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PREFACE

This report was prepared by Barry A. Coutermarsh, Research Civil Engi- ’
neer, of the Civil Engineering Research Branch, Experimental Engineering
Division, U.S. Army Cold Regions Research and Engineering Laboratory.

The study was conducted under DA Project 4A762730AT42, Design, Construc-
tion and Operations Technology for Cold Regions; Task C, Cold Regions Base

Support Maintenance and Operations; Work Unit 6, Maintenance and Rehabilita-
tion of Military Facilities in Cold Regions.

W. Cox of the U.S. Air Force Institute of Technology and W. Tobiasson
and C. Korhonen of CRREL technically reviewed this report.

The contents of this report are not to be used for advertising or pro-
motional purposes. Citation of brand names does not constitute an official

endorsement or approval of the use of such commercial products.
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U.S. AIR FORCE ROOF CONDITION INDEX SURVEY - FORT GREELY, ALASKA

by
Barry A. Coutermarsh

INTRODUCTION

The current Army method for determining the condition of built-up roof-
ing systems relies on infrared roof moisture surveys, core samples for veri-
fication and visual inspections of the roofing components. This methodology
was developed by the Cold Regions Research and Engineering Laboratory
(CRREL), the Facilities Engineering Support Agency (FESA), and the Waterways
Experiment Station (WES) (Tobiasson et al. 1977, Korhonen and Tobiasson 1978,

Tobiasson and Korhonen 1978, Tobiasson 1982). 1t is currently being imple-
mented throughout the Army by FESA survey teams (Knehans and Styer 1982).

The Air Force relies on a systematic visual examination of the roof mem-
brane, flashings and, in limited cases, the roof deck to determine roof sys-
tem condition., The results of these visual examinatons are then used to
-} develop replacement priority lists. The Air Force method is handled at the
base level as outlined in Air Force Manual (AFM) 91-36, Built—up Roof Manage-

ment Program (U.S. Air Force 1980).
As part of our cold regions roof research, CRREL personnel conducted in-
frared roof moisture surveys on essentially all of the built-up roofs at Fort

Greely, Alaska, during May of 1982. To compare the Army infrared method with

e

the Air Force visual method, the Air Force procedure was also used on these

same roofs. Captain W.J. Cox of the U.S. Air Force Institute of Technology

(AFIT) participated in this work. He taught me the Air Force survey proce-
dures and he participated in the Fort Greely surveys. At the time, Captain
Cox was teaching roofing technology at AFIT and had traveled to many Air
Force bases to teach their personnel how to conduct roof surveys using the
procedures in AFM 91-36.

This report describes the Air Force survey method, includes our experi-
ence with it and presents the results of the Fort Greely surveys using that
method.




U.S. AIR FORCE ROOF MANAGEMENT PROGRAM

The Air Force Built-Up Roof (BUR) Management program deals with two
major areas as described in AFM 91-36:

1. "It establishes an in-house preventive maintenance program for roofs
now in service by cataloging and quantifying roof serviceability and using
proper in-house repair techniques.”

2. "For contract work, it shows how to determine the best solutions,
prepare construction documents that define and control construction quality,
and hold suppliers accountable through contract management and coordination
with the base contracting office.”

The scope of this report is within area 1, using the Air Force procedure
for cataloging and quantifying roof serviceability. A detailed visual in-
spection is performed on a roof to generate a number known as the Roof Condi-
tion Index (RCI). The RCI is a numerical rating of a roof determined by ap-
plication of deduct values, as hereafter described, corresponding to the var-
ious defects in the roof that are identified in the inspection. The RCI num-
ber is used, along with building occupancy, to determine repair and replace-
ment priority lists, It is also used to determine a Serviceability Forecast
(SF). The SF is the projected useful life of the roof beyond the inspection
date, assuming no work is done except to fix leaks., Chapter 3 in AFM 91-36
details the visual inspection method to be followed to obtain an RCI rating.
This is the part of the manual that we evaluated during our research at Fort
Greely. Chapters | and 2 in the manual outline the scope of and give general
instructions for the overall management program while Chapters 4-6 contain
information on repair techniques, specifications and construction management

respectively.

RCI visual inspection procedure

The first step in the RCI inspection procedure is to make scale plan
views of the roofs to be surveyed, with each roof divided into separate in-
spection areas showing any protrusions (fan housing, vent pipes, etc.). Area
limits are determined by natural building divisions, such as expansion
joints, firewalls, etc., and roof age. The roof within an inspection area
must be the same age throughout. A typical roof drawing is shown in Figure 1
with a letter designator assigned to each inspection area. A Roof Inspection
and Rating Worksheet (AF 1060) is used to record information about the roof

and to list any problems found during the survey. An example of a filled-in
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Table 1. Ten problem categories used during the RCI inspection.
Defect 4 relates to both flashing problems and membrane problems.

Flashing related problems Problem number

Bituminous~base flashing defects

Bituminous-base flashing delamination or sliding
Metal flashing defects

Repairs to bituminous~base flashings

W0 N -

Membrane related problems

Repairs to membrane

Splits

Ridges

Holes

Blisters

Exposed felts

Alligator cracking 1

O WO NV S

AF-1060 is contained in Appendix A. The visual examination itself consists
of looking for problems listed within the 10 categories outlined in Table 1.
Four of these problem categories concern flashings while seven problem cate-
gories concern the membrane., Problem 4 has two components, one for the
flashings and one for the membrane. The severity of each problem is also de-
termined to be either low, medium or high, based upon the magnitude of the
defect found. An example of a medium severity bituminous base flashing de-
fect (problem 1) {s worn felts with no holes present. A high severity defect
would be a hole through the felts., There is no low severity defect associat-
ed with this problem. Problem categories and severity levels are fully de-
fined in Chapter 3 of AFM 91-36.
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A logical sequence for the visual inspection is to examine all the

flashings, doing the perimeter of the roof area first. Next walk the entire

roof looking for membrane defects. The flashings and membrane should be in-
spected separately since different procedures are used to count flashing and
membrane problems. If problems 1, 2 or 4 are mixed together in one area of
flashing, only the worst problem is counted (problem 1 is considered the
worst, with severity decreasing as the number increases). 1If the problems
occur in separate areas of flashing, then each is counted.

There is no problem priority for the membrane. All problem defects are
counted, even if several are mixed together in one area. 1If a large quantity
of one problem is present, a representative sampling technique can be used to

determine problem quantity. The sample size should be at least 500 ft2 and

must be chosen with care to ensure that it is representative. When a defect
is found, it is measured according to the specific method listed for the de-

fect in Chapter 3 of AFM 91-36. For example, membrane ridges (problem 6) are

measured by the linear foot of ridge, while membrane blisters (problem 8) are
measured by the square toot of blistered area. The problem number, severity
and quantity of each defect are recorded on AF 1060 as shown in Appendix A.
The manual also requires that each defect location be marked on the roof with

spray paint (Fig. 2). Defects are also shown on the roof sketch by writing ;

I

R

N e — | S

-3

Figure 2. Problem number and quantity painted on a roof
next to the outlined defect. Problem 4 (membrane repairs)
has no severity level associated with it.
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2m-1 ® 3m-|
Expansion
o] Joint
Vent
Pipe 8m-50
8m-40 Figure 3. Roof sketch of section B
soft 3m-5[ Beon of example roof shown in Figure 1,
3m-14 S8m-10 Hovsing yith defect locations and codes
listed. A membrane code such as
Sran 8un-50 means problem 8, medium sever-
) e 3md ity with a quantity of 50.

the problem number, severity level and quantity code next to an arrow (or
hash mark) that indicates the approximate defect location (Fig. 3).
Before leaving the roof, the inspector collects a small sample of bitu-

men to be used in determining if it is asphalt or coal tar pitch.

Roof condition index and serviceability forecast calculations

Once the visual inspection of the roof is finished, the Roof Condition
Index (RCI) and Serviceability Forecast (SF) numbers can be calculated in the
office. The individual defect quantities listed on AF 1060 (Appendix A) are
totaled and used to calculate a problem density value according to a formula
given for each problem. For example, under problem 3, metal flashing de-

fects, the problem density is determined with the following formula:

Density = . S— x 100
B+ o
100
where: A = 'ength of metal flashing defects (ft)

B

total length of metal flashing (ft)
C = total area being rated (ftz).

While recognizing that the abo.e equation is dimensionally inconsistent, we
make use of it in the form detailed in AFM 81-36. For the roof shown in Fig-
ure 3, there is a total of 25 ft of medium severity defect (problem 3). The
problem density calculation for that defect is as follows:

A =25 ft (length of metal flashing defects)

B = 200 ft (total length of metal flashing)

c = 2500 ft? (total area being rated)

Density = ——Am x 100
200 +

100




2‘%‘2— x 100

Density =
Density = 11.11
The density number is used only as a relative indicator of problem magnitude,
and units cannot be applied to the number,
The roof in Figure 3 also contains 100 ft2 of medium severity blisters
(problem 8). The density calculation for problem 8 is as follows:

Total area of membrane bligters (£t2) x
Total area being rated (ft%)

Density = 100

Density = i%g%-x 100

Density = 4.00.

