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COMPONENTS OF A PAVEMENT MAINTENANCE MANAGEMENT SYSTEM 

Mohamed Y. Shahin, U.S. Army Construction 
Engineering Research Laboratory 

This paper discusses the important components of 
a rational pavement maintenance management sys
tem: (1) pavement network identification, (2) 
pavement inspection and rat;Lng , (3) pavement con
dition evaluation and determination of mainte
nance and rehabilitation (M&R) req uirements, (4) 
M&R priorities, (5) M&R consequence models , (6) 
life cycle costing, and (7) data management and 
report generation . Each component is illustra
ted by exrunples from a working system developed 
for the U. S . Air Force and Army for pavement 
maintenance management of airfields and roads. 
The paper is intended to serve as a guideline 
for those pavement agencies that want to develop 
or improve their pavement maintenance management 
system. 

Most of the in-service pavements in the United 
States were built many years ago, and only very 
limited amounts of new pavements are being construc
ted now. These older pavements, which deteriorate 
more quickly than new roads, increase user costs 
through vehicle deterioration, delay in travel time, 
and energy consumption , and necessitate the un
planned spending of taxpayers ' money for their re
pair. Unfortunately, the availability of mainte
nance and rehabilitat;Lon (M&R) funds is not keepirlg 
pace with the rate of pavement deterioration. The 
national backlog of needed M&R for state highways is 
estimated to be in the billions of dollars. A great 
deal of money is spent annually on emergency repair, 
such as filling of potholes. Since many emergency 
repa:Lrs are temporary and must be repeated period
ically , much more money is spent over the pavement 
life than is necessary. Therefore, there is an 
urgent need for pavement agencies to adopt rati.011al 
pavement maintenance management systems . The ob
jectives and/or benefits to be derived include: 

1. Knowledge of the existing pavement and of 
the condition and health of the pavement system. 

2. Rational determination of M&R needs by 
setting performance standards. 

3. The ability to generate or develop a list 
of priority M&R needs on demand. 

4. Availability of information, including 
maintenance cost data. 
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5. Ability to answer "what if" questions deal
ing with the consequences of implementing various 
M&R alternatives. 

6. Ability to perform life cycle costing and 
to determine the consequences of various M&R al
ternatives. 

7. Ability to develop long-range M&R plans. 
8. Ability to optimize a given M&R budget. 
9. Establishment of or improvement of communi

cations among the various management levels dealing 
with M&R. 

This paper presents components of a compt·ehen
sive pavement maintenance management system; these 
components are described through the pavement main
tenance management system £or airfields and roads 
developed for the U.S . Air Force and Army . The 
system components include (1) identifying the pave
ment network, (2) inspectin,g and rating pavements, 
(3) evaluating pavement condition and determining 
M&R requirements , (4) establishing M&R priorities, 
(5) determining the consequenc.es of var;l.ous M&R 
alternatives, (6) performing life cycle costing for 
selection of cost-effective M&R strategies, and (7) 
managing data and generating reports. The follow
ing sections describe each component. 

Network Identification 

Network identification is the process of divid
ing the pavement network into manageable sections 
(also called segments or features) for inspection 
and £or determining M&R needs and priorities . Each 
pavement section should be uniform in structural 
composition, construction history, functional 
classification , traffic, and conditio11 . A pavement 
"branch" (also called a " fac:Llity," e .g., a given 
runway or highway) may consist of one or more sec
tions. 

Each section is given an identification number 
within its branch. The location of a section 
(beg:Lnning and end) can be identified on a map, for 
example, by arrows . On computer output, sect;lon 
locations can be identified by mileposts, existing 
physical features such as rivers or bridges, or in
tersection with other pavements . For example, in 
Figure 1 (1) the location of section number 3 of 
WashingtonBlvd . is defined from the south end of 
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Figure 1. Example output of Inventory Report of the 
Army system. 

1..:ALL,REPOR1',INV 
0 9. 4 8. 10. 'l"x'PE GENERATE COMMAND THEN TYPE "; EXI'l';" 

I>GENERATE ALL WHERE BRANCH NUMBER EQ IWASH;EXIT; 

REPORT DATE- 06/2 4/80 

INVENTO RY 
NON-FA.MILY HOUSING PAVEMENTS 

SUNF BRANCH PAVE"IENT 
TYPE USE RANK ·---.. -

IWASH WASHINGTON BLVD 
SECTION 01 AC t<OADWAY PR I MARY 
FROM- N EDGE Of' GREEN 
TO- N EDGE OF NEIL 

SECTION IH AC ROP.OWAY PRIMARY 
FROM- N EDGE OF NEJL 
TO- s EDGE OF F 1 RST 

SEC'l'ION 113 AC ROA DWAY PRIMARY 
FROM- S EDGE OF FIRST 
TO- s EDGE OF SIXTH 

'l'OTAL BRANCH l\REA 

T OTAL AREA OF SELECTED NON-F1>.MILY HOUSING PAVEMENTS 

* REP ORT COM PLET E 

AREA 
(S Y) 

5555 

tl944 

4 706 

22 205 

22, 205 

First Street to the south end of Si~th St~eet. Thie 
figure is an example output of a branch inventory 
obtained from the Army system. 

