
test changes in plans to allocate resources. Mr. 
Bell has proposed to take data already resident in a 
larger computer system and do further analysis on it. 

Of particular interest to me would be whether an 
assessment was made of the relative cost trade-off 
of rewriting the mainframe computer program compared 
with initiating an analysis system on the microcom
puter to establish unit cost and labor productivity 
reports. Is crew productivity analysis primarily a 
local office management tool? If it is, has there 
been any assessment of the potential to conduct this 
analysis locally with data transmitted from the 
mainframe down to a microcomputer through communica
tion terminal connections? The types of statistical 
analyses shown are also available on microcomputers 
and can be performed quite easily on the smaller 
amounts of data found in local engineering offices. 

Although Mr. Bell's paper focuses on an evalua
tion of an overall maintenance management system 
program, it indicates that prudent use of the micro
computer has the potential to bring about changes in 
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DONALD R. UZARSKI 

ABSTRACT 

Pavement deterioration at the Naval Training 
Center, Great Lakes has far surpassed the 
maintenance resources available to retain 
the network in a stable condition. Existing 
management practices and policies failed to 
provide for needed proper maintenance and 
repair strategies and cost-effectiveness. 
Because it was believed that benefits could 
be gained by using a structured pavement 
management system, the PAVER system was se
lected and implementation was completed in 
September 1982. The diverse but interre
lated groups of inspectors, planners, and 
engineers that now use PAVER in their rou
tine management tasks have become more effi
cient and effective. Managers at the 
network level are using PAVER to select sec
tions for standardized inspections, quantify 
maintenance and repair problems, establish 
priorities, and formulate budgets. At the 
project level, attention is focused on the 
selection of the most cost-effective alter
natives. The results have been most reward
ing. A rational, dynamic, fully supportable 
5-year maintenance and repair plan has been 
developed. The plan, which summarizes sound 
strategies for routine and preventive main
tenance al!! well al!! major repairs, has re
sulted in favorable funding of needed proj
ects. The life-cycle costing used in the 
design of repairs and in planning preventive 
maintenance will lead to considerable sav
ings when compared to past designs, manage
ment practices, and policies. 
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the execution of highway maintenance management that 
could be beneficial to all. Perhaps Mr. Bell could 
direct some thought and remarks to the issue of 
exactly at what level the evaluation of maintenance 
management should be taking place and what role the 
microcomputer plays in conducting the evaluation at 
that level? From my own biases, I prefer the eval
uation and, therefore, the management control to be 
at the lowest possible level. That requires me to 
be in favor of more computing and analysis power at 
the local engineering management office independent 
of central control. 

Publication of this paper sponsored by Task Force for the 1984 Maintenance 
Management Workshop. 

This report reflects the views of the author who is responsible for the facts and 
accuracy of the data presented herein. The contents do not necessarily reflect 
the official views or policies of the State of Alabama Highway Department. 
This report does not constitute a standard, specification, or regulation. 

The entire pavement network of streets and parking 
lots at the Navel Training Center (NTC) , Great 
Lakes, Illinois, has been deteriorating at an in
creasing rate. Unfortunately the maintenance man
agement procedures and practices used did not chart 
adequately the trend or provide for timely cost
effective repairs. The management procc·ess relied 
almost exclusively on engineering judgment. Al
though engineering judgment is fundamental to deci
sion making, the various engineers and technicians 
lacked a systematic, quantitative procedure for 
identifying and analyzing pavement problems to en
sure timely and cost-effective repair. This sub
jective approach led to standard fixes such as a 2-
inch overlay. Neither life-cycle costing nor 
preventive maintenance was considered. 

To reverse that trend a structured pavement man
agement system (PMS) that permitted management at 
both the project and network levels was needed. 
Management at both levels is considered necessary to 
ensure success. Project level management considers 
cost-effective maintenance and repair alternatives 
and schemes in the formulation of given projects. 
Network level management establishes priorities for 
those projects, inventories the pavement sections, 
establishes budgetary needs, analyzes the current 
and future overall network condition, and projects 
annual inspection requirements. Once minimum ac
ceptable pavement conditions are established, the 
management system should 1'ac1litate the 1'orming of 
cost-effective maintenance and repair schemes within 
the limitations of the budget and provide rational 
justification for repair projects or additional 
funds. The result would be an improved, well
maintained pavement network at a lower life-cycle 
cost. 
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Details of such a system used by public works 
personnel and how the system improved management and 
engineering procedures are presented in this paper. 

SELECTING THE PAVER PMS 

Several features were desired in the PMS to be 
selected. Because of funding limitations , the PMS 
chosen would have to be an established, low-cost 
system that would permit simple technology trans
fer. The PMS also woul d have to be s i mple enough to 
be maintained and used by in-house pei:sonnel. 

The capability to evaluate surface distress was 
desired because it is the prime indicator of pave
ment condition and can be easily accomplished by 
public works inspectors. Also observed distress is 
strongly correlated to its cause, to other indica
tors of condition (e.g. , skidding and roughness ) , 

evaluate pavement distress would make it easier to 
focus on a proper repair. Therefore the PMS se
lected should permit the use of other condition and 
nondestructive testing (NDT) data as required. 