The next step is to determine a deduct value for each problem by u [ the
appropriate graph in AFM 91-36 and the problem density number. Tt educt
value for problem 3 in the above example is found by using the gra, own in
Figure 4 and the density value of 11.11 found previously. The deduct value
equals 5. The problem 8 deduct value is 50.5, found by using the graph shown
in Figure 5 and the previously determined density of 4.00. The severity
level of the problems determines which curve on the graphs is to be used.
After each deduct value is determined and recorded on AF 1060 they are
added together and entered on AF 1060 as the Total Deduct Value (TDV). The
number of individual deduct values of 4 or more (called q on AF 1060) is also
entered on AF 1060. This number (2 in the example) and the TDV (54.5 in the

T T T T T T T T 7
40— Severity Minimum
Level Deduct Value
H High 2
3 30— —— —— Medium y —
S
3 20— —
[ 3
o
0 —— ]
10}— —_ —
o
— -
1 | 1 | ] i | S S|
(o] 20 40 60 80 100

Problem Density

Figure 4. Deduct value curves for metal
flashing defects, problem 3, The example
in the text, with a density of 11.1, has
a deduct value of 4.0 (after U.S. Air
Force 1980).
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/// Severty Minimurm Figure 5. Deduct value curves
201/ Level Deduct Value —w for membrane blisters, problem
7 A ; 8. The example in the text,
e — Low ) — with a density of 4.0, has a
| 1 | N deduct‘value of 50.5 (after
) 5 10 15 20 25 U.S. Air Force 1980).
Problem Density
RCI
y’ 0 20 40 60 BO 100 120 40 160 180 200
! Tov
- Figure 6. Roof Condition Index (RCI) -urve

{curve number is the q number). From the
example in the text, where the Total Deduct
Value (TDV) 1s 54.5 and q = 2, the RCI is
56.5 (after U.S. Air Force 1980).

example) are used to determine the RCI Index (Fig. 6). The RCI for the exam-
ple roof is 56.5. The SF 1is determined from the RCI number, roof age and the
bitumen type (Fig. 7). The example roof has an SF of 7 years (7.8 years x

A
x3

0.85 since the bitumen is asphalt)., The SF is .... "the anticipated useful
life of the roof beyond the time of the rating, assuming no work is done ex-
cept to fix leaks (U.S. Air Force 1980)."

The RCI number is the primary qualifier that 1s used in the Air Force
management program to not only determine roof repair and replacement priori-

ties, but also to decide in-house or contract alternatives for repair or re-

7
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Figure 7. Serviceability Forecast
(SF) curve (curve numbers are roof
age in years; for asphalt roofs, mul-
tiply the serviceability forecast
from the graph by 0.85). For the ex-
ample roof with an RCI of 56.5 (see
Fig. 6) and a roof age of 5 years,
the SF value is 7.8 years. This val-
ue must be multiplied by 0.85 since
the bitumen is asphalt, giving a fin-
al SF of about 7 years (after U.S.
Air Force 1980).

placement. Chapter 3 in AFM 91-36 gives guidelines and a flow chart to use
in considering the various options. The flow chart requires that the follow-

ing be considered:
[ RCI > 90 - In-house repair only.

90 > RCI > 50 = In-house repair, contract repair or reroof based upon
an economic analysis.

50 > RCI > 20 - Recalculate the RCI assuming all needed repairs are
made. If the recalculated RCI > 50, consider in-house
repalr, contract repair or rercofing based upon an eco-
nomic analysis. 1If the recalculated RCI < 50, consider
only contract repalr or reroofing.

RCI < 20

Contract reroof only.

Chapter 3 also discusses economic considerations of various treatment alter-
natives with the estimated service life of each (Table 2). The manual recom-
mends that roof areas requiring in-house repair be listed and given a priori-
ty separately from those requiring contracted repair or replacement. Normal-
ly, the roof area with the lowest RCI number is treated first but the Air
;3 Force Program recognizes that a building's occupancy may necessitate changing
the priority somewhat.
To reflect the effect of building occupancy, the manual gives a table of
roofing effect deduct values to be subtracted from the RCI number (Table 3).
For each roof area rated, the inspector decides what categories would be

affected if the roof area in question were not repaired (or replaced). The

selected deduct values from Table 3 would be added up and the total would be

subtracted from the roof area RCI to give a Roof Occupancy Condition Index

(ROCI). The roof areas having the lowest ROCI should be treated first.




Table 2. Roof treatment service life alterna-
tives from AFM 91-36. These can be used in
economic feasibility equations when judging
payback of various treatment alternatives
(after U.S. Air Force 1980).

Estimated
service life

Treatment alternative (years)
Cold repair 6-10
Hot repair:

Asphalt 14

Coal tar 17
Superimposed:

Asphalt 14

Coal tar 16
Remove and replace: F

Asphalt 17

Coal tar 20

Table 3. Roofing effect deduct values from AFM 91-36. The appropriate
deduct values are subtracted from the RCI value to determine the Roof
Occupancy Condition Index (ROCI) (after U.S. Air Force 1980).

No Low Medium High
negative negat ive negat ive negative
Category effect effect effect effect
Mission 0 10 20 30
Security, safety or
environmental 0 5 10 15
Morale, welfare or health 0 3 6 9
Support activities (including
3 potential loss of building
= contents) 0 3 6 9

FORT GREELY RCI SURVEYS

Captain W.J., Cox and I performed RCI visual inspections on 30 buildings
at Fort Greely, Alaska, from 4-15 May 1982. Essentially, all the built-up

roofs at Fort Greely were inspected, giving us a data base of 93 RCI roof
sections.
The few roof plans that were available in the Fort Greely Facilities

Engineer's shop were not detailed enough for our purposes. Consequently, we

e
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drew most roof sketches on the roof before starting the visual survey, where
we could measure distances and include the relative positions of drains,
vents, fan housings and such.

We had difficulty in determining roof ages at Fort Greely. Roof ages
obtainable from the Resource Management Office (RMO) were only available for
roofing done under contract. In-house roofing jobs did not show up on these
records and we could not find much information on in-house roofing work.

This made it difficult to establish RCI areas according to age. The absence
of roof age data also means that the serviceability forecast for a rated roof
is based on an estimated roof age.

The equipment needed to perform a survey is minimal and can be carried
in a small backpack. We used 2 clipboards, pencil and paper, a wire brush, a
100-ft cloth tape, a 16-ft steel tape, a pocket knife, solvent and a contain-
er for bitumen testing, spray paint, roof drawings, the RCI problem descrip-
tion and measurement guide (i.e., Chapter 3 of AFM 91-36) and roof insgpection
and rating worksheets (AF Form 1060).

The RCIl surveys are best done by two people for safety, convenience and
technical reasons. By discussing various defects as they are found, two
iandividuals can check on each other and average out personal bias in their
interpretation of the manual and identification of defects. One of us car-
rted the roof sketch on a clipboard and the other carried the worksheet. Any
defects found were recorded on both the roof sketch and the worksheet. AFM
91-36 also directs the inspectors to mark the roof with spray paint at each
defect. Normally, the problem number, severity level and quantity are paint-
ed beside the defect, as shown in Figure 8. We did not mark the Fort Greely
roofs in this manner, however, to avoid influencing the infrared comparison
surveys which followed our RCI surveys. We did mark one roof though and
found that this procedure substantially increases the time required for a
survey. 1 feel it unnecessary to mark every defect. Showing the type, quan-
tity and approximate location of each defect on the roof sketch should give
anyone doing repairs adequate direction to find the problem. However, any
problem that involves an opening into the roof gystem, such as holes (Fig. 9)
or splits (Fig. 10), should be marked since such a problem can be hard to
find and deserves immediate attention.

During our surveys, we first inspected the flashings and then the mem-

brane.

10
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Figure 8. Defects found during the RCI inspection should
be marked on the roof with spray palnt, according to AFM
91-36. Problem 3H is a high severity metal flashing defect
and problem 7 is a hole. Unflashed protrusions, such as

the ladder legs, are counted as holes in the RCI inspection.

Figure 9. Membrane holes (problem 7) should be marked on
the roof so repairmen can find them easily.




Figure 10. Barely visible split on this gravel covered
roof. An ink pen is protruding from the split.

Inspecting flashings

Bituminous base flashing defects (e.g., deteriorated felts or holes) are
nornally easy to spot. Figure 11 shows a bituminous-base flashing defect
with a high severity rating (problem l). Flashing delaminations (problem 2)
are also looked for (Fig. 12). We would carefully press against zhe flash-

ings to check for delaminations that might not be readily apparent. Under

metal flashing defects, problem 3, we made a decision that any flush-mounted

gravel stop and fascla edge detail that didan't utilize a clip over the joints
was considered a high severity defect. Our rationale was that, in very many
observed cases, this split the strip-in during expansion and contraction
(Fig. 13). We also classified holes in expansion joint covers as high sever-
ity metal flashing defects (Fig. 14).

Problem 4 covers repairs to bituminous-base flashings and membranes. We
encountered some difficulty in determining {f a flashing had been repaired or
simply coated as a normal maintenance procedure (Fig. 15). Maintenance coat-

ings are not to be included as repairs under the RCI definition.




Figure 11. Example of a bituminous-base flashing defect,
problem 1. This is a high severity defect since the felts
have deteriorated to the point where water can enter the

roof system there.

Figure 12. Bituminous-base flashing delamination or
sliding, problem 2. The flashing has slipped down the
vertical surface, which in this case is an old window.
Since it appears watertight, it is classified as a
medium severity defect.

13




Figure 13. Metal flashing defect, problem 3. Since water
can eunter the roofing system at this split, it is classi-
fied as a high severity defect.

Figure 14. Metal flashing defect, probiem 3. This split
expansion joint is a high severity defect.




Figure 15. Repairs to bituminous-base flashings, problem
4. We considered the coating shown above to have been
applied as a normal maintenance practice and therefore we

did not count it as a defect.

Inspecting the membrane

The membrane must be inspected careful-
ly to avold overlooking small defects and to
avoid counting the same defect twice. We
established a walking pattern to accomplish
this. We walked side-by-side about 4 ft
apart, each of us inspecting a path about 4
ft wide. By using the method shown in Fig-
ure 16, we inspected an 8-ft wide area on
each traverse. And when a new traverse is
begun, the person that scrutinized the last
swath 1s adjacent to it on the new traverse.
This helps to prevent counting the same
defect twice.

Membrane repairs, problem 4, are gener-

ally easy to see, especially on bare mem—
branes (Fig. 17).

Figure 16. Inspection pat-
tern, After the first tra-
verse, Inspector B swings
around inspector A to main-
tain his position to the
right of A. On the second
traverse, A is therefore
inspecting an area of mem-
brane adjacent to the area
that he last inspected.
Ingpector A can remember
defects counted on the
first traverse and avoids
counting them again.
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Figure 17. Membrane repairs, problem 4. Patches are
visible under the glaze coating of bitumen on this bare
menbrane. ’

Problem 5, membrane splits, requires that the cause of the split be de-
termined before the severity level can be decided upon. Splits resulting
from structural movement that can be solved by an expansion joint or splits
at abrupt changes in roof elevation are classified as medium severity (Fig.
18). Splits that appear to have no relation to the above reason are rated
high severity (Fig. 19). To establish the severity of a split, we would ex-
amine the building inside and out. Splits can be difficult to see on a grav-
el covered membrane and are not to be confused with ridges that have broken
open (Fig. 20).

