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A DEMONSTRATION OF ROOFER, AN ENGINEERED
MANAGEMENT SYSTEM FOR BITUMINOUS BUILT-UP ROOFS

1 INTRODUCTION

Background

ROOFER is an engineered management system that provides several functions for analyzing and
evaluating built-up roofing systems. It was developed to support Army installation Directorate of
Engineering and Housing (DEH) personnel in the activities associated with maintaining networks of roofs.
ROOFER provides methods for creating a roofing inventory, conducting inspections, identifying roof
problems (distresses), evaluating roof condition, and determining Maintenance, Repair, and Replacement
(MRR) needs.

The U.S. Ammy Construction Engineering Research Laboratory (USACERL) developed ROOFER with
the assistance of the U.S. Ammy Engineering Housing Support Center (USAEHSC) and the U.S. Army
Cold Regions Research and Engineering Laboratory (USACRREL), using techniques previously employed
for the development of PAVER,' an engineered management system for pavements. After several rounds
of field testing and refinement of the ROOFER procedures at various Army, Navy, and Air Force bases
in several geographic locations, a demonstration program was established at three Army installations: Fort
Meade, MD; Fort Lee, VA; and New Cumberland Army Depot, PA. The demonstration was conducted
using the Facilities Engineering Applications Program (FEAP).

The ROOFER system is described in USACERL Technical Report M-90/04.2

Objective
The objective of this investigation was to demonstrate the ROOFER system, including:

1. Inventory collection and inspection procedures,

2. Data processing and management procedures,

3. Development techniques for MRR recommendations, and

4. Implementation of ROOFER by Architect/Engineer (A/E) personnel (contract).

An evaluation of the procedures, worksheets, and automated microcomputer application, and the
recommended specifications for the implementation of ROOFER was also accomplished.

Approach

Twenty buildings at Fort Meade, fourteen at Fort Lee, and nine at New Cumberland Army Depot were
selected for this study. The work was divided into three phases: (1) field work, (2) data processing and
management, and (3) system turnover to installation personnel. An A/E firm and a commercial laboratory
were contracted to perform Phases 1 and 2 with assistance from the project team which included personnel
from USACERL, USACRREL, and USAEHSC. The use of private contractors permitted an objective

' M.Y. Shahin and S.D. Kohn, Overview of the PAVER Pavement Management System and Economic Analysis of Field
Implementing the PAVER Management System, USACERL Technical Manuscript M-310/ADA116311 (USACERL, March 1982).

? D.M. Bailey, et al., ROOFER: An Engineered Management System for Bituminous Built-Up Rogfs, USACERL Technical Report
M-90/04 (USACERL, December 1989).



evaluation of the procedures and provided guidelines for future implementation of ROOFER by A/E
“contractors.  The project tcam performed Phase 3, which allowed them to evaluate the efficiency of the
ROOFER sysiem and to identify problems in the microcomputer software being developed at that time.

Scope

This report describes the three phases of the FEAP demonstration. It does not describe the ROOFER
program or its development. ‘

Mode of Technology Transfer

It is expected that ROOFER will be used at both military and civilian sites. The work is expected
to be performed by A/E contractors familiar with ROOFER or by in-house personnel who have attended
ROOFER training sessions. A training course is currently being developed by USACERL. A ROOFER
support center has been established to perform services such as distributing software updates, resolving
problems, and answering technical questions concerning ROOFER. '



2 FIELD WORK

The field work necessary to implement ROOFER involves two steps: office preparation and data
collection. As part of the field work, an in-process review was conducted early in the data collection
phase to ensure that the work was being executed properly.

Office Preparation

Careful preparation is essential to a successful ROOFER implementation. The time devoted to
preparation will significantly reduce the effort needed to complete the data collection phase of ROOFER.
For these ROOFER demonstrations, the office preparation included an initial site visit, development of
the roof network, A/E training, and establishment of a work plan.

Initial Site Visit

The project team visited each site to establish liaison with the DEH and perform necessary
groundwork to initiate the demonstration project. DEH personnel were briefed on all aspects of the
ROOFER system and the demonstration project. Once they were familiar with the program objectives,
they assisted in selecting several buildings having built-up roofs of varying ages to be used in the
demonstration. The numbers of the project buildings for the three sites are shown in Table 1. A full day
was spent at each site completing this work.

Table 1

Demonstration Building Numbers

Fort Meade Fort Lee New Cumberland

Army Depot
Bidg 38 1110 Bldg 1
68 2609 21
82 4229 54
85 4300 81
393 4320 85
125t 5000 351
2239 6230 400
2786 7118 406
2791 8130 411
4407 8150
- 4550 8151
4707 8402
6330 9035
6600 12400
8465
, 8478
8501
8542
9804
9829



Roof Network Development

The roof network for each site, as defined for this demonstration project, consisted of all the built-up
roofs on the project buildings. Each building’s roof was divided into sections. This allowed individual
roof sections to be evaluated separately and MRR requirements to be determined, independent of adjacent
roof sections. The selected roofs were sectioned using existing roof plans and aerial photographs. Each
section was assigned a letter designation. Small areas with similar characteristics, such as entrance
canopies, were combined into one section or combined with a larger adjacent roof area. Very large roofs
without obvious sections, such as the warchouses at New Cumberland Army Depot, were arbitrarily
divided into sections of approximately 20,000 sq ft (1860 m?).

A/E Training

An architéctural firm was employed through an Indefinite Delivery Order administered by USAEHSC.
The requirements of the contract included preparation of the roof section plans, completion of the
inventory data collection, field inspections, and calculation of condition indexes.

A training session was set up at Fort Meade for the A/E contractor and DEH personnel from the
installations. The training was conducted by the project team and a private roofing consultant. The first
day of the training session was spent in a classroom setting where the following topics were covered:

ROOFER background,

Inventory procedures,

Visual inspection procedures,
Insulation inspection procedures,
Calculation of condition indexes, and
Preparation of reporting forms.

S h W=

The second day of instruction was spent on a built-up roof. The training staff demonstrated the visual
inspection procedure and distress identification techniques discussed the previous day. The "students”
were grouped into teams of two, an inspector and a recorder, and were given opportunities to apply the
ROOFER inspection and recording techniques under the supervision of the training staff.

Work Plan

At the close of the A/E training session, a work plan was established whereby two or three inspection
teams from the A/E firm would do the inventory data collection and visual inspections. Assistance would
be provided by DEH personnel in obtaining as-built drawings and other contract documents to complete
the inventory. To complete the insulation inspections, USAEHSC would conduct the aerial infrared (IR)
inspections of each project building and a laboratory subcontractor would remove the necessary core
samples and perform the moisture testing. The work would be completed first at Fort Meade, then at Fort
Lee and New Cumberland Army Depot. ‘

Data Collection

The data collection process involved gathering inventory information and performing the insulation
and visual inspections. This information would provide the data base necessary to assess the condition
of the roofs and determine MRR requirements. An established set of procedures, forms, and worksheets
were employed.



Inventory

The inventory is the backbone of the ROOFER system. It provides physical and historical information
needed to develop repair and replacement projects as well as determine long-term trends and experiences
for specific building types and roofing systems. Procedures for establishing the inventory are documented
in USACERL Technical Report M-90/04.

General information on each project building was collected and entered on a Building Identification
Sheet (Figure 1). A building roof plan showing each roof section and overall dimensions was also
developed and put on a separate sheet (Figure 2).