Finally a rating index would be mandatory so 
pavement condition could be tracked and predicted 
over time. Accordingly the PAVER PMS was chosen as 
the system that most nearly fulfilled the require-
ments. The technical aspects of Pl\VER, which ore 
beyond the scope of this paper, are well document e d 
(.!_-ll. 

IMPLEMENTATION 

Implementation began in November 1 980 and was com
pleted in three phases that eventually included all 
paved areas on the base. The consulting firm of 
ERES Consultants, Inc. was employed to assist in the 
implementation process. The contract work c o s t ap
proximately $130,000 and took 2 years to complete. 

The initial data collected consisted of pavement 
structure, traffic, construction history, and pave
ment rank information. Based on these data and geo
graphical layout, the 200 lane-mile network was 
ultimately divided into 604 unique sections . Un
fortunately, and this is typical of most communi
ties, much of the information on paveme nt structure 
and maintenance history was unavailable. Therefore 
assumptions and extrapolations had to be made. 
Limited corings and nondestructive testing (NOT) 
were used to verify the pavement structure for many 
o f t he sect i ons. Onc e the s ections were finalize d 
and secondary structure and drainage data were col
lected, an initial standardized inspection was per
formed and a pavement condition index (PCI) was c al
culated for each section. 

The remaining implementation activities included 
establishing a maintenance policy f-0r each PAVER 
distress type and severity level, developing a re
pair alternative decision tree (which will be dis
cussed later), developing a priority scheme, and 
establishing an initial 5-year maintenance and re
pair plan. Complete details of the implementation 
activities and procedures have been well reported 
(~-:,!!). 

TRAINING 

PAVER did not require additional personnel or alter 
the duties and responsibilities of the existing 
engineers, managers, and techni~ians. Specific 
training was needed, however, to ensure acceptance 
and proper, efficient use by the in-house staff. 
S11pervisory and technical personnel attended the 3-
day PAVER course offered by the Corps of Engineers 
at the University of Illinois. Other technical and 
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clerical personnel received on-the-job training by 
the consultant on data collection techniques and 
computer terminal use, as appropriate. 

l'lu~'- ifitf'UL Laully, Lht::: ~u1u:suli:.C1nc pcepared user 
manuals tailored for each specific user group as 
they interrelated in the pavement management pr o
cess. Each group was trained with manual in hand on 
his 6r her role as it related to pavement manage
ment. Emphasis was placed on report genera t i on and , 
especially, report interpretation as an aid in the 
judgmental decision-making process. Training aver
aged 2 days for mos t personnel. In addition the 
pavement iuspeuluu; Lt!utdve annually a half day or 
refresher training on distress identification before 
the beginning of the inspection cycle. 

COMPUTER HARDWARE AND SOFTWARE 

Currently PAVER is run on a mainframe computer by 
Boeing Computer Services. This r equ i res the user to 
interface on a time sharing basis. Virtually any 
desk top terminal or microprocessor with modem and 
appropriate communications software packages can be 
used. Several different local systems have been 
used at NTC Great Lakes. 

USE OF PAVER 

When all available data were l oaded into the com
putPr, an initial assessment of all oections had 
been made, and personnel trained, PAVER became an 
indispensable tool for managers. Management work
flow procedures as shown in Figure 1 have not been 
changed, but PAVER has had a p rofound effect on the 
productivity and quality of the day-to-day manage
ment efforts. The remainder of this paper is a dis
cussion of how PAVER, with its wide variety of 
reports·, specifically aids those users. Table 1 
p rov i des a listing of all PAVER r eports along with a 
short descriptive title. Many of the reports will 
be referred to throughout this paper. Detailed d is
cussions of PAVER reports are presented elsewhere 

<1·1>· 

Work Aecomohshment 
(ln-flouse) 

FIGURE I Management workflow. 

Work Accomnlishm~nt 
(Contract) • 
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TABLE l PAVER Reports 

PAVER 
Report 

LIST 
INV 
INSPECT 

SAMPLE 

WORKREQ 
WORK HIS 
RECORD 
POLICY 
PC! 
PCIA 
INSPCUR 

SAMPCUR 

FREQ 
BU DJ' LAN 
SCHED 
CNDHIST 
MRG 

ECON 
ECON 1 
VOL 7 
PREDICT 
EVAL 
CONLOC 
BENEFIT 
BU DO PT 
ANALOC 

PCICALC 

PCICHEC 
PCJRES 

Title 

List of Branches 
Inventory of Pavement Sections 
Summary of PC! and Distress Information for Pavement 

Sections 
Detailed Summary of PC! and Distress Information for Pave-
ment Sections 

Work Requirements for Pavement Sections 
Past Work Performed on Pavement Sections 
Non-Inspection Data on Pavement Sections 
Distress Maintenance Policy 
List of Section PCis Ranked by PC! (low to high) 
List of Section PC!s in Alphabetical Order 
Summary of Latest PC! and Distress Information for Pavement 