Three well-defined severity levels are established for membrane ridges
(problem 6). However, on several occasions we had difficulty distinguishing
ridges from narrow blisters. The extent of this difficulty varies with time

of day, temperature of the roof and whether the roof is bare or gravel sur-
faced. When the defects were oriented in a regular pattern over insulation
board joints and were solid, we called them ridges. When there was less reg-
ularity and they and the adjacent membrane were “spongy,” they were classi-
fied as blisters.

Membrane holes, problem 7, can be difficult to spot yet they need to be

looked for carefully because of their adverse impact on roof performance. On

16




Figure 18. Membrane splits, problem 5. These were
called medium severity splits because investigation
1 of the tongue and groove wood deck indicated that an
expansion joint would have probably prevented the
splits.

Figure 19. High severity split., We called it this
since it was not associated with an elevation change
nor apparently related to structural movement.




Figure 20, Close~up of a broken-open ridge (problem 6,
high severity). Care must be taken to differentiate
between splits and broken-open ridges or blisters.

some bare membranes, small fishmouths, as shown in Figure 21, could only be
seen when we were standing downslope of them. Gravel on a roof can easily
hide small holes, as might any debris that happens to be present. An item
such as a pipe, wire or support that passes unflashed through the membrane is
counted as a hole even 1f the bitumen around it is uncracked. Holes are
shown in Figures 22 and 23. Partially filled pitch pans (Fig. 24) are also
classified as holes.

The Fort Greely roofs had a lot of blisters, problem 8 (Fig. 25). We
found that the representative sampling technique was a time saver on many of
thegse heavily blistered roofs., We cross-checked a couple of areas that we
sampled representatively by also measuring all of the blisters there and
found that with reasonable care the representative sampling technique gave
good results.

It was difficult to measure the areas where the membrane contained ex-
posed felts, problem 9. Since many of these areas were caused by wind ero-
sion, they occurred at the corners of buildings, were irregular in shape
(Fig. 26) and were interspersed with areas of embedded gravel. Notable ex-
ceptions to this were two buildings that had entire roof sections of exposed
felts (buildings 503 and 655). It appears that a flood coat was never ap-

plied to these roofs nor were they covered with mineral-surfaced cap sheets.
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Figure 2]1. Small fishmouths may only be visible from
downslope. 1f they provide a channel for water to
enter the roofing system, they should be counted as
holes (problem 7).

Figure 22. Unflashed penetrations, such as these
ladder supports, are counted as holes {(problem 7).
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Figure 23. Another example of an un-
flashed penetration. Both the pipe and
the wires to the right are unflashed.

Figure 24.
as holes.

Partially filled pitch pans are counted




Figure 25. Heavily blistered roof (problem 8). The
representative sampling technique is a time saver when
surveying these roofs.

i Figure 26, Exposed felt area (problem 9). Measuring
€  the area of an exposed felt section in wind scoured
A sections can be difficult.
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Figure 27. Alligator crackineg on the membrane (problem 10).

Problem 10, alligator cracking of the membrane, was easy to locate and
classify. We found extensive alliuator cracking (Fig. 27) on bare-surfaced
roofs.

After inspecting a roof for the 10 categories of defects (see Table 1),
we took a sample of the bitumen to see if it was coal tar pitch or asphalt.
AFM 91-36 recommends that turpentine, gasoline or kerosene be used as a sol-
vent to determine bitumen type. The bitumen is dropped in the solvent and
the mixture is stirred. 1f the solvent turns black, the bitumen is asphalt,
{f it only turns slightly yellow or yellow green, the bitumen is coal tar
pltch. We tried using various solvents found in the Fort Greely paint shop
without knowing their composition and we obtained inconclusive results. A
second set of samples was brought back to Hanover for testing where conclu-
sive results were obtained.

Once the visual inspection of a roof was complete, we returned to the
Facllities Engineer's office to compute RCI values and SF numbers for each
roof area Inspected.

Appendix A contains a drawing of each roof area surveyed with our RCI
findings marked on it and a written summary of the RCI, SF and course of ac-
tion necessary for each roof area. 1 have not conducted an economic analysis
of the various repalr or replace options available to each roof area. Conse-
quently, 1 cannot establish separate prtority lists (i.e. in-house repairs

and contract repair or reroof) as AFM 91-36 requires.
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Table Al is a combined priority list with clear courses of action estab-
lished for roofs with an RCI greater than or equal to 90 (in-house repairs)
or with an RCI less than 20 (contract reroof). From this table it is obvious
that an economic analysis is needed for most roof areas before the decision
to repair in-house or to contract for repair or replacement can be made.

1 also did not develop an ROCI for each roof area since I do not know
the function of each building in enough detail to assign the proper negative
effect deduct values as listed in Table 3. This step would best be done by
Fort Greely's Facilities Engineer personnel using the RCI values in Tables 3
and Al.

Table 4 is a time chart developed for five of the days we surveyed at
Fort Greely when the weather allowed us to work for 9 hours per day, except
as indicated on 8 May 1982. As one can see, the survey rate varies consider-
ably. Our first day using the procedure was 4 May and therefore we expected
to be slow. Survey times were also affected by the number of RCI sections
involved (with more sections there are more flashings to inspect) and by the
condition of the membranes and flashings being inspected. The times in Table
4 also include travel between buildings, dimensioning and drawing roof
sketches but do not include spray painting every defect found. The numerous
variables make it difficult to determine a rate to use as a rellable survey
time guide; however, our overall average survey rate was about 6000 ftZ/hr.
Spray painting each defect could decrease this by a factor of one-third to
one-half, dropping the average survey rate to between 4000-3000 ftZ/hr.

Table 4. Time chart for roof survey.

Number of
buildings Total number of Total Surveyzrate
surveyed RCI sections area (ft “/hr)
4 May 82 3 5 13,382 1487
5 May 82 3 6 107,144 11905
6 May 82 4 13 30,102 3345
7 May 82 5 12 77,420 8602
8 May 82 2 10 47,103 5234

(7 hrs of work)




DIFFICULTIES WITH AND QUESTIONS ABOUT THE RCI INSPECTION SYSTEM

e -

AFM 91-36 states that the RCI inspection procedure is not valid on roofs
that have membrane slippage (Fig. 28). These roofs are referred to the Major
Command Headquarters for further guidance. We had four roof areas at Fort
3 Greely that we were unable to rate because of slippage problenms.

4 We experienced some confusion over the need to record different severity
levels of the same problem. AFM 91-36 Paragraph 3-4(7) states: “For any
single problem, separating areas having different severity levels is often

difficult, since more than one level can exist within an area. 1In these

cases, rate the entire area at the highest severity level present.” There is
some question as to the meaning of the word "area.” Does it refer to just
the immediate area of the roof where that problem is present or does it refer
to the entire roof area being inspected as previously defined?

Figure 3-98 in AFM 91-36 (Fig. 29 in this report) suggests that the for-
mer definition of "area" 1{s correct since that example lists two severity
levels for problem 1, both within area A. However, Captain Cox explained
that the real intent is to allow only one severity level perproblem within

each area reported on a worksheet. His opinion is supported by the absence

of a specific, different definition for the word "area” in paragraph 3-4(7)
of AFM 91-36. 1In addition to this problem, it seems wrong to rate the entire
problem based on "the highest severity level present.” Instead, we deter- !
mined which severity level of a problem was most prevalent and designated all :
of that specific problem to that severity level. This avoids weighting a
problem too heavily as would be the case if there were only a few occurrences
of high severity and numerous occurrences of medium or low severity.
There 18 no consideration given in the survey to a roof system that
ponds water. Proper drainage of a roof system is acknowledged as a very im-
portant aspect in determining the long-term viability of the system, and it
should be included as a factor in any visual survey.
The RCI value obtained from the visual ingpection is stated to be a
"Roof Condition Index.” It would seem more appropriate to call this a mem-
brane (or membrane systeam) condition index since only the membrane and flash-
ings are being rated while the roof 1is a complete system consisting of struc-
tural supports, deck, insulation, membrane and flashings.
The RCI procedure requires that if a RCI rating is less than 50 but
greater than or equal to 20, the RCI should be recalculated assuming that all
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Figure 28.

Membrane pulled away from the gravel stop.
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Figure 29. Figure 3-98 from AFM 91-36. It shows two severity
levels, medium and high, listed for problem 1.
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needed repairs have been done. Table Al shows six instances where the recal-
culated RCI was lower than the original. This i3 opposite from what would
normally be expected. Repairs are made to a roof to improve the condition of
the roof. I would therefore expect a higher, not lower, RCI rating after ac-
complishing repairs.

There is a question in my mind as to how much value the serviceability
forecast (SF) is. AFM 91-36 specifies that once a management program is
started the roofs are to he inspected and rated every 3 years while "problem
and suspect roofs” may require more frequent inspection. These recurring in-

spections are presumably to guard against a rapidly deteriorating roof mem-

brane catching the Facilities Engineer unaware by failing before the SF g
claims it will fail. If a membrane is deteriorating rapidly and requires a
recurring inspection, why lull anyone into a false sense of security by as-

signing a misleading "years of life left" number to 1it?

CONCLUSION AND SUMMARY

The Air Force roof management program 1s designed to not only give fa-
cilities engineers a numerical indicator of roof condition but also to pin-
point defects needing immediate repair, to outline proper in-house repair
techniques, to review design detalls and contract specifications, and to de-
tail good construction management procedures. The overall program does, how-
ever, hinge on the visual inspection and rating procedures as described in
this report. For this reason, the accuracy that can be obtained from this
visual inspection procedure will significantly influence the accuracy of the
overall program.

