 10% * $14/SF). As explained in section 4.1, the 
annual new-system cost for the roof re-cover technology also equals $5.6M 
(1/30 * 120M SF * 10% * $14/SF). The annual new-system benefit accrued 
by avoiding demolition of the failed SSMR is $1.2M (1/30 * 120M * 10% * 
$3/SF). 



ERDC/CERL TR-12-3 27 

 

Based on the costs and assumptions used, the ROI expected to be realized 
by implementing the metal roof re-cover using the sub-purlin framing sys-
tem on Army installations is 28.72 (Table 2). 

Table 2. ROI calculation for metal roof re-cover for Building 835. 

518,500

28.72 Percent 2872%

69,488,720 84,379,160 14,890,440
A B C D E F G H

Future 
Year

Baseline 
Costs

Baseline 
Benefits/ 
Savings

New 
System 
Costs

New 
System 

Benefits/ 

Present Value 
of Costs

Present 
Value of 
Savings

Total 
Present 
Value

1 5,600,000 5,600,000 1,200,000 5,233,760 6,355,280 1,121,520
2 5,600,000 5,600,000 1,200,000 4,891,040 5,939,120 1,048,080
3 5,600,000 5,600,000 1,200,000 4,571,280 5,550,840 979,560
4 5,600,000 5,600,000 1,200,000 4,272,240 5,187,720 915,480
5 5,600,000 5,600,000 1,200,000 3,992,800 4,848,400 855,600
6 5,600,000 5,600,000 1,200,000 3,731,280 4,530,840 799,560
7 5,600,000 5,600,000 1,200,000 3,487,120 4,234,360 747,240
8 5,600,000 5,600,000 1,200,000 3,259,200 3,957,600 698,400
9 5,600,000 5,600,000 1,200,000 3,045,840 3,698,520 652,680

10 5,600,000 5,600,000 1,200,000 2,846,480 3,456,440 609,960
11 5,600,000 5,600,000 1,200,000 2,660,560 3,230,680 570,120
12 5,600,000 5,600,000 1,200,000 2,486,400 3,019,200 532,800
13 5,600,000 5,600,000 1,200,000 2,324,000 2,822,000 498,000
14 5,600,000 5,600,000 1,200,000 2,171,680 2,637,040 465,360
15 5,600,000 5,600,000 1,200,000 2,029,440 2,464,320 434,880
16 5,600,000 5,600,000 1,200,000 1,896,720 2,303,160 406,440
17 5,600,000 5,600,000 1,200,000 1,772,960 2,152,880 379,920
18 5,600,000 5,600,000 1,200,000 1,657,040 2,012,120 355,080
19 5,600,000 5,600,000 1,200,000 1,548,400 1,880,200 331,800
20 5,600,000 5,600,000 1,200,000 1,447,040 1,757,120 310,080
21 5,600,000 5,600,000 1,200,000 1,352,400 1,642,200 289,800
22 5,600,000 5,600,000 1,200,000 1,263,920 1,534,760 270,840
23 5,600,000 5,600,000 1,200,000 1,181,040 1,434,120 253,080
24 5,600,000 5,600,000 1,200,000 1,103,760 1,340,280 236,520
25 5,600,000 5,600,000 1,200,000 1,031,520 1,252,560 221,040
26 5,600,000 5,600,000 1,200,000 964,320 1,170,960 206,640
27 5,600,000 5,600,000 1,200,000 901,040 1,094,120 193,080
28 5,600,000 5,600,000 1,200,000 842,240 1,022,720 180,480
29 5,600,000 5,600,000 1,200,000 787,360 956,080 168,720
30 5,600,000 5,600,000 1,200,000 735,840 893,520 157,680

Return on Investment Calculation

Return on Investment Ratio

Investment Required

Net Present Value of Costs and Benefits/Savings

 
 

4.4 Projected ROI for combined CPC technology demonstration cost 

Table 3 shows that the projected ROI for the entire CPC project invest-
ment of $945,000 is 25.53. 
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Table 3. Project-specific ROI for combined demonstration costs. 

945,000$        

Base Year 2009 OMB Cir A-94 30 Year Real Discount Rate 7.00%

25.53 Percent 2553%

102,443,862$ 126,572,220$  24,128,358$   

A B C D E F G H
Future 
Year

Baseline 
Costs

Baseline 
Benefits / 
Savings

New System 
Costs

New System 
Benefits / 
Savings

Present Value 
of Costs

Present Value 
of Savings

Total Present 
Value

1 10,200,000$  6,780,000$     6,336,449$    9,532,710$      3,196,262$     
2 10,200,000$  6,780,000$     5,921,915$    8,909,075$      2,987,160$     
3 10,200,000$  6,780,000$     5,534,500$    8,326,238$      2,791,739$     
4 10,200,000$  6,780,000$     5,172,430$    7,781,531$      2,609,102$     
5 10,200,000$  6,780,000$     4,834,046$    7,272,459$      2,438,413$     
6 10,200,000$  6,780,000$     4,517,800$    6,796,691$      2,278,890$     
7 10,200,000$  6,780,000$     4,222,243$    6,352,047$      2,129,804$     
8 10,200,000$  6,780,000$     3,946,022$    5,936,493$      1,990,471$     
9 10,200,000$  6,780,000$     3,687,871$    5,548,124$      1,860,253$     

10 10,200,000$  6,780,000$     3,446,608$    5,185,163$      1,738,555$     
11 10,200,000$  10,180,000$   4,836,445$    4,845,947$      9,502$           
12 10,200,000$  10,180,000$   4,520,042$    4,528,922$      8,880$           
13 10,200,000$  10,180,000$   4,224,338$    4,232,637$      8,299$           
14 10,200,000$  10,180,000$   3,947,980$    3,955,736$      7,756$           
15 10,200,000$  10,180,000$   3,689,700$    3,696,949$      7,249$           
16 10,200,000$  10,180,000$   3,448,318$    3,455,093$      6,775$           
17 10,200,000$  10,180,000$   3,222,727$    3,229,059$      6,331$           
18 10,200,000$  10,180,000$   3,011,895$    3,017,812$      5,917$           
19 10,200,000$  10,180,000$   2,814,855$    2,820,385$      5,530$           
20 10,200,000$  10,180,000$   2,630,705$    2,635,874$      5,168$           
21 10,200,000$  10,180,000$   2,458,603$    2,463,433$      4,830$           
22 10,200,000$  10,180,000$   2,297,760$    2,302,274$      4,514$           
23 10,200,000$  10,180,000$   2,147,439$    2,151,658$      4,219$           
24 10,200,000$  10,180,000$   2,006,953$    2,010,896$      3,943$           
25 10,200,000$  10,180,000$   1,875,657$    1,879,342$      3,685$           
26 10,200,000$  10,180,000$   1,752,950$    1,756,394$      3,444$           
27 10,200,000$  10,180,000$   1,638,271$    1,641,490$      3,219$           
28 10,200,000$  10,180,000$   1,531,095$    1,534,103$      3,008$           
29 10,200,000$  10,180,000$   1,430,929$    1,433,741$      2,811$           
30 10,200,000$  10,180,000$   1,337,317$    1,339,945$      2,627$           

Return on Investment Calculation

Net Present Value of Costs and Benefits/Savings

Return on Investment Ratio

Investment Required

SSSMR Replacement - Bowling Center (Building 835) and 6 Hangar buildings

 



ERDC/CERL TR-12-3 29 

 

5 Conclusions and Recommendations 

5.1 Conclusions 

This OSD CPC project successfully demonstrated the use of two market-
available technologies for rehabilitating failed corroded metal roofs: a 
high-build polyurea-hybrid membrane-producing coating and a structural 
standing-seam metal roof (SSSMR) system with integral sub-purlin system 
that can be fastened through a failed roof. The results confirm that the 
costs for removal of failed roofs can be deferred, and analysis indicates 
that this approach can contribute to a significant reduction in the life-cycle 
cost of roof rehabilitation. Disruptions of building operations during in-
stallations are also greatly minimized.  

The setup and application of polyurea coatings proved to be more difficult 
than standard paint spray-on or brush-on coatings, requiring special ap-
plication equipment and training. Polyurea is very sensitive to moisture 
and requires special mixing, handling, and storage controls. It is a very 
high-build, fast-cure, high-solids (90-100%) coating that uses or emits no 
solvents. The polyurea-hybrid coating should extend the service life of the 
roof for an estimated 10 years by providing a moisture-impermeable 
membrane that will effectively seal the surface defects such as pinholes 
and seam leaks.  

It should be noted, however, that the top-surface coating will not affect 
any corrosion occurring from the underside of roof if attic spaces have per-
sistent high humidity and high levels of aerosolized chlorides or other sol-
uble minerals. Corrosion of the bottom side of the panels can be prevented 
using proper building moisture management practices. The coating’s 
moisture-impermeability and vapor inhibitor characteristics should be 
considered as part of roof rehabilitation project design in highly corrosive 
environments. 