BUILDING IDENTIFICATION
INSTALLATION NO. 243255 INSTALLATION NAME FZRT MEAPE MD.
BUILDING NO. 4407 BUILDING NAME TELEPHAIE BoHANGE
DESIGN CAT.CODE |3 |80 FACILITY NO. [-4407  |FACILITY SUFFIX —
LOCATION LLEWELLYN AVE |

USE TELEPHANE ExCHANGE /ERGE JPERATIR

DATE ORIG. CONST. AN !9/5%5 | EXTERIOR WALLS MASANRY

ROOF SECTIONS
A 7,028 SQFT| F SQFT.} K SQ.FT.
8 28 SQ.FT| G SQ.FT.| L SQ.FT.
c SQ.FT}] H SQ.FT.| M SQ.FT.
D SQ.FT] I SQ.FT.| N SQ.FT.
£ SQ.FT| ¥ SQ.FT.| © SQ.FT.
REMARKS

T TUE ZrF SIRUCTURE COMPONEN T SHOWN UNDER, THE 'ROOF ST’ 1DENT-
IFICATION | ARE APPLICABLE ZNLY T2 FART OF ROPF SELTION 'A'gm,'\!per: sy

DIMENSIZNG |19~ 10" 49 —4"§¥HE REMAINDER 7F RIZF ST 16 Hae X

POURED LONC. RIOF SLaB, BY%" PIURED LONC. DECK ¢ 2" RIGID INGULATIOA,

2 oR1INAL BUILPING DRAWINGS WERE UNAVAILABLE FoR Rog™ SECTioN "

= N BESTION A, TERRA £0TTACOPING \S INTES BASE FLASHIN
N BENS AdTEER ST0 A (SRR LASHIN

Figure 1. Completed Building Identification Sheet.

’D. M. Bailey, et al.
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Figure 2. Building Identification Plan.

After the building information was obtained, more detailed data was collected for each roof section.
These data included information on structural frame, roof deck, vapor retarder, insulation, membrane, and
flashing systems. A sample of the Roof Section Identification Sheet is shown in Figure 3. A roof section
plan was developed for each roof section showing all features on the roof such as perimeter conditions,
rooftop equipment, projections, drains, walkways, e¢tc. The plan was drawn on a Roof Inspection
Worksheet (Figure 4),

Much of the inventory information used to complete the Roof Section Identification Sheet and develop
the roof section plan was extracted from existing plans and records at the DEH office. DEH personnel
were also helpful in providing basic information about the buildings. When records were incomplete, site
visits to the specific buildings were required to complete the inventory. This was particularly necessary
where DEH information was lacking about rooftop features such as slope, walkways, projections, etc.
Core samples used in the insulating inspection were also used to verify the components of the roofing
system.

Comments made by the A/E recommended that survey crews carry some drawing equipment, such

as scales and plastic triangles during the visual inspections, so missing information could be added to the
roof section plan or incorrect information could be modified.

10



OCCUPANCY TELE. ExiH.

IR TALLATION |

SECTION NO. A\
DATE ORIG. CONST, TAs

1955

l2' ACCESS =

AREA
DATE LAST REPL

FT. MEADE ™MD

FE® \0,\167
7,028  SQ.FT

- H PERIMETER
VARMCET 2\9 FT
ROOF Epae 1677 °T

PORTAeLE LAPDER

STEEL BAR JOSTS
BEARING AL

31 DESIGN LOAD

32 TYPE

133 DRAINAGE: :

IVE :
éLH'—i e o W
DEAD

34 SLOPE

HOH- COMBUSTIBLE

il

GUTTERS ¢ D5,

52 DIMENSIONS - - -

S8t TYPE )
FLBERBIMZY
A3 R-VALUE 2.0 ORIGINAC

BOARD STE - LHEHON~

THICKMNESS, - | INCH

Lk O

81 MANUFACTURER : DM EH R 62 TYPE .7
SPECIFICATION NO. Li MO bl b BUILT- LU
DESCRIPTION q- vy PESPRALT

AGORESATE
PEA GRANEL

MINERAL SURFALED
ORLMHNC

73 COUNTER FLASHING -

METAL

ROOF ED T
A APET

‘;ao: FE~ETRAT o
PLUMBle s VERT

Figure 3. Completed Roof Section Identification Sheet.
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Figure 4. Roof Inspection Worksheet with roof plan.
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Insulation inspection

A complete evaluation of an insulated roofing system requires that the insulation be inspected to
determine if it contains moisture. Using nondestructive moisture detection methods to determine the
amount of wet insulation and knowing the moisture content of the wet areas, an insulation condition index
(ICI) can be calculated for a roof section. The ICI, a numerical indicator between 0 and 100, reflects the
condition of the insulation and the level of repair reft]uirecl. A complete description of this procedure can
be found in USACERL Technical Report M-90/04.

During the time the A/E was collecting the inventory information and developing the roof section
plans, USAEHSC performed an aerial IR scan of the selected buildings at the three sites using helicopter
mounted equipment. Before each scan, a daylight flyover was conducted to identify the buildings and to
photograph the roofs using a hand-held, 35 mm camera. The IR scan was recorded on videotape and later
analyzed by USAEHSC. USAEHSC provided the laboratory subcontractor with marked roof section plans
indicating areas of potentially wet insulation and locations where core samples were to be taken within
those areas (Figure 5).

The laboratory then cut the core samples and determined their moisture content, expressed as a
percentage of the dry weight. Data were entered on the ICI Computation Sheet (Figure 6) and furnished
to the A/E for final calculation.

Visual Inspection

The visual inspection procedure is a critical component of ROOFER. The distress information
obtained during the visual inspection is used to calculate condition indexes for the membrane (MCT) and
flashing (FCI) components of a roof section. These indexes are numerical indicators based on the same
scale used for the ICI and measure the general condition and needed level of repair for the membrane and
flashing components. Procedures for conducting the visual inspections are fully described in USACERL
Technical Report M-87/13, Vol I1.°

The visual inspection process was the final phase of the data collection. A/E crews used the Roof
Inspection Worksheet to record the distress information while inspecting each roof section. The general
approach was to first inspect the perimeter of the roof section, then all projections, curbs, etc., and finally
the membrane. The A/E recommended that in addition to type, severity, and quantity of distress, the
inspector should also record the defect number as listed in the distress description. This proved to be a
valuable suggestion and the form was modified prior to the visual inspection at Fort Lee. Including the
defect number in the data base allows the user to define repair requirements accurately and estimate their
costs. Figure 7 is a typical completed Roof Inspection Worksheet for Fort Meade. The revised Roof
Inspection Worksheet used at Fort Lee is shown in Figure 8.

The average inspection survey time for a two-person crew was 52 minutes per roof section. The times
varied from 15 minutes to 2 hours, depending on the section area, condition of the roof, and amount and
type of rooftop equipment.

* D. M. Bailey, et al.
3 M. Y. Shahin, D. M. Bailey, and D. E. Brotherson, Membrane and Flashing Condition Indexes for Built-Up Roofs Volume II:
Inspection and Distress Manual, USACERL Technical Report M-87/13, Vol IVADA190368 (USACERL, September 1987).
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Figure 5. Roof plan marked for core samples.
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COMPDTATION SMEET: INSULATION CONDITION INDEX (ICI)

box_i

Inetallation ©T. MEAVE MU Bullding 4407 Section _A _ Ares| 7.028 lte?
Noisture content cale. by _SEpl. ENGING Date _ FEB 20 1987
1SF and ICI cuc-. by ‘Date 19
ZHECKED WxTe ai_
1. DETERHIHAT!ON OF MOISTURE CONTENT OF CORE SAMPLES —

1 2 3 N 5 [} 7 8 9 10
Core Insulstion Thickness Tare Wet+Tare Dry+Tare Vet Dry Water X Water

Type {inch) (grems) (5-4) (6-4) (7-8) (9+8)x100

_& FerRtospplugop) \ 495 11.6 _ 14 _ 1249
B Fietpgorpriwoed) |t - 337 284 43 _ \12

£ CIBEREOARP(whod) 7 .0 _38 _1.2 129

v FipEreospp (Wesd) 2 2ie 945 U5 _120.8

11. DETERMINATION OF INSULATION SEVERITY FACTOR (ISP)
[} ] 3 4

Core ISP%  Wet Aress #*(ft?) ISP x Wet Area . *Determina the ISP of each com=
©(2x3) ponent of a composite insula-

tion but then use only the
largest ISF in the calcula-
tions.