Although there were a few conditions that we encountered on the Fort
Greely roofs that were not well outlined in AFM 91-36, the problem categories
are generally clear and complete. The pictures included in the manual are
quite valuable. They allow the rater to define defects and establish their
severity levels. Generally speaking, the manual conveys the inspection pro-
cedures to the reader well, and is arranged so that it can be easily used as
a reference guide while actually on the roof. 1In this respect the implement-
ing portion of the program seems to be well suited for its intended users.
However, this is a visual survey alone, and thus misses examining the roof as
a complete system. I have heard it argued that what it misses is statisti- !

cally insignificant, since most roof problems are a result of flashing de-
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fects and flashings are scrutinized closely, Certainly, flashings cause a
lot of problems with roofs. However, the way to quantify the impact of visu-
al imperfections in a flashing or a membrane is to inspect below them, check-
ing for wet insulation. From the research done at CRREL with infrared sur-

veys, it can be shown that frequently there is little correlation between the

visual condition of a membrane and the presence of wet insulation. When the
RCI surveys discussed in this report were compared to infrared surveys, core
cuts and brief visual inspections of these same roofing systems done at the
1 same time, the two survey techniques gave significantly different answers a-
V bout the condition of the roofing system and consequently the method of main-
taining 1it.

With the limited information obtained, and the time and effort required
to conduct an RCI survey, the value of this system is questionable. A more
effective approach might be to perform an infrared survey with core samples,
along with a general membrane and flashing visual inspection. This type of
survey would yield information on the condition of the entire roofing system

being studied.

LITERATURE CITED

Knehansg, A. and P, Styer (1982) Thermography - A diagnostic tool for locating
wet insulation in built-up roofing systems. 1In SPIE Proceedings, Octo-
ber, Detroit, Michigan, Vol, 371, Paper 29.

Korhonen, C. and W. Tobiasson (1978) Detecting wet roof insulation with a
hand-held infrared camera. Proceedings of the Fourth Biennial Infrared
Information Exchange, St. Louis, Missouri. Secaucus, N.J.: AGA Corpor-
ation, pp. A9-AlS.

Tobiasgon, W., C. Korhonen and A. Van den Berg (1977) Hand-held infrared sys-
tems for detecting roof moisture. USA Cold Regions Research and Engi-
neering Laboratory, Miscellaneous Paper 1390.

Tobiasson, W. and C. Korhonen (1978) Summary of Corps of Engineers research
on roof moisture detection and the thermal resistance of wet insulation.
USA Cold Regions Research and Engineering Laboratory, Special Report
78-29. ADA063144.

Tobiasson, W. (1982) Roof moisture surveys. Report from The Military Engi-
{ neer, 74(479):163-166.

L U.S. Air Force (1980) Built-up roof management program. Air Force Manual,
AFM 91-36, 3 September.

27




oy

APPENDIX A: FORT GREELY RCI DATA

Figure Al is an example of a filled-in Roof Inspection and Rating Work-
sheet (AF Form 1060) for Building 503, Section B, at Fort Greely, Alaska.
Table Al is a summary of the surveys. Behind the worksheet is a drawing of
each roof surveyed at Fort Greely along with a written summary of the RCI, SF
and course of action necessary for each area according to the guidelines in

the Roof Condition Index and Serviceability Forecast Calculations section of

this report.
AFM 91-36 lists the problems that need repair as follows:

Severity level(s)

Problenm requiring repair Description
1 Medium and high All bituminous-base flashing defects.
High Base flashings that have sagged,
slipped or fallen.

3 Medium Base flashings less than 6 in. high.
Include in contact repair or re-
roofing.

3 High All high severity metal flashing
defects.

4 - Membrane and flashing repairs. Only

loose patches.

5 Medium and high Membrane splits. Contract repair is
the only permanent solution, but
emergency repalrs should be done to
prevent water entry.

6 Medium and high Membrane ridging.

7 - All holes or partially filled pitch
pans,

8 High Blisters.

9 Medium and high Exposed felts., 1If the area of exposed

felt is localized, repair in-house;
1f extensive include in contract
repair or reroofing.

10 - Alligator cracking. Repair 1s needed
only if the top layer of felt is
cracked.

The appropriate repair procedures for each defect are also outlined in
AFM 91-36.
In the following surveys, A in the Bitumen column stands for asphalt, CT
stands for coal tar,
29 s -

g
'y

=~ —

&

-




ROOF INSPECTION AND RATING WORKSHEEY

SASE NAME

Grecs T G o
PMLDING NUNeEa DAL B nAWS

ROOF AREA W ORMATION (50.0 ATTACHED ROUH Fi.AN DN AWING)

ARGA BSSMGNATION

B L“;z"gw A;r:l*l; ll:_ hlﬂlL 7%

TovaL snuv.:hf:;‘nu If?

WETAL PLAGMING TOTAL

LENG YN flin beei} ,‘ r

IBGULATION BOARD MIBTN {Lin Fevs)

BITUMEN TVYPR

1Pt protiumas $ ol 0) Ulcoac van E""‘“
PROUSLEMS

1m0 sass o e OSssCTS s mEuenans RIOSES

8- v sass Fo SELAMINATION B8 LIDING 7 wEMeNANE HOLES

3 MEVAL FLASNHING DEOECTS 3 MEMERANE SLISTERS

.- LAL X (1] GASE Fi ANG aANE 0 MINMERANE SRPOIES PELYE

0 - MEMONANE SPLITE (X% NE ALbISA
|PROBLEM LA VERIT Y QAvann Y |rnooLEM]| DEDUCY
wumesa | Lever vaniTISe OSnsITY | vALUSS

11} 1) {3 J L34
LjMin INDIVIDUAL 1074
b0 14
L4/L+iX 30 + 1841312 Jo 20

144 2 | 1Lib {.8

L1344l 4T r AL agtdviel Py 2. 4] ¢
-l L4144 4+) (1)
APRIETEIEIEIR Y 9 jo.6t ] /2

I5T ok R) = 2,2

212

4.3

03

Lo L3 [t
i

an 14726

1126

00

53

0UOUCT VALUES > srointe: ¢ = £

Ivovn; SEBUCT VALUSE (YOV)

149.5

AF

7 SONSITION OSSR

FOR ASPHALT ROOFS” MUL TIPL Y GRAPN SERV Y # ¥
CEAVIEEASILITY FORECASY BF)
2.2

(Yow)

26

Figure Al.

Example of filled-in AF 1060.
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Table Al. Summary of Fort Greely RCI findings.

faatiiate o g

Roof RCI expected
Building area RCI after repairs Course of action
725 A 99
606 F 94
612 A 93 In-house repair.
501 B 92
725 1 92
612 B 90
802 - 90
606 D 89
725 F 89
605 B 88 In-house repair, contract
701 A 88 repair or reroof based
605 A 86 upon an economic analysis,
606 C 86
609 C 86
650 c 86
609 A 84
650 D 84
602 - 83
662 A 82
609 B 81
663 c 79
601 B 78
652 E 78
662 C 78
662 B 77
725 D 77
606 H 76
661 D 76
606 I 75
659 B 75
608 - 74
653 - 74
659 c 74
658 A 73
662 E 73
725 G 73
601 A 72
662 D 72
701 B 72
601 c 38 71
626 - 71
658 B 69
663 E 69
606 G 68
652 B 68
607 A 66
650 A 66
652 c 66
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Table Al (cont'd).

Roof RCI expected
Building area RCI after repairs Course of action
725 H 66
652 D 65
607 B 64
610 - 64
659 A 61
; 660 B 61
5 651 - 60
; 606 E 59
- 652 A 59
‘ 652 F 59
' 650 B 57
- 606 B 56
‘ 661 A 47 56
725 E 56
{ 504 B 54
661 C 54
663 D 54
725 c 53.5
- 614 - 53
725 B 53
4 661 B 52
] 660 A 51
. 504 A 50
4 603 A 44 48
1 503 E 23 43
606 A 39 42
1 625 - 36 42 Contract repalr or reroof-
503 B 22 40 ing based on an economic
663 B 37 40 analysis.
603 B 32 39
503 F 21 38
501 A 30 28
655 c 25 26
655 E 28 26
655 D 25 24
655 B 23 21
503 c 2] 20
655 A 22 18
503 D 19
663 A 19
503 A 18
503 G 17 Reroof only.
503 H 16
503 I 15
656 - 14




Figure A2. Building 501, RCI sections A and B.

Surveyed by: Coutermarsh-Cox on 10 May 1982

AREA A

Bitumen: A Age: ? Area: 5207 fc?
Situminous flashings: 78 ft Metal flashings: 402 fc
RCI = 30 SF = ?

RCI - recalculated assuming repairs made = 28

Course of actioun:
Contract repair or rerocf based on economic analysis

Repairs needed:
Metal flashings - 24 ft
Picch pans - 8
Holes - 4
Exposed felts - 72 ft°
“Membrane - 12 ft

AREA B

Bitumen: A Age: ? Area: 3136 ftl
Situminous flashings: 10 ft Metal flashings: 290 ft
RCT = 92 SF = ?

Course of action:
In-house repair

Repairs needed:
Metal flashings - 1 ft
Membrane holea - 2

Exposed felts - 5 el
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Figure A3, Building 503,
Surveved bv: Coutermarsh-Cox on b May 19H2
AREA A
Bitumen: A Age: 3 vr Area: 1373.5 fr:
Bituminous tlashings: 153 ft Metal flashings: 153 ft
RUL = 18 SF o= L.
Course >f action:

Contract reroof
Repairs needed:

Emergency repalr:

Bituminous base flashings - 66 rt

Membrane holes - 3
AREA B
Bitumea: A Age: 3 vr Atea:  la7n fn:
Bituminous flashinygs: (58 ft Metal flasninugs: 58 ft
RCI = 22 SF = 2.0

RCI - recalculated assuming repairs made = 4

Course of action:
Contract repair or reroof based on economic analvsis

Repairs needed:
Metal flashings - 2 ft .
Exposed felts - ALl 1476 fr*
Membrane holes - 9

Bituminous base flashings - [v4 ft

Surveyed by: Coutermarsh-Cox on &6 May [982

AREA C

Bitumen: A age: 3 yr Area: 1373.° ft°
Bituminous flashings: 153 fc Metal flashings: 153 ft
RCL = 21 SF = 2.6

RCI - recalculated assuming repairs made = 29

Course of action:
Contract repalir or reroof based on economic analysis

Repairs needed:
Bituminous base flashiggs - 71 ft

Exposed felts -2 ft”

Membrane holes - 17
AREA D
Bitumen: A Age: 3 vr Area: 1373.5 ftz
Bituminous flashings: 153 ft Metal flaghings: 153 rt
RCI = |9 SF = 2.1

Course of action:
Contract reroof

Repairs needed:
faergency repair:

Bituminous base flashings - 32 ft

Membrane holes - 9
Surveyed by: Coutermarsh-Cox
AREA [
Bitumen: A Age: 3 yr
Bituminous flashings: 133 ft
RCI = 15 SF = 1.7

Course of action:
Contract reroof

Repairs needed:
Emergency repair:
Bituminous base flashings -
-5

Membrane holes

34
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Surveyed by: Coutermarsh-Cox on o May 1982
AREA E
Bitumen: A Age: 3 vr Area: 1376 ft°
Bituminous flashings: 158 tt Metal flashings: 138 ft
RClL = 23 SF = 2.6
RCl - recalculated assuming repatrs made = &)
Course of dctfon:
Contract repalr or rernof based un economic analvsis
Repalrs needed:
Bitumin-us base flashings - 7 1t
Metal flashings - | ft
Exposed felts - Al i4/n 10"
Membrane holes - 9 !
H
AREA F i
Ritumen: A Age: 1 vr Area: 1373, ! g
8{tuminous flashings: 153 ft Metal flashings: [93 ft '
RCT = 2} SF = 2.4 H
RCI - recalculated assuming repairs made = 18 !
t
Course of action: H

Cuntract repair or reroof based on economic analvsis

Repalrs needed:
Bituminous base flashings -~ 24 f¢

Metal flashings - ! ft X
Exposed felts - AlL 1373.5 td¢”
Membrane holes - 15

Surveved bv: Coutermarsh-Cox on & May 1982

AREA G
Bitumen: A Age: 3 vr Area: 990 ft¢
Bituminous flashiangs: 142 ft Metal flashings: 142 rt
RCI = {7 S5F = 2.1
Course of action:
Contract reroof
Repairs needed:
Emergency repair:
Bituminous base tflashings - & f¢
Membrane holes - 29
AREA H
Bitumen: A Age: 3 vr Area: 924 ft;‘ N
Bituminous flashings: 127 f¢t Metal flashings: 127 ft
RCL = b SF = 1.7 X

Course of action:
Contract reroof

Repairs needed:
fmergencv repair:
Bituminous base flashings - 1f ft

Membrane holes -~ 8
on b May 1982
2
Area: 952 ft
Metal flashings: 1313 f¢t
3 oft
- —ap——




s tre it - . . e e A A

Figure A3 (cont'd).
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Figure A4. Building 504,

Surveyed bv: Coutermarsh-Cox on & May [9K8.

AREA A .
Bitumen: A Age: 27 vyr Area: 2187 ro”

Bituminous flashings: 190.5 f¢t Metal flashings: 19 .0 ot

RCI = 50 SF = 3

Course of action:
In-house repair 5r contract repair ot rero! hased in
economic analvsis

Repairs needed:

Metal flashings - 45 f¢ {
Membrane holes =~ |3
AREA B }
Bitumen: A Age: 19 vr ATed:  anb tt”
A{cuminous 1lashings: (3 {t Metal riashings: 17 o1t
RCI = 54 SF o= o4

Course of action:
In-house repair Or contract repair ur rernof based an
economic analysis '

Repairs needed:
Rit minous hase flashings - 33 (¢t
SazZed and slipped base flashings - [3.5 1¢
“Metal flashines ~ 42 1y
fxposed felts -6 ft’

Membrane holes =~ 7
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Figure A5, Building 601.
Surveved by: Coutermarsh-Cox on § May 1982
AREA A Repairs needed:
) Bituminous base flashings - 31 ft
Bitumen: A Age: B8 yr Area: 19,698 ftr* Metal rlashings - 90 frt
Bituminous flashings: 213 ft Metal flashings: 50| ft Fxposed felts - 196 frt
RCT = 72 SF = 8.7 Membrane holes - {[9)
Membrane splits {(contract repafr is the only
Course of action: permanent solutton) - 231 ft
In-house repair or contract repair or reroof based on
economic analysis
Repalrs needed: AREA C
3ituminous base flashings - 19 ¢t .
Metal rlashings - S8 ft Bitumen: A Age: 7 Area: 31,350 ft*
Sxposed felts - |2 fc* Bituminous flashings: 207 ft Metal flashings:
Membrane holes - 4 RCI = 38 SF = 7
Membrane ridatng - 291 ft RCl - recalculated zssuming repatrs made = 7]
AREA 38 Course of action:
| In-nouse repair or contract repair o>r rerdof based »n
icumen: A Age: Area: 39,798 fcf economic analysis
; dtzuminous flashings: Se) ft Metal flashings: 956 ft
3 RUL = 78 SE = Repairs needed:
Bituminous base flashings - 2. t¢
‘ourse of action: Metal flashings - 204 ft
In-house repatr or contract fepalir ot reroof based un Membrane splits (contract repair 1s the unly
=csnomic analvsis permanent soiution) - (1R ft
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Figure A5 (cont'd).
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Figure A6. Building 602, N '
Surveyed bv: Coutermarsh-Cox on 4 May 1982 -1 ‘f"‘-‘
[- )
AREA A |
- o, 7™
Bicumen: A Age: 27 yr Area: 1138 fr° | 410 :]
Bituminous flashings: . f¢t Metal flashings: 1346 ft ;/T“ 1,-4?1—~\\
RCI = R} SF = 6. - -
c1 SF = 6.6 4 ;—@ A1 .
Course of action: wi ad PR 5"‘3 PRI
In-house repair or contract repair or reroof based on
economic snalysis Porr sbmmY
rx > sTRNON 1197 Sap
Repalrs needed: Moo et
Metal flashings ~ 21 ft e - 4 !
Membrane holes - 6 ;
Figure A7, Building 603,
Surveyed by: Coutermarsh-Cox on 5 May 1982
AREA A AREA B
Bitumen: A Age: ? Area: 8280 fo? Bitumen: A Age: ° Area: Y9 fe°
Situminous flashings: 85 ft Metal flashings: 451 ft SB{tuminous flashings: 1" f¢ Metal flashings: {90 t¢t
RCT = 44 SF = RCI = 32 SF =

RCI - recalculated assuming repairs made = 43

Course of action:
Contract repsir or reroof based on economic analysis

Repairs needed:

RCl - recalculated assuming repairs made = 39

Course of action:
Contract repair or reroof Hased >n economic analvsis

Repalrs needed:

Bituminous base flashings - | ft Exposed felts - |19 ft°

“etal flashings - 162 ft Membrane holes =~ 37

Membrane holes -~ 7 Rajise bagse flashings above ~» Ln, hef{ght - X7 f¢t

Exposed felts - 79 “2
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Figure A8. Building 605.

Syrveved by: Coutermarsh-Cox on 7 May (982

AREA A AREA 8

Bitumen: A Age: 27 vr Area: [2,33v ft” Bltumen: A Age: o7 ovr Area: 12,13 fet
Bituminous flashings: 68.5 ft Metal flashindgs: <97 r¢ Bituminous flashinags: AR5 1t Meral tlashings: S| ft
RCI = ¥» SF = 6.8 RCL = 4R NE e L0

Course of action: Course Ot action:

In-house repalr or contract repair or reroof based oa In-house repalr ,r rontract repalr or rernof hagsed on
economt ¢ analvsis econnml s analvsis
Repalrs needed: Repairs needed:
Bituminous base flashings - | ft Hituminous base tlashings - nAd, 5 te
Metal flashings - n) ft | Metal tlashings - '35 ft
Cxposed felts - 495 ft° Cxposed felts - lal ot
“Yembrane holes - Membrane holes -~
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Figure A9. Building 606.

Surveyed by: Coutermarsh-Cox on l4 May 1982

AREA A AREA B
Bitumen: A Age: 9 yr Ares: 2176 fr? Bicumen: A Age: 9 yr Area: 2268 ft?
Bituminous flashings: 32 ft Meral flashings: 228 ftr  Bituminous flashings: 64 ft Metal flashings: 260 ft
RCI = 39 SF = 3,75 RCL = 56 SF = 5.5

RCI - recalculated assuming repsirs amade = 42
Course of action:

Course of action: In-house repair or contract repair or reroof based on
Contract tepair or reroof based on economic analysis economic analysis
Repairs needed: Repairs needed:
Sicuminous base flashings - 4 £t Bituminous base flashings - | ft
Metal flashings - 4 ft Metal flashings - 5 ft
Membrane holes - 3 Exposed felts - 22 ft
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Figure A9 (cont'd).

Repairs needed:

Membrane holes - 2

>

irea: 2095 ft*

Metal flashings:
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17107
425 AREA &
[ gt .
\\5‘2 a2 4 ®itumen: A age: 9 vr Area: Th4 ftf
) el \ Bituminous flashings: 271 ft Metal flashings: 273 ft
om-2 7 \ RIT = 3 SE o= 102
SECT £ Course of actisa:
In-house repair or sontract repair or reruof based oo
economi¢ dnalvsis
Repalrs needed:
@ M4 . Bituminous base flashings - 27 ft
’ 515
K AREA D
\ Bitumen: A Age: 7 Area: 2222 fe©
) Bltuminous flashings: RY.? €y Metal flashings: (89,4 f¢
L/”“‘ RCI = 89 SF = 2
l (3.| W& Course of action:
[n-house repalr or contract repair or rernof based on
economl¢ anaivsis
a b
I 7.2 n E
Pty

183.8 ft

v oMM 6M B w2z,
‘6‘ AREA E
SECT A I‘ Bitumen: CT Age: 7
oOM-12 -~ bxﬂl Bituminous flashings: 41,9 f¢
RCI = 39 SF = ?
3u| Course of action:
YL S In-house repair ot contract repair or reroof based an
FYOREELY economic analvais
— ~{  POWERPLANT ceont ded
1 SECT F,G epalrs needed:
B:‘D?()"OGRC Metal flashings - | ft

Fxposed felts
Membrane holes -
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Figure A9 (cont'd).

AREA 7 AREA H

Bitumen: CT Age: 9 yr Area: 2231 fr? Bitumen: A Age: ? Area: 664 ft?
Bituminous flashings: 2.5 ft Metal flashings: 190.5 ft Bitumlnous flashings: 48 ft Metal flashings: 167 ft
RC1 = 94 SP = |4 RCI = 76 SF = ?