Sections 
Detailed Summary of Latest PCI and Distress Information for 

Pavement Sections 
PC! Frequency 
Budget Planning 
Inspection Schedule 
PC! History for a Section 
M&R Guidelines, Localized Repair, and Overlay Cost for a 

Section 
Economic Analysis Report 
Economic Analysis Report with Uniform Annual Cost 
PC! Prediction 0f Airfield Pavements 
Prediction of Individual Distresses 
Recommended Feasible Alternatives for Airfields 
Consequence of Local Repair 
Benefit Analysis for Airfields 
Budget Optimization 
Analysis of Localized Repair, PC! After Repair Report and 

MRG Report 
Calculate PCI from Data on File TAPE70 Without Entering the 

Data into the Data Base 
Check TAPE70 for Format Errors 
Print Results from PCICALC 

ROAD SE Cl I ON I UENT Ir I CAT I ON RECORD 
C.1-PWf.-10-11210/2 (2-82) 19650 

----
lnstollolion Nomt Dote Branch Nome 
-
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NETWORK LEVEL INSPECTION 

Pavement inspectors have become a critical link in 
the facilities management process at the network 
level. The first use of PAVER in the annual cycle 
is to identify which sections to inspect in a given 
year. For this, the inspection scheduling (SCHED) 
report is used to list the sections to be inspec
ted. The input data required are a minimum PCI (be
low which the section should be inspected) and the 
maximum number of years that should elapse between 
inspections depending on the rate of deterioration. 
With the list in hand, copies of the section identi
fication records (Figure 2) are obtained for the 
files and reviewed. 

At the network level, the purpose of the inspec
tion is to ascertain the general condition of each 
section so that a maintenance and repair strategy 
can be formulated. To minimize inspection hours, 
statistical sampling techniques were used to select 
the sections to be inspected. Approximately 20 per
cent of the sample units were chosen for inspection 
through systematic random procedures. Also before 
going out into the field, a daily inspection route 
is planned. This maximizes efficiency in the field. 

With the inspection plan prepared, the inspection 
teams, consisting of one or two members, are ready 
to do the actual inspections. The inspectors take 
copies of the identification records into the field 
to aid in locating the sections and sample units. 
To aid the inspectors, the limits of the sections 
and sample units are painted on the curbs or edge of 
pavements. Each inspector also takes along a copy 
of the distress identification manual (2) to ensure 
that consistent standardized procedures ;re followed. 

-
Section Area 

Number Of Section Nurnber 
Somo le Units 

Great Lakes €11 I / lr' I s / ILLI AJ0[$ STe£[T {._I ru.z ) _ _ :?.!}_ feel Wide x __l_Lf!l£__ feel Long 13 ff/ "?S 73 Sn"are Yotds 

Zone Traffic Types and Uses General I nformotlon 

0 PWMT 0 RTCM • Primary Curb and Gullcr I Sidewalks Surface Type . -
0 PWUT 0 SSCM • Vehicular _ 0 Secondary • '-'Loll _ _ fl , 0 PC C Lei! 

0 PWOT 0 NR MC • 0 Terl1ory 
(jt • Righi j_Q_ It • AC 

• ADC M 0 
Real Property 

0 
Righi 

0 Surlo.c:t HSNG Parking - Storage T1e.01m1r1t 

0 OT HR 0 Family Housing 0 Other 0 None 0 None 0 Oth•r -

Sketch 
On sketch : nole any &ub6udace drainage g1ructures ( lype, loco lion) and secondary slruclurns 1 such as manholes 1 war er shulorts, etc 

"" 
..I) ;; 

o- :: 
-1:: ""\ ... -.J "" ... 

).,, w .... " .. .. .. . ... . 
4 .. 

.. • <> 
~ 0 oO·o ... ... C> 0 C) <:> "' "" 0 "' "' 0 "\ ..... O 

0 " 0 0 "' 0 "' .. 
0 G 0 .<. 
0 

~ ~ @ "@) (f) (t;) d) ·® •® @) 

OofOO ... 
r 

FIG URE 2 Section identification record. 
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When the section to be inspected is located, it 
is first walked end to end for a quick determination 
of whether the surface distress is uniform, local
ized, or has systematic variation throuqhout the 
section. If the distress appe ars to be uniform, the 
previously selected sample units are inspected. If 
variation in distress appears to exist, specific ad
di t ional sample units are inspected so a more repre
sentative section PCI can be cal cul ated and .the 
variation c a n be properly catal ogued . 

Figures 3 and 4 represent completed inspection 
sheets for concrete and asphalt surface s, r e spec
t i vely. A sheet is completed for each sample unit 
inspected. For the examples shown in Figures 3 and 
4, the concrete sample unit cons i sts of 20 slabs and 
the asphalt sample unit of 2,450 square f eet. For 
t he concrete sample un i t, eac h slab is i nspected a nd 
the type and severity of the di s tresses indicated on 
the sketch. These are then summarized in the 
table. Distress iG counted on a slab-by-slab 
basis. For the asphalt sample unit, distress type 
and severity are marked on the sheet as they are was 
encountered. Measurements are in either square feet 
(SF) or linear feet (LF) depending on the distress 
type. The sheet shows distress type as a circled 
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number under which the amount and severity are 
recorded. A severity level listed more than once 
for a distress type indicates that the distress was 
encountered more than once in the sample unit. 