#4Dg not include suy aress
that have an ISF of zaro.

Fuaber of wet areas __ |

rotaLs [ - | 1 | WAF (from table below)
. Box } - Box 4 oz 1
. Avarage Isr-mnoma- N .
I11. DETERMINATION OF INSULATION CONDITION INDEX (ICI 1 2
2
Problem Density = (Wat Area + Total Area)l00 : :
more tha 4 10
coxdtBox D00 = [z _
oz &
From Figure 3, IV -E:
box 7
IcI = - (I0V + - - Il RATING
100 - ( WAF)1S? 100 (lox 7 + Box 2)(Box 5) 10 Failed
ICI = 100 - ( + = aea] w101 11-25  Very Poor
wrmnG (s — 2040 pour
{from table at right) $1-55 Yair
#**Round to nearest whole number 56=70 Good
. . 71-85 Very Cood
§6~100 Excellent

Figure 6. ICI Computation Sheet.
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Figure 7. Completed Roof Inspection Worksheet.
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: ROOF INSPECTION WORKSHEET
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Figure 8. Revised Roof Inspection Worksheet - Fort Lee.
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In-Process Review

The A/E was instructed to perform the data collection on five buildings (15 roof sections) at Fort
Meade to allow for an in-process review before proceeding with the balance of the buildings included in
the FEAP project. After the preliminary work was completed, the A/E submitted the data to USACERL
for review and evaluation. The project team cross-checked the inventory data, roof plans, and inspection
sheets, and recalculated the condition indexes to verify the A/E’s work. A meeting was then conducted
at Fort Meade with the A/E to complete the review and discuss suggested changes to the forms and
procedures. The project team also inspected several of the roof sections to substantiate the accuracy of
the work. When the review was completed, the A/E was allowed (o proceed with the 38 remaining
buildings.
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3 DATA PROCESSING AND MANAGEMENT

The data processing and management phase of the demonstration included performing the calculations
of the individual component condition indexes and the overall roof condition index, putting the collected
inventory and inspection information into organized files, and generating management repons from the
collected information. To achieve this, it was necessary to store data in a usable manner by either a
manual recordkeeping system or an automated computer system. A manual system was first used for this
function; a microcomputer application, which was being developed during the time of the demonstration,
was also used. :

Manual System

The actual computation of the individual component condition indexes was performed by the A/E.
The A/E calculated the distress densities and deduct values for each roof section by using an internally
developed application of a commercial spreadsheet and the deduct value curve equations provided by
USACERL. This information was summarized on the Roof Section Rating Form to calculate the FCI and
MCI (Figure 9). The ICI was computed by completing the Insulation Condition Index Computation Sheet
(Figure 10). The RCI was calculated from these three indexes using the RCI Calculation Sheet (Figure
11).

The A/E indicated that the spreadsheet application was not cost effective, but commented that if the
calculations could be performed by a user-friendly computer program, considerable savings in time and
cost could be realized.

The completed inventory, inspection, and calculation sheets were sent to USACERL where the project
team organized the information in a folder format. A building folder containing the Building Identification
Sheet and the Building Identification Plan was established for each project building. A roof section folder
containing a Roof Section Identification Shect, a master Roof Inspection Worksheet (with unmarked roof
section plan), and all completed inspection and calculation sheets was established for each individual roof
section.

Once the project team established the manual recordkeeping system for each of the three sites, the
information was manipulated through use of a microcompuier (0 gencrate management reports. The
inventory and inspection data were entered into a spreadsheet using a tabular format and through the use
of a data base utility, three summary reports were generated: Building Inventory, RCI, and RCI
distribution. (See Appendixes A, B, C for Fort Meade, Fort Lee, and New Cumberiand Army Depot,
respectively). :

The Building Inventory Report provided a list of the project buildings and general information for
cach of the surveyed roof sections. (Figure 12 shows a partial listing.) The RCI report listed the three
individual component condition indexes, the RCI, and overall condition rating for each roof section (Figure
13 shows a partial listing). The RCI Distribution Report presented a graphical plot of the frequency of
occurrences within the different RCI ranges (Figure 14).
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Figure 9. Completed Roof Section Rating Form.
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ICI CALCULATION SHEET | INSTALLATION

F7 . EADE
DATE 2 /2 /5 |BLDG NO 4407 [SECTION ID A AREA 7028 SQFT
MOIST CONT CALC. BY Sz4¢ £nen//é |ISF & ICI CALC. BY DAVID HAmmeES
1. " DETERMINATION OF MOISTURE CONTENT OF CORE SAMPLES
: . A R C F
coRe TS EATION L | B | ke | B | BF [ BX | BF [0
A \Figegpeaco| 1" gl e | 19 | r09
B |rigegposro| (* 332 1284 | 49 /7,2
C_IEBER Boarp|l 47 5.0 7.8 /2 /5.9
P |Fipecpcarol 2" 20 | 75 .S | r2s.8

2. DETERMINATION OF AVERAGE ISF

3. DETERMINATION OF ICI

CORE IgF WET AREA (A) X (B) |PROBLEM DENSITY: 3.8
- CTOTAL WET AREA / TOTAL AREA X 1001
A {029 | AeweE -
8 0.50 | Nowe - IDV (FROM FIG 3): 40
c 047\ wone — WAF:~ o (FROM TABLE BELOW)
D |o93| =70 257/ | 37
: £100 - (IDV + WAF) X AVERAGE ISF)
TOTALS (c) (
€ 270 1D 25/ lparing: _ Lo0K
AVERAGE ISF (D)/(C) &) ¢ .93

1. DETERMINE THE ISF FOR EACH COMPONENT OF COMPOSITE INSiJLATION:
USE THE LARGEST ISF IN THE CALCULATIONS.

2. DO NOT INCLUDE ANY AREAS THAT HAVE AN ISF OF ZERO.

3. ROUND RATING TO NEAREST WHOLE NUMBER.

DETERMINATION OF HWAF
WET RREAS T
1 0
2 4
3 6
4 8
>4 10

INSULATION CONDITION RATING
NUMERICAL DESCRIPTION
86 - 100 EXCELLENT
71 - 85 VERY GOOD

S6 - 70 GOOD

41 - 55 FAIR

26 - 40 POOR

11 - 25 VERY POOR
l1~-10 FAILED

Figure 10. Completed ICI Computation Sheet.