Course of action: Course of action:
In-house cepair In-house repair or contract repair or rercof based on
econoaic analysis
Repairs needed:
Metal flashings - | f¢ Repairs needed:
Exposed felts =~ 23 fc Bituminous base flashings - 1 f¢
Meabrane holes =~ 2 Metal flashings - t ft
Exposed felts - 12 f¢
AREA G Membrane holes - 2

2

Bitumen: A Age: 9 yr Area: 680 fr AREA I

Bituminous flashings: $8.5 ft Matal flashings: 117 te?

2
. . ? .
RCT = 68 SF = 7.2 Bitumen: A Age Area: 704 ft

Bituminous flashings: 81 ft Metal flashings: 141 ft
- - ?
Course of action: RCL =75 SF =2
In-house repair or contract repaitr or reroof bssed on

economic analysi Course of action:
ysis In-house repair or contract repair or reroof based on

Repairs needed: economic analysis
Metal flashings ~ 2 f¢t
2 Repairs needed:
Exposed felts - 25 ft _ 2
Membrane holes =~ 4 Exposed felrs 42 ft

Membrane ridging - 24 ft Membrane holes - 2

AREA J - Unable to trate because of meabrane slippage.
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Figure Al0. Building 607.

jurveyed by: Coutermarsh-Cox on |3 May 1982

AREA B

Bitumen: CT
Bituminous flashing
RCL = 04

Age: 20 vr
s: 132 ft
SF = A

Area: 2029 ftf
Metal flashings:

252.5 ft

AREA A

Bitumen: CT Age: 20 vyr area: 2282.5 ftf
Situminous flashiags: 24 ft Metal flashings: 245 ft
RCL = 66 SF = o

Course of action:

In~house repalr or -ontract repair or reroof based on

economic analysis

Repairs needed:

Course of action:
In-house repair or contract repair or reroof based on
economic analysis

Repairs needed:

Bituminous base flashf{ngs - 2 f¢t Bituminous base flashings - [| ft
Metal flashings - 35 ft Metal flashings - &7 ft
Meubrane holes - 4 Exposed felts - 16 ft°
Membrane holes - 7
Membrane ridges - 8 r¢t
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Figure All. Building 608,
Course of action:
Surveyed by: Coutermarsh-Cox on 7 May 19382 In-house repair or contract repair or reroof based on
economic analysis
AREA A
. Repairs needed:
Bitumen: A Age: Area: 12,627 ft° RBituminous base flashinus - 69 (¢t
Bituminous flashings: 73 f¢ Metal flashings: S5O8 ft Metal flashings - IS1 ft
RCI = 7 SF = Membrane holes - 2
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Figure Al2, Building 609.

Surveyed by: Coutermarsh-Cox in May 1982

AREA A

Bitumen: A Age: 9 yr Area. 1155 ftz

Bituminous flashings: 103 f¢t Metal flashings: 103 f¢

RCI = 84 SF = [0.2

Course of action:

In~house repair or contract repair or reroof based on
economic analysis

Repairs needed:
Bituminous base flashings - 6 ft
Mecal flashings - S ft

Course of action:
In-house repair ot contract repsir or reroof based on
economic analysis

Repairs needed:
Bituainous base flashings - S ft
Metal flashings - 7 ft

AREA C

Bitumen: A Age: 9 yr Area: (221 fcl
Bituminous flashings: 101 ft Metal flashingse: 66 ft
RCI = 86 SF = 10.2

Course of action:
In-house repair or contract repair or reroof based on
economic analysis

AREA B
Repairs needed:
Bitumen: A Age: 9 yr Aresa: 1452 ft? Bituminous base flashings - &4 ft
Bituminous flashings: 88 ft Metal flashings: 154 f¢ Metal flashings - 6 f¢t
RCI = 8} SF = 9,6 Membrane holes - 2
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Figure Al3. Buildiang 610.
Surveyed by: Coutermarsh-Cox on & May 1982 Course of action:
In~house repair or contract repair or reroof based on
AREA A economic analysis
Bitumen: A Age: 27 yr Ares: 4949 fc? Repairs needed: )
Bituminous flashings: 12 ft Metal flashings: 300 ft Bituminous base flashings - 2 f¢
RCI = 64 SF = 4.3 Metal flashings - 39 ft
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Figure Al4. Building 612,
-~ " | S——— -
Surveved bv: Coutermarsh-Cox on 6 May 1982 SH4 5“"/ 5K 24 SH |
et .
AREA A 8 a4 24
IUZ>) |M-|\
Bitumen: A age: 8 mo area: 9737 ft° 5 —
Bituminous flashings: 120 ft Metal flashings: 515 ft -7 B ¥4 7"//'
&1 = 93 SF = 15.7 . 105 - -
3
Course of action: =
In-house repalr
@ [ (2]
Repairs needed: 71t T -
Bituminous base flashings - 1 ft 0/2 . A ‘E 77
Metal flashings - 7 ft ! 00 sme o
Membrane holes - 13
UNABLE TO 14’
AREA 8 RATE
Bitumen: A Age: 8 mo Area: 2904 ftz 11
8ttuminous flashings: 121 €t Metal flashings: 290 Ft 0/ 12 ® 7_28
RCL = 90 SF o= 1a. , R
1 SF 1.9 o: N Tt ~eo
Course of action:
{n-house repair
£ T GREELY
Revairs needed: - TANK REPAIR SHOP
Bituminous base flashings - } ft =2 _3 BLDG 612
Metal flashings - 27 ft 1" 20'
Figure Al5. Building 614, r 3o \ -
Surveved by: Coutermarsh-Cox on 6 May (982 ‘/6“4 '~ T7-4 i-L ¥ ) om-12 /
AREA A o SH3 U2l M4 -
> EJ
Bitumen: A Age: 27 vr Area: 1200 fcf _ ’/6L'4 /ng & 2 N
Bituminous flashings:  ft Metal flashings: 300 ft (%399 / ,? d B
RCT = 33 SF = 3.2 ° 66 CoL 4 Tl S3HIS oMad P
Course nf actiosn:
In-house repaikr or contract repafr or reroof based on FT GREELY
economic¢ analvsis GAS STATION
Repairs needed: B,':DG ,6‘4
Metal flashings - 32 ft V'-10
Exposed felts - 85 fe*
Membrane holes - 5§
/3“4\ /71
Figure Al6. Building 625. d?\?
!
Surveyed by: Coutermarsh-Keller on 17 May 1982 - -~ 3Kl
AREA A :: d v%?}m
Bitumen: A Age: ? Area: 240 ftr’ 8L ﬂoi‘ o” 14
Bituminous flashings: 18 ft Metal flashings: 90 ft <
RCI = 36 SF = 7 R ! \\)
RCI - recalculated assuming repairs made = 42 a3 3N
FT GREELY

Course of action:
Contract cepatr or reroof

Repairs needed:
Bituminous base flashings - 3 ft
Metal flashings - 10 ft 3
Exposed felts - 4,5 ft
Meabrane holes - 1}

WATER WELLSHELTER
BLOG 625

1"+ 10°




Building 626.

Figure Al7.
1 Surveved by: Coutermarsh-Cox on 5 May 1982
; Course of action:
AREA A In~house trepalr or contract repair or reroof based on
econonic analysis
Aitumen: A Age: 3 yr Area: 592t ftl
Bituminous flashings: O ft Metal flashings: 315 ft Repairs needed:
RCY = 71 SF =10.4 Metal flashings - |17 fc
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Figure Al8. Building 650.

Surveved by: Coutermarsh-Cox on IN May 1982

‘ AREA A AREA B
i
4 Bltumen: & Age: ! yr Area: 1836 fLZ B{tumen: A Age: 1 vr Area: is3n fr°
4 Bituminous flashings: [82.5 ft Metal flashings: 182.5 ft Bituminous flashings: (82.5 ft Metal flashings: 182,95 ft
) RCI = nbh SF = 10,2 RCI = 57 SF = r,7
\ Course of accion: Course of action:
In-house repalir or contract repair or recoof based on {n-house repair or contract repair or reroof based on
f aconomic analysis economic analvsis

Repairs needed: Repalrs needed:

1 Bituminous base flashings - 1| ft Metal flashings - 9 ft
- Metal flashings - 19 ft Fxposed telrs - %S
3 Meabrane holes =~ 13 Membrane holes - 9
. Membrane splits (contract repair is the only
permanent golution) - 2 ft
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| Figure Al8 (cont'd).

Coutermarsh-Cox on || May 1982

Surveved by:

AREA C

Bitumen: A Age: 7 Area: 187y f(:
Bituminous flashings: [R7? f¢ Metal flashings: 242 ft
RCI = 3b SF = ?

Coutrse of action:
In-house repalr or contract repalr or reroof based on
economic analysis

Repairs needed:
Bituminous base flashings - 4 ft

AREA D

Bitumen: A Age: 7 Area: 1953 fcf
Bituminous flashings: 138 ft Metal flashings: 193 ft
RCI = 84 SF = ?

Course of action:
Ian-house repair or contract repair or reroof based on
economic analysis

Repairs needed:
3{ tuminous base flashings - 3 ft

E Metal flashings - | ‘¢t Metal flashings - 1| ft
Yembrane holes - ! Membrane holes - 2
, AREA E - Unable to rate because of membrane slippage.
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Figure Al9., Building 651.

Course of action:

Surveved by: Coutermarsh-Keller on |7 Mav 1982 In-house repair or contract repalr or reroof based on
economic analysis
AREA A
Repairs needed:
B{tumen: A Age: 23 vr Area: 2945 fr” B{tuminous base flashings - 3 ft
Bltuminous flashings: 121 ft Metal flashings: 291 ft Metal flashings - 7 ft
RC1 = 40 SF » 4.3 Sagged or slipped base flashings - 15 ft
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Figure A20, Building 652. Course of action:
in-house repair or contract repair or rernof based on
Surveved bv: Coutermarsh-Cox on || May 1982 eronomic analvsts
A3
: AREA A Repalrs needed:
. Bituminous base tlashings - 2 ft
Bitumen: A Age: ! vr Area: 1078.4 frt” Metal flashings -~ 7 ft |
4 Bltuminous flashings: 152 ft Metal flashings: 152 f¢t Exposed tfelts - e
E RCT = 59 SF = 8.9 Membrane holes - 2
-
Course of action: AREA ¥
3 In-house repair or reroof dbased »on
economic analysis Brtumen: A Age: 2 vr Area:  (h3R.A fr°
Bituminous tlashings: 1% {t Metal flasnings: 4. It
Repairs needed: RCT = onh SF = 10,2
Blruminous base flashings - 1 ft
k Metal flashings - lia ft Course of actian:
1 Membrane holes - 2 In-house repair »r -ontract rtepalt 3r rernof hased on
. economic analysis
AREA B
. Repairs needed:
Bitumen: A Age: ) vr irea: lha) fe- Metal flashings - 15 f¢
Bitum{nous flashings: 0 ft Metal flashings: 212 tt €xposed felts - 4 fr°
RCI = 8 SF = 0.6 Membrane holes - 3
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Figure A20 (cont'd).