The SSSMR re-cover demonstration has shown that use of the Roof Hug-
ger sub-purlin system makes it feasible to install a new SSSMR over a 
structurally sound metal roof that has failed in terms of corrosion and wa-
ter intrusion. With careful detailing at the eaves and curbs that account for 
the new, slightly elevated roof plane, the demonstration roof should pro-
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vide similar service life to a complete roof replacement involving tear-off 
and waste disposal.  

5.2 Recommendations 

5.2.1 Applicability 

The polyurea-hybrid material used for the coating demonstration has fa-
vorable material handling, application, and appearance qualities. In addi-
tion to the specific coating formulation used, there are other formulations 
in the polyurea family of coatings that could provide similarly desirable 
properties for use in roof repair and rehabilitation.  

Polyurea coatings have properties that may be highly suitable for other 
applications. These properties include little or no solvent content, excel-
lent chemical resistance, fast setup times, ability to cure in a wide range of 
temperatures, and good durability. Other potential uses to investigate in-
clude: 

• spray-on liners of structures such as retaining walls and piers 
• emergency spray-on liners over sandbags to prevent water penetration 
• liners for chemical containments and buffering ponds walls 
• in-place encapsulation of lead-based paint 
• coating fiber-reinforced polymer and metal pipes 
• coating high-wear interior areas such as gym floors. 

For some applications, a single formulation probably would not meet 
worldwide performance requirements. A study would be needed to deter-
mine appropriate polyurea formulations that would best meet expected 
performance requirements for different corrosion severity zones and con-
struction materials. 

As an alternative to tearing off and replacing a deteriorated metal roofing 
system that is still structurally sound, DoD facility managers should con-
sider re-covering using an SSSMR and retrofit sub-purlin framing system. 
Where extensive water intrusion has occurred, detailed inspection of the 
existing roof should be performed before committing to this approach. 
Roof coatings that reflect or readily dissipate solar heat should also be 
considered for any metal roof in continually warm climates where the 
budget permits. 
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In addition to the improvements and savings validated in this project, both 
demonstrated technologies can provide several other obvious benefits:  

• reduction of material going to landfills 
• significant reduction in safety risks on the work site through avoidance 

of the demolition and waste-handling phases of roof rehabilitation 
• improved safety for crews working over in-place roof panels instead of 

exposed trusses and purlins 
• avoidance of costs related to temporary relocation of activities or shut-

down of operations during rehabilitation work 
• reduction in total project work time. 

5.2.2 Implementation 

The following documents concerning maintenance and repair of roofing 
should be reviewed and modified to assist in the proper selection and use 
of these technologies whenever major rehabilitation of metal roofs be-
comes necessary: 

• UFC 3-110-03, Roofing  
• UFC 3-110-04, Roofing Maintenance and Repair  
• UFC 3-320-03A, Structural Considerations for Metal Roofing 
• UFC 3-330-02A, Commentary on Roofing Systems  
• UFC 3-190-06, Protective Coatings and Paints  
• UFC 4-030-01, Sustainable Development  
• UFC 3-130-07, Buildings: Arctic and Subarctic Construction  
• Whole Building Design Guide (WBDG) - Building Envelope Design 

Guide - Roofing Systems. 

The DoD should fully evaluate the applicability of using polyurea in the 
widest applications possible. As polyurea coating technology is currently 
being used in industry, there are already industry standards for polyurea 
application, including:  

• SSPC-Paint 39, Two-Component Aliphatic Polyurea Topcoat Fast or 
Moderate Drying, Performance-Based 

• Polyurea Development Association (PDA), Polyurea/Geotextile Elas-
tomeric Lining Systems 

• NACE RP0892-2001, Coatings and Linings over Concrete for Chemi-
cal Immersion and Containment Services 
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• NACE Technical Committee Report 6A198, Introduction to Thick-Film 
Polyurethanes, Polyureas, and Blends. 
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Figures 

 
a. Metal roof showing general corrosion. 

 
b. Badly corroded steel around exhaust stack 

 
c. Severe corrosion around air vent. 

 
d. Severely corroded hangar medal roof edges. 

Figure 1. Typical metal roof details on buildings at Wheeler AAF, Honolulu, HI.  
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Figure 2. Existing roof on Building 118 prior to demonstration. 

 
Figure 3. Barracks Building 118 and surroundings. 
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Figure 4. Plural component proportioner system. 

 
Figure 5. Applicator training. 
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Figure 6. Spraying primer coat. 

 
Figure 7. Spraying topcoat. 
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Figure 8. Top view of Building 118 roof after completion. An uneven high gloss was visible 

from the ground 

 
Figure 9. Finished appearance of vent stack. – Note the patch and thicker coating applied 

over the metal roof lap 
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Figure 10. Roof of Building 835 before re-cover. Paint was peeling off in large sheets. 

 
Figure 11. Pressure washed and rust-treated roof areas. 

 
Figure 12. Pressure washing upper roof 
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Figure 13. Installed custom manufactured sub-purlin system designed to bridge underlying 

metal roof panel ribs.. 

 
Figure 14. Installation of fascia flashing. 
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Figure 15. Coil material fed to former. 

 
Figure 16. Panel former. 
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Figure 17. Fabricated panels with pieces of rubber sheets protecting the PVDF finish. 

 
Figure 18. Automatic seamer for rolling a 180o vertical rib of 22 gage metal roof panel. 
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Figure 19. Installation of vent flashing support purlins. 

 
Figure 20. Sealant applied at clip locations to create a wet seal. 

 
Figure 21. Demolition of lower roof above kitchen area. 
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Figure 22. Finished edge detail and wall flashing. (Note that  

there are no exposed fasteners in these cleated eave details.) 

 
Figure 23. Finished detail work of fascia and gutter. 
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Figure 24. Building addition with asphalt shingles prior to metal roof installation. 

 
Figure 25. Building addition with finished standing seam roof. 
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Figure 26. Exposure rack. 

 
Figure 27. Topcoat being applied with overspray evident. 
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Figure 28. Example of appearance of topcoat overspray on a test coupon. 

 
Figure 29. Gloss appearance of topcoating on test coupon. 

 
Figure 30. Distinct coating layers visible in cross section. 
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Figure 31. Mockup of fascia and gutter detail option considered by contractor. 
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Annex 1: Supplementary Information and 
Data for Polyurea Recoating Task 
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Appendix 1A: VFI™ Coating Manual 
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Appendix 1B: VFI™ Polyurea-Hybrid Test 
Coating Information  
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Appendix 1D: Daily Quality Reports 
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Appendix 1E: Material Information – JOMAX 
Mildewcide  
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Appendix 1F: Coating Thickness Report  
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Appendix 1G: Coating and Labor Warranties 
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Annex 2: Supplementary Information and 
Data for Roof Re-covering System 
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Appendix 2A: Hi-Tec Roofing MRS 200 Project 
Details 
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Appendix 2B: Contractor Health, Accident 
Prevention, and Safety Documents 

Metal Roof at Wheeler AFB 

Building 835 Bowling Alley 

 

CONTRACT NO.   W9132T-HIT-001 

 

Site Specific Safety and Health Plan 

Including Activity Hazard Analyses 

 

License # BC17593 

 

 

June 2008 
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1. SIGNATURE SHEET 

  A. Plan preparer: 
   1. Title: Superintendent’ QC manager 

   2. Signature: 

  

 ___________________________ 

Alan Meier 

3. Telephone Number: 808-841-7663 

4. Qualifications: Alan Meier has 30 years construction experience 
and has previously served as quality control manager and project superintendent 
for several Department of Defense construction projects.  

B. Plan Approver: 
1. Title: Project Manager/Company Safety Officer 

 2. Signature: 

    _ __________________________ 

    Name: Robert Meier 

3. Telephone Number: 841-7663 

C. Plan Concurrence: 
   1. Title: Quality Control Representative 

    2. Signature: 

  ___________________________ 

Name: Robert Meier 

3. Telephone Number: 841-7663 
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2. BACKGROUND INFORMATION 

 A. Contractor: Hi-Tec Roofing, Inc.   
 B. Solicitation Number: W9132T-HIT-001  

 C. Project Name: Metal Roof at Wheeler AFB Building 835-Bowling 
Alley  

D. Contract Description:  
Reroof of Building 835 including the replacement of the gutter and 
downspouts as well as the fascia and soffits. 

E. Contractor Accident Experience: 

Hi-Tec Roofing, Inc.  has a very low incidence of accidents. Hi-Tec 
Roofing, Inc.  Experience Modification Ratings are as follows: 

 Year EMR 

 2005 .80 
 2004 .78 
 2003 .74 
 2002 .78 
 2001 .76 

F. Listing of Phases of Work and Hazardous Activities Requiring Activity Hazards 
Analysis 

Job Site Mobilization 

Division 07— Thermal and Moisture Protection 

Metal Roofing, Gutters, Downspouts 

Please see Activity Hazard Analyses at the end of this document. 