Pavement Inspection and Rating 

It is commonly recognized (2, 3, 4) that a 
rat i onal pavement evaluation req uires -analysis of 
pavement roughness (ride), skid , structural capa
city , and distress. Di.fferent agencies use dif
ferent equipments, methods, and frequencies to 
measure these indicators. For example, the U.S. 
Air Force uses a Laser Profilometer to measure 
roughness and the Diagonal Braked Vehicle and Mu
Meter to measure skid. In addition, several struc
tural capacity evaluation teams core pavements, de
termine thicknesses, and determine allowable ai r
craft loads for each pavement section. Other high
way agencies use the Mays Ride Meter to measure 
ride, a towing vehicle to measure skid, and a Road 
Rater or Dynaflec t to measure structural capacity . 

However, more tha.o ever before, the importance 
·of distress measurement and ;in11lysis is being em
phasized by many Federal and state agencies which 
are leaders in pavement maintenance management, 
e.g., the U.S. Air Force (~), California (§), 
Arizona CD, tifasbington (~), Ontario (2), and Texas 
(10). The degree of pavement distress relates dir
ectly to needed maintenance, and i ndi rectly measures 
the other pavement functional indicators, as illus
trated for asphalt pavements in Figure 2 (11). 
Some agencies rely only on the analysis of individ
ual distresses, such as alligator cracking a nd 
raveling, to determine the prlmm:y cause of pave
ment deterioration, e . g ., load , climate , materials, 
construot-.1.on quality control. Other agencies uae 
an index based on weighted distress to serve as a 
composite pavement condition index. One of the 
earliest indices used was the State of Washington's 
Pavement Final Rating ; the most recent development 
i n this area has been the U.S . Air corce and Army 
Pavement Condition Index (PCI). The PCI has been 
formally adopted worldtd.de by the f\ir Force and 
other agencies, such as t he Federal Aviation Admin
istration, and various state aeronautic departments 
are now evaluating and adopt ing i t. The U.S. Army 
is cur r en tly evaluating the PCI for roads , wh1ch 
was developed after the one for airfields, for irn
pl.emen ta tion • 
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Figure 2. Relationship of observable distress in 
asphalt-surfaced pavements to various pavement con
dition indicators. 
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The PCI agrees closely with the collective 
judgment of experienced ~~vPm~nt m.ai~te~~~~~ ~~g! 
neers. It provides (1) a standard method for rat
ing the structural integrity and operational sur
fac<o .::uml.i.i.lun oi pavement sections , (2) a method 
for determining M&R needs and priorities by com
paring the condition of different pavement sections, 
and (3) a method of determining pavement performance 
f rom accumulated data. The PCI, which measures 
pavement structural integrity and surface opera
tional condition on a scale from 0 to 100 (Figure 3) 
(5), is based on measured pavement distress types, 
s;verity, and amount of distress obtained during 
pavement inspection. 

To determine the PCT, a pavement section is 
f-.1.rs t divided into inspection units called sSlllple 
units . For example , for as~halt roads, a sample 
unit is approximately 230 m (2500 sq ft ) (e.g., 
7.6 m [25 ft] wide x 30 m [100 ft ) long). The num
ber of sample units to be inspected (n) is deter
mined from Figure 4 (g) as a function of the total 
number of units in the secr:ion (N) and the standard 
deviation of the PCI (a ) between sample units in the 
section. The location of units to be inspected is 
determined using either the "strat1fied-random" or 
"systematic-random" techniques (12). 

The PCI method uses weighted-Cdeduct) values 
that are functions of the types, severities, and 
densities of visible distress. The current PCI of 
a g1ven sample unit is deteunined by adding the de
duct values for observed distresses in a given 
sample unit, adjusting the sum, and then subtract
ing the sum from a maximum possible PCI. 

Figure 3 summari:1;es the steps for computing the 
PCI for a pavement section. It should be emphasized 
that i nspection procedures closely follow methods 
outlined in distress manuals (1, 11, 13) developed 
over several years of continuous field evaluation, 
revision, and improvement. 

Pavement Condition Evaluation and Determination of 
M&R Requirements 

Figure 5 is a flow chart summarizing the process 
for determining M&R requirements. This process is 
greatly expedited in an automated pavement main
tenance management environment. Following is a 
brief description of the logical steps of this pro
cess: 



TRANSPORTATION RESEARCH RECORD 781 

Figure 3 . Steps for detennining PCI of a pavement section. 

STEP I. DIVIDE PAVEMENT SECTION INTO SAMPLE UNITS. 

