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The United Kingdom Pavement Management System
(UKPMS) is a computer system currently being designed for
the economic management of the structural maintenance
budget of a road network. It is being promoted and funded
by most highway authorities in the United Kingdom, repre-
senting owners of all classes of roads, from congested city
streets to narrow rural roads. It will incorporate a new sys-
tem of visual data collection, data analysis, and budget allo-
cation for all paved areas within the highway boundary and
will combine data from different types of condition surveys.
Other significant features include the ability to project con-
dition data into the future; this enables the user to take
account of the economics of alternative maintenance treat-
ments when deciding where and what treatments should
occur. Because the economics of alternative maintenance
strategies are considered, UKPMS is, in essence, prioritizing
the solutions to structural road maintenance rather than, as
many systems do, prioritizing the problems. To test the in-
novative principles of UKPMS, and to test the new data col-
lection techniques, prototype software has been written. It
is being used by highway maintenance practitioners them-
selves during the current design stage. The core philosophy
of UKPMS is to defer treatments where it is cost-effective
and safe to do so and to give priority instead to preventive
maintenance.

United Kingdom, of which about 270 000 km are

in England. The most heavily trafficked routes in
England—the national roads—are looked after by the De-
partment of Transport (DoT). The national road network
includes about 2000 km of superhighways and some
8000 km of all-purpose trunk roads. Although they rep-
resent only 4 percent of the network, the national roads
carry about 30 percent of all traffic and about 55 percent
of heavy goods vehicle (HGV) traffic.

The remainder of the network in England—the local
roads—is the responsibility of the local highway authori-
ties: the county councils and metropolitan councils. To-
gether they look after nearly 260 000 km of roads, which
vary from small, lightly trafficked country lanes to
densely trafficked urban routes.

Central and local governments spend a significant
amount of money each year on the maintenance and man-
agement of the road network. The following table pre-
sents the level of road maintenance expenditure in
England in 1991-1992:

There are more than 360 000 km of road in the

Expenditure (£ millions)

Maintenance Type National Roads ~ Local Roads
Structural 400 480
Routine (cyclic) and

winter 160 320
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PAVEMENT MANAGEMENT BEFORE UKPMS

To control expenditure and ensure the best value for
money, highway authorities have designed various sys-
tems for maintenance management. For example, the
DoT has introduced a management system for the routine
(cyclic) maintenance of the national roads in England. It
enables inventory data—road, footpath, and shoulder
width and type; drainage provision; road markings; and
so on—to be collected using hand-held computers and
subsequently transferred for processing onto mainframe
or personal computers.

However, the need for structural, or noncyclic, mainte-
nance on British roads is assessed by highway authorities
in different ways. For example, the DoT uses a two-level
system. The first level—a coarse assessment—is carried
out using the High-Speed Road Monitor (HRM). The
HRM, developed by the Transport Research Laboratory
(TRL), makes use of contactless laser technology to mea-
sure, among other things, longitudinal profile and perma-
nent deformation (rutting) of the road surface. These
measurements are taken at up to 80 km/hr and are
recorded automatically for later computer analysis. The
entire national trunk road network is covered by one ma-
chine every 2 years, without inconvenience to the road
user. The HRM provides a quick and relatively inexpen-
sive method of assessing the serviceability of the national
road network.

The second level of assessment—the detailed assess-
ment—is carried out at the time of scheme design using a
combination of machine measurement and visual assess-
ment. The machine surveys are carried out using the de-
flectograph, which measures the transient deflection of
pavements under a known wheel load. It is used both to
assess the structural condition of the pavement in terms of
the residual life and to provide information for use in the
design of strengthening treatments.

Visual assessment methods are also used to record de-
fects. Measurements of the surface condition are recorded
using hand-held computers and automatically analyzed to
provide needs-led priorities and recommendations for
treatment.

A Sideways-Force Coefficient Routine Investigation
Machine (SCRIM), which travels at 50 km/hr, is used to
measure the wet skidding resistance of the road surface; it
covers the national road network on a 3-year cycle.