3. STATEMENT OF HEALTH AND SAFETY POLICY 

Hi-Tec Roofing, Inc.  understands that construction work presents many 
risks to health and safety. However, health and safety may be protect-
ed with proper health and safety management. 
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As an employer in the building industry, it is our responsibility to pro-
vide a working environment where employees are protected from rec-
ognized health and safety hazards. Hi-Tec Roofing, Inc.  is committed to 
preserving the health and safety of our employees and shall employ a 
comprehensive health and safety management program for this task 
order. This program shall incorporate compliance with the following: 

• Hi-Tec Roofing, Inc. Site Specific Safety and Health Plan, including Activity 
Hazard Analyses 

• EM 385-1-1, “Safety and Health Requirements Manual,” Department of 
the Army, Corps of Engineers 

• Hawaii Occupational Safety and Health (FIIOSH) Construction Standards 

Note that in situations where applicable regulations overlap, the more 
stringent shall be recognized. 

Health and safety in the work environment requires not only proper 
health and safety management, but also a commitment to health and 
safety from all personnel. Hi-Tec Roofing, Inc.  shall encourage an atti-
tude of health and safety awareness among all employees. Toward this 
end, Hi-Tec Roofing, Inc.   Personnel shall be required to comply with all 
applicable health and safety regulations. Additionally, personnel are 
encouraged through the following: 

• New employee indoctrination 

• Weekly safety meetings for all personnel 

• Site display of safety information 

• Site safety reference materials 

4. RESPONSIBILITIES AND LINES OF AUTHORITY 

A. Identification and accountability of personnel responsible for safety: 

 • Project Manager/Corporate Safety Officer:  
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 • Site Safety Representative:  

B. Lines of Authority: 

• Project Manager/Corporate Safety Officer (ultimate safety authority) 

• Site Safety Representative (accountable to Project Manager/Company 
Safety Officer) 

C. Qualifications: 

Please see resumes and certificates for Corporate Safety Officer 
Alan Meier and Site Safety Representative Robert Meier on the fol-
lowing page 

KEY PERSONNEL 

      Qualifications, Experience, and Recent Project Information. 

Name: Alan Meier  
Proposed Assignment to this Project: Safety 
Officer and President of       Hi-Tec Roofing, Inc.  

Safety Officer and President of  Hi-Tec Roofing, Inc.  

Name of Firm, Position held, Dates of 
Employment:  

Hi-Tec Roofing, Inc. President. 1992 till present.  Member 
of Roof Consulting Institute and National Roofing 
Contractors Association (Director- 1985 – 1988). 
Currently holds State of Hawaii Contractor license for B-
General, C-42 Roofing, C-44 Sheet Metal, C-19 
Abatement, C-55 Waterproofing. 

Number of Years w/other Firms, Position held, 
dates of employment:  

35 years experience with all types of construction 
experience including but not limited to carpentry, roofing, 
sheet metal, and waterproofing, thermal insulation and 
solar. Owner operator of another mainland company for 
30 years. Over past 15 years managed several projects 
on various bases. Wheeler AFB, Schofield Barracks, Pearl 
Harbor, Ft. Shafter and Kaneohe Marine Corp Base. 

Educational Background: (Year, Degree, 
Specialization, Name of U.S. Accredited 
University) 

High School Diploma 

Professional Registration (if any): 
(Year, State, Discipline) 

Contractor’s License BC17593, State of Hawaii,  

 

Name: Robert Meier  
Proposed Assignment to this Project:  Project Manager, Quality Control Officer and employee of 

AEI, Hi-Tec’s sister company on the mainland.  
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Name of Firm, Position held, Dates of 
 employment.  

Hi-Tec Roofing, Inc. Project Manager, Quality Control 
Officer and employee of AEI, Hi-Tec’s sister company on 
the mainland. 23 years experience.  

Number of Years w/other Firms, Position held, 
dates of employment:  

Has served as a Construction consultant as well as been 
employed by Hi-Tec Roofing, Inc. over the past 8 years.  

Educational Background: (Year, Degree, 
Specialization, Name of U.S. Accredited 
University) 

High School Diploma 

  

 

Training Courses Completed: (COE (Corps of Engineers)  
Construction quality management, safety Etc.) 

Recent Project Involvement (Position, Project Name, Project Number, Value): 
Information on additional projects available upon request. 

Alan Meier – Safety Officer and President of Hi-Tec Roofing, Inc., 1992 – present. 
35 years experience with all types of construction. Experience includes but not 
limited to carpentry, roofing, sheet metal, waterproofing, thermal insulation, so-
lar. Owner operator of another mainland company for 30years. Member of Roof 
Consultant Institute and National Roofing Contractors Association             (Direc-
tor 1985 – 1988). Currently holds State of Hawaii Contractor License for B- Gen-
eral Contractor, C-42 Roofing, C-44 Sheet Metal, C-55 Waterproofing and C-19 
Abatement. Over past 15 years managed multiple projects on various bases, 
Wheeler AFB, Schofield Barracks, Pearl Harbor, Ft. Shafter and Kaneohe Marine 
Corp Base.  

Robert Meier – Project Manager/ Quality Control Officer and Employee of AEI,    
Hi-Tec’s sister company on the mainland. 23 years experience with all types of 
construction. Experience includes but not limited to carpentry, roofing, sheet 
metal, and waterproofing, thermal insulation, solar. Over past 15 years managed 
multiple projects on various bases, Wheeler AFB, Schofield Barracks, Pearl Har-
bor, Ft. Shafter and Kaneohe Marine Corp Base.  

5.   SUBCONTRACTORS AND SUPPLIERS 

A. Identification of Subcontractors 

No subcontractors shall be used on said project. 

Suppliers/Manufacturers: 
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Old Country Millwork – coil/metal 

Roof Huggers – Sub Purlins 

No suppliers or manufacturers will be on site: All deliveries are to 
Hi-Tec Roofing shop. 

B. Means for Controlling and Coordinating Subcontractors and Suppliers 

Each subcontractor shall be issued a copy of Hi-Tec Roofing, Inc.  Corpo-
ration’s Accident Prevention Plan. Subcontractors shall be instructed to 
comply with all provisions in this plan, the 

COE EM 385-1-1, HIOSH Construction Standards, and all other applica-
ble health and safety regulations. 

Hi-Tec Roofing, Inc.  shall require all subcontractors to acknowledge re-
ceipt and acceptance of the Hi-Tec Roofing, Inc.  Accident Prevention Plan 
with a memorandum of understanding signed by a responsible managing 
employee. These documents shall be kept on file by the HI-Tec Roofing, 
Inc.  Corporation Safety Officer who shall monitor their compliance. 

Subcontractors shall be required to issue Activity Hazard Analyses for 
their definable features of work. 

C. Safety Responsibilities of Subcontractors and Suppliers 

Subcontractors and suppliers are required to comply with all federal, 
state, and local health and safety related regulations, as well as the safety 
guidelines as specified for this contract 

Subcontractors and suppliers shall be responsible for providing ail 
necessary safety equipment and training to their employees. 

Subcontractors and suppliers shall provide a drug-free work force. 

Subcontractors are encouraged to chair weekly safety meetings for 
their employees or have their employees participate in Hi-Tec Roof-
ing, Inc.  Corporation’s weekly safety meetings. 
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Subcontractors are required to provide a minimum of two first aid 
and CPR-trained personnel on each project work site during per-
formance of their definable features of work as required. 

6. TRAINING 

A. Subjects to Be Discussed With Employees in Safety Indoctri-
nation 

1. Requirements and responsibilities for accident prevention 
and maintaining safe and healthful work environments 

2. General health and safety policy 

3. Procedures and pertinent provisions of the COB EM 385-
1-1 

4. Employee and supervisor responsibilities for reporting all 
accidents 

5. Provisions for medical facilities, emergency responses 
and procedures for obtaining medical treatment or emer-
gency assistance 

6. Procedures for reporting and correcting unsafe conditions 
or practices 

7. Job hazards and the means to control/eliminate those 
hazards, including applicable activity hazard analyses and 
Material Safety Data Sheets 

B. Mandatory Training and Certifications 

                               1. New employee safety indoctrination 

  2. Weekly safety meetings 

  • Review past safety concerns such as accidents and 
unsafe activities 

  • Review safe working procedures and safety training 

  • Review Activity Hazard Analyses 

  • Review Material Safety Data Sheets 

• Review accident and emergency procedures 

3. Monthly supervisor’s safety meetings 
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• Review job hazard analyses 

• Review project safety concerns 

              4.  Additional safety/safety related training to be conducted 
as required 

  • Equipment operator’s certification 

  • Blood borne pathogen training 

  • Hazard communication training 

  • Eye protection training 

  • Hearing protection training 

  • Personal protective equipment training (hardhats, 
steel toed shoes, shirts w/sleeves, long pants) 

  • Drug-free workplace training 

  • First aid and CPR training 

C. Requirements for Emergency Response Training 

1. Emergency Exit Plan 

Hi-Tec Roofing, Inc.  shall provide emergency exit plans for 
use in event of fire or other emergency. These plans shall 
include the following: 

• Escape routes for all areas of work 

• Personnel accounting after evacuation 

• Reporting procedures 

• Telephone numbers for ambulance, fire, and police 

2. Foul Weather Plan 

Hi-Tec Roofing, Inc.  shall monitor project work site weather 
conditions in order to protect workers from hazardous con-
ditions caused by severe weather. These plans shall include 
the following: 

• Employee notification of severe weather 

• Immediate project work site evacuation 

• Securing all materials and equipment on the project 
work site 

• Utilization of shelters 
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 3. First Aid and CPR Training 

A minimum of two first aid and CPR certified personnel shall 
be on the project work site at all times during performance 
of work activities. 