21




RCI .CALCULATION SHEET | INSTALLATION E7. MEADE N
PATE - 2/29/67|BLDG N0 4407 |8ECTION ID A4 [AREA 7028 & FT
VALUE  LOWEST OTHER
MCI 96 94
rer | s 25
. S 37 _ " 37
TOTAL (N 725 (B) /33
: X 0.70 X 0.15
VALUE ) /76 (D) 20,0
(©) + (D) 375
. RATING: _ REPLACEMENT _PROBRALE
RATING SCALE
86 - 100 ROUTINE MAINTENANCE ONLY
71 - 85 'MINOR REPAIRS NEEDED
s6 - 70 MODERATE REPAIRS
61 - S5 MAJOR REPAIRS NEEDED
26 - 40 REPLACEMENT PROBABLE
11 - 25 REPLACEMENT NEEDED
1- 210 REPLACEMENT CRITICAL

Figure 11. Completed RCI Calculation Sheet.
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BUILDING INVENTORY REPORT
DATE: MARCH 15, 1987
FT. MEADE, NARYLAND

BUILDING NAME SECT  MEMBRANE INSULATION DECK SLOPE AREA

NUMBER i TYPE TYPE TYPE IN 12 SUFT

e NAREHOUSE A BOUR-PITCH NONE WOODBOARD 2 11189
&8 MOTOR MAINTENANCE FACILITY A BUR-UNKNOWN  FIBERBOARD STEEL 174 w072
82 FIRE & RESCUE STATION A BUR-ASPHALT  FIBERBOARD STEEL 172 276
a2 B BUR-ASPHALT  FIBERBOARD STEEL 1/2 1300
82 C BUR-ASPHALT  FIBERBOARD STEEL 1/2 1641
°2 D BUR-ASPHALT  NONE PLYWOOD 1/8 364
85 ATRCRAFT HANGAR § MAINTENANCE A BUR-ASPHALT  PERLITE, POLYURETHANE STEEL 174 162
as B BUR-ASPHALT  PERLITE, POLYURETHANE STEEL 174 13529
85 C BUR-ASPHALT  POLYURETHANE STEEL 174 5588
s D BUR-ASPHALT  POLYURETHANE STEEL 1/4 7875
85 E BUR-ASPHALT PERLITE, POLYURETHANE STEEL 1/4 162
393 CAREER CENTER A BUR-ASPHALT  GLASS FIBER STEEL 172 10368
1251 US ARMY RESERVE A BUR-ASPHALT PERLITE, POLYURETHANE STEEL 172 1915
1251 B BUR-ASPHALT  PERLITE, POLYURETHANE STEEL 172 5223
1251 € BUR-ASPHALT  PERLITE, POLYURETHANE STEEL 172 445
1251 D BUR-ASPHALT FIBERB'D,PERL.,URETH.STEEL 1/2 9601
2239 CONSOL MESS HALL A BUR-ASPHALT NONE PLYWOOD 1/ 5152
2239 B BUR-ASPHALT  NONE PLYNOOD 1/2 9270
2239 C BUR-ASPHALT NONE PLYNOOD 172 2334
2238 D BUR-ASPHALT  NONE PLYNOOD 1/2 5263
2786 COMMISSARY A BUR-ASPHALT  PERLITE, POLYURETHANE STEEL 174 24156
2791 POST EXCHANGE A BUR-ASPHALT  PERLITE,POLYURETHANE STEEL /¢ 3492
2791 8 BOR-ASPHALT  GLASS FIBER STEEL 174 3320
2791 C BUR-ASPHALT GLASS FIBER STEEL 174 2620
2791 D BUR-ASPHALT  PERLITE, POLYURETHANE STEEL 174 2697
2791 K BUR-ASPHALT  GLASS FIBER STEEL 174 1620
4407 TELEPHONE EXCHANGE A BUR-ASPHALT  FIBERBOARD GYPSUM 178 7028
4407 B BUR-ASPHALT  PERLITE CONCRETE 1/8 258
4550 HEADQUARTERS A BUR-UNKNOWN  POLYISOCYANURATE CONCRETE ox 8359
4550 B BUR-UNKNONN ’OLYISOCYAND’RATE CONCRETE oK 22717
4550 ¢ DBUR-UNKNOWN  POLYISOCYANURATE CONCRETE ox #2903

Figure 12. Example Building Inventory Report.
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RCI REPORT
DATE: NARCH 15, 1987
FT. MEADE, MARYLAND

BOILDING NAME SECTIC  MEMBRANE AREA DATE DATE FCI MCI ICI RCI RATING
NUMBER ID TYPE SQFT CONST INSPEC

38 NAREHOUSE A  BDUR-PITCH 11i8% /87 26 37 100 39 POOR
68 MOTOR MAINTENANCE FACILITY A  BUR-UNKNOWN 4072 3/87 76 22 100 82 VERY GOOD
LFi FIRE & RESCUE STATION A BUR-ASPHALT 876 7/61 3/87 72 5 1;'10 80 VERY GOOGD
[ F4 FIRE & RESCUE STATION B BUR-ASPHALT 1300 7/61 3/87 77 89 100 &4 VERY GOOD
” FIRE & RESCUE STATION C  BUR-ASPHALT 1641 /61 3/87 66 96 52 &1 GOOD
” FIRE & RESCUE STATION - D  BOR-ASPHALT 364 7761 3/87 21 100 100 87 EXCELLENT
85 AIRCRAFT HANGAR & MAINTENANCE A  BOR-ASPHALT 162 1/72 3/87 ‘71 585 100 (1} [~
85 AIRCRAFT HANGAR & MAINTENANCE B BUR-ASPHALT 13529 1/72 3/87 67 80 100 74 VERY GOOD
a5 AIRCRAFT HANGAR & MAINTENANCE € BOR-ASPHALT 5588 1/72 J3/87 (1] 85 lo0 78 VERY GOOD
a5 AYRCRAFT HANGAR & MAINTENANCE D' BUR-ASPHALT 7875 1/72 3/87 69 0 1400 75 VERY GOOD
a5 AIRCRAFT HANGAR & MAINTENANCE E. BUR-ASPHALT 162 1/72 3/87 75 88 100 #1 VERY GOOD
393 CAREER CENTER A BUR~ASPHALT 10368 /87 62 77 100 70 VERY GOOD
1251 U5 ARMY RESERVE A  BUR-ASPHALT 1915 9/76 J./l‘l 66 22 100 75 VERY GOaD
1251 US ARMY RESERVE B PUR-ASPHALT 5223 9/76 3/87 ”° iz 100 78 VERY GOOD
1251 US ARMY RESERVE C  BUR-ASPHALT 4446 9/76 3/87 8l 60 100 71 VERY GOOD
1251 S ARMY RESERVE D  BUR-ASPHALT 9601 9/76 3/87 55 76 27 39 POOR
2239 CONSOL MESS HALL A  BUR-ASPHALT 5152 3s87 65 3 100 51 FAIR
2239 CONSOL NESS HALL B BUR-ASPHALT 2270 /87 45 a5 100 L1 FAIR
2239 CONSOL NESS HALL €  BUR-ASPHALT 2334 /87 42 60 100 53 FAIR
2239 CONSOL MESS BALL b BUR-ASPHALT 5263 3/87 50 55 100 58 GOOD
2786 COMMISSARY A BOR-ASPHALT 24156 2/85 3/87 75 58 100 82 VERY GOOD
2791 POST EXCHANGE A DUR-ASPEALT 3492 5/75 3/87 . a1 %6 100 86 EXCELLENT
2751 POST EXCHANGE 8  BUR-ASPHALT 3330 5/75 3/87 55 7 100 67 GOOD
2791 POST EXCHANGE C  BUR-ASPHALT 2620 5/75 3/87 72 82 100 79 VERY GOOD
2791 POST EXCHANGE D  BUR-ASPHALT 2697 5/75 3/87 80 96 100 #5 BXCELLENT
2731 POST EXCHANGE E  BUR-ASPHALT 1620 §/75 3/87 64 96 100 74 VERY GOOD
4407 TELEPHONE EXCHANGE A  BUR-ASPHALT 7028 1/55 3/87 25 | 3?7 38 POOR
4407 TELEPHONE EXCHANGE B  BUR-ASPHALT 258 1/55 3/¢7 72 M 100 80 VERY GOOD
4550 HEADOQUARTERS A DUR-UNKNONN 28359 3/78 3/87 40 86 100 56 GOcD
4550 BEADQUARTERS A  BUR-UNKNONN 2277 /7% 3/87 65 a6 100 73 VERY GOOD
4550 BEADQUARTERS C  BUR~UNKNONN 82903 3/79 3/87 50 87 100 63 GOaD

Figure 13. Example RCI Report.
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RCI DISTRIBUTION - FT. MEADE, MARYLAND

50
o- 10 FALED
1 &8 VERY POOR
0 - ‘
28 - 40 FOOR
a1-s8FAM
304  se-reacoe

71- 08 VERY Q00D

890 - 100 EXCELLENT

FREQUENCY

20 1

10

0-10 11-25 -40 41~-55 56-70 71-85 85-100

R CI TOTAL; 8§ ROOF BECTIONS

Figure 14. Example RCI Distribution Report.