While inspecting each sample unit, the inspection 
team also collects other pertinent information in
cluding the condition of the curb and gutter~ curb 
height remaining, catch basin condition, and so 
forth. This information will be used later in for
mula t ing a maintenance and repair strategy. 

PRELIMINARY EVALUATION 

The collected inspection data are given to a clerk 
who codes and loads them into the data basei then 
the detailed ins pec tion results (SAMPCUR) and con
ditio n h isto r y (CNDH I ST) r e ports are g e ne rated. 
SAMPCUR allows the inspector to compare the data 
actually entered into the data base with his field 
notes and also provides section PCI, PCI variation 
i nformation , a nd the percentages of distress attrib
utable to load, climate, and other. The CNDHIST re
port gives historical PCI versus time plot and pre
dicts, by extrapolation, what the PCI will be in 5 
yea r s. 

SECTION : 

SAH? lE lJNIT : 

SLAB SIZE : 
/b ;r .{!. 0 

DI STRESS TYl'ES 

21. Slow- ~'p , :lucklin i;/ 

St.a t tcr inb 
22. :-:orner 3reaK 

23. !'"•i v i de d S:!.ab 

24. ;iurab i:ity ( <; ') :: r acking 

25. ro~lt in c. 
26 . Zo int Seal Ja:nage 

21 . [.,nc/~t. l ctr )~" op -C f f 

28. Li near Crackin p: 

29. :at c"r1. in3, Lar ee le 'Jtil :· ut !j 

30 . !1Jt ..::!-, l n £, ~ :ma ll 

DIST NO. 
TYPE SEV. SLABS 

26 ,., 11 lllf Ill II II I Ii 
,;13 JI "' :1 < L .3 

:ZJ l I 

2B M I 

z.B I/ z 
3;, /_ t{ -
.Jo M .~ 

3C. '- ii 

PEDUCT TOTAL q = 

ORRECTED DEDUCT VALUE (CDV) 

PCI . 100 - CDV . 
RAT ING -

31. Poli shed Aggre c;:ate 

32 . Pcipout s 

33 . f'UJnpirt b 

) 4. ?l.ln chout 

35. ~ailroad 2ross 

35. Se al i r.g/:·'.ap 

c:-a c~ ing/ : raz 1 

YI . ~t:r irJca c:c ~ra c 

ing 

ng 

ks 
;8 . Spalline . Corn ·~ 

int j j , Spalling, t; Jo 

% DEDU CT 
SLABS VALlJE 

1 /l//1/1//l/ I// 

ftALL DISTRESSES ARE COUNTED ON A SLAB-BY-SLAB BASIS EXCEPT DISTRESS 26 WHICH IS RATED 
FOR THE ENT!RE SAMPLE UN!T 

FIGURE 3 Concrete pavement inspection sheet. 
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FACILITY: I MDON SECTION · 
g~ 

DATE: 
1'~,-!3 

SAM PLE UN IT : 
$C, 

SURVEYED BY : RQ'j R. AREA OF SAMP LE: 
~If !"Rf Sf 

DISTRESS TYPES SKf.TC~I: 

l. Alligator Cracking •10. Long & Trans C:oacking 

2. Bleeding 11. Patching & Util Cut Patching 

}. Block Cracking 12 . Poli s hed Aggregate ,,. 
•4. Bumps and Sags *l} . Potholes 

5. Corrugation 14. Rail.road Crosstng /001 
6. Depression 15. Jlut ting 

*'/. Edge Cracking 16. Shoving 

•8. Jt Reflection Crac\cing 17. Slippage CracW. ing 

*<). Lane/Shldr Drop Off 18 . Swell 

19. Weathering anrl Ravel tng 1s-y/ 
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PCI CALCULATION 

DISTRESS DEDUCT 
TYPE DENSITY SEVERITY VALUE 

DEDUCT TOTAL - -
CORRECTED DEDUCT VALUE (CDV) -
FIGURE 4 Asphalt pavement inspection sheet. 

These reports are used by the inspector to pre
pare the pavement evaluation summary sheet, Figure 
5. This sheet simply consolidates the pertinent 
inspection information needed in developing a main
tenance and repair strategy. 

IDENTIFYING PRELIMINARY MAINTENANCE OR REPAIR 
REQUIREMENTS 

The next step for the inspector is to determine pre
liminary maintenance or repair requirements for each 
section. The basic criteria for determining whether 
or not major repair or preventive or rountine main
tenance is warranted is the minimum acceptable PCI 
and pavement rank. For primary and secondary roads, 
this minimum acceptable PCI is 60 and for tertiary 
roads and parking lots, the minimum acceptable PCI 
is 40. These are target numbers used to ensure that 
sections remain functional while at the same time 
minimizing repair costs. Should the current or pro-

PCI = 100 - CDV = 

RATING = 

jected 5-year PCI be below the m1n1mum, the section 
is a candidate for major repairs. If the PCI is 
above the minimum, the section is a candidate for 
routine or preventive maintenance. 

