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Engineers and facility managers within the federal govern-
ment have long realized that the government is experienc-
ing numerous and costly problems with its roofs, Many of
the Army’s roofing problems, regardless of roof type, are
the result of not having 1 management system for properly
inspecting, maintaining, repairing and, ultimately, replac-
ing the roofs.

Recognizing that a standardized roof management pro-
gram was tantamount to selving the government’s roofing
problems, a group of Department of Defense personnel,
along with several civilian roofing consultants, undertook
a concentrated effort to develop a uniform program for
managing built-up roofs,

The combined team visited many military facilities, in-
spected numerous roofs, identified and categorized various
roof defects (problems), classified the severity level of each
defect, determined the individual and collective effects of
the problems on the roof, determined how the evaluation
of rootfs could be standardized, and how the roof defects
could be most effectively corrected. .

The result of their efforts was the development of the
ROOFER program, After testing at several Army installa-
tions, the Army began implementing the program at Fort
George ;. Meade, Maryland, in 1988, Since then, the Army
has implemented the program at five other facilities. The
analysis of the initial results shows that the ROOFER pro-
gram not only works, it exceeds expectations.
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THE ROOFER PROGRAM

RQOOFER is an engineered management system (EMS) that
is designed to provide the user with the data and procedures
necessary to develop and maintain a cost-effective program
for managing built-up roofs. The program was developed
by U.S. Army Construction Engineering Research Labora-
tory (USACERL). Technical assistance was provided by the
U.S. Army Cold Regions Research and Engineering Labora-
tories (USACRREL), the U.S. Navy, the U.S. Air Force, two
civilian roofing consultants, and the U.5. Army Engineer-
ing and Housing Support Center (USAEHSC). The develop-
ment of a ROOFER program for single-ply membrane roofs,
including EPDM, PVC, PIB, CPE and CSPE is well under-
way. A program for steep roofs will follow.

The ROOFER program provides the user with an effec-
tive management tool that can be used on a periodic basis
to access the overall condition of the roofs and to develop
a program for bringing the roofs up to an acceptable level

and keeping them there. The U.S. Army has decided that
a detailed ROOFER inspection should be conducted every
fifth year. During the interim years, the user should sup-
plement the ROOFER program with a scheduled semian-
nual maintenance and repair program.

The ROOFER program is described in a paper that was
presented at the 9th Conference on Roofing Technology,
during May 1989,* as well as Volumes I and I of the ROOF-
ER program.!* The purpose of this paper is to show how
the U.S. Army is implementing ROOFER and what benefits
are being derived from its implementation.

IMPLEMENTATION OF THE ROOFER PROGRAM IN
THE U.S. ARMY

It is estimated that the U.S. Army has over 21,000,000 square
meters (225,000,000 square feet) of built-up and single-ply
membrane roofs in its inventory. Managing such a large
quantity of roof area is a very difficult task. To ensure that
its roofs are inspected, maintained, repaired and replaced
in a systematic manner, the Army has begun to implement
the ROOFER program at its installations. As of this publi-
cation, ROOFER has been implemented at Fort George G.
Meade, Maryland; Fort Sill, Oklahoma; Fort Riley, Kansas;
Fort Leonard Wood, Missouri; Oakland Army Base, Califor-
nia, and West Point Military Academy, New York. Pending
the availability of funds, the Army plans to implement the
program at 15 to 20 installations per year.

Even at this rate, it will take eight to 10 years to imple-
ment the program Army-wide. Funding limitations will be
a definite constraint on implementation, as the initial im-
plementation of ROOFER costs from $.43-$1.60 per square
meter {$.04-$.15 per square foot) of roof area; depending
upon what inventory data and roof plans are available at
the installation and who accomplishes the inspection of the
flashing, membrane and insulation components of the roof.
The most cost effective method of implementing ROOFER
is for the installation to do the work. The most costly method
is to have all the work done by contract. Most of the Army’s
implementation effort has been accomplished as a joint ven-
ture between a civilian contractors, installation personnel
and members of USAEHSC.

Whatever method is used, ROOFER is still somewhat cost-
ly to implement. However, it is considered well worth the
expense, as it provides the user with precise data on the con-
dition of the roofs, the cost of correcting the problems, a
determination of whether it is more cost-effective to repair
the problems or to replace the roof, and how and when
funds should be programmed to accomplish the work neces-
sary to correct the problems.
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THE BENEFITS OF THE ROOFER PROGRAM
Roofer provides the user with the following benefits:
B A complete inventory of roof area and its features.
B Development of roof plans.

B Detection of defects by:

* A visual inspection to locate and identify problems in
the membrane and flashing components of the roof

* A nondestructive roof moisture survey to locate areas
of wet roof insulation.

B Development of reports:

* To cover flashing membrane, insulation and overall
roof conditions.

* To surnmarize the findings and to develop a long range
budget program.

* To determine whether repair or replacement is more
cost effective.

* To generate work requests to document the work re-
quirements,

B Development of a final report.

B Training of personnel to use the ROOFER software
program.