STEP 8. DETERMINE PAVEMENT 
STEP 2 . INSPECT SAMPLE UNITS DETERMINE DISTRESS TYPES CONDITION RATING 

AND SEVERITY LEVELS AND MEASURE DENSITY. OF SECTION 
Light Lateral 8 Transvane Cracking 

STEP 3. DETERMINE DEDUCT VALUES 

100 L8 T Ctac~ J n ion..---="""-=---~ 

I 
I 

°o.1 DENSITY PERCENT 
(Log Scale) 

100 %J DENSITY PERCENT 100 
(Log Scala) 

STEP4. COMPUTE TOTAL DEDUCT VALUE (TDV) a+b 
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STEP 6 . COMPUTE PAVEMENT CONDITION INDEX (PCI) 100-CDV FOR EACH SAMPLE 
UNIT INSPECTED 

STEP 7. COMPUTE PCI OF ENTIRE SECTION (AVERAGE Pei's OF SAMPLE UNITS). 

Figure 4. Determination of minimum number of sample units to be surveyed for 
95 percent confidence that the error in PCI of section is within _±5 points. 
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N = TOTAL NUMBER OF SAMPLE UNITS 
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Figure 5. Flow chart sununary of the process of 
determining M&R requirements. 
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Decision to "Do Nothing" or to Perform "Only Rou
tine" Maintenance Within 1 to 2 Years 

The inputs needed to make this decision are 
taken from the most recent pavement inspection and 
evaluation, and from other relevant pavement infor
mation, such as functional classification and traf
fic. The decision is based on the agency's perform
ance standards. Performance standards may consist 
of limits on ride, skid number, and individual dis
tress densities (% area) or composite pavement con
dition. Figure 6 (14) shows an example of the PCI
based portion of thcperformance standards used by 
the Air Force. Other parts of the performance 
standards include the results of pavement evaluation 
shown in Figure 7 (12). 

Determination of Routine (Including Preventive) 
Maintenance Requirements 

The healthier the pavement network, the more 
pavement sections would be treated under this step, 
rather than considering major or overall rehabilita
tion. -The primary input for this step is the type, 
severity, and amount of distress. Tables such as 
Table 1 (12), which sununarizes reconunended main
tenance methods for various asphal t road distresses, 
have been useful to field maintena11ce engineers. 
For pavement agencies with automated systems, a 
distress maintenance. policy, as shown i n Table 2, 
can be stored in the computer. At the user's re
quest, a specially designed computer program com
bines the maintenance policy with distress infor
mation for selected pavement sections; routine 
maintenance requirements are then generated, as 
shown in Figure 8 Q). 
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Figure 6. Correlation of M&R zones with PCI and 
condition rating. 
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Figure 7. Pavement section condition evaluation 
sununary. 

PAVEMENT EVALUATION SUMMARY 

1. PCI RATING : M&R ZONE : 

2. PCI VARIATION UNIFORM LOCALIZED SYSTEMATIC 

3. PCI RATE OF DETERIORATION 

a. LONG-TERM : LOW NORMAL HIGH 

b. SHORT-TERM LOW NORMAL HIGH 

4. DISTRESS EYAL. : CAUSE PERCENT DEDUCT 

LOAD 

CLIMATE 

OTHER 

5. STRUCTURAL CAPACITY DEFICIENCY NO 

MODERATE 

YES 

6. SURFACE ROUGHNESS 

7. SKID POTENTIAL : 

8. PREVIOUS MAINT : 

9. EFFECT ON MISSION 

MINOR 

NONE 

LOW 

NOT DEFINED 

NORMAL 

MAJOR 

EXISTS 

HIGH 

HIGH 
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Table 1. Asphalt concrete pavejllent distress types and M&R alternatives. 
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I 
Alligator M,H M, H L l 
Cracking 

2 Bleeding L L,M,H 

3 
Block L L,M,H L L,M 
Crac king 

4 Bump s & L M,H M,H M,H 
Sags 

5 Corrugati on L M,H M,H 

6 Depression L M,H M,H M,H 

"'app ly 

Edge s houlder 
7 Cracking 

L L,M M,H* M,H* seal, e .g ' agg . 
seal coat 

Joint 
8 Reflective L L,M,H H 

Cra cking 

*leve l off 
Lane / shou l der and 

9 Shoulder L M ,H* apply agg. 
Drop-Off seal coat 

I 
Longitudinal 

L L L,M Tran s verse L L,M,H H 
0 Cracking 

I Patching & L M H* H* 
*replace 

I Utility Cut patch 

J Polished A A 
2 Aggregate 

I Potholes L L,M,H L,M,H 
l 

1 Railroad 
4 Cros s ing L L,M,H 

" 
Rutting L L,M,H M,H L,M,H 

l Shoving L M,H 
E 

l Sli ppage 
7 Crackinq L L M.H 

1 Swell L M,H 8 

I Weathering L H L,M L M,H 
9 & Raveling 

Note : low severity; M =medium severity ; H = high severity . 
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Table 2. Example distress maintenance policy out-
put. 