 I). Requirements For Supervisory and Employee Safety Meet-
ings 

At the start of each work week (Monday at 7:30 am), there will 
be a half hour safety meeting for all workers. This meeting will 
be conducted by the safety officer. Each meeting will consist of 
a safety lesson on a topic related to the construction industry as 
well as review of project related activity hazard analysis and 
material safety data sheets (MSDS). These shall be located at a 
designated location on the job site. All meetings will be docu-
mented, and all documentation will be kept on the job site. 

Once a month, all supervisory personnel shall participate in a 
supervisors’ safety meeting. This meeting will be held at the be-
ginning of the month (first Monday of the month at a time to be 
determined later). The project superintendent, QC manager, 
and general foreman shall attend. The meeting will be conduct-
ed by the project superintendent. 

7. HEALTH AND SAFETY INSPECTIONS 

A. Weekly unannounced on-site safety inspections shall be 
conducted by the Contract Safety Officer. The site shall be 
inspected for the following: 

• Compliance with Hi-Tec Roofing, Inc. Accident Preven-
tion Plan 

• Compliance with COE EM 385-1-1 

• Compliance with HIOSH 

• Safe delivery and storage of materials 

• Daily inspections and follow-up by the Site Safety and 
Health Officer 

• Proper maintenance of equipment and tools 

B. Daily on-site safety inspections shall be conducted by the 
Site Safety and Health Officer. These inspections will be rec-
orded on the QC Daily reports. 
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C. Safety deficiencies shall be corrected immediately. If this is 
not possible, the area of work affected by the deficiency 
shall be properly isolated until the problem can be corrected. 
The Project Superintendent and the Site Safety and Health 
Officer shall have authority to expedite safety deficiency cor-
rective action. The Project Manager/Contract Safety Officer, 
Project Superintendent, and Site Safety and Health Officer 
shall have authority to approve safety deficiency corrections. 
Once a safety issue is corrected, an authorized approving au-
thority shall approve of the correction. This approval shall be 
recorded on the QC Daily report. 

D. Other safety inspections may be conducted by the following 
agencies: 

• US Department of the Army 

• HIOSH 

8. HEALTH AND SAFETY EXPECTATIONS. INCENTIVE PROGRAMS. AND 
COMPLIANCE 

A. Safety Program Goals. Objectives And Accident Experience 
Goals  Hi-Tec Roofing, Inc. safety program goal is to have an 
accident-free, injury-free contract performance. The Acci-
dent Prevention Plan shall be used toward this goal. 

B. Policies and Procedures Regarding Noncompliance with Safe-
ty Requirements 

Any non-compliance with the provisions of this Accident 
Prevention Plan must be reported to supervisory personnel 
immediately. All employees are encouraged to report close 
calls, unsafe conditions and unsafe acts to supervisory per-
sonnel. 

The Project Superintendent shall then conduct an investiga-
tion. Personnel that have been found to be responsible for 
causing violation of safety provisions shall be issued a Safety 
Violation Warning. This warning shall be incorporated in the 
violator’s employment file and shall be issued to supervisory 
personnel 
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Personnel involved in the violation of Accident Prevention 
Plan provisions for a second time shall be removed from the 
project work site. 

C. Written Company Procedures for Project Managers and Su-
pervisors Accountable For Safety 

The Project Superintendent and the Site Safety Representa-
tive shall be accountable for enforcing the provisions of the 
corporate Accident Prevention Plan with the goal of provid-
ing a healthy and safe work environment for all employees. 

The Project Manager/Contract Safety Officer shall oversee 
the safety management performance by these two person-
nel and shall have ultimate authority in all safety matters. 

9. ACCIDENT REPORTING 

A. Exposure Data 

As required a monthly exposure report, written by the Pro-
ject Superintendent, shall be submitted to the Contracting 
Officer attached to the monthly billing request. This report is 
a compilation of employee-hours worked each month for all 
site workers, both prime and subcontractor. 

B. Accident Investigations and Recording/Immediate Notifica-
tion of Major Accidents 

All accidents, near-accidents, injuries, unsafe conditions, and 
unsafe acts shall be reported to supervisory personnel im-
mediately. It is the supervisory personnel’s responsibility to 
accept all such reports. 

In case of accident, emergency response procedures shall be 
expedited to aid injured personnel, stabilize unsafe situa-
tions, and isolate accident scenes. 

Supervisory personnel shall immediately notify the Site Safe-
ty Representative of the incident, and promptly produce an 
accident report for submittal td the job site safety officer. 

 

The Site Safety Representative shall notify the Contracting 
Officer, within 4 hours, of any OSHA recordable occupational 
injury or illness. Information shall include contractor name; 
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contract title; type of contract; name of activity, installation 
or location where mishap occurred; date and time of mis-
hap; names of personnel injured; extent of property damage, 
if any; and brief description of mishap (to include type of 
construction equipment used, PPE used, etc.) In addition to 
OSHA reporting requirements, initial notification shall be 
made of any accident involving significant mishaps. 

For OSHA reportable accidents, the Site Safety Representa-
tive shall conduct a suitable investigation, complete a Con-
tractor Significant Incident Report (CSIR) form, and provide 
this report to the Contracting Officer within 5 calendar days 
of a mishap. 

Any lost time accident or accident resulting in property dam-
age must be reported. A verbal report to the Contracting Of-
ficer shall be made followed by a written report using form 
POD 265-R. Written report is required within 48 hours after 
incident. 

Copies of supervisory personnel accident reports, CSIRs, and 
POD 265-Rs shall be kept on file at YOUR COMPANY NAME 
Corporation offices. 

State of Hawaii, Department of Labor, and Workman Com-
pensation forms W-l and W-2 shall be completed and pro-
cessed as required. 

OSHA Form 300 shall be updated and posted as required. 

A record of all first aid treatment shall be maintained at the 
main project work site treatment kit. 

A list of all first aid supplies shall be maintained at the main 
project work site treatment kit. 

10. MEDICAL SUPPORT 

A. On-Site Medical Support 

There shall be two workers on site certified in first aid and CPR. 
There will be a main project work site first aid kit maintained at all 
times. There will also be first aid kits in all supervisory personnel 
vehicles. 
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All supervisory personnel shall be equipped with cellular tele-
phones that would enable them to summon emergency medical at-
tention. 

Primary and secondary medical support facilities shall be identified 
in the area of each work site. 

An emergency response board shall be conspicuously posted at 
each work site indicating the following: 

• Medical support facilities 

• Poison control center 

• Ambulance 

 •    Fire 

 • Police 

• Hot work permit contact 

• Safety officer 

• Project location map identifying: 

-primary and secondary medical support facilities 

-direction of emergency response team arrival 

Please see list of emergency telephone numbers at the end of this 
section. 

Emergency response information shall be reviewed at the first 
safety meeting of a construction contract and shall be reviewed 
regularly during on-going safety meetings. 

A minimum of two first aid and CPR certified personnel shall 
be on a work site at all times during work hours. A current 
file of first aid and CPR certified personnel shall be kept on 
file. 

Each work site shall be equipped with a large capacity first 
aid kit (mm. 16 unit) positioned at a conspicuous location. 

All supervisory personnel vehicles shall be equipped with a 
fully stocked first aid kit. 

B. Off-Site Medical Support 

Hi-Tec Roofing, Inc.  will use: Wahiawa General Hospital 

                                               128 Lehua Street 
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                                               Wahiawa, HI. 96786 

The telephone number is (808) 621-8411 

11. PERSONAL PROTECTIVE EQUIPMENT 

A. All workers shall be required to carry ear plugs for ear pro-
tection, safety goggles for eye protection and hard hats for 
head protection. All workers shall be required to wear short 
sleeve shirts and full length work pants for proper body pro-
tection. Workers shall be supplied with half face respirators 
and will be certified for their use prior to working on dust 
and gas generating tasks. 