Surveyed by: Coutermarsh-Cox on |1 May 1982

AREA D

Bltumen: A Age: 2 yr Area: 9582.8 f[l
Bituminous flashings: 132 ft Metal flashings:
RCL = 65 SF = 10

Course of action:
In-house repaitr »r contract repair or reroof based on
economic ane.yes -

Repairs needed:
Bituminous base flashings - 2 ft
“etal flashings - |1 fr,
Exposed felts - 26 fr*
Membrane holes - 5

AREA E

Bitumen: A Age: 2 vyr Area: 1307.3 ft?
Ai{tuminous flashings: 146 ft Metal flashings:
RCL =78 SF = 12.3

Course uf action:
In-house repair or contract repair or reroof based on
economic analysts

132 t¢c

146 ft

Repairs needed:
Bituminous base flashings - | f¢t
Metal flashings - 15 ft
Blisters - 2 ft’
Membrane holes - 6

AREA F

1107.25 fe?
Metal flashings:

Bitumen: A Age: Iyt Areas:
Bituminous flashings: [46 ft
RCI = 59 SF = 8.9

146 fc

Course of action:
In-house repair or contract repalr or reroof based on
economic analysis

Repairs needed:
Bituminous base flashings - 3 f¢
Metal flashings - |4 fs
Exposed felcs - 3 ft
Membrane holes =~ 4
Membrane splits (contract repair is the only
permanent soluytion) - ! ft
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Figure A21. Buillding 653,
Surveved by: Coutermarsh-Cox on 8 May 1982
R 68 5‘“ 6 AREA A
) [ ) Bitumen: A Age: 24 yr Area: 5]35 fet
@ 4-3\‘ NF&M Bituminoua flashings: 58 fc Metal flashings: 430 ft
4 2/ “IH-10 o N3 o RCL = 74 SF = 6
o
R o—1T 3%* ! Course of action:
3u E/A' _» [s] o 338 In-house repair or contract repair or reroof based on
H7 5\4 , jo3K-5 ST economic analysia
° 4 Repairs needed:
‘ _ Ve Bituminous base flashings - 25 f¢t
635 o 3‘33 “'5'? ° Metal flashings - SO ft
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Exposed felts - 21 ft
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4 Figure A22. Building 655. A s
Surveved by: Coutermarsh-Cox on |1 May 1982 Bitumen: A Age: )} vr Area: 2900 fef
Bituminous flashings: 292 ft Metal flashings: 202 ft
3 AREA A RCI = 21 SF = 2.6
3 , RCl = recalculated assuming repaics made » 21
\ Bitumen: A Age: ) yr Area: 2520 ft*
Bituminous flashings: 202 f¢ Metal flashings: 272 t¢t Course of action:
RCL = 22 SF = 28

fontract repalf or reroof based on economic analysis

Course of actfon:

Repairs needed:
Contract reroof

gituminous base flasnings - & tt
Metal flashings - Sh ft

Membrane holes - 8§
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Figure A22 (cont'd).

D e s e & et iyt
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AREA C Repalrs needed:
2 Bituminous base flashings - S tt
Ritumen: A Age: 3 yr Area: 856 ft Metal flashings - 16 ft
ficuminous flashings: 126 ft Metal flashings: 126 ft
RCL = 25 SF =3 AREA E
RC1 ~ recalculated assuming repairs made = 26
Bitumen: A ARe: 3 yr Area: 20h6 ftz
Course of action: Bituminous flashings: |86 f¢t Metal flashings: 186 ft
Contract repair or reroof based on economic analysis RCI = 28 SF = 3.4
RCI - recalculated assuming repairs made = 26
Repairs needed:
Bituminous bagse flashings - 6 ft Course of action:
Metal flashings - 5 ft Contract repair or reroof
Membrane holes - 1
Repairs needed:
AREA D Bituminous base flashings - 8 f¢
2 Metal flashings - 9 ft
Bitumen: A Age: 3 yr Area: 1661 f¢ Membrane holes - 6
Bituminous flashings: 163 ft Metal flashings: 163 f¢t
RCI = 25 SF =3
RCl - recalculated assuming repairs made = 24
Course of action:
Contract repair or reroof based on economic analysis
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Figure A23. Building 656.

Surveyed by: Coutermarsh-Cox on 17 May 1982

AREA A

Bitumen: A Age: 26 yr Area: 11,202 te?
Bituminous flashings: 46.7 ft Metal flashings: 563 ft
RCI = 14 SF =0

8.7

54

Course of action:
Contract reroof

Repairs needed:
fmergency repair:
Membrane holes - |2
Membrane aplits - 68 ft
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Figure A24, Building 658.

Surveyed by: Coutermarsh-Cox on 7 May 1982

AREA A

Bitumen: A Age: 27 yr Area: 12,240 el
Bituminous flashings: 68 ft Meral flashings: 500 ft
RCL = 73 SF = 5.5

Course of action:
In-house repair or contract repair or reroof based on
economic analysis

Repairs needed:
Bituminous base flashings - 13 ft
Metal flashings - S7 ft
Membrane holes - 3
Membrane splits (contract cepair {s the only
permanent solution) - 21 f¢c
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AREA B

Bitumen:

A

Age: 27

Bituminous flashings: 68 f

RCI = 69

SF = 4.9

yr
t

Area:

12,260 £e?

Metal flashings: 496 ft

Course of action:
{n-house repair or contract repair or reroof based on
economic analysis

Repairs needed:
Bituminous base flashings - 4 ft
Metal flashings ~ 64 ft
Exposed felts - 237 fe
Membrane holes - 1
Membrane splits (contract repair is the only
permanent solution) - Il ft
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Figure A25. Bullding 659.

Surveyed by: Coutermarsh-Cox on 17 May 1942

AREA A

Bitumen: A Age: 7 Area: 7077 fe
Blituminous flashings: 582 ft Metal flashings: 582 ft
RCI = 6} SF = ?

Course of action:
In-house repair or contract repair or reroof based on
economic analysis

Repairs needed:
Bituminous base flashings ~ 7 ft
Metal flashings - 15 ft
Membrane holes - 38
Sagged or fallen base flashings - S51.5 ft

AREA 8
Bitumen: A Age: 10 vr Area: 2818 ft’
Bituminous flashings: 190.% ft Metal flashings: 225.4 ft
RCI = 75 SF = 9.5
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Courge of action:
In-house repair or contract repair or reroof based on
economtc analysis

Repalrs needed:
Bituminous base flashings - 9 f¢
Metal flashings - 9 ft

Membrane holes =~ |
AREA C
Bitumen: A Age: 10 yr Area: (832 ft“
Bituminous flashings: 152 ft Metal flashings: 99.2
RCI = 74 SF = ¢
Course »f action:

In-house repair or contract repair or reroof hased on
economic analysis

Repairs needed:
Bituminous base flashings - 23 f¢r
Metal flashings - 7 f¢
Membrane holes - 7
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Course of action:
Figure A26. Building 660. In-house repair or contract tepair or reroof based on
economic analysis
Surveyed by: Coutermarsh-Cox on .! May 1982
Repairs needed:
AREA A Bituminous base flashings - S f¢
2 Mecal flashings - 61 ft
Bltumen: A Age: 21 yr Area: 7579 ft Exposed felts - 19 ft
Bituminous flashings: 248 ft¢ Metal flashings: A32 €t Membrane holes =~ 117
RCI = 51 SF = 3.4
AREA B
— Bitumen: A Age: 2 yr Area: 4625 fzz
Bituminous flashings: 63 ft Metal flashings: 394 ft
RCI = 61 SF = 4.7
Course of action:
In-house repair or contract repair or reroof based on
economic analysis
Repairs needed:
roet m!LT Blturrlrfnfus base ”a:htng! -1l fe
Meta ashings - 4
HQJ‘ Ha. mﬂ*’f UsAe <__N__ Exposed felts =~ 7 ft5
BLOG. 66O . Membrane holes - 4
. ! A- 7579 o Blisters - 5 ft
*: & Membrane splits (contract repair is the only
%4,8‘ permanent solution) - 3 ft
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Figure A27. Bullding 661,

Surveved by: Coutermatrsh-Cox on 7 May 1982

AREA A AREA B

Bitumen: A Age: 10 vyr Area: 3619 ftz situmen: A Age: |0 yr Area: 3439 fe?
Bicuminous flashings: 299 f¢ Metal flashings: 325 ft Bituminous flashings: 129 ft Metal flashings: 155 ft
RCI = 47 SF « 3.8 RCI = 52 SF = 4.5

. RCI - recalculated assuming repatrs made = 56
Course of action:

Course of action: In-house repait or contract repair or reroof based on
1n-house repair or contract repair or raroof based on economtc analysis
economic analvsis

Repairs needed:

Repalrs needed: Rituminous hase flashings - 3« fe

B{tumnfnous base flashings - 13 ftr Metal flashings - 4 ft
Metal flashings - 3 ft Membrane holes - 20
Membrane holes - 22

Membrane splits (Coantract repair is the only
' permanent solution) - 2 ft
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Figure A27 (cont'd).
Surveved by: Coutermarsh-Cox on 7 May 1982
AREA C AREA D

) 2

f{tumen: A Age: 10 vr Area: 2849 ft . RBltumen: A Age: 10 vr Area: 1897.5 fc*
Bituminous flashings: 191 f¢ Metal flashings: 230 ft Bltuminous flashings: 170 ft Metal flashings: 207 ft
RCI = S& SF = 4,7 RCl = 75 SF = 8.1

Course of action:
In-house repalr or contract repair or reroof bagsed on
economic analvsis

Repairs needed:

Course of action:

[n-house repair or contract repai: or reroof based on
economic analysis

Repairs needed:

Rlituminous base flashings - !} f¢ Bituminous base tlashings - 2 ft
Metral flashings - & ft Metal flashtngs - 24 ft
Membrane holes - 3 “Membrane holes - &
Membrane splits (contract repair is the only
permanent solvtion) - 13 ft
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Figure A28,

Surveyed bv:

AREA A

Bitumen: A Age: 35 yr Area:

Bituminous flashings: O f:
RC1 = 82 SF = 11.13

Course of action:

O A s T e )

Building 662.