INVENTORY OF ROOF ASSETS AND DEVELOPMENT
OF ROOF PLANS

For the most part, the development of the inventory for each
roof section is a rather costly item associated with the im-
plementation of the program at Army installations, as very
little data is on file. Most of the inventory data is collected
during the visual inspection phase by the inspector noting
the physical makeup of the roof and entering the data on
the inventory worksheet. A core sample is usually taken to
determine the composition of the roofing system.

Roof plans are also difficult to find at Army installations.
In some instances, the inspector had to sketch the roof plan
on the inspection worksheet, prior to accomplishing the in-
spection, This is a rather costly way of developing plans. A
more cost effective methed is to use the installations’s com-
puterized site plan, which contains an outline of all the
buildings at the installation. By using the building outline
and a recent aerial photo of the roof, the computer opera-
tor can plot the roof plan on the inspection worksheet (see
Figure 1). The rooftop features are added by the inspector
during the visual inspection. This data is then entered into
the computer, providing a permanent record of the roof
plan,

DETECTION OF ROOF PROBLEMS DURING THE
VISUAL INSPECTION

The primary purpose of the ROOFER program is the “de-
tection” and eventual “correction” of roof defects. During
the visual inspection of the roof surface, the inspector iden-
tifies and categorizes all defects noted in the membrane and
flashing components. The location of each defect is plotted
on the roof plan and its severity level, specific problem iden-
tifier, and quantity is noted in the tabulation column of the
inspection worksheet (see Figure 1). Figure 2 shows an ab-
breviated list of flashing, membrane and insulation distresses
that is used during the inspection. The abbreviated list corre-

lates with the distresses, severity levels and problem identi-
fiers contained in Volume II of the Roofer Inspection and
Distress manual.? Severity levels of defects range from HIGH,
(repair immediately), MEDIUM (repair during the next
scheduled maintenance) and LOW (repair is not needed;
however the defect would be monitored for further deteri-
oration or corrected when the roof is replaced).

The proper coding of each defect establishes a standard
identifier that is clearly understood by all personnel associat-
ed with the inspection, evaluation, repair and replacement
of roof defects. The data from the inspection worksheet can
be entered into the computer program for a rapid determi-
nation of condition of the membrane and flashings.

INSPECTION OF AREAS OF WET ROOF INSULATION

Many of the Army’s built-up roofs contain a layer of insula-
tton under the waterproofing membrane that can be altered
by the infiltration of moisture, either from a defect in the
waterproofing assembly or from the condensation of mois-
ture from within the building. Moisture is detrimental to
the insulating layer because it reduces thermal resistance
capability, adds weight to the roofing system, reduces the
attachment capability between the membrane and the deck,
corrodes or rots the deck, etc. The condition of the roof’s
insulating layer is critical when evaluating the overall con-
dition of the roof, therefore, it is an inherent element of
the ROOFER process when evaluating insulated roofs.

Areas of wet roof insulation are best detected and plot-
ted using either a nuclear moisture survey or an infrared
(TR) scan. Because of the large number of insulated roofs
at Army installations, an aerial infrared roof moisture scan
is used to rapidly survey the entire facility. Potential areas
of wet roof insulation are plotted on the roof plan. Suffi-
cient core samples are taken in the suspect areas to verify
the presence of moisture in the insulation and to obtain the
moisture content of the insulation. Once verified, the loca-
tion and quantity of wet insulation is entered on the roof
mspection worksheet. The amount of wet insulation and its
moisture content is then entered into the computer to de-
termine the insulation condition.

ANAILYSIS OF DATA

Once all the defects associated with the membrane, flash-
ing and insulation components of each roof section have
been identified and quantified, the data is analyzed and de-
veloped into a management program. The analysis can be
done manuaily; however, this is a very time consuming proc-
ess and, except in isolated instances, is too cumbersome to
be used at most Army installations. The ROOFER software
program provides an ideal vehicle for rapidly evaluating the
inspection data. The results of the ROOFER program fall
into two categories: Network analysis (which provides a
general summary of the findings for all the roofs surveyed)
and Project analysis (which covers the specific repair or
replacement requirements for each roof),

NETWORK ANAILYSIS DATA (GENERAL SUMMARY)
The development and meaning of the various condition
ratings and the resulting summary reports were previously
described in a paper and presentation given at the 9th Con-
ference of Roofing Technology, May 1989.* Using the data
developed during implementation, a five year budget pro-
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gram can be developed for each installation. The five year
program provides a clear and concise budget analysis that
can be readily understood by all personnel involved in the
management of roofs at the installation. At one exit brief-
ing following the implementation of the ROOFER program,
an individual associated with developing the installations’s
budget, stated that he did not understand some of the tech-
nical aspects of the briefing, but he clearly understood the
significance of the five year program and its impact on the
installation’s roofs. At another briefing, the director of en-
gineering for the installation told his staff that he would like
to see similar plans developed for his other areas of respon-
sibility.

The five year program that was developed for Fort “A”
(an actual army facility) is shown in Figure 3. Basically the
program shows the costs associated with the necessary repair,
replacement, annual inspection and reinspection using
ROOFER criteria that Fort “A” must fund for the next five
years to bring their roofs to an acceptable condition and
keep them there.