As good as all the current systems are, they produce
data sets that are not coordinated. All the systems are sep-
arate; they are related, for the department’s roads, by a
common referencing system, but data are not combined in
any way. An engineer may be faced with several survey re-
sults for the same section of road; some in paper form,
some computerized. Deciding on priorities in these cir-
cumstances is difficult.

A particular problem for local highway authorities
arises because not all the survey methods are relevant to

all classes of road. A county with an extensive rural net-
work may not wish to use expensive laser technology;
similarly, techniques used on these roads may not be rele-
vant to an authority with a large urban network with
many service provider openings, such as those for water
and electricity supply, in the highway.

PAVEMENT MANAGEMENT WITH UKPMS
History of Project

The Local Authority Associations (LAA) and the DoT es-
tablished a joint initiative in the mid-1980s to consider a
new pavement management system (PMS) that would re-
place the various existing methods of visual road condi-
tion assessment and be able to combine this visual data
with machine-based assessments. But it was important
that any PMS should manage the maintenance of all
roads: from heavily trafficked trunk roads to little used lo-
cal roads, both in towns and on interurban routes. In
short, the need was for a national PMS, now known as
UKPMS.

The total project is being managed in three stages.
Stage 1 was a feasibility/design study that established
draft user requirements and delivered to sponsors a pre-
liminary design for a UKPMS. It concluded that there
were significant benefits to be gained by taking UKPMS
forward.

All parties therefore decided to proceed with a full-
scale system design and prototype testing program—
Stage 2. Fifty percent of funding is provided by DoT, and
the rest by 91 local authority sponsors from England,
Scotland and Wales, and the Department of the Environ-
ment for Northern Ireland. A contract was established in
July 1990 with the aim of producing a logical design for
UKPMS together with the testing of prototype software;
a logical design being a machine- and data base-
independent specification of a computer system.

The final stage of the project, Stage 3—the implemen-
tation of UKPMS by each sponsoring highway author-
ity—is being discussed and planned; it will begin in 1994.

Brief Description of System

An engineering view of the structure of UKPMS is shown
in Figure 1. It is recognized that UKPMS must protect in-
vestment already made in data by the various highway au-
thorities. Standard format interfaces have therefore been
specified to enable links to be made to existing systems.

UKPMS is being designed to enable highway authori-
ties to

* Monitor the condition of the existing road network,
e Formulate options for maintenance treatments,
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FIGURE 1 Engineering view of UKPMS.

e Manage maintenance priorities, and
* Allocate limited resources on the basis of best value
for the money.

It will introduce significant innovations, which include

* A common auditable approach to road assessment
nationwide, based on both condition and economic
priorities;

* A flexible approach capable of use in all types of
highway authority and on all paved areas on all types of
road; and

e Cost-effective methods of data collection.

The remainder of this paper discusses in more detail some
of the innovative aspects of the system:

¢ The ability to tailor condition surveys to the needs of
a highway authority,

e Network analysis and the creation of schemes,

e Projection of condition data; and

e Priority optimization by cost—that is, economic
ranking,.

COLLECTION OF CONDITION DATA

Condition data used by UKPMS can be described as col-
lection by visual or manual methods or by machine or au-
tomatic methods.

Four new visual inspection systems have been designed
to take account of both the strengths and weaknesses of
current visual inspection systems currently in use in the
United Kingdom:

Annual engineering inspection (AEI),
Coarse visual inspection (CVI),
Aggregated visual inspection (AVI), and
Detailed visual inspection (DVI).

The AEI is essentially a windshield survey to give a rough
estimate of pavement condition. The output is aimed at
planning further surveys. Both AVI and DVI are detailed
surveys carried out on foot.

Machine inspections that UKPMS can use are

 HRM,
* Deflectograph,
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e SCRIM to measure wet skidding resistance, and
® Any other machine data whose output can match
that of those just given.

The user can pick and choose which survey to use for
particular types of road. On a rural network only a coarse
visual inspection may be necessary to formulate maintenance
schemes. On extensive super highway networks, all the
various detailed surveys may eventually be needed;
UKPMS can accommodate these extremes and all other
situations in between. This graded approach ensures that
the demands for data and analysis are kept in proportion
to the cost of the works.