REPOR'I' DATE- 06/25/80 

MAI NTENAN CE POLIO'. 

DIS'I'RBSS REPAIR MTL REPAifl LABOR •••• •'* ""'''UNIT C0S'l'S(~)* 11 1""t- • ' * 

TYPE SEV TY PE CODE UNI 'I' HR/ UN IT LABO R HTL EQ UIP T O'l'AL 

CORNER SPALLING 
.860 1.0 10 6. 660 H S HALLOW PATCH 110 SE • 300 .. . 79 0 

M S HALLOW PATCH i rn sr . 300 .. . 790 . 860 1.010 6.660 

DURABILT'l'Y CR 
60. 000 H SLAB RE PLAC ING 11 0 SY 

H DEEP PA'l'CH lHI SF . btt0 9.580 l. 720 2.020 13.139 

FAULTING 
2.t10A H GRIND ING SF 

M GRtNDIHG S F 2 . lt0ft 

JO INT SPALLI NG .ua 1.010 6.66'1 H SHALLOH PA'l'CH 110 S F . 300 t. 79 G 
M SHALLOW PATCH 11" Sf' . 380 t.190 . 9$0 l.01D fi .669 

JT SEAL DAMAGE 
H JOINT FILLING 171 LF . 030 .5811 . 070 • HHJ . 75 0 

LG PATC H/UT IL 
1 . 721:1 2.1:1:.ltl 13. Jj0 H DEEP PA'C'CH 110 SF . 6iHl 9. Slllt 

M DEEP PATCH lllJ SF . &00 IJ . 5tl8 l . 728 2.820 lJ. ))0 

PUNCHOUT 
. 600 9 . 58 0 l. 729 2.020 13. 310 H DEEP PA'l'CH 110 SF 

M DEEP PP.'l'CH 110 SF . 600 9 .580 ' · 729 2 . 020 13. ))0 

SMALL PA'l'CH 
H SHALLOW PA'l'CH lH' SF . 300 4 . 790 . 86R l. 010 6.660 

REPOA1' COMPLE'l' E 
PAVER READY ••••• 

C>C,r..LL, REPOR1', POL IC'/ 
07 . 14. 44. 1''/PE GENERA1'E COMMAND '('HEN TYPE ":EXIT:" 

I> GENERATE ALL WHERE Ot ST CODE LT 2 9;EXIT : 

No tc: 1 SF - • 0920 u 2 ,-. _l_ L_F_ = _ __ 3_0_4_8_ m-.- - -----

Figure 8. Report listing local maintenance require
ments of sections. 

MAINTENANCE AND REPAIR GUIDELINES 

BRANCH NAME - CENTER AVE 
BRANCH NMBR - lCENT 
SECTION NMBR - 01 

lNSPeCTION DATE - 06/18/79 

SLAB LENGTH 
SLAB WID'l'H 
NM BR. O F SLABS -

SECTION PCT 

26 LF 
11 LF 

76 

DlSTRESS 
TYPE 

DlS DIST-QTY WORK 
SEV WORK-CTY TYPE 

MA'l'L LABOR LABOP MAT' L EQUIP 'l'OTAL 
CODE: HOURS COSTS COSTS COS T S COS T S 

DURABILITY C R 3 SLAB 
--- NO MA I NTENANC E POLICY AVAILABLE - --

DURABILITY CR 10 S LAB 
250 S F' DEEP PATCH 11• 150 . 0 239 4 429 5'4 3332 

FAU LTING 2 SLAB 
--- NO MAIN1' ENA!\'CE POLIC Y AVAILABLE ---

t''AULTJNG 1 S LAB 
11 SF t;RINOtNG ... 22 

FAULTI NG l SLAB 
11 S F' GR I NDING ... 22 

JT S EAL DAMAGE H 76 SLAB 
3 116 LF J O INT FILLING 171 IJ :.L 5 1807 218 311 2337 

LG P ATCH/ UT IL 3 sL,r..e 
--- NO MAINTENANCE POLI CY AVAILABLE ---

LG 'PATCH/UTIL 1 SLAB 
55 SF DEEP PA'l'CH 11• J] . l!I 526 .. Il l 733 

LG PA.TCH / UT IL 7 SLAB 
385 SF DEEP PATCH 110 231.0 3688 662 777 5132 

SMALL PATCH 6 SLAB 
- -- NO MAINTENANCE POLIC Y AVAILABLE ---

SHALL PATCH 7 S LAB 
--- NO MAINTENANCE POLICY AVAILABLE ---

SMALL PATCH 19 SLAB 
76 SF S HALLOW PATCH 11• 22.B 364 65 76 5'6 

POLI S HED AGG J S LAB 
--- NO MAINTENANC E POL ICY AVAILABL E ---

PUNCHOUT 1 SLAB 
'4 S P' DE~P PATCH 118 26.4 421 75 " 586 

PUNCHOUT .l SLAB 
. 4 tiF DEEP PATCH 118 26.4 421 75 II 586 

SHRINKAGE CR 9 SLAB 
--- NO MAINTENANCE POL I CY AVAILABLE ---

CORNER SPALLING M 6 SLAB 
6 SF S HALLOW PA1'CH 118 1.8 28 " CORN ER SPALLING H 6 SLAB 
9 SF SHALLOW PATCH 11' 2. 7 '3 " JOINT SPALL ING L ' SLAB 