B. All personnel are required to properly maintain their per-
sonnel protective equipment. 

C. Hard hats are to be worn at all times during work activity. 

D. Safety glasses or goggles are to be worn in all situations 
where eye injury may occur. Examples of features of work 
that require eye protection are: 

• Demolition 

• Earthwork 

• Concrete placement 

• Any work requiring powder actuated devices 

• Any work requiring metal welding, grinding, and cut-
ting 

• Any work requiring cutting 

E. Safety shoes with steel toes are to be worn at all times dur-
ing work activity except during certain roofing and carpet in-
stallation tasks. 
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F.  Short pants and loose fitting clothing are not permitted to be 
worn during work activity. 

G. Fall protection equipment shall be required when working in 
areas greater than 6 feet in height over adjacent surfaces. 
Hi-Tec Roofing, Inc.  shall provide fall protection equipment 
to its employees. Subcontractors shall provide fall protection 
equipment to their employees. All workers requiring fall pro-
tection shall be trained in the use of fall protection equip-
ment. Documentation of training shall be kept on file by Hi-
Tec Roofing, Inc.. All fall protection shall comply with COE 
EM 385-1-1. 

H. Respiratory protection equipment shall be required when 
working in tasks that generate nuisance or harmful dusts 
and gases. Hi-Tec Roofing, Inc. shall issue respirators with 
proper filters to all employees working in these situations. 
Respirators shall be fit tested for all such employees. 

12. PLANS,  PROGRAMS AND PROCEDURES (AS APPLICABLE) 

A. Layout Plan (Please see Mobilization Plan at the end of this 
section.) The site specific layout plan will include: 

1. Project ingress and egress 

2. Haul routes 

3. First aid kits 

4. Emergency eye wash station 

5. Emergency response bulletin board 

6. On-site material storage containers 

7. Combustible fuel storage 

8. Toilet facilities 
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9. Project and quality control offices 

10. Construction debris collection area 

11. Temporary barricades 

B. Emergency Response Plans 

Hi-Tec Roofing, Inc.  shall provide emergency response plans 
to ensure personnel safety in the event of any emergency. 
These emergency response plans shall have as their basis, 
the following: 

1. Escape Procedures and Routes 

Hi-Tec Roofing, Inc.  shall indicate emergency medical fa-
cility routes for all work sites. 

2. Employee Accounting Following an Emergency Evacua-
tion 

After an emergency evacuation~, the supervisor in the 
immediate area of the emergency will gather the em-
ployees and conduct an accounting of the employees. 
The supervisor will use a company roster to ensure an ac-
curate accounting. 

3. Rescue and Medical Duties 

Rescues and medical duties will be performed by fire and 
police personnel. Prior to arrival of professional rescue 
personnel, employees may attempt rescues and medical 
duties that are non-hazardous in nature. All employees 
are certified in first aid and CPR. 

4. Means of Reporting Emergencies 

All supervisors shall be equipped with cellular telephones 
that can be used to summon help. Emergencies shall be 
reported to the proper authorities and to emergency re-
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sponse personnel immediately. Emergency response per-
sonnel telephone numbers shall be conspicuously posted 
at all work sites. 

5. Personnel to Be Contacted For Information or Clarifica-
tion 

The Site Safety Representative at the work site shall be 
responsible for gathering information on all emergencies 
at that work site. This person shall be contacted for in-
formation or clarification. 

6. Spill Plan 

Person discovering spill must: 

a. Turn off all sources of ignition (pumps, motors, etc.) 

b. Approach spill from upwind, attempt to stop the 
source (i.e. return containers to upright position, close 
valves, etc.) and move other materials that may pose 
hazards away from the incident scene without placing 
him/herself or coworkers at risk to injury. 

c.  Evacuate and secure immediate area 

d. Fire Department phone numbers shall be posted in 
conspicuous locations 

7.   Fire Fighting Plan 

All supervisory vehicles shall be equipped with fire extin-
guishers. 

A fire extinguisher, rated at 2A, shall be provided for 
each 3,000 square feet of work area. The travel distance 
from any part of the area to the fire extinguisher shall be 
not more than 75 feet. 

A fire extinguisher, rated at JOB, shall be provided within 
50 feet of areas where more than 5 gallons of flammable 
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or combustible liquids or 5 pounds of flammable gas are 
being used on a work site. 

All fire extinguishers shall be inspected at regular inter-
vals anti maintained in operational condition. Fire extin-
guisher training shall be provided to workers. 

Combustible construction debris shall be removed from 
work sites at frequent, regular intervals. 

All soldering and welding shall be conducted with proper 
permits, with one worker equipped with a fire extin-
guisher acting as fire watch. 

Fire response telephone numbers shall be posted in con-
spicuous locations. 

 

C. Hazard Communication Program 

1. When hazardous substances are brought onto work 
sites, all employees potentially exposed to these sub-
stances shall be advised of information in the MSDS for 
the substances. A copy of the MSDS for each hazardous 
substance at a work site will be maintained in a hazard-
ous substance file on the work site and will be provided 
to the designated authority and made available to all po-
tentially exposed employees. For emergency response 
purposes, each entry in the file shall include the approx-
imate quantities (e.g., liters, kilograms, gallons, pounds) 
of each hazardous substance that will be on site at any 
given time. In addition, a site map will be included in the 
file showing where inventoried hazardous substances 
are stored. The file and the site map shall be updated as 
frequently as necessary to ensure accuracy. 

2. If an existing material to be disturbed is determined to 
possibly contain a hazardous substance, the Site Safety 
Representative shall be notified. At the Site Safety Repre-
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sentative’s discretion, the areas where this material oc-
curs shall be immediately evacuated, and the proper au-
thorities shall be notified. 

Should a contract modification require abatement of a 
hazardous material, a fully licensed hazardous materials 
abatement firm, authorized to abate the specific hazard-
ous material, shall be hired to perform this and all neces-
sary related work. 

This firm shall be required to provide a comprehensive 
hazardous materials abatement plan. 

The Project Superintendent shall have supervisory re-
sponsibility over the safety management of hazardous 
materials removal. 

D. Respiratory Protection Plan 

Should a construction contract require hazardous materials 
abatement, a fully licensed hazardous material abatement 
firm shall be hired to perform this work. This firm shall be 
required to provide a respiratory protection plan. 

In order to protect against general construction dust and 
other respiratory nuisances, all workers will be provided with 
respirators with half face pieces. The selection, fit testing, 
use, maintenance, and storage of respiratory protective 
equipment; the training of the use of respiratory equipment; 
and the physically and medically determined qualifications 
to wear respiratory protection devices will all be performed 
according to, and meet, industry standards. 

A reputable firm will be contracted to supply and fit test the 
respiratory protective equipment. Fit test certifications will 
be issued by this firm. Fit tests will be conducted as often as 
is required. 

Concentra Medical Centers will perform all required medical 
tests. Medical tests will be conducted as often as is required. 

E.   Health Hazard Control Program 
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1. Accident Prevention 

a. The Project Superintendent and Site Safety Repre-
sentative shall inspect their work sites frequently. All 
other supervisory personnel shall have a heightened 
awareness of work site safety conditions and shall re-
port any unsafe working situations to the Project Su-
perintendent or Site Safety Representative immedi-
ately. 

b. The Project Superintendent and Site Safety Repre-
sentative shall have authority and responsibility to 
correct any unsafe working condition or situation im-
mediately 

c. It is the responsibility of each employee to report any 
unsafe working condition or situation to supervisory 
personnel 

d. All defective or otherwise unsafe tools, equipment, 
and machinery shall be locked and tagged as such and 
removed from the work site immediately 

e. Equipment of any kind shall only be operated by quali-
fied personnel 

2. Housekeeping 

a. Each work site is to be cleared of debris and put in or-
derly condition at the end of each work day and as 
necessary in the course of a work day 

b. Waste containers shall be provided at each work site. 
Construction debris shall be disposed of at frequent 
and regular intervals. Containers for flammable or 
hazardous materials shall be equipped with covers 

3. Means of Egress 

a. Clear, unobstructed exit passageways shall be main-
tained at every structure that workers occupy 

b. If exits and passageways are not readily apparent, 
they shall be marked with clearly visible signage 

F.  Lead Abatement Plan 
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If an existing material to be disturbed is determined to pos-
sibly contain lead, the areas where this material occurs shall 
be immediately evacuated, and the proper authorities shall 
be notified. 

Should a construction contract require lead abatement, a ful-
ly licensed hazardous materials abatement firm, authorized 
to abate lead, shall be hired to perform this and all necessary 
related work pending a contract modification. 

This firm shall be required to provide a comprehensive lead 
abatement plan. 

The Site Safety Representative shall have supervisory re-
sponsibility over the safety management of hazardous mate-
rials removal. 

G. Asbestos Abatement Plan 

If an existing material to be disturbed is determined to pos-
sibly contain asbestos, the areas where this material occurs 
shall be immediately evacuated, and the proper authorities 
shall be notified. 