Members of the project team analyzed the inspection data and generated repair requirements for
individual roof sections. Repair statements for each of the medium and high severity distresses were
developed and entered into the same spreadsheet data base. For each roof section recommended for repair,
based on the subjective evaluation of the team, a Corrective Action Report (Figure 15) was generated
detailing the necessary repair tasks which could be cross-referenced with the Roof Inspection Worksheet.

A proposed Five-Year Plan, showing priorities for scheduling the recommended repair projects, was
also developed (included in each Appendix). This plan was based on the premise that good roofs needing
some repairs should receive first priority to preserve valuable assets. Marginal roofs should be repaired
if funds are available and poor roofs should be allowed to continue to deteriorate with only emergency
or temporary repairs until replacement is accomplished. Figure 16 is an example of this report.

Most of the effort for this phase of the work was spent developing the spreadsheet application and
inputting information into the data base. Once this was done, generating each of the reports required very
little time.

Microcomputer System

When the FEAP project was initiated, the microcomputer application of the system (Micro
ROOFER?) was in its early stages of development. The program was in the testing stages when the data
from this demonstration project was being analyzed using manual methods making it very convenient to
use this data to run a compatison test.

® . E. Bailey, B. Young, and D. E. Brotherson, Micro ROOFER User's Guide, USACERL ADP Report M-90/12 (USACERL,
April 1990).
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The microcomputer system offers some distinct advantages in data management over a manual system.
Micro ROOFER allows the collected data to be entered into the program using a series of screens that use
the same terminology and format as the inventory and inspection sheets. When the data has been entered,
the program will calculate the indexes and generate several reports. Micro ROOEER provides improved
information retrieval capabilities, ease of modifying and recalculating data, and unlimited data storage.

The collected data from the three installations was input by the project team into Micro ROOFER.
Average input time was less than 30 minutes per roof section. The manual system took an average of
about 40 minutes per roof section. This included time to assimilate the inventory and inspection sheets,
perform the calculations, and establish building and roof section files (Table 2). The computer generated
inventory and condition indexes were checked by comparing them against the manually generated reports,
Only minor discrepancies were found and then corrected.

The report generation capability offered tremendous time savings when summarizing and presenting
the information from the data base. Micro ROOFER can generate customized reports "at the push of a
button.”

FT. MEADE, MARYLAND

AR AN AR AR R R R AR R AR AR Rk Ak kb ke kN A A Nk kA AR A AR AR TR AR AR AR TR AR TRk w

BUILDING:85

NAME: - AIRCRAFT HANGAR & MAINTENANCE
SECTION: B AREA:13529 SQFT ' DECK: STEEL INSULATION: PERLITE,
POLYURETHANE
SLOPE: 1/4IN12 MEMBRANE: BUR~ASPHALT
FCI = 67 MCI =80 ICI = 100

ARRRARCT mT3.0 kewnn .

tﬁtt*tt***it*l‘l‘ﬁ****itl‘*i’t*****ttt***t*ll'*ﬂl'l‘k******t*t********t!***ﬂ**&****i***t***

CORRECTIVE ACTIONS

QUANTITY UNIT REFERENCE REPAIR

22 FT 9-12 . REPLACE BASE FLASHING

80 FT 2,4,6,8 RENAIL AND RESTRIP EMBEDDED EDGE METAL

3 EA 13,15-18 FILL PITCH PAN AND PAINT

3 EA 2,b3,5 REPAIR HOLES

35 SQFT 1 REPAIR MEMBRANE; REPLACE WITH SIMILAR MATERIAL
1 SQFT 4 REMOVE FOREIGN MATERIALS FROM ROOF

Figure 15. Example Corrective Actions Report.
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FIVE YEAR M ¢ R PLAN
DATE: MARCE 15, 1987
F¥. NEADE, MARYLAND

BOILDING NAME SECT MEMBRANE  AREA MAINT REPLACE  REPAIR
NOMBER 1 TYPE SOFT ONLY  YEAR YEAR
ET) WAREHOUSE A BUR-PITCH 11189 2

68 MOTOR MATNTENANCE FACILITY A BUR-UNKNOWN 4072 X

02 FIRE & RESCUE STATION A BUR-ASPHALT 876 X

02 FIRE & RESCUE STATION B BUR-ASPHALT 1300 X

az FIRE s RESCUE STATION € BUR-ASPEALT 1641 1
8z FIRE & RESCUE STATION P BUR-ASPHALT 64 X

'H AIRCRAFT BANGAR & MAINTENANCE A BUR-ASPHALT 162 1
a5 AIRCRAFY HANGAR & MAINTENANCE B BUR-ASPHALT 13529 1
s AIRCRAFT HANGAR & MAINTENANCE C BUR-ASPHALT 5588 1
85 °  AIRCRAFT HANGAR & MAINTENANCE D BUR-ASPHALY 7875 1
85 ATRCRAFT HANGAR & MAINTENANCE E BUR-ASPHALT 152 x

393 CAREER CENTER A BUR-ASPHALT 10368 1

1251 U5 ARMY RESERVE A BUR-ASPHALT 1515 ]
1251 US ARMY RESERVE B BUR-ASPHALT 5223 1
1251 05 ARMY RESERVE € BUR-ASPHALT . 4446 5

1251 US ARMY RESERVE D BUR-ASPHALT 9601 ]

2239 CONSOL MESS HALL A BUR-ASPHALT 5152 z

2239  CONSOL MESS HALL B BUR-ASPHALT 9270 2

2219 CONSOL MESS HALL {f PBUR-ASPEALT 2334 2

2239  CONSOL MESS HALL O BUR-ASPHALT 5263 2

2786  COMMISSARY A BUR-ASPHALT 24156 X

2791 POST EXCHANGE A BUR-ASPHALT 3492 X

279f  POST EXCHANGE B BUR-ASPHALT 3330 r

2791 POST EXCHANGE C BUR-ASPHALT 2620 X

2791 POST EXCHANGE D BUR-ASPHALT 2697 X

2791 POST EXCHANGE E BUR-ASFHALT 1620 2
4407  TELEPHONE EXCHANGE A BUR-ASPHALT 7028 1

4407 TELEPHONE EXCHANGE B BUR-ASPHALYT 258 X

4550  HEADQUARTERS A BUR-UNKNOWN #3159 1
4550  HEADQUARTERS B BUR-ONKNONN 2277 1
4550  HEADODARTERS ¢ BOR-UNKNOWN #5903 1

Figure 16. Example Five-Year Plan for MRR.

27



Table 2

System Procedure Times

Manual System*

Fort # of buildings # of sections time

Lee 14 61 40 man-hours
Meade 20 55 36

New Cumberland 9 31 21

Microcomputer System**

Fort # of buildings # of sections time
Leg 14 61 30 man-hours
" Meade 20 55 26

New Cumberland 9 31 15

*Includes assimilating inventory and inspection worksheets, performing calculations, and developing
building and section files,

**Includes assimilating inventory and inspection worksheets, inputting information into the
microcomputer, and generating calculations.
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4 SYSTEM TURNOVER TO INSTALLATION PERSONNEL

Once completed, the data base files, including the building and roof section folders and the reports,
were given to the DEH personnel at each of the installations. The system turnover included:

1. A presentation of the ROOFER program with an explanation of the information contained in the
system folders. The project team described the data collection procedures, the methods used to calculate
the ihdexes, the significance of the indexes, and the use of the various forms.