--- NO MAINTENANCE PO L YC'i AVAILABLE ---
JOINT SPA L LING H 15 SLAB 

911 SF SHA LLOW PATCH ll• 27 . 0 <JI 77 98 599 
JOINT SPALLING H 29 SLAB 

478 SF SHALLOW PATCH 110 143.6 2292 411 "' 3186 
POP OUTS 11 SLAB 

--- NO MAINTENA NC E POLI CY AVAILABLE ---

TOTAL 7'iB .l 124 15 2 118 25 4 3 171 39 
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Determination of Feasible M&R Alternatives 

If the decision about whether to perform only 
routine maintenance is not clear, then other feas
ible M&R should be identified. Feasible M&R al
ternatives are determined based on the results of 
the evaluation shown in Figure 7. In this figure, 
the PCI is used to determine whether there are 
localized or systematic variations in the pavement, 
and to determine the pavement's long- .and short
term deterioration rates. The distress information 
is used to compute the different percentage effects 
of loads, climate , and other factors on pavement 
condition. Other variables included in the pro
cedure are load capacity, roughness, ski d
hydroplaning potential, and previous maintenance. 

For example, if none of the evaluation items in 
Figure 7 is exceeded (e.g., rate of deterioration 
is low, load-carrying capacity is adequate), then 
only routine maintenance should be considered. On 
the other hand, if skid is the only item that is 
deficient, then feasible alternatives may include 
surface grooving, recycling, overlay, or applica
tion 0f a su~r~~~ friction course. 

Ranking of M&R Alternatives for a Given Pavement 
Section 

The ranking of feasible M&R alternatives for 
any pavement section is based on how each alterna
tive will affect future pavement performance and 
associated cost. Consequence models and life cycle 
costing are described in subsequent sections of 
this paper. 

M&R Priorities 

Establishment of an M&R priority list is us u
ally the first specific payoff that managers ex
pect from a pavement maintenance management system. 
The criteria for e stablishing priorities for pave
ment sections requiring routine maintenance are 
different from those used for sections needing 
major or overall M&R. 

M&R priorities for sections requiring routine 
maintenance are functions of individual distress 
types and severities. Distresses having a large 
negative effect on the pavement's operational con
dition a re given the highest priority, e.g., 
medium- and high-severity joint spalling, potholes , 
bumps, cracking . PrioTi ties for sections requiri ng 
major or overall M&R are usually based on pavement 
condition and functional class; the PCI i s very 
useful for determining thes e c r i teria . Figure 9 
(l), an example output from the Army PCI system, 
l ists prima ry roads with PCis of l ess than 70 i n 
increasing order of the PCI. This system can gen
erate a separate list for other functional classes, 
such as secondary or tertiary pavements. 

M&R Cousequence (Prediction) Models 

Prediction models are a series of equations with 
the overall objective of predicting pavement per
fonnanae for various M&R alternatives, including a 
"do nothing" alternative. Equation 1 shows the 
general mathematical functional relationship of such 
models. Pavement condition indicators (the left
hand side of equation 1) predicted by the models in
clude ride, skid, cost, deflection, expected life of 
specific maintenance activities such as joint seal, 
individual distress types such as cracking and 
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Figure 9. Report listing sections in order of in
creasing PCI. 

CALL, REPOR'T, PCI 
09.32.06 . 'C'YPE GENERATE COMMAND 'l'HEN 'T'YPE ";E:XJ1';" 

DGENERA'T'E ALL WHERE PAVEMENT RANK EO PRIMARY AND PCI LT 90;EXIT; 

REPORT DATE- 06/24/80 PCI REPORT 

BRANCU ijRANCH SEC'T'ION SURFACE SEC'T'ION PAVEMENT 
NUM8E.R USE NUMBER PCI RATING TYPE AREA/SY R1'NK 

ICEN'l' RUADWA'i " 36 POOR PCC 1858 PRIMARY 

""' TAXIWAY 01 78 VERY GOOD PCC 0542 PRIMARY 
55512 ROADWAY .. 80 VERY GOOD Pee 5333 PRIMARY 
55512 ROADWAY 01 81 VERY GOOD AC 4533 PRIMARY 
5551:t: ROADWAY ., " Vl::RY GOOD AC 3466 PRIMARY 
Tl4A TAXIWAY 81 86 EXCELLEN1' PCC 25119 PRIMARY 
T9A TAXIWAY 01 " EX<.: EL LENT PCC 34722 PRIMARY 
AlB APRON " '9 EX<.:ELLENT PCC 166667 PRIMARY 

11 REPORT COMPLETE 
C) 

Figure 10. Example output of the PCI consequence 
models. 