Should major repairs be warranted within 5 years, 
flow diagrams are used to help focus on a proper, 
economical repair. Diagrams exist for each pavement 
type, rank, and PCI grouping below the minimum ac
ceptable. Figure 6 is an example of the flow dia
gram for primary pavements that are asphalt concrete 
over portland cement concrete (PCC) and have a PCI 
of less than 25. Each diagram displays feasible re
pair alternatives with a complete life-cycle cost 
analysis for the specific conditions present. The 
alternatives and the cost analysis were formulated 
by the consultant in th~ implementation process. 
Based on the consultant's judgment, alternatives 
were developed after studying the various pavements 
at NTC Great Lakes. The alternatives take into con
sideration factors such as patching, PCC slab deteri-
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FIGURE 5 Pavement evaluation summary. 

oration, and joint transfer. Proposed overlay 
thicknesses were based on traffic data and measure
ments of deflections taken from a large sampling of 
pavement sections by using the falling weight de
flectometer (FWD). To keep the costs and life-cycle 
cost analysis current, each alternative is reana
lyzed annually by the eng i neering staff . 

To choose the proper repair alternative, the 
inspector, by using the evaluation summary, simply 
follows the appropriate flow diagram until he 
locates the repair with the lowest average annual 
cost per square yard. Once obtained, the inspector 
multiplies the initial cost per square yard by the 
area of the section to obtain an estimate of the re
pair costs. Addit.ional costs are added to accommo
date other repairs to sidewalks, curb and gutter, 
and so forth noted dur i ng the inspection. The rec
ommended fiscal year for repai r is the year in which 
the section PCI drops below the minimum acceptable. 

A similar procedure is used for determining pre
ventive maintenance needs over the next 5 years. 
Flow UL.::t9r.ctmS \LUC an ~xa.m~l~ 8ee Figure tJ were 
also prepared by the consultant to aid in determin-

19G4S 

ing the preventive maintenance requirements. The 
basic information needed for the diagram is avail
able from the pavement evaluation summary, Figure 5, 
and work history (WORKHIS) report. Unit costs are 
estimated. Total costs 1'rP oht:,,inPn hy r:omhining 
unit costs with the area of the distress or the area 
of the section , a s appro pr ia te. The f iscal year rec
ommended for accomplishment depends on the age of 
the pavement. 

Routine maintenance requirements are obtained 
from the maintenance and repair guidelines (MRG) re
port. This report matches a previously established 
maintenance policy to the extrapolated distress for 
each inspected section and provides an estimated to
tal cost. Routine maintenance work to be accom
plished in the next fiscal year is recommended. 

The inspection cycle is completed when the re
quired work and costs per section are summarized and 
loaded into the computer data base. Finally a com
puter-generated work summary (WORKREQ) report is 
generated and forwarded along with the other PAVER 
reports anO ~ne evalua~1on summary to a command 
engineer. These reports assist in forming strategy 
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FIGURE 6 Major repair flow diagram. 
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at the network level. All of the tasks described 
for the inspectors take approximately 1.5 hours per 
inspected section per year. 

FORMING STRATEGY AT THE NETWORK LEVEL 

When the inspection reports are received by a com
mand engineer, each is reviewed and the 5-year main
tenance and repair plan is updated. This is gen
e r"lly based on the inspector• s recommendation but 
can be adjusted, as appropriate, by the engineer. 
This 5-year network planning encompasses several 
tasks. Priorities are set for appropriate mainte
nance and repair of the sections: the sections are 
grouped into logical projects: budgets and justi
fications are prepared: and the decision to execute 
the plan is made. 

Setting Priorities 

Sections requ1r1ng major repairs could be funded 
from the local budget at the discretion of the com
mand engineer or could be grouped into a large proj
ect requiring approval and funding from a higher 
authority. Projects over $75,000 must go to the 
higher authority. Additionally, for pavement re
pairs, the higher authority generally prefers to put 
a monetary ceiling on each project. Keeping the ma
jor repair projects fenced in this way provides 
flexibility in funding and in geographical grouping. 

The result of limiting the maximum costs on a 
given project is that projects have been identified 
but not accomplished until there is now a backlog 1 
thus priorities must be established. By using the 
scheme shown in Figure 8, a priority is set for re-

PCI RANK 

PRIMARY SECONDARY TERTIARY 

(1) (2) (3) 

GOOD IX 70 - 58 10 13 

FAIR 

ss*- 41 7 11 14 

POOR 

40 - 28 4 8 12 

VERY POOR 

25 - 11 2 5 9 

FAILED 

10 - 0 1 3 8 

* 50 - 41 FOR TERTIARY 

FIGURE 8 Priority scheme. 

pairs. For example, primary road sections in 
"failed" condition are grouped until the monetary 
ceiling is reachedi at that time a second project is 
created. If there are not enough primary "failed" 
sections to reach the ceiling, those primary sec-
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tions that are •very poor• are added and so on. 
When all candidate projects are formed, they are 
plotted on the station map showing all sections. 
Using engineering judgment, sections are then 
adiusted between oroiects to accommodate Qeograph
ical criteria, wo~k -type, and political c;;nsidera
tions. 