2. A complete discussion of the roof distresses, including a review of each of the photographs shown
in USACERL Technical Report M-87/13, Vot 11 :

3. A presentation of the visual inspection procedure for built-up roofs, including discussion of
necessary tools and techniques for conducting the inspection and completing the Roof Inspection
Worksheet.

4. A followup "on-the-roof" visual inspection where the procedures were demonstrated and questions
from the DEH personnel could be discussed and answered. The on-the-roof experience usually generated
a series of questions by the DEH personnel. These included questions about current problems, inspection
of roofing application, and repair methods for problems on existing roofs.

5. A presentation of the recommended repairs for each of the roof sections and a Five-Year Plan for
the repair and replacement of project roofs.

6. A preview of the Micro ROOFER computer program and its capabilities.

_ The system tumover phase left the DEH with the start of a management program for their built-up
- roofs. ‘

M. Y. Shahin, D. M. Bailey, and D. E. Brotherson.
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5 CONCLUSIONS

The FEAP demonstration at Fort Meade, Fort Lee, and New Cumberland Army Depot was a
successful implementation of the ROOFER program. The A/E comments were especially useful and
several changes were made to the forms and techniques used in ROOFER.

The ROOFER methodology of evaluating membrane, flashing, and insulation separately provides an
ideal base to generate repair and replacement recommendations. The RCI, which combines the three
indexes, provides the information needed for effective network management.

The Micro ROOFER application will reduce the amount of time and effort needed to process the
collected data and produce management reports.

After evaluating the demonstrations at these three installations, the ROOFER system was judged ready
for implementation. USACERL has released Micro ROOFER -(Version 1.0) and established a Strategic
Support Center for the system., USAEHSC is responsible for providing assistance for implementing and
maintaining the ROOFER program at the installation and MACOM level within the Army.
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APPENDIX A:
REPORTS FOR FORT MEADE, MD
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FREQUENCY

50

20

10

RCI DISTRIBUTION - FT. MEADE, MARYLAND

0 - 10 FARED
11-28 VERY POOII
28 - 40 POOR
41-85FAR
88 - 70 Q00D
71- 88 VERY GOOD

88 - 100 EXCELLENTY

T T - - *
0-10 11-25 26—-40 41--55 56-70 71—-85 85-100
RCl TOTAL: 85 ROOF SECTIONS
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FREQUENCY

30
28

- 26

24
22
20
18
16
14

12,

10

o N bod

, VIRGINIA

RCIDISTRIBUTION - FT.LEE

10 FALED

11 - 28 VERY POOR

28 - 40 POOR
41 - 85 FAR
88 - 70 GOOD

71 - 88 VERY GOOD

06 - 100 EXCELLENT

T 1
0-10 11-25 26—40 41-55

RCI

1

56-70 71-85 85-100

TOTAL: 85 ROOF SECTIONS




FIVE YEAR M & R PLAN
DATE: MARCH 15, 1987
FT. LEE, VIRGINIA

MAINTAIN REPAIR REPLACE
YEAR ONE 1110 g 1110 A o 8130 1
2609 B ' 8151 A
2609 A D
C E 12400 A
B
5000 E -5000 A C
G B
C
8130 G 113:
8402 % H
C 9035 A
B
YEAR ONE ALTERNATE 8130 A - M
YEAR TWO 4229 g
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D
4300 A
B
C.
D
E
4320 A
B
C
D
E
7118 A
- B
C
D
8150 A
B

YEAR THREE , 6250 A

YEAR FOUR NONE

YEAR FIVE - | 8130 A-H
as






"APPENDIX C:
REPORTS FOR NEW CUMBERLAND ARMY DEPOT, PA

47



056 8/1 HLHIONCD qavogaddId LTVHISV-uUNd

q
00€T 8/1 ALTIONOD @Ivos gl LIVHASv-4nd -V NOLLVI1S HDIAYAS 141
LE6T - 8/1 THAILS MIvomyadId LTVH4ASV-und v THOILS 90
££96 8/1 . ALTHONOD ATOd ‘AIIrmiad LTVHASV-4Ng : oor
20101 8/1 HALTAOINOD AT0d ALrniad LIVH4ASVY-dnd v sovaIvd 0o
$T8 8/1 HLTIONOD ATOd ‘ALrniad LTIvHASV-Ind a 1S€
00zy 8/1 HLTADNOD X10d ‘ALlrmiad LTVHISV-4nd o} 1s€
0501 8/1 ALTIONOD ATOd ‘ALITIAd LTVHISV-d4ngd q 1€
00zy 8/1 ALTIONCD XT0d ‘ALrniad LIVHASY-4nd v AASINN 1€
0000% 8/1 1941S ggin SSVI0 LTVHASV-4Ng q e
0000 8/1 THAIS ¥AdLI SSVID LTIVH4ASY-4Ng a S8
0000% 8/1 THHIS VAL SSY'ID LIVH4SV-d4Ngd o} <8
00007 8/1 THHIS JAdId SSVIO LIVHASV-4Ng q <8
0000% 8/1 T431S WHAI] SSVID LTvHdASv-d4ngd A HSNOHTAYM S8
18611 8/1 HLTIONOD X104 ‘A1rTdad LTVHdSV-dNg q 18
18611 8/1 HITAONOD AT0d ‘ALITdad LTVHASV-and v SHALIVNOAVAH 18
SO6HY 8/1 S@IVOd AOOM QIvVOoTIadars LIVHASV-4Nnd = | s
S06bY 8/1 SQIVOd AOOM QIVOTIAHLI LTVHdSV-4Ng a #s
00V 8/1 s@Ivod AoOMm advogdadid LTVHASV-dng o) <
SO6FY 8/1 SIVOd AOOM aIvogIddld LTIvHASV-aANd qd <
So6kt 8/1 . S@EvVod aOOM aIvosdgdld LTvHISV-dnd v s
00062 8/1 ALTIONOD ALITIAd LTvHASV-dnd \4 ASNOHTIVM 12
8122Z 8/1 SAIVOod AOOM ALI'TIHd LTVHASV-dNd 1 T
81722 8/1 SAIVOd AOOM ALFTIAd LTVHASV-4Nd H T
81T 8/1 SaQAvVOod AOOMm ALITIId LTIVHASVY-4Nd ') 1
81T 8/1 SAIVOd OOM ALITIAd LTvHdSv-d4ngd K| 1
81T 8/1 SAAVOL AOOM ALITIAd LIVHASV-Ind El I
81222 8/1 S@AVOd AOOM ALITIAd LTVHdSV-dNgd a 1
81T 8/1 SQAVOLd AOOM ALITIHd LIVHASV-4Nd o) 1
8122 8/1 SAAVOL ACOM 21IT9ad LIVHASY-dnd q 1
8127 8/1 SQIVOd AOOM ALITIAd LTvHdSv-dngd v HSNOHTIVM 1