ENTER PAVEHEN'l' ID 
!>RUNWAY 5/23 

ENTER PAVEMENT TYPE. AC OR PCC (A/P) 
I>AC 

HAS PCI BEEN PREVIOUS L Y OE'l'ERMINED? (Y/N) 
I>N 

ENTER TIME IN YEARS tU:TWEEff ORIGINAL CONSTRUCTION (AGECOLJ 
AND LAST OVERLAY (0 IF NO OVERLAY) 

"' ENTER TOTAL AC THICKNESS IN IN'CHES INCLUDING OVERLAYS f'l'BJ 
1>4 

ENTER TOTAL PAVEMENT 'l'HICKNESS ABOVE SUBGRADE ['l'SGJ 
1>16 

ENTER CBR OF BASE [CBR-BJ 
1>60 

ENTER CBR Of' SUBGRADE ICBR-SGI 
I>l0 

ENTER AIRCRAFT ID (OR ft HE:LP ft ) (ID) 
I>HELP 
1'38 F4 ClJe DC9 8737/200 8727/21'10 8707/3201! Cl41 8747F CSA 852 

I>8727/200 

ACCEPT , CHANGE, DISPLAY? (A/C/O) 
I>A 

ENTER PREDICTION AGES SEPARATED BY COMMAS 
I>0, 10, 25 

RUNWAY 5/23 

8727/200 AIRCRAFT ID 
0.0 AGE BETWEEN CONSTRUCTION/OVERLAY Of PAVEMEN'Y' AND LAS'l' OVERLAY 
4 . 0 TOTAL AC THICKNESS IN INCHES INCLUDING OVERLAYS 

16.0 TO'Y'AL PAVEMENT THICKNESS ABOVE SUBGRADE 
68. 0 CBR OF BASE 
18.0 CBP Of SUOGRADE 

AGE PC! 

e.0 
10.0 
25.0 

101!1 . 0 
67 . 0 
17 . 5 

00 YOU WISH TO DETERMINE THE CONSEQUENCE ON PCI OF CHANGE IN 
AI RCRA FT, OVERL AY, OR NONE? (A/O/N) 

I>O 
ENTER AGE TO OVERLAY 

!>10 
ENTER OVERLAY' 'Y'HICKNESS 

I>J 
ENT ER PREDICTION AGES SEPARA'Y'EO BY COMM AS 

I>e, 9, 20, 25 

RUNWAY 5/23 

8727/299 AIRCRAFT IO 
i'! 0 l:I AGE BETWEEN CONSTRUC't'ION/OVERLAY OF PAVEHE:NT AND LAS'Y' OVERLAY 
4. 0 'Y'O'Y'AL AC THICKNESS IN INCHES INCLUDING OVERLAYS 

16.9 TOTAL PAVEMENT 'l'HICKNESS ABOVE SUBGRADE 
bil.U CBR OF BASE 
10.0 CBR OF SUBGRADE 

U. 0 A.GE OF OVERLAY 
3. i'! 'Y' HICKNESS OF OVERLAY 

AGE PCI 

0.• ue.0 ... 71LJ 
u.e liUl.8 
:.!S.e 51!.8 

rutting, and composite pavement condition such as 
the PCI. Techniques used to develop the models in
clude regression based on in-service data, mech
anistic, probabilistic, or any combination of these, 

Pavement Condition 
Indicator 
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function of [age, pavement 
structural composition, 
construction history, traf- (1) 
fie, climate, material 
properties, geometry, and 
maintenance] 

In addition to predicting pavement performance 
for various M&R alternatives, consequence models 
provide valuable i nput to life cycle costing , 
budgeting, and planning. Also, the predictions can 
be used to identify the pavement sections that 
should be s cheduled for inspecti.on, and this will 
reduce inspection costs. 

Figure 10 (15) provides example output from the 
PCI consequence-models whi ch are part of the U.S. 
Air Force's overall pavement maintenance management 
system; these models have been designed and pro
grammed for i nteractive use. Figure 11 Q) is an 
example output of the interactive individual dis
tress prediction model. 

Life Cycle Costing 

Life cycle costing is useful when comparing 
various M&R alternatives for a given pavement sec
tion. Figure 12 Q) is example output from an in
t eractive life cycle cost.ing program designed for 
the U.S. Army and Air Force. Fae tors included i n 
the life cycle costing are initial cost, future M&R 
costs, inte rest and inflati on rates, analysis pe r
iod, and salvage value. 