Should a construction contract require asbestos abatement a 
fully licensed hazardous materials abatement firm, author-
ized to abate asbestos, shall be hired to perform this and all 
necessary related work pending a contract modification. 

This firm shall be required to provide a comprehensive as-
bestos abatement plan. 

The Site Safety Representative shall have supervisory re-
sponsibility over the safety management of hazardous mate-
rials removal. 

H.  Abrasive Blasting Not applicable. 

A. Confined Space Not applicable. 

J. Hazardous Energy Control Plan Not applicable. 

General Electrical Safety Procedures 

A. Overhead Distribution 

a. Quality Control Manager Robert Meier shall notify 
the Contracting Officer in writing within 30 days 
prior to electrical outage. 
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b. The electrical foreman shall inform all crews of 
upcoming outages and the duration. 

c. The electrical foreman will conduct a meeting dai-
ly with his crew to review the AHA’s for the as-
signed activity or activities. He will discuss the se-
quence of operations and detail what material and 
tools that will be needed to safely conduct the in-
stallations. 

d. The electrical foreman shall check all crew mem-
bers assigned to the days activities to insure that 
each of them have all the PPE needed for a safe 
installation. 

e. The electrical foreman will check with his own test 
equipment and PPE to make sure the lines are de-
energized before work begins. 

f. After the installation the electrical foreman will 
check for ground faults and any wiring inconsist-
encies before energizing. 

    K.  Miscellaneous Work Practice Requirements 

a. Electrical wiring, cords, and cables shall be pro-
tected from damage 

b. Extension cords for portable electrical tools, appli-
ances and lights shall be of three-wire type and 
shall be designed for hard or extra hard usage 

c. Electrical cords shall be connected to devices and 
fittings so that there will be no strain from pulling 

d. All electrically powered hand tools shall be ground 
fault circuit interrupter protected. This includes 
double insulated tools. 

e. Electrical cords shall be positioned so as to avoid 
paths of heavy equipment unless cords are pro-
tected from damage 

f. Extension cords shall not be secured with staples, 
nails, screws or wire 

g. Electrical cords shall not be used for raising or 
lowering equipment 
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h. Personnel working near energized lines shall have 
work areas properly illuminated 

i. A minimum clearance of 10 feet shall be provided 
between vehicles/mechanized equipment and en-
ergized overhead electrical lines 

j. Clearance of 10 feet may be reduced under the fol-
lowing conditions: 

a) If machinery is in transit with its appendages 
lowered, the clearance may be reduced to 4 
feet 

b) If insulating barriers are provided, the clear-
ance may be reduced to the distance as rec-
ommended by the insulating barrier manufac-
turer 

k. Personnel shall not be permitted to work near the 
base of any elevated structure where any part of 
the structure is within 10 feet of an energized 
source 

L.  Critical Lift Procedures 

Not applicable 

M.  Contingency Plan for Severe Weather 

Hi-Tec Roofing, Inc.  shall be responsible for regular monitor-
ing of job site weather conditions in an effort to avoid haz-
ardous conditions caused by severe weather. In the event of 
severe weather conditions, procedures shall be done in a 
timely manner to reduce job-site danger. 

Inclement Weather: The below ERP states the procedures, 
notifications, and actions to be taken in the event of typhoon 
evacuation orders. The actions are based upon the different 
levels of typhoons to be expected in Hawaii. 

1.  Training: The following training requirements will be conducted and/or veri-
fied by the Safety Manager: 

• All employees will be given typhoon emergency action train-
ing. This training will include the levels of typhoons and the 
need for a “Typhoon Kit”. 
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• All employees will be given training on the precautionary ac-
tions that should be taken to prepare the job site for the lev-
els of typhoon intensity. 

• All employees will be provided with information on evacua-
tion routes, and their responsibilities in the event of a ty-
phoon evacuation order. 

• All employees will be trained in the location of the Safe Area, 
and emergencies that would require employees to assemble 
at the Safe Area. 

2. Notifications: In the event of typhoon alerts or evacuations, the 
Project Superintendent/ Safety Manager will insure that all employees are noti-
fied and accounted for. Procedures for notifying employees of the return to work 
or All Clear will be established and disseminated to the employees. 

3. Actions: Typhoon Condition of Readiness 

• Condition Four    (Sustained winds of 93 km/hr or greater ex-
pected within 72 hours): Normal daily jobsite cleanup and 
good housekeeping practices. Collect and store in piles or 
containers scrap lumber, waste material, and rubbish for 
removal and disposal at the close of each workday. Maintain 
the construction site including storage areas, free of accu-
mulation of debris. Stack form lumber in neat piles less than 
one m high. Remove all debris, trash, or objects that could 
become missile hazards. Contact Contracting Officer for 
Condition Requirements. 

• Condition Three    (Sustained winds of 93 km/hr or greater 
expected within 48 hours): Maintain “Condition Four” re-
quirements and commence securing operations necessary 
for “Condition One” which cannot be completed within 18 
hours. Cease all routine activities, which might interfere 
with securing operations. Commence securing and stow all 
gear and portable equipment. Make preparations for secur-
ing buildings. Review requirements pertaining to “Condition 
Two” and continue action as necessary to attain “Condition 
Three” readiness. Contact Contracting Officer for weather 
and Condition of Readiness (COR) updates and completion 
of required actions. 

• Condition Two (Sustained winds of 93 km/hr or greater ex-
pected within 24 hours): Curtail or cease routine activities 



ERDC/CERL TR-12-3 2B26 

until securing operation is complete. Reinforce or remove 
formwork and scaffolding. Secure machinery, tools, equip-
ment, materials, or remove from the jobsite. Expend every 
effort to clear all missile hazards and loose equipment from 
general base areas. Contact Contracting Officer for weather 
and Condition of Readiness (COR) updates and completion 
of required actions. 

• Condition One (Sustained winds of 93 km/hr or greater ex-
pected within 12 hours): Secure the jobsite, and leave Gov-
ernment premises. 

N.  Access and Haul Road Plan 

An access and haul route plan will be submitted for govern-
ment approval 

O.  Demolition Plan (engineering and asbestos surveys) 

 See demolition plan 

P.  Emergency Rescue (tunneling1 

     Not Applicable 

Q.  Underground Construction Fire Prevention and Protection Plan  

 Not Applicable 

R.   Compressed Air Plan – Not Applicable 

S.   Form work and Shoring Erection and Removal Plans 

 Not Applicable 

T.  Jacking Plan  

 Not Applicable 

U.  Safety and Health Plan 

 A complete Accident Prevention Plan will be submitted for approv-
al prior to start of work. 

V.  Blasting Plan  

 Not Applicable 

W.  Diving Plan  

 Not Applicable 

X.  Prevention of Alcohol and Drug Abuse Plan 



ERDC/CERL TR-12-3 2B27 

1. The use of alcohol, drugs, or other mind-altering substances 
is not permitted as a condition of employment 

2. Personnel found to be influenced by mind-altering sub-
stances or having such substances in possession shall be 
immediately removed from the work site and may face ter-
mination and/or legal consequences 

3. Hi-Tec Roofing, Inc.  shall establish a program to heighten al-
cohol and drug-free awareness among employees. This pro-
gram shall consist of dissemination of printed material and 
periodic discussions of mind-altering substances during safe-
ty meetings. 

Y.  Fall Protection Plan 

I. PURPOSE: This policy contains the requirements for prac-
tices and procedures to establish safe work operations to 
prevent falls. This policy establishes the minimum guidelines 
for Hi-Tec Roofing, Inc.  employees involved in work at ele-
vations. Hi-Tec Roofing, Inc.  employees in some areas may 
be subject to more stringent requirements than those listed 
below depending upon the working conditions at the time. 
Falls are frequently “FATAL”, and therefore all efforts to pre-
vent falls will be given the utmost consideration(s). 

II. SCOPE; Any person working at an elevation of six (6’) feet 
or higher than the prevailing floor elevation, and not on 
permanent walkways surrounded by permanent guardrails, 
shall wear NIOSH approved fall protection equipment, and 
shall attach the lanyard to a substantial anchorage point at 
or above the waistline. Fall prevention techniques shall be 
used even when working on permanent platforms with in-
stalled guardrails and the risk of a slip and fall exist.  

TIE OFF MUST BE TO A PERMANENT STRUCTURE 
ANCHORAGE POINT. Fall protection is required under the 
following circumstances: 

Z.  Steel Erection Plan 

 Not Applicable 

AA.  Night Operations Lighting Plan Not Applicable 

BB.  Site Sanitation Plan 
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a. The work site is to be cleared of debris and put in orderly condition at the 
end of each work day and as necessary in the course of a work day. 

b. Waste containers shall be provided at the work site Construction debris 
shall be disposed of at frequent and regular intervals. Containers for flammable 
or hazardous materials shall be equipped with covers 

CC.  Fire Prevention Plan 

All supervisory vehicles shall be equipped with fire extin-
guishers. 