14 DS NI JdAL ddAL AdAL ai #

I1Ods AWVN oa1g

Vv dd01S AO0da NOLLVINSNI HNVIIFWINW

vd ‘ONVTHEENND MAN
1861 ‘ST HOMVIW ‘ALvd
1MOJTd AMOLNIANI

48



aoon 00T 18 9 L8/t 056 LTvHASY-dnd o 1Tp
aocod® » 001 7w sS L8/¢ 00€1 LIVHASV-dngd V NOLLVIS HOIA¥AS 1442
qoon X¥dA &L 001 sL  SL L8/t LE6T LIVHISV-dNd V TI0IS 90F
aooo A¥AA €L 001 68 9 8/c £€95 LIIVHISV-INd 4 0oF
aocoo 9 6§ 68 1L 18/c 00101 ITVHISV-dNd V SYIOVIEVH oor
aooD A¥dA 6 001 18 € 18/¢ T8 - JLTVHASVINd A {93
dooO A¥3A 08 001 v6e €L  L8/F 00Z¥ LIVHASVING D 15€
dooo XA UL 001 18 oL 18/¢ 0S01 LIVHASVINg € AMASHNN 1 {33
aood AMAA U 001 w 8L 18/g 002 LTVHdSV-INg V AHASYNN 1s€
aood A¥dA €L 00t 88 ¥ L8/t 0000  LIVHASV-ANd d S8
o009 AMHA  FL 001 88 99  L8/f 0000 LIVHdSV-MNE Q <8
OO AMHA 4L - 001 8 oL L8/¢ 0000  LTVHASV-dNd O

QOOD ANHA O 001 68 09 L8/¢ 0000  LTIVHdSV-MNA € 8
qooD A¥HA & 001 % W L8/e 0000 LIVHISV-ANH V SNOHTIVM 8
dooo AMHA 6L 001 P8 €L  L8/E 18611 LTvHdsv-dng 4 SYALIVNOAVEH 18
dooD XddA 6L 001 16 € L8/¢ 18611 LIVHdSVINd V SYAINVNOAVAH 18
aooo A¥AA 08 001 16 € L8/E so6bF  LTIvHISV-And d s
dooD A¥dA €8 001 g8 8L L8/¢ So6PY LIIVHdSV-dngd d HSNOHTIAVM ¥
aoon 001 16 LS  i8/¢ 00T LITvHASV-dnNd D ¥
GOOD XMAA 6 001 88 w  L8/¢F so6br  LTVHASV-MNd d )
aooo o 00t 8 09 18/¢ S0k  LTVHISV-HNG V ASNOHAAVM ¥

aIvd € 05 g€ 9 L8/¢ 00062  LIVHASV-MNd V ASNOHTAVM 12

qaood 19 oL sL 9 L8/t 8172 LTvVHASV-dNE 1 1

uIvd [N 67 6 T L8/t 81T LIVHISV-dNd H 1

aooD AMAA 6L 001 88 W L8/t 8IzZz  LIVHASV-INd 9 1
givd B 8¢ €6 6L  L8/€ 817z LIVHASVINAG d 1

dOOD A¥HA 8 001 % 9  L8/f 8122z LIVHASV-dNd d 1
wIvd €S v 6 9 L8/t 817ey - JLIVHASVENG I

orvs 05 or 6 89  L8/E 81TTT LIVHASV-INd D 1

aivd 6 3 g8 9 L8/t 21727  LIvVHASv-dng € 1

: I

aoon L9 001 06 Ss L8/t 81277 LIVHdSV-dnd V dSNOHTAVM 1

DAdSNI ISNOD 14 DS ddAL al #

ONLLVY DI W Ibd dlvd d1vd vaday ANVIEWAW 1OFS HANVN OaIg’

i} |

Vd ‘ONVTEEANND MEAN

861 ‘ST HOMVN HLVA
Ldoddd 109

49



FREQUENCY

28
26
24
22
20
18

16 -

14
12
10

o N+ O

RCI DISTRIBUTION - NEW CUMBERLAND, PENNSYLVANIA

0- 10FARED
11+ 26 VERY POOR
28 - 40 POOR
41-88FAR
&8 - 70 GOOD
71 - 86 VERY GOOD

88 - 100 EXCELLENT

1 T 1
0-10 11-25 26-40

50

4155

RCI

i
71-85 B5—100

TOTAL: 31 ROOF SECTIONS




FIVE YEAR M & R PLAN
DATE: MARCH 15, 1987
NEW CUMBERLAND, PA

REPAIR - REPLACE

"YEAR ONE 1G | 1B
1A 21A
54E |
54 B
85 A
85 C
85 D
81 A

YEAR TWO 81 B
| " 8SE
54 A

400 B

351 C

11

351 D

54 C

400 A

1F

85 B

351 B

YEAR THREE 351 A
1C
1D
1H

YEAR FOUR | 411 B

YEAR FIVE _ 411 A
51



Chief of Engineers

ATTN: CEHEC-IM-LH (2)
ATTN: CEHEC-IM-LP (2)
ATTN: CECC-P

ATTN: CECW

ATTN: CECW-O

ATTN: CECW.p

ATTN: CECW-RR
ATTN: CEMP

ATTN: CEMP-C

ATTN: CEMP-E

ATTN: CERD

ATTN: CERD-L

ATTN: CERD-C

ATTN: CERD-M

ATTN: CERM

ATTN: DAEN-ZCE
ATTN: DAEN-ZCI
ATTN: DAEN-ZCM
ATTN: DAEN-ZCZ

CEHSC
ATTN: CEHSC-ZC 22060
ATTN: DETII 79906
ATTN: CEHSC-F 22060
ATTN: CEHSC-FB 22060
ATTN: CEHSC-TT-F 22060

US Amy Engineer Districts
ATTN: Library (41)

US Armmy Engr Divisions
ATTN: Library (14)

US Amy Europe

ODCS/Engineer 09403
ATTN: AEAEN-FE
ATTN: AEAEN-ODCS

V Corps
ATTN: DEH (11)

VII Carps
ATTN: DEH (16}

21st Support Command
ATTN: DEH (12)

USA Bedin
ATTN: DEH (%)

Allied Command Europe (ACE)
ATTN: ACSGEB 09011
ATTN: SHIHB/Engineer 09055
ATTN: AEUES 09168

USASETAF
ATTN: AESE-EN-D 09019

8th USA, Korea (19)

ROK/US Combined Forces Command 96301
ATTN: EUSA-HHC-CFC/Engr

Ft. Leonard Wood, MO 65473
ATTN: Canadian Liaison Officer
ATTN: German Lisison Staff
ATTN: British Liaison Officer (2)
ATTN: French Liaison Officer

USA Japan (USARJ)
ATTN: DCSEN 96343
ATTN: Facilities Engineer 96343
ATTN: DEH-Okinawa 96331

USACERL DISTRIBUTION

Area Engineer, AEDC-Area Office
Amald Air Force Station, TN 37389

416th Engineer Command 60623
ATTN: Facilities Engineer

TS Military Academy 10996
ATTN: Facilities Engineer
ATTN: Dept of Geography &

Computer Sciences
ATTN: MAEN-A

AMC - Dir., Inst., & Svcs.
ATTN: DEH (23)

DLA ATTN: DLA-WI 22304
DNA ATTN: NADS 20305

FORSCOM (28)
FORSCOM Engincer, ATTN: Spt Det. 15071
- ATTN: DEH

HSC
Ft. Sam Houston AMC 78234
ATTN: HSLO-F
Fitzsimons AMC 80045
ATTN: HSHG-DEH
Walter Reed AMC 20307
ATTN: Facilities Engineer

INSCOM - Ch, Instl. Div.
Arlington Hall Station 22212
ATTN: Engr & Hsg Div
Vint Hill Farms Station 22186
ATTN: IAV-DEH

USA AMCCOM 61299
ATTN: AMSMC-RI
ATTN: AMSMC-IS

Military Dist of Washington
ATTN: DEH
Cameron Station (3} 22314
Fort Lesley J. McNair 20319
Fort Myer 22211

Military Traffic Mgmt Command
Falls Church 20315
Oakland Army Base $4626
Bayonne 07002
Sunny Point MOT 28461

NARADCOM, ATTN: DRDNA-F 01760
TARCOM, Fec, Div. 43090
TRADOC (19)