Salvage value, as used in this program, is de
fined as the difference between building a new 
pavement and the cost of rehabilitation at the end 
of the analysis period. Alte rnately, the salvage 
value i s assumed to be zero; however, the M&R cost 
for the last year in the analysis period should be 
the cost of the rehabilitation necessazy to upgrade 
the pavement so that its quality is equivalent to 
that of a new pavement. 

Data Management and Report Gene ration 

To use a pavement maintenance management system 
efficiently, one must be able to store and retrieve 
data expediently. The U.S. Army and Air Force sys
t e ms are operate d via a disk-sized computer ter
minal. Data may be added, changed, or dele ted by 
having it keypunched and read in through a card 
reade r or inte ractive ly by using the disk-sized 
terminal. Figure 13 is an example of interactive 
data update. Information and two types of reports 
(writer reports and computation reports) are gen
erated through the same terminal. 

Writer Reports 

These -are pre£ormatted reports generated by the 
data base manager fea ture call ed the report wri t er. 
The report writer has a buil t-in capability f or 
sorting through stored inf ormation to meet specific 
user requirements. Such reports incl ude inspection 
results, lists of pavement sections in an increas
ing order of the PCI (Figure 9), pavement inventory 
(Figure 1), pavement structure, work require d, and 
work history. The f ormats of these reports can be 
modified or new reports develo~ed in just a few 
days. 
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Figure 11. Example output of individual distress 
prediction program. 

OPTIMUM 

YEAR 
0 
l 
2 
3 

1" 
11 
12 
13 
14 
15 
16 
l 7 
18 
I~ 

L0 

DISTRESS INPUT DATA 

DISTRESS TYPE 8. 
AGE rn.00 YEARS 
L 2.05 
M J. 40 
H • 81 
EARLIEST DISTRESS STARTING TIME = 
LATEST DISTRESS STARTING TIME 
DISTRESS AT INITIAL TIME = .0100 
EARLIEST TIME FROM L TO M 
LATEST TIME FROM L 'l'O M 
EARLIEST TIME FROM M 'l'O H 
LATEST TIME FROM M TO H 
MAXIMUM PREDICTION AGE 

VALUES 
INITIAL TIME 0 . 0 YEARS 
TIME FROM L TO M 1 YEARS 
TIME FROM M TO H 3 YEARS 

MEAN 16.8417 
STANDARD DEVIATION 4.4615 

L+M+H L M 
• 01 .0 1 0.00 
.02 . 01 • 01 
.05 . 0 2 . 0 2 
. 10 . 0, -~5 
• 20 . 10 . 09 
.40 . 20 .18 
• 76 .36 . 35 

i .:n . 61 .66 
2.3 8 1.01 !. 1 7 
3.•4 l. 56 !. 98 
b.26 2.32 3.19 
9. 5 2 3.26 4.89 

13.89 4.37 7. l 5 
1 9.46 5.57 9.95 
26. :.u b. 75 u. 20 
J]. 99 7. 78 H.69 
42.52 8.53 20.10 
~!. 41 8.89 lJ.06 
60.24 8.8 3 25 .20 
68.57 8. J3 26.25 
/6.05 7. 48 26. 0 5 

Computation Reports 

0.0 YEARS 
5.0 YEARS 

0.0 YEARS 
5.0 nARS 
0.0 YEARS 
5.0 YEARS 

20.0 YEARS 

YEARS 
YEARS 

H 
0.00 
0.00 
0.00 
., . .,., 

. 01 
• 0 2 
.05 
. 10 
• 20 
.o 
. 76 

1. 3 7 
2. 38 
3.94 
6.<6 
9.52 

lJ.89 
19. 4 6 
26.21 
33.99 
42.52 

These are s pecial reports that use compute r cal
culations based on data stored in the system and/or 
data provided by the user. Such reports include 
M&R i;equiremeots (Figure 7), M&R consequence (Figure 
10), individual distress prediction (Figure 11), and 
li.fe cyc le costing (Figure 12) , Other computation 
reports can be devel oped and interfaced with the 
system as needed. 

Conclusions 

The components of a comprehensive pavement main
tenance management system have been described 
through an example working system. Pavement main
tenao.ce management is an idea which is most timely . 
At a time when pavements are deteriorating very 
quickly and maintenance budgets are limited, the 
benefits. of adopti·ng a pavement maintenance manage
ment system are numerous . One benefit is having a 
consistent, rational method of pavement condition 
rating such as the PCI . Such a rating is an in
valuable tool for communication , particularly when 
justifying M&R requirements to decision-making 
personnel. In addition, having the capability to 
perform a comprehensive pavement evaluation that 
considers condition rating, deterioration rate, 
structural capacity, and previous maintenance al
lOl~S rational determination of M&R r equ:lrements and 
avoids over- or under-mai ntenance 0£ a pavement . 
An important payof·f related to thes.e advantages is 
the ability to establish an M&R priority list. Sl•Ch 
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Figure 12. Example output of the life cycle cost 
program. 