Budgeting 

Preparing a budget for maintenance and repair of the 
network is a crucial management step for the command 
engineers. Although a meaningful budget can be pre
pared from the inspection reports by summarizing the 
estimated costs for the fiscal year desired, the 
budgeting planning (BUDPLAN) report is more effi
cient and allows more flexibility in analyzing the 
data. By inputting an average cost per square yard 
for repair at various PCI levels for each surface 
type and by setting minimum PCI levels, a 5-year 
projected budget can be obtained. The costs per 
square yard are developed from costs obtained from 
the inspection reports. BUDPLAN works equally well 
for projecting costs of routine and preventive main
tenance and those for major repairs. The flexi
bility and efficiency of BUDPLAN enable the budget 
planner to analyze the effects of a planned gradual 
increase or decrease in maintenance level for vari
ous minimum PCI levels. 

Justification 

Major repair projects and budgets will not be ap
proved unless they are fully justified. Several 
PAVER reports can aid the command engineers in this 
purpose. One report in particular, the frequency 
(FREQ) report, provides in a graphic display or a 
listing of the overall network condition at any 
future time for the "do nothing• alternative for ma
jor repairs and •continue historical" alternative 
for routine and preventive maintenance. 

Unfortunately at this time, a graphic display 
showing the effects on network condition by doing 
major repairs or increasing maintenance cannot be 
produced directly from PAVER. It can, however, be 
developed manually by using information from other 
PAVER reports. (Figure 9 is an example.) Specific 
reports that aid in the process are the PCI after 
repairs (ANALOC) report, consequences of local re
pair (CONLOC) report, condition history (CONDHIST), 
and the frequency (FREQ) report. All of these re
ports provide a predicted PCI based on certain 
criteria. 

Execution 

A major task for each command engineer is executing 
the local budget. Whether or not the budgeted 
amount is actually available will determine local 
strategy for the current year. If the actual bud
geted amount is available for maintenance and 
repair, the current year's portion of the 5-year 
plan is executed. Situations may arise, however, 
when the amount of funds available for pavements in 
a given year is less than required. This may be due 
to underfunding by higher authority or to reprogram
ming of funds for .repair to other facilities. When 
this occurs, a decision must be made on what work to 
do and what work to defer. 

For sections needing major repairs that are to be 
funded locally, the priority scheme previously dis
cussed is used. Also, for those sections, an anal
ysis can be made at the project level to determine 
whether to continue with the original plan of re
pairing for a resulting "excellent" condition or to 
embark on a plan of temporary or interim repairs. 



Uzarski 49 

PRESENT DISTRIBUTION 01/11183 

PROJECTED DISTRIBUTION 
WITHOUT MAJOR M&R 06/1987 

., 
z 
0 
i:: 

100 Elfl!il':m:ig:;mi!ll PROJECTED DISTRIBUTION 
II .o -·- WITH MAJOR M&R 06/11187 

0 
w ., 
... 
0 
a: 
w 50 
m 
:I 
i 

0 

FAILED V.POOR POOR FAIR GOOD V. GOOD EXCELLENT 

PAVEMENT CONDITION 

FIGURE 9 Condition histogram. 

The PCI after repair (ANALOC) report is used to 
determine the rise in PCI and costs for a given 
local repair. The consequences of local repair 
(CONLOC) report can be run to help estimate the life 
of the repair in terms of loss in PCI, and an eco
nomic analysis (ECON or ECONl) can be run to analyze 
costs. The same procedure is used for sections 
needing minor repairs. Because preventive mainte
nance work is considered vitally important in pre
serving the investment and useful life of pavement 
sections, the current policy is not to defer such 
work. 

Even though the above procedures provide consid
erable assistance to the command engineer, he must 
still use judgment in deciding how to allocate 
available fundsi and it remains unknown whether 
optimum use is made of those funds. Although mini
mum life-cycle costs are weighed heavily in this 
decision process, a true benefit analysis has not 
been accomplished. To help rectify this, the bene
fit analysis (BENEFIT) report which calculates the 
weighted area under the PCI-time curve and the 
budget optimization (BUDOPT) report which matches 
benefit to least cost are used. Because the benefit 
program was developed for airfields, some revision 
was required before it could be adapted to roads and 
streets. The revisions took the form of modifying 
the utility values or "levels of satisfaction" that 
weigh the true area under the PCI-time curve. 
Revised utility values have been developed for NTC 
Great Lakes and are being field tested. If success
ful, BENEFIT and BUDOPT will provide powerful tools 
for determining the optimum use of available funds. 
A detailed discussion of these concepts has been 
published. <1.l • 

PROJECT LEVEL EVALUATION AND PLANNING 

Once major repair projects are approved by higher 
authority, or command engineers as appropriate, 
facility engineers/planners or consultants make a 
detailed project evaluation. At this stage each 
section is critically evaluated to assess the nature 
and cause of the distress, a most reasonable repair 
is identified, the key project elements are planned, 
and a fundable estimate is prepared. 