HQ, TRADOC, ATTN: ATEN-DEH 23651

ATTN: DEH

TSARCOM, ATTN: STSAS-F 63120
USAIS

Fort Huachuca 35613

ATTN: Facilities Engineer (3)
Fon Ritchie 21719

WESTCOM
Fort Shafter 96858
ATTN: DEH
ATTN: APEN-A

SHAPE 09055
ATTN: Survivability Sect. CCB-OPS
ATTN: Infrastructure Branch, LANDA

HQ USEUCOM 09128
ATTN: ECT 4/7-1.OE

Fon Belvoir, VA
ATTN: Australian Liaison Officer 22060
ATTN: Water Resource Center 22060
ATTN: Engr Studies Center 22060
ATTN: Engr Topographic Lab 22060
ATTN: ATZA-TE-SW 22060

" ATTN: CECC-R 22060

CECRL, ATTN: Library 03755
CEWES, ATTN: Library 39180

BHQ, XVII Airbome Corps and
F. Bragg 28307
ATTN: AFZA-DEH-EE

Chanute AFB, II. 61868
3345 CES/DE, Stop 27

AMMRC 02172
ATTN: DRXMR-AF
ATTN: DRXMR-WE

Noron AFB, CA 92409
ATTN: AFRCE-MX/DE

Tyndall AFB, FL. 32403
AFES CfEngineering & Service Lab

NAVFAC
ATTN: Division Offices (11)
ATTN: Facilities Engr Cmd (9)
ATTN: Naval Public Works Center (9)
ATTN: Naval Civil Eagr Lab (3)
ATTN: Nava)] Constr Battalion Ctr 93043

Engineering Societies Library
New York, NY 10017

National Guard Bureau 20310
Installation Division

US Govemnment Printing Office 20401
Receiving/Depository Section (2)

US Amny Env. Hygiene Agency
ATTN: HSHB-ME 21010

Nart'l Institute of Stendards & Tech 20899
Defense Technical Ino. Center 22304
ATTIN: DTIC-FAB (2)
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Chief of Engineers

ATTN: CEMP-ZA
ATTN: CEMP-ZM (2)
ATTN: DAEN-ZCFP

CERBSC
ATTN: CEHSC-FB

US Army Engineer District
New York 10278
ATTN: Chief, Design Br
Piusburgh 15222
ATTN: Chief, ORPCD
ATTN: Chief, Bngr Div
Philadelphia 19106
ATTN: Chief, NAPEN-D
Baltimore 21203
ATTN: Chief, Engr Div
Norfolk 23510
ATTN: Chief, NAOEN-M
ATTN: Chicf, NAOEN-D
Huntington 25701
ATTN: Chief, ORHED-G
Wilmingion 28401
ATTN: Chief, SAWEN-D
Charleston 29402
ATTN: Chief, Engr Div
Savannah 31402
ATTN: Chicf, SASAS-L
Jacksonville 32232 )
ATTN: Constr Beanch
Mobile 36652
ATTN: Chief, SAMEN-D
ATTN: Chicf, SAMEN-F
ATTN: Chief, SAMEN-C
Nashville 37202
ATTN: Chief, ORNED-P
Memphis 38103
ATTN: Chief, Constr Div
ATTN: Chief, LMMED.D
- Vicksburg 39180
ATTN: Chief, Engr Div
Louisville 40201
ATTN: Chief, Engr Div
Detroit 48231
ATTN: Chief, NCEED-T
St Paul 55101
ATTN: Chief, ED-D
ATTN: Chief, NCSED-GH
Rock [sland 61204
ATTN: Chief, NCRED-G
St Lovis 63101
ATTN: Chief, ED-D
Kansas City 64106
ATTN: Chief, Engr Div
Omaha 68102
ATTN: Chief, Engr Div
New Orleans 70180
ATTN: Chief, LMNED-DG
Littde Rock 72203
ATTN: Chief, Engr Div
Tulsa 74121
ATTN: Chief, Engr Div
Ft. Worth 76102
ATTN: Chief, SWFED-D
Galveston
ATTN: Chief, SWGAS-L 77553
ATTN: Chief, SWGCO-C 77553
ATTN: Chief, SWGED-DC 77550
Albuquerque 87103
ATTN: Chief, Eagr Div

EMC Team Distribution

Los Angeles 90053
ATTN: Chief, SPLED-F
San Francisco 94105
ATTN: Chief, Engr Div
Sacramento 95814
ATTN: Chief, SPKED-D
ATIN: Chief, SPKCO-C
Far East 96301

ATTN: POFED-L
Portland 97208

ATTN: Geotech Engr Br
ATTN: Chicf, FM-1
ATTN: Chief, EN-DB-ST

Scatde 98124
ATTN: Chief, NPSCO
ATTN: Chief, NPSEN-FM
ATTN: Chief, EN-DB-ST
Walla Walla 99362
ATTN: Chief, Engr Div
Alaskn 99506
ATTN: NPAEN-G-M

US Army Engineer Division
New England 02154
ATTN: Chief, NEDED-T
ATTN: Laboratory
ATTN: Chief, NEDCD
North Atlantic 10067
ATTN: Chief, NADEN-T
Middle East (Rear) 22601
ATTN: Chief, MEDED-T
South Atlantic
ATTN: Laboratory 30060
ATTN: Chief, SADEN-TC 30303
ATTN: Chief, SADEN-TS 30303
Huntsville 35807
ATTN: Chief, HNDED-CS
ATTN: Chief, HNDED-M
ATTN: Chief, HNDED-SR
Lower Mississippi 39180
ATTN: Chicf, LMVED-G
Ohio River
ATTN: Laboratory 45227
ATTN: Chief, Engr Div 45201
Missouri River .
ATTN: Chief, MRDED-G 68101
ATTN: Laboratory 68102
Southwesten 75202
ATTN: Laboratory
ATTN: Chief, SWDED-MA
ATTN: Chief, SWDED-TG
South Pacific 94966
ATTN: Laboratory
Pacific Ocean 96858
ATTN: Chief, Engr Div
ATTN: FM&S Branch
ATTN: PODED-D
North Pacific
ATTN: Materials Lab 97060
ATTN: Chief, Engr Div 97208

Tth US Army 09407
ATTN: AETTM-DTT-MG-EH

HQ, Combined Ficld Army (ROK/US)
ATTN: CFAR-EN 96358

US Army Foreign Sci. & Tech Ctr
ATTN: Charlottesville, VA 22901
ATTN: Far Bast Office 96328

USA ARRADCOM (7801
ATTN: DRDAR-LCA-OK

HQ, USAMRDC 2170t
ATTN: SGRD-PLC

Woest Peint, NY 10996
ATTN: Dept of Mechanles
ATTN: Library

Ft. Belvoir, VA 22060
ATTIN: Learning Resources Center

Ft. Beaning, GA 31905
ATTN: ATZB-DEH-BG
ATTN: ATZB-EH-E

Ft. Leavenworth, KS 66027
ATTN: ATZLCA-SA

Ft. Lee, VA 23801
ATTN: AMXMC-D (2)

Ft. McPherson, GA 30330
ATTN: AFEN-CD

Ft. Menroe, VA 23651
ATIN: ATEN-AD

ATTN: ATEN-FE-ME
ATTN: ATEN-FN (2)

Ft. Richardson, AK 99505
ATTN: AFVR-DE-E

Rocky Mountain Arsenal 80022
ATTN: SARRM-CO-FEP

USAWES 39180
ATTN: C/Structures
ATTN: Soils & Pavements Lab

Naval Facilitics Engr Comamand
22332
ATTN: Code 2003

COMMANDER (CODE 2636)
93555
Naval Weapons Center

Little Rock AFB 72099
ATTN: 314/DEEE

Building Research Board 20418

Dept of Transportation Library
20590

Transportation Research Board
20418

107
+1
08/90