NETWORK ANALYSIS AND SCHEME CREATION

General

The highway maintenance engineer, so as to decide the
right treatment, strives to ensure that the right amount of
data are gathered at the right time. To help this, the oper-
ation of UKPMS falls into two distinct passes. The first is
the automatic pass, where UKPMS will process data for
the entire network automatically to provide a coarse
ranking of maintenance schemes for final design or to
identify those schemes warranting more detailed investi-
gation before final design is carried out. The maintenance
engineer uses the second pass—the interactive pass—with
the results of the automatic pass, and other data available
within UKPMS, to combine defective lengths of the net-
work to produce maintenance schemes and undertakes
the detailed design of the works.

Automatic Pass

The automatic pass is intended to analyze the entire net-
work, or convenient subsets of it, to determine priorities
for investment in maintenance works. The central pro-
cessing functions of UKPMS work as follows:

1. Sections of road are split into lengths of uniform de-
fectiveness known as “defect lengths,” which are defined
as lengths of a feature (roads, sidewalks etc.) in a single cross-
sectional position (e.g., lane) in uniform condition.

2. Defect lengths are rated on a scale of 0 to 100, where

-0 is “good,” or where further improvement would
not be of any significance, and

-100 is “bad,” or where further deterioration would
not be of any significance.

3. Defect ratings are combined into condition indexes
(Cls); those used in UKPMS are

—Surface,
=Structure,
-Edge (bituminous surfaces only),

—Joint (concrete surfaces only), and
—Opverall.

4. To allow condition assessment to use up-to-date in-
formation, the condition is projected on a time basis, to
the current date.

5. CIs are input into algorithms to produce treatments
for each defect length.

6. Cost estimates are produced by multiplying esti-
mated treatment quantities by unit rates.

7. Priority indexes are produced by comparing Cls
with user-defined thresholds. Highest priority is given to
those indexes exceeding the thresholds by the greatest
amount.

8. Budgets are prepared for treatments under user-
specified budget heads.

As a result of extensive research carried out at TRL,
rules and parameters have been identified and tested. The
starting point of the research was to identify the level of
defect that would trigger a change in treatment. Figure 2
shows, for a selection of flexible pavement defects, the
level of measured defect required to trigger a particular
treatment, together with an example of defects that work
in combination to cause particular treatments to be trig-
gered. Defect ratings for a selection of bituminous defects
are given in Table 1. (In Table 1, residual life is the num-
ber of years until the road becomes critical and requires
major strengthening by overlaying; it is calculated from
pavement deflections measured by deflectograph and
from past and future traffic loading. Whole carriageway
major cracking is wide single cracking greater than or
equal to 2 mm or multiple cracking and coarse crazing.
Wheeltrack rutting is the depression of the wearing surface
in the vehicle wheelpaths relative to the rest of the wear-
ing surface. Wheeltrack major cracking is wide single
cracking greater than or equal to 2 mm or multiple crack-
ing and coarse crazing occurring within the wheelpaths.)

CI rules define how the various rated defects are com-
bined to give CI values that will identify the need for treat-
ment. Within these rules, precise values of coefficients had
to be specified to ensure that boundaries between treat-
ments occur at particular measured defect values. For ex-
ample, the structural CI for a flexible pavement is the
highest rating of

1.0 X residual life

0.95 X WC major cracking

0.5 X residual life + 0.6 X WC major cracking
0.75 X WT major cracking + 0.3 X WT rutting
0.3 X WT major cracking + 0.75 X WT rutting
or

0.8 X failed patching/reinstatement

where WC is whole carriageway and WT is wheeltrack.
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FIGURE 2 Treatments required for levels of defects on flexible pavements.

The automatic treatment selection procedure is con-
trolled by sets of rules. Each rule, in a set, defines the val-
ues of various Cls—such as surface, structure, and
edge—that will trigger a treatment. An example of a typ-
ical rule could be
When
Structural CI = 70,

Surface CI = 40, and
Edge CI = 0,

Then treatment is strengthened by bituminous overlay.