Coutermarsh-Cox on 2 May 1982

JaRY reT
Metal flashings:

In-house repair or contract repair or reroof based on

economic analysis

Repairs needed:
Metal flashings - 3 f¢
Exposed felts - 36 fc°

Jantt

i o

I ot oo g ) oS
- - -

AREA B

Bitumen: A Age: S wvr ATed: IR 4
Bituminous flashings: Prt Meral tlasnings: oot
RCT = 77 Foa 0,2

Course of action:
In=house repair or coatract repalr or reroof hased

R

economi ¢ analvsis

Repairs needed:
Metal flasrings - 23 1t
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Flgure AR 1.
![ AW A ARFA !
' LI S 4 Viv f 811 ume o A Age: S yr Area: 13340 ft?
' LI T Gy - s Bltaminous flashtngs: ) ft Metal flashings: 233 f¢
.1 = n - LSO SF = 9.4
4 rarme T4, v fouTrse Ot action:
tal VEC IRV ‘ 4. Ier ThTNouse Trepalr or contract repair or reroof based on
LSRLIET (UREY PO econom{: analvsis
Repat s 1eeted Hepaity needed:
MEla. ANty ocdn ~ Metal tlashings - [R te
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Membrane holes =~ 4
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Figure A28 (cont'd).

AREA E

fftumen: A ARe: % vr
Alituminous flashings: 9 ft
RCL = 73 SF = 9.6

Course uf action:

Area: 3379 ¢’
Metal flashings:

235 ft

In-house repair or contract repalr or reroof based on

economic analysis

Repairs needed:
Metal flashings - 9 ft

Membrane holes - 1
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Figure A29. Building 663.

Surveved by: Coutermarsh-Cox on 10U May 1982

e

S e eeme e

Course 2f action:
In-house repair or contract repair or reroof based In
ecuonomic analysis

AREA A
R Repairs needed:
Bitumen: A Age: ? Area: 745 fr” Rituminous base flashings - 8 f¢
Bituminous flashings: 641 ft Metal flashings: 64l ft Metal flashings - 17 fE
RCI = 19 SF = 7 Exposed felrs - 9 ft
Course of action: AREA D
Contract reroof )
Bitumen: A Age: ! Area: Shr ft”
Repairs needed: Bi tuminous tlashings: 18 ft Metal flashings: 9% ft
Emergency repalrs: RCI = 34 SF = 7
Membrane holes - 22
Membrane splits - 2 f¢t Course of action:
2 5 In-house repair or contract repair or rersot based un
AREA economic analysis
Bitumen: A Age: 7 area: 7564 fe Repairs needed:
:éium:?\ls xlasntng::F 30 fe vetal flashings: 37 ft Bituminous base tlashings - 2 ft
- 37 SF = Metal flashings - 11 ft
RCl - recalculated assuming rtepairs made = 40 Membrane hOIe: -1
Course of actlon: AREA E
Contract repair or reroof based on economic analysis T
) 8itumen: A Age: 7 Area: 7S fr°
Rez::;;l:z:e:;se flashings - 2 ft Bituminous flashings: /.5 ft Metal flashings: 3 r:
: ' - RCI = 1% SF = 2
Yeral flashings - n f¢ SF
V.xp\;sed f;l(ls‘ - a\# te Course of action:
Membrane holes ! In-house repair or contract repair :r rernaf mased a0
AREA & econvmic analvsis
RBitumen: A Age: Area: 981 fr- Repairs needed:
Bituminous flashings: 12h ft Meral flashings: 126 fr Metal flashings - 13 f¢t
RCI = 79 SF = Membrane holes =~ 3}
FTOREELY
EEIR(L TA P 5
FL[T(S) €3RI SEC T () =
) 9
- dH ot At * M _ﬂj
’r
. A e ’ ‘
g2 14 1
i . > 7
| o . R
N it ”“\t 42 o, 9“‘4 '
HH ] : 4 -
“Mé 3 43 R4 . ‘( i L. ® ./l. -
g P ) L "'“';‘J 6 S 573
»> r I ¢ QY an, € i D S
114 N R [ 2 P AT
9H-3 ]“') : PR jopaqedtli LR 11 7
= , Py 9 -4 £ .. ! L
———— g - ! N ot zf"d' 12> .
< . | on g - t K4 LI TN ¢
o8 “ ‘7 N\ - o
941 147 10
& SZ , 114
Al SO
a2/
f 1H-2 3H4
| , VAR
e s (R) ol 215 \
E J/ A\ /21N ,.‘XJ s
| N / =7 - | S !
| AR R L :
: PA =1 N o
. A .—E'J B )
L e e B . 4 - —
' e ¢4nPs) 1/
i Ly LM . n
L ) Nﬁ L
C
l - .
- L
\ 1Mt Ml
o) .
FTGREELY F‘_—‘ TR e
8106 663 RCI SECT B-E NaH 3 MY gk
s j'




Figure A30, Building 701.

Surveved by: Coutermarsh-cox on 4 May 982

AREA A AREA B
Bitumen: (T Age: 7 Area: 1999 rc¢* Ritumen: T Age: s
Bituminous flashings: |an fr Metal rlashings: 336 rc Rituminous flashyngs: Piae tt s i~ -
RCL = 38 SF = 7 RCL = 72 ko=
Course of action: “ourse of scrion:
{a-house repair o>r contract repair or reroof hased sa In-house repair ar coutract tepatr oo coc g
economic analvsis economi ¢ Inaivsls
Revairs needed: Repalrs needed: ‘
3tctuminous base tlashings - 98,5 ft 8iruminous base 1! -
Metal flashings - 31 f¢ Metal rlashines -
Txposed felts - . otr’ Expoused felts R
Membrane holes - |
ot wasply
Oppicers clup A 2T ¢ (
£ioe ot B 2541 4
' g
v =gy !
4
)
. »" L)
Mol
T A=
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Figure A31. Building 725.

Surveved bv: Coutermarsh-Cox on ¥ May [982

AREA A

Bitumen: A Age: 7 Area: 924 r:“
Bituminous flashings: o ft Metal flashings: R7 ft
AC1 = 99 SF = 7

Jurse of action:
None

Repatrs needed:

None
AREA B
A{tumen: A Age: 7 Area: 2625 ft”
dituminous flashings: 43 ¢t Metal flashings: 1.5 ft
oD o= 5} SF =7

Thurge Ot aution:
‘n-house repalr or contract repalr or reroof based on
economl ¢ analvsis

Repsirs teeded:

3{caumious base flashings - | ft
Membrane noles - |
Rage tlaghinegs less than n in. high itnclude in
¢ rAact repatl oOr rerooting) - s ft
AREA T
AiTamen: A age: Area: 3602 fe”

31t .mious rlasnings: ») ft Metal flashings: 254 ft

WOl e i SF =

Jhurse of action:
{n-house repalr »r contract repalr ar reroof based on
22onomi - analvsis

weded:
“wral tlasntngs - [9 fr
“esdrane noles - 3

“enatrs
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. Lok ) )
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Y
» B .

T -4‘
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AREA D
Blicumen: A Age: Area: 1!,83y fr*
Bituminous flashings: 360 ft Metal flashings: 152 f¢t
RCI = 77 SF = 7

Course of action:
{n~house repalr or rontract repair or reroof based 7n
economic analvsis

Repairs needed:
Bituminous hase flashings - 9 f¢t
Metal rlashings - 34 ft

AREA E

Bitumen: A Axe: ! Area: 92 tt°

Bituminous flashinzs: &»8.° ft Meral flashings: 20,3 ft
RCI = 56 SF o= 2

Course ot action:
In-house repair or contract repair or reroaf Sased on
@conomic analvsis

Repairs needed:
R{tuminous base flashings ~ 3} 1t
Metal flashings - 20,5 ft

Membrane holes - 3
AREA F
Bitumen: 3§ Age: 7 Area: 1739 fco°
3ituminous flashings: 34 Metal flashinas: v ft
RCI = R9 SF = ?

Course of action:
In-house repair »r contract repalr or reroof based 1n
economic analvsis

Repalrs needed:
Metal flasalngs - |7 ft




Figure A3l (cont'd).

ARFA G Repalrs aeeded:
#ltuminous Sase flashings - & t¢
Bitumen: A Age ' Area: U2 foo Membrane holes -~ 3
Bltuminous .lashings: Re it Mecal flashings: !lm te Membrane splits (contract repair 13 the saly
RCI = 73 SF = 7 permanent solution ) - T1.9
Course of action: AREA |
[n-house repatr 2r contract repair >r rerHot bhased on .
economi ¢ analvsts Bltumen: A Age: : Ared: 555 tt
Bf tumtnous flashings: ft Metal tlashines: .3 1t
Repalrs needed: RCT = 9! SE o= 7
Bituminous bhase tlasnings - 5 fr
Meral flasnings - n’ 1t Sourse of action:
Membrane holes - | la-tinyse Tepatlr
AREA Y Repalrs needed:
Metal flashings - 47 ft
Bitumen: A Age- M Area: (Y ,ete e
Bituminous flashings: ind It Metal flashings: n7h f¢
RCL = &b SF = °

Tourse of action:
In-house repair O>r cuntrast repalr ot feronf based om
economic analysis
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Figure A32, Building 802,

Surveyed by: Coutermarsh~Cox on 19 May 1982

AREA A

Bitumen: A Age: ? Area: 3679 ftz
Bituminous flashings: 47 ft Metal flashings: 248 ft
RCI = 90 SF = ?

Course of action:
In-house repair

Repairs needed:
Metal flashings - 22 ft
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