A fire extinguisher, rated at 2A, shall be provided for each 
3,000 square feet of work area. The travel distance from 
any part of the area to the fire extinguisher shall be not 
more than 100 feet. 

A fire extinguisher, rated at 10B, shall be provided within 
50 feet of areas where more than 5 gallons of flammable or 
combustible liquids or 5 pounds of flammable gas are being 
used on a work site. 

All fire extinguishers shall be inspected at regular intervals 
and maintained in operational condition. Fire extinguisher 
training shall be provided to workers. 

Combustible construction debris shall be removed from 
work sites at frequent, regular intervals. 

All soldering and welding shall be conducted with proper 
permits, with one worker equipped with a fire extinguisher 
acting as fire watch. 

Fire response telephone numbers shall be posted in con-
spicuous locations. 

13.  Contractor Information (compliance) 

A. Site Work 

1. Mechanized equipment 

a. All mechanized equipment to be used in the performance 
of this contract shall be certified by a mechanic to be in 
sound operating condition prior to its delivery to any task 
order work site. 
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b. A safety tire rack, cage, or equivalent shall be used when 
working on tires mounted on split rims or rims equipped 
with locking rings or similar devices 

c. Parked mechanized equipment shall have parking brakes 
set Equipment parked on inclines shall have wheels 
chucked and parking brakes set. 

d. Windows of operator control stations shall be glazed with 
non-distorting safety glass 

e. All mechanized equipment shall be equipped with back 
up audio warning devices 

f. All mechanized equipment shall be equipped with 5AB fire 
extinguishers mounted in the operator’s control station 

2. Motor vehicles 

a. Tools, equipment, and materials shall be properly secured 
when transported in the same compartment as personnel 

b. Personnel shall be transported in vehicles of adequate 
capacity 

c. Personnel shall utilize seat belts while being transported 

d. Vehicle drivers shall obey all traffic laws 

3. Site clearing 

Site clearing equipment shall be equipped with rollover 
protection 

14.  Electrical Safety 

1. General 

a. Electrical conductors and equipment shall meet the specifications of this 
contract 

b. Electrical equipment shall be in good operational condition, presenting 
no hazards to personnel 

c. Electrical equipment shall be permanently labeled with manufacturer’s 
name, trademark, voltage, current, wattage, and/or other ratings as necessary to 
identify origination and operational parameters 

2. Wiring design and protection 
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g. Grounded conductors shall be easily identifiable and distinguishable as 
such 

h. No grounded conductor shall be attached to any terminal or lead so as to 
reverse designated polarity 

3. Wiring methods, components and equipment for general use 

1. No wiring of any type shall be installed in conduit used to transport dust, 
loose materials, or flammable vapors. 

m. Electrical wiring and cords shall not be used to suspend temporary lights 
unless they are specifically designed for this purpose 

n. Electrical wiring, cords, and cables shall be protected from damage 

o. Extension cords for portable electrical tools, appliances and lights shall be 
of three-wire type and shall be designed for hard or extra hard usage 

p. Electrical cords shall be connected to devices and fittings so that there 
will be no strain from pulling 

q. All electrically powered hand tools shall be ground fault circuit interrupt-
er protected. This includes double insulated tools. 

r. Electrical cords shall be positioned so as to avoid paths of heavy equip-
ment unless cords are protected from damage 

4. Safety related work practices 

a. When performing work in areas where exact locations of underground 
utility lines are unknown, personnel using jack hammers, and other metal hand 
tools which may contact lines shall be provided with insulated protective gloves. 

b.  When personnel, tools, or machinery are to be employed in 
areas where electrical or physical contact with energized 
electrical circuits may be made, warning signs shall be post-
ed indicating such danger. Personnel shall be advised of the 
location of such lines, the dangers involved, and the protec-
tive measures to be taken 

c. Circuits should be de-energized by the lockout/tag out re-
quirements of EM 385-1-I if at all possible. Only qualified 
personnel may work on or near energized lines and equip-
ment should these kinds of work conditions be                                     
unavoidable (Revision 1) 
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d. Defective extension cords and tools with damaged electrical 
cords shall be removed from use and repaired immediately 
by qualified personnel 

e. Extension cords shall not be secured with staples, nails, 
screws or wire 

f. Electrical cords shall not be used for raising or lowering 
equipment 

g.  Personnel working near energized lines shall have work are-
as properly illuminated 

h. Clearance of 10 feet shall be provided between vehi-
cles/mechanize equipment and energized overhead electri-
cal lines 

i. Clearance of 10 feet may be reduced under the following 
conditions: 

1.) If machinery is in transit with its appendages lowered, 
the clearance may be reduced to 4 feet 

                2.) If insulating bathers are provided, the 
clearance may be reduced to the distance as recom-
mended by the insulating barrier manufacturer. 

j. Personnel shall not be permitted to work near the base of 
any elevated structure where any part of the structure is 
within 10 feet of an energized source 

5. Gas powered generators 

a. Gas and diesel powered electric generators shall be properly 
maintained and used in accordance to manufacturer’s in-
structions. Generators shall not be modified 

b. Gas and diesel powered electric generators shall be properly 
grounded 

c.  Devices powered by gas and diesel electric generators shall 
be equipped with UL listed GFCI devices 

d. Gas and diesel powered electric generators shall not be posi-
tioned upwind of convened spaces, confined space entry 
points, or air supply entry point of any personnel. This is to 
prevent potential carbon monoxide poisoning. 

e. Public Safety  
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1. Work areas shall be bounded by construction fencing to 
prevent public access. Warning signs shall be posted at 
regular intervals 

2. Work area access shall be limited to Hi-Tec Roofing, Inc, 
subcontractor and supplier personnel, and Government 
representatives 

15. SITE SPECIFIC HAZARDS AND CONTROLS 

Please see Activity Hazard Analyses (AHAs) on the following pages. Note that 
additional AHAs may be submitted prior to start of construction. 

16. Report discussed with contractor/superintendent on 

17. Contracting Officer (Signature & Date) 

Construction Management Engineer (signature 

DEFINABLE FEATURE OF WORK: METAL SUPPORT ASSEMBLIES 

Competent Person in Charge:  Robert Meier 

1. Contract No: W9132T-HIT-001 2. Contractor: Hi-Tec Roofing, Inc. 3. Date: 6/18/08  

4. Title: Metal Roof at Wheeler 

AAF    

5. Location: Wheeler AAF Hawaii  6. Est. Start Date: 7/14/08 

7. PRINCIPLE STEPS 8. POTENTIAL HAZARDS 9.RECOMMENDED 

CONTROLS 

1. Working with small tools 

 

 

2. Transporting materials 

 

3. Fastening flashing 

1. Electric shock 

 

 

2. Falling and tripping hazards 

 

3. Cuts, metal shavings 

I. Perform scheduled in-
spections on all exten-

sion cords and tools. 

GFCI will be required on 

all temporary wiring. 

2. Good housekeeping. 
Maintain clean and neat 

work and storage areas. 

3. Wear personal protec-

tive clothing and equip-
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ment. 

10. EQUIPMENT TO BE USED 11.INSPECTION REQUIREMENTS 12.TRAINING 

REQUIREMENTS 

1. Small power tools, saws, 
and drills. 

1. Daily inspection of tools, power cords, 

and hoses 

1. On the job training 

Contractor:  Hi-Tec Roofing 

CME/Project Superintendent (Signature and Date) Robert Meier                       6/18/08                       

Site Safety Representative (Signature and Date) Robert Meier                       6/18/08                                   

Contracting Officer (Signature & Date)   

Report Discussed with Contractor I Superintendent on (Date)   

 

1.Contract No.: W9132T-HIT-001 2. Contractor: Hi-Tec Roofing, 

Inc. 

3.Date: 6/18/08 

4.Title: Metal Roof at Wheeler AAF 5. Location: Wheeler AAF Hawaii 6. Est. Start Date:7/14/08 

7. PRINCIPLE STEPS 8. POTENTIAL HAZARDS 9.RECOMMENDED CONTROLS 
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Delivery and storage Cuts First aid kits to be readily. 

Personal protective clothing and 

equipment to be worn available 

including gloves. 

 Foot injuries Leather work shoes with steel toes 

to be worn at all times on the job 

 Head injuries Hard hats to be worn at all times 

on the jobsite. 

  Review safe lifting techniques and 

body mechanics 

  Good housekeeping. Maintain 

clean and neat work and storage 

areas. 

  Follow all ladder safety procedures. 