Site visits to each section are essential to gain 
first-hand knowledge of the true condition, and de
tailed standardized inspections are made when neces
sary. At this stage sampling procedures are not 
used as virtually 100 percent inspection is neces
sary to obtain a true PCI, conduct the distress 

evaluation, and accurately quantify repair require
ments. Standard inspection procedures as previously 
discussed apply. 

Maximum effort is expended in ensuring that the 
most cost-effective alternatives are chosen. This 
analysis is required at the project level because 
the flow diagram alternatives considered at the net
work level represent only generalized conditions. 

All available data must be reviewed and a listing 
of all feasible alternatives compiled to determine 
the best solution per section. Historical distress 
and PCI information is available from the PAVER in
spection history files (SAMPLE or INSPECT reports) 
plus the information gathered from the on-site 
visit. Other nondistress information such as traf
fic, secondary structures, pavement structure, and 
so forth is obtained from the nondistress informa
tion (RECORD) report. 

Feasible alternatives are compiled from the flow 
diagrams previously discussed, the feasible alter
natives (EVAL) report, guides and texts, and engi
neering judgment. Life-cycle costs are calculated 
for the feasible alternatives and are analyzed by 
using the economic analysis (ECON or ECONl) report. 
The most economical life-cycle cost solution is gen
erally chosen. As this progresses section by sec
tion for the project, occasionally the solution for 
a given section is altered for practical reasons. 
For example, a project might consist of repairs to 
seven sections where six sections have the econom
ical solution of cold milling and overlay and one 
section calls for surface recycling. If that odd 
section were small, it would not be practical or 
economical to have a contractor bring in recycling 
equipment. An overlay similar to that for the other 
six sections would be more practical. 

Consultants are occasionally employed to aid in 
the evaluation .process. Generally, this would be 
dictated by one of three situations: (a) an exces
sive engineering workload, (b) a need for nonde
structive testing (NOT) data for analyzing the con
dition of overlayed PCC slabs and to serve as a 
basis to determine overlay thicknesses for flexible 
pavement sections, (c) an overly complex project may 
need a consultant to analyze the sections and 
develop the project documentation. 

The importance of traffic data to proper evalua
tion and design is clearly recognized. This infor
mation is collected by the facility engineers or 
planners but not on a project-by-project basis. To
tal vehicle and truck counts and surveys for the en
tire network are completed approximately every 3 
years. 
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PROJECT DESIGN 

Ultimately, all projects, other than those for rou
tine maintenance, reach a design engineer's desk. 
These engineers prepare final design drawings and 
documents for contractor or in-house completion. 
All data used by facility engineers are provided to 
the design engineer. The facility engineering ef
fort is reviewed and altered, if necessary. Becans<> 
a project may not go to design for 2 or 3 years af
ter the project has been developed, some additional 
analysis is always necessary. The pavement will 
have deter !orated further even though the prelimi
n.ary design is based, in part, on predicted future 
conditions. Life-cycle costs remain of prime impor
tance. 

The additional inspection discussed earlier be
comes useful in the design stage. i;t is used to 
quantify patching requirements, drainage problems, 
and so forth so they can be properly indicated and 
accounted for in the contract drawings and docu
ments. This inspection also helps in the analysis 
of local (within section) engineering problems re
quiring a specific or unique design solution. All 
data collected are entered into the data base. 

ESTIMATING COSTS AND PREPARING WORK ORDERS 
FOR IN-HOUSE PROJECTS 

Planners and estimators also use PAVER. Occasion
ally in-house forces will be tasked to do major re
pairs to a section. In this case, the design engi
neer will have done the additional inspection and 
design based on the procedures previously discus
sed. All that remains for the planner or estimator 
is to translate the effort into a work order. The 
work order breaks the project into labor hours by 
trade, identifies material requirements, and se
quences the work. 

Generally in-house work consists of routine and 
some preventive maintenance. This work does not re
quire any additional engineering effort other than 
that established for the preventive maintenance plan 
and maintenance policy of a given work type for a 
given distress type and severity level (POLICY) • 
For example, medium-severity alligator cracking will 
be deep patched. Because this type of work is pre
engineered, the cost estimator receives this project 
directly from the command engineer. 

At this stage the sections requiring maintenance 
will have received only the network level ( 20 per
cent) inspection, and accordingly a project level 
inspection must be made. The additional inspection 
is performed to determine the true PCI, to gather 
more accu r ate information, and to estimate work 
quantities on the distress to be corrected. Once 
the data are collected and loaded, the maintenance 
and repair guidelines (MRG) report is used to 
develop the job plan. The MRG report provides a de
tailed breakdown of work quantities and estimated 
costs. 

If the results of the additional inspection indi
cate, based on PCI, that major repairs are needed 
instead of the planned rouline maintenance, the 
estimator is responsible for making the decision to 
contact the command engineer for a clarification 0£ 
strategy. The section may remain for interim re
pairs or be withdrawn and placed in a major repair 
project. 