COMPARISON or "''R ALTERNATIVES 
GREEN ST 
SECTION eo 

ANALYSIS PERIOD - 20 YEARS 

INFLA'l'lON RATE I J .0 fl PERCEN'l' 
INlERES'l' RATE l l . 00 PERCENT 

ALTERNATIVE 
B 

DtSCRJM'lON 
1.:0LD MlLUOVERLA't 
REt.:UNSTRUCT 
1 IN OVERLA't 

NET PRf.SrnT COST 
47Hl. 
f>S57S. 

115424. 

DETATLED COMPARISON or MUI ALTERNATIVES 

ALT A AL'l' ft At.T l 
PRES PRES 

nu COS'f COS1' COS'f COS1' "'"' 
(l'r!Hll 159811 L5900 22350 22350 J61HHl 
ffYB 11 • • ' • I 
(f"/82) ' ' • 

J (F'l'B)) • ' ' • 
(1"1841 • ' ' ' . • 
!fYBSl • B ' ' • 
IF'\'06J • ' ' ' • 

' (F'/87) 19933 4S2l2 2000 1266 1880 

' (FY88) • • : . . • 
' (f'r09) • I . . • 
" tr'/901 • • • . . • 
JI (f'iSI}) • • I '·. • 
12 (FY92) • • • . . ' ll IH'JJ) • • • • • 
14 (FB4/ • • ; ' • 
15 (F'l'!15) • • ' . • ,, trY961 • • • • 
J7 (FY97) • • • .. • 
IB (FY98) • • • . . . 
" (F'/99) . . ' . . • 
" (FY80J )800111 ) 011 15900 2272) • 19900 

TOTAL 91800 11 S414 402S0 47141 56966 

SALVAGE 

PRES WORTH • !15424 47J4l 

'.:'J YOU WIS tl TO HAKI SAJ1[ ANA LYS I~ 
WITH Dil'fEREN'I' INTERES1' AND INFLATION RA'l'ES7 (YES/NO) 

I>YES 
ENTER INTEREST RATE (PERCENT/: 

1>6 
ENTER INFLATTOH RATE !PERCENT): 

l>l 7 
PRINT DETAIL ANALYSIS? (YES/NO) 

I>NO 
REPORT DATE - 80/06/24. 

COMPARISON or H&R ALTERNA'l'TVES 
GiiEEN S'l' 
SEC'J'ION 0~ 

PRtS • 
COST • 

36000 • . . . . . .. 
till .. 

• • • • • • I . . . . . 
• )UU • 

65575 

6557' 

ANALYSTS PERtoO - 20 YEARS 

INfLA'l'lON RATE: 17.00 PERCENT 
IN'J'ERf.S'J' RATE 6. IHI PERCENT 

ALTERNATIVE 

• < • 
DESCRJ PTION 
CO LO MTLl,OVERLAY 
RECUN!>TRUCT 
2 IN OVERLAY 

Ht:r ,..tstNT COST 
14089) • 
18l364. 
)69309. 

FiBure 13. 
bilitation. 

Example consequence of differing reha-

REHABILITATION 
AT TIME T1 --............ 

.... .... , 
' ' 

REHABILITATION 
AT TIME T2 

.... _ 

' ' \ 
\ 

' ' ..... ..... ', ......... 
~ .... 

\ .... , 
\ 

\ 
\ 
\ 

\ 
\ 

TIME,YRS 

a payoff can be realized during the early years of 
pavement maintenance management implementation. 

Probably the greatest benefit of this system is 
its contribution to the development of M&R con
sequence models that are based on all available 
data. With such models, previous M&R dec isions and 
policies can be assessed and future ones improved. 
Important "what if" questions can be answered, For 
example, what is the consequence of delaying any 
project or combination of projects for any period 
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of time in terms of cost and further pavement de
terioration (Figure 13)? What is the consequence 
of allowing heavier traffic to use a specific pave
ment section (Figu.re 14)? What is t 'he consequence 
of applying an asphalt s urface treatment instead of 
overlay or reconstruction (Figure 15) 1 Another 
payoff of the consequence models and life cycle 
costing procedU,res is the ability to predict and 
plan future M&R needs and budgets, as well as the 
abili t y to optimize a given budget and still ob
tain maximum benefits. 

Although the benefits are overwhelming, the 
pace of implementing a pavement maintenance manage
ment system depends on available money and man
power . However, it should also be realized that 
overcoming initial obstacles (e . g . , resource 
a vailability , data credibility, system residence, 
documents tion, in terdepar tmen tal communications, 
training) in implementing such a system is the most 
difficult step. 

Figure 14. Example consequence of change in traf
fic volume and/or load intensity. 

Figure 15. Example consequence of various mainte
nance and rehabilitation alternatives. 

PCI 

TIME,YRS 
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