10. EQUIPMENT TO BE USED 11.INSPECTION 

REQUIREMENTS 

12.TRAINING REQUIREMENTS 

1. Small power tools 

2. Small hand tools 

3. Ladders 

4. Boom Truck 

I. Daily inspection prior to use 

2. Daily inspection prior to use 

3. Daily inspection 

4. Daily Inspection 

1.On the job training 

2.On the job training 

3.On the job training 

Contractor:  Hi-Tec Roofing 

CME/Project Superintendent (Signature and Date) Robert Meier                       6/18/08 

Site Safety Representative (Signature and Date) Robert Meier                       6/18/08 

Contracting Officer (Signature & Date)  

Report Discussed with Contractor I Superintendent on (Date)  

 

DEFINABLE FEATURE OF WORK: FLASHING AND SHEET METAL 

Competent Person in Charge: Robert Meier 
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1. Contract No.: W9132T-HIT-001 2. Contractor: Hi-Tec Roofing, 

Inc.  

3. Date: 6/18/08

  

4. Title: : Metal Roof at Wheeler 

AAF  

5. Location: Wheeler AAF Hawaii 6. Est. Start Date: 7/14/08  

7. PRINCIPLE STEPS 8. POTENTIAL HAZARDS 9. RECOMMENDED CONTROLS 

1. Set up and Prep. 

 

 

2. Install new metal roofing and 

flashing 

1. Cuts. 

 

Falls 

 

2. Electric shock.  

        Falls 

    

 

 

1. Personal protective clothing 

and equipment. 

Keep work areas clean and free 

from trip hazards. 

 

2.  Use GFI’s. 

Follow all fall protection 

standards over 6 ft. fall haz-

ard. 

Keep work areas clean and 

free from trip hazards 

10.EQUIPMENTTO BE USED 11. INSPECTION 

REQUIREMENTS 

12. TRAINING REQUIREMENTS 

1. Ladders and scaffolds. 

 

2. Power lifts and harness. 

 

3. Panel Machine 

 

4. Gas motors. 

1. Check daily for cracks or bro-

ken rungs etc. 

2. Check daily for brakes, hydrau-

lics, and lanyards. 

3. Check daily for electric cords, 

and cracks in 

hoses. 

4. Check daily for muffler noise, 

and guards on any 

moving parts. 

On the job training. 
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13. Contractor (Signature & Date) 

14. Report discussed with contractor/superintendent on 15. Contracting Officer (Sig-
nature & Date) 

Construction Management Engineer (signature)  
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Appendix 2C: Testing ASTM 1592 Report 
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Appendix 2D: Design Calculations Report 
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Appendix 2E: Rust-Inhibiting Primer Product 
Information 
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Appendix 2F: Material Information–Seam 
Sealant 
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Appendix 2G: Coating Manufacturer 20-Year 
Warranty 
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Appendix 2H: Suggested Maintenance/Care 

1. Inspect and clean gutters and downspouts of all debris on a bi-annual 
basis. 

2. Inspect exposed sealants and fasteners on an annual basis. Repair as 
required. 

3. Visually inspect roof surface for collection of debris or mold/mildew. 
Pressure wash without chemical to correct as needed. 

4. Do not let any grease, solvents or contaminants, etc. come in contact 
with roof surface. Carefully clean and remove any foreign materials us-
ing a non abrasive /water soluble cleaner. Test cleaner in small area be-
fore use and consult with coil manufacturer for compatibility prior to 
use of cleaner. 

5. Contact original installer if any damage to Structural Standing Seam 
Roofing System due to any cause to initiate proper repairs. 
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Appendix 2I: Roof Hugger™ Guide 
Specification 
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Appendix 2J: BASF Certified Test Report 
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Appendix 2K: Cool Metal Roofing Coalition 
Report 
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Appendix 2L: Return On Investment 
Calculations 

Roof Huggers 

New Material Roof Huggers Comments 
Material cost - roof huggers $29,420.00  
Material cost - fasteners $1,000.00  

Labor - installation $9,800.00 Assumption - Roof Hugger installation is 
!0% of total labor costs 

Cleaning & treatment of existing roof $500.00  

 

Existing Roof Materials Comments 

Demolition of Existing Roof $100,000.00  

Disposal of roof debris $25,000.00  

Cost of Facility Closure $21,000.00 Assumption - $1000/day lost revenue, 21 
day closure 

   $146,000.00 

 

Total Initial Cost $40,720.00  
Cost savings $105,280.00  

Return on Investment 3.59 Since all costs are initial costs, return on 
investment is immediate in this case 
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Energy Reduction 

  Ultra-Cool Roof Material combined with air gap 
created by using two roofs 

Conventional Roofing Material Cost Difference 

 Material Cost (Ultra-Cool)  $100,00.00 Material Cost (Conventional Material)  $50,000  $50,000.00 

   Assumed Power use (Bldg 835) $12,000  

  Assume Half building power used for cooling  $6,000  

YR 
Ultra-Cool Roof Material combined with air gap 
created by using two roofs - energy cost (cooling 
from roof heat) 

Conventional Roofing Material- energy cost 
(cooling from roof heat) Annual difference 

Cumulative Cost of 
improved cooling  
(negative numbers 
represent positive r) 

1 $1,800.00  $6,000.00  -$4,200.00  $45,800.00  Difference in Lifetime cost  $229,043.16 

2 $1,890.00  $6,300.00  -$4,410.00  $41,390.00  30-year ROI  4.58 

3 $1,984.50  $6,615.00  -$4,630.50  $36,759.50  Breakeven occurs in year  10 

4 $2,083.73  $6,945.75  -$4,862.03  $31,897.48  

5 $2,187.91  $7,293.04  -$5,105.13  $26,792.35  

6 $2,297.31  $7,657.69  -$5,360.38  $21,431.97  

7 $2,412.17  $8,040.57  -$5,628.40  $15,803.56  

8 $2,532.78  $8,442.60  -$5,909.82  $9,893.74  

9 $2,659.42  $8,864.73  -$6,205.31  $3,688.43  

10 $2,792.39  $9,307.97  -$6,515.58  -$2,827.15  

11 $2,932.01  $9,773.37  -$6,841.36  -$9,668.51  

12 $3,078.61  $10,262.04  -$7,183.43  -$16,851.93  

13 $3,232.54  $10,775.14  -$7,542.60  -$24,394.53  

14 $3,394.17  $11,313.89  -$7,919.73  -$32,314.25  

15 $3,563.88  $11,879.59  -$8,315.71  -$40,629.97  

16 $3,742.07  $12,473.57  -$8,731.50  -$49,361.47  

17 $3,929.17  $13,097.25  -$9,168.07  -$58,529.54  

18 $4,125.63  $13,752.11  -$9,626.48  -$68,156.02  

19 $4,331.91  $14,439.72  -$10,107.80  -$78,263.82  

20 $4,548.51  $15,161.70  -$10,613.19  -$88,877.01  
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21 $4,775.94  $15,919.79  -$11,143.85  -$100,020.86  

22 $5,014.73  $16,715.78  -$11,701.04  -$111,721.90  

23 $5,265.47  $17,551.56  -$12,286.10  -$124,008.00  

24 $5,528.74  $18,429.14  -$12,900.40  -$136,908.40  

25 $5,805.18  $19,350.60  -$13,545.42  -$150,453.82  

26 $6,095.44  $20,318.13  -$14,222.69  -$164,676.51  

27 $6,400.21  $21,334.04  -$14,933.83  -$179,610.33  

28 $6,720.22  $22,400.74  -$15,680.52  -$195,290.85  

29 $7,056.23  $23,520.77  -$16,464.54  -$211,755.39  

30 $7,409.04  $24,696.81  -$17,287.77  -$229,043.16  

Total $119,589.93  $398,633.09  -$279,043.16 

Total w/up front costs $219,589.93  $448,633.09  

Difference in initial 
investment 

$50,000.00   

Composite ROI 
Roofing Cost Conventional Roof Cost Comments 

Equipment  $     15,000.00  Construction and  
Materials 

$351,570.00  Wheeler AAF programmed replacement 
schedule, FY07 

Materials  $   129,420.00  

Shipping  $     15,000.00  
Facility Expenses $ 21,000.00  Estimated cost of closing the facility during 

construction 
Labor  $     98,000.00  
Overhead/profit  $     64,355.00  

Total Estimate $372,570.00   
Total Cost  $   321,775.00  

 
Net Benefit – Roof removal $105,280.00  
Net Benefit – Energy Reduction $229,043.16  
Total Net Benefits $334,323.16  
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Initial Cost of Using New Roofing Technology $(50,795.00) 

Cost/Benefit 0.2 
ROI 6.6 
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Appendix 2M: Photographic Documentation 

CERL ROOF INSTALL 835 WHEELER ARMY AIRFIELD 
DMWR BOWLING CENTER 

CONTRACT # W9132T-06-D-0001 

 
ROOF BEFORE - 03 AUG 08 

 
ROOF AFTER  - 17 SEPT 08 
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Roof Before - 03 Aug 08 

 
ROOF AFTER - 17 SEPT 08 
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ROOF BEFORE 

 
ROOF AFTER  - 17 SEPT 08  
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Roof Installation Sequence 
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Troop self-help interface: detail, storage add-on, back side. 
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Project Completion Photos, 17 September 2008  
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