The planners or estimators prepare one final type 
of work order used in managing pavements at NTC 
Great Lakes. Recognizing that potholes form rapidly 
in the spring and need quick repair, the estimator 
prepares a standing or open-end work order for pot
hole repairs. The use of PAVER has no bearing on 
this strategy. At a later date the inspectors rec-
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ognize the patches as a distress, and the patching 
work is noted and entered into the data base, which 
keeps the history file up to date. 

PAVER BENEFITS 

The need for a structured pavement management system 
at NTC Great Lakes was obvious. Procedures are def
initely improved and there have already been many 
benefits. 

Strategy 

Based on PCI and the rate of deterioration, sections 
are classified by whether they need routine mainte
nance or major repair. Sections are flagged as to 
when such work should be accomplished. Sections 
needing repair are grouped into logical projects and 
each section receives a proper design. With the aid 
of the computer, the engineering effort is much more 
efficient and less subjective. At NTC Great Lakes, 
the inspection performed during the initial imple
mentation indicated repair needs totaling $3. 3 mil
l ion for roads and streets. A logical repair pro
gram of several projects was quickly developed. 
With the aid of PAVER, the facility engineers and 
planners developed one such project for $800, 000 in 
a matter of hours when funding became imminent. 
Also, strategy now places emphasis on life-cycle 
costing and on preventive versus corrective action. 

Budgeting 

PAVER was used for the first time in developing the 
budget for fiscal year 1984. The budget was based 
on quantified projected needs and was developed in a 
fraction of the time normally expended. 

Justification 

Knowing the current overall network condition and 
its projected condition is an invaluable parameter 
in justifying budgets and projects. This quantifi
cation of conditions versus the usual subjective and 
vague approach has been a prime factor in NTC Great 
Lakes currently receiving from higher authority the 
funds needed to execute the 5-year plan for road re
pairs. 

Priorities 

Priorities for sections and projects are now based 
on rational thought and logic. This has been a tre
mendous asset for the command engineers in con
vincing the commanding officers, who are not engi
neers, that work is accomplished based on identified 
need. 

Data 

Because all available pavement data were collected 
and loaded into the PAVER data base during implemen
tation, an as-built condition has been recorded in 
the data base. This will prevent data from being 
lost in the future. Additionally countless man
hours are saved by not having to search scattered 
files for pertinent data during the process of de
veloping and designing the projects. This has per
mitted the engineers to spend more time in analyzing 
alternatives. 

Monetary Savings 

Implementing and operating PAVER has, and continues 
to, cost money: but those costs are being amortized 
through proper design, timeJ.y recognition for needed 

-



maintenance and repair, and loqical project develop
ment. The savings are primarily through cost avoid
ance due to eliminating waste of overdesign and the 
cost of premature repairs due to underdesign. This 
was clearly demonstrated in the design process for 
the current $2 million received for road repairs. 
Traditional designs that previously would have been 
accepted were independently considered and compared 
to alternatives developed with the aid of PAVER. 
The traditional designs did represent both over
design and underdesign for given sections and proved 
to be costly. 

Additionally by using a minimum acceptable PCI, 
sections are flagged for repairs in a timely fash
ion. Identifying sections that need major repairs 
and accomplishing those repairs before complete 
failure will also save considerable money. Repair 
costs increase in a curvilinear relationship with 
decreasing PCI. Logical project development groups 
sections into efficient construction projects of 
similar work and geogra'phical confines. That should 
keep bid prices down. 

MANAGEMENT CONCLUSION 

Finally, the investment for PAVER, which consists of 
the $120, 000 implementation cost and approximately 
$10-20,000 per annum in computer support costs, has 
proved to be a worthwhile investment for the Navy at 
Great Lakes. Flexible and easily understood, PAVER 
is a powerful tool for meeting the maintenance chal
lenges of modern public works managers. Effective 
management has resulted: and for the first -time, 
network and project level management has become a 
reality. The shortcomings of traditional methods, 
which had not been fully recognized, were elimi
nated. At the same time no increase in public works 
staff has been necessary nor has this placed an un
reasonable burden on the existing staff. Time spent 
by the various groups are approximately the same as 
before but much more has been accomplished. Al l 
will agree they are managing better with PAVER. 

Abridgment 
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A Management Information System to Monitor 
Routine Maintenance Productivity 

V. ALAN SANDERSON and KUM ARES C. SINHA 

ABSTRACT 

Measures are discussed that are most suit
able for reflecting maintenance productivity 
and a procedure that produces straightfor
ward reports of maintenance unit productiv
ity levels is presented. The generated 
information is then examined to identify 
maintenance units with low productivity: 
these units can then be compared on a state-

wide basis. Higher levels of management 
will be able to relay this information to 
individual units, indicating each unit's 
production level and how it compares with 
other units and the statewide average. 
Providing maintenance unit personnel with a 
guideline to evaluate their operations, in 
the form of a checklist of factors found to 
contribute to low productivity, will help 
them to identify areas for improvement. The 