Three significant factors have become apparent from the
five year programs that have been developed. First, a cost
of about $4.84- $6.45 per square meter ($0.45-$0.60 per
square foot} should be made for repairs on those roofs where
repair was considered more economical than replacement.
Secondly, if the user invests a minimal amount per year
($49,000 for Fort “A”) for the semiannual inspection, main-
tenance and minor repair, he can expect the cost of the
major repair and replacement projects to be greatly reduced.
Finally, correcting the Army’s roof problems will be expen-
sive. However, the money spent is considered a sound in-
vestment, which will eventually provide much larger
dividends by significantly extending the service life of the
roofs and greatly reducing the amount of money that would
have otherwise been spent on replacing the roofs.

PROJECT ANALYSIS (FOR EACH ROOF SURVEYED)

A major problem that confronts the Army’s engineers is a
determination of whether it is more economical to perform
the repairs or to replace the entire roofing system. The
ROOQFER program now has the capability of providing an
economic evaluation (EE) for each section surveyed. The
ROOFER program generates a cost estimate for corvecting
defects, as well as the cost of replacing the entire roofing
system. Figure 4 shows a sample economic evaluation work-
sheet for Section A, building 358, Fort “A.” The costs as-
sociated with both repair and replacement are based upon
the Washington, D.C. area. Actual cost estimates can be de-
veloped for other regions by applying the U.S. Army Corps
of Engineering construction adjustment factors or by using
cost values that are common to the local area. The econom-
ic evaluation (EE) ratio is developed using the following
formula:

Repair costslyear + age factor ¥ = FE ratio

Replacement costsfyear

An economic evaluation (EE) ratio of a roof surveyed at in-
stallation “A” is shown below:

Estimated

Additionial
Function Costs Service Life  Costs/year
Repair $11,666 10 years ** $1,167

Replacement  $39,312 20 vears ** $1,966
$1,167 + (0.01 X 10) = 0.5 (repair is recommended)
$1,966

Ratio Action
0 - 0.8 = Repair
0.8 - 1.2 = Marginal
1.2 = Replacement

*Reference #4 provides a basis for determination of the ap-
propriate age factor.

**The estimated additional service life expected, if the
necessary corrective action is taken and the required semi-
annual inspection, maintenance and minor repair is accom-
plished.

Note that the repair and replacement costs have been con-
verted to yearly costs based upon the estimated additional
service life that repairs of replacement will provide. With
repair, the roof condition will be improved and the roof
is then projected to last another 10 years, providing the serni-
annual inspection, maintenance and repair is accomplished.
The resulting ratio provides the user with a recommended
course of action, i.e,, repair, replace or marginal (user’s op-
tion). The user must still make the final decision and, be-
cause of local conditions and especially the availability of
funds, may have to deviate from the recommended course
of action.

WORK ORDERS

For the Army, the most important product of the ROOFER
program is the development of a work order (work request)
which documents the work requirements that need to be
accomplished for each roof section surveyed. Once the work
order is signed and approved, the requirerments remain on
the books until the work is accomplished. The work request
for each section contains a copy of the completed inspec-
tion worksheet, the economic evaluation worksheet and a
list of specific problems to be corrected.

THE FINAL REPORT

The user is provided with a final report that contains all
the inspection results, including the network analysis sum-
maries (i.e., roof condition lists, roof profiles and five year
budget program) and project analysis data (i.e., completed
inspection worksheet, economic evaluation sheets and work
orders) is provided te the user as a permanent file that is
readily available for reference. Additionally, the user is
provided with the ROOFER software program which con-
tains all the data used to develop the network reports and
project analysis.

TRAINING

To ensure that the ROOFER program is properly used and
raintained, training is provided to specific installation per-
sonnel on the contents of the ROOFER software program,
how existing data can be extracted from the program, and
how updated data can be entered into the program. When
requested, training on how to inspect built-up roofs using
ROOFER criteria is also provided to selected installation per-
sonnel, so they can reinspect specific reofs as conditions
warrant.
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SUMMARY

The implementation of the ROCFER program in the Army
is already beginning to pay dividends. Those installations
that have implemented the program now know the condi-
tion of their built-up roofs, know how their roofs measure
up to an acceptable standard, have their requirements docu-
mented on work requests, and have a five year budget plan
for correcting their roof problems. They also have specific
facts to justify the need for additional funds to correct their
roofing problems. These facts are going to be hard for
managers and budgeters to ignore. The installations that
have the ROOFER program appear to have a distinct ad-
vantage over those that do not. They simply have their act
together, which gives them a distinct advantage on getting
the funds necessary to correct their roof problems.
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Figure 1 ROOFER inspection worksheel.
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Figure 2 Abbreviated list of flashing, membrane and insulation distresses.

ROOFER

FIVE YEAR BUDGET PROGRAM FOR BUILT-UP ROOFS

(COST = $000 IN FY90 FUNDS)
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Figure 3 Five year budget plan for Fort “A”
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Figure 4 Sample economic evaluation (EE) woksheel.
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