However, within UKPMS, the rules use not CI values di-
rectly but numbered treatment selection thresholds
(TSTs). Each TST rule comprises a set of CI values. These
TSTs allow the condition of the road pavement to be com-
pared with a set of CI values. One treatment is associated
with each TST. The assignment of TST variables to rule sets
within UKPMS is fixed, but the user assigns the CI values
to each TST depending on road classification and type of
pavement. The TST values proposed for flexible pave-
ments in the DoT road network are shown in Table 2.
For each defect length the treatment selection process
tests the CI values against each rule of the appropriate
rule set, in turn, until the CI values satisfy a rule. The
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TABLE 1 Defect Ratings for Flexible Pavements

Residual Life Wheeltrack Major Cracking
Mean Life Years Rating % Length Rating
20 0 0 0

4 50 15 66.67
2 70 25 93.34
0 90 100 100
-10 100

Whole Carriageway Major Cracking Wheeltrack Rutting

% Area Rating Depth (mm) Rating
0 0 0 0

20 52.64 15 66.67
40 73.69 25 93.34
60 94.74 100 100
100 100

treatment associated with that rule is then assigned to the
defect length. The treatment selection rules proposed for
DoT flexible pavements are given in Table 3.

As an example of how the automatic treatment selec-
tion process works, assume the condition of a length of
road is

Structural CI = 78

Surface CI = 20
Edge CI = 40

Each rule in Table 3 is tested against these values.

® Rule 1 fails because the structural CI of 78 is less
than the TST6 value of 90.

e Rule 2 fails because the edge CI value of 40 is less than
the TST1 value of 50.

* Rule 3 passes the test, so the treatment of overlay is
assigned to the defect length.

TABLE 2 Treatment Selection Thresholds for Flexible
Pavements

Treatment Selection Threshold Condition Index Value

TSTO 0

TST1 50
TST2 40
TST3 70
TST4 90
TST5 80
TST6 20
TST11 90
TST12 80
TST13 70

Although it is possible to use raw defect data to trigger
treatments, defects need to be rated so that network con-
dition can be monitored and network trend analyses
carried out.

It should be noted that within UKPMS, as well as the
definitions of all defects, all the calculations concerned
with combining and rating defects, and indeed the Cls
themselves, are parameterized. Consequently, any new or
different defect or new machine collecting techniques can
easily be incorporated into the system. This has been
adopted throughout the design of UKPMS to ensure max-
imum flexibility.

Interactive Pass

It is recognized that the rules embedded in the automatic
pass—for example, those for treatment selection—will
not match the skill and knowledge of an experienced en-
gineer. The engineer can refine the allocation of the avail-
able budget and the details of treatments to be applied
using the interactive pass. The interactive pass uses the
same processing as the automatic pass, but the user “steps
through” the modules and progressively builds up treat-
ments and schemes for possible implementation within
next year’s allocated budget. It is intended that the prior-
ity list of treatments identified in the automatic pass forms
the basis of the detailed analyses in the interactive pass, but
the user is free to select the schemes to be evaluated and
can choose to evaluate the entire network on this basis.
When working interactively, the user may access other
data held in UKPMS, such as

¢ Network section data (e.g., length),
Inventory (e.g., width, surface type),

Traffic data (e.g., daily flow),

Accident data (type and number),

Condition surveys (e.g., raw condition data),
Results of automatic processing, and
Construction and maintenance records.

From this information, the user can then define

» Treatment lengths (i.e., lengths over which the treat-
ment is constant and that typically span several of the de-
fect lengths produced by automatic processing),

o Treatment length options (i.e., treatments that could
be applied to cure some or all defects within a treatment
length), and

* Schemes and scheme options, which typically comprise
several treatment length options,

As treatment lengths options and scheme options are
created, their priority indexes are calculated (see next
section).
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TABLE 3 Treatment Selection Rules for DoT Flexible Pavements

TSTs
Rule Structural Surface Edge Treatment
Number
1 =6 Any Any Reconstruction
2 >3 Any =1 Edge reconstruction + Overlay
3 =3 Any <1 Overlay
4 =1 Any =1 Edge Reconstruction + Overlay
5 > 1 Any <1 Resurface by Inlay
6 <1 >1 > 1 Edge Reconstruction + Overlay
7 <1 =1 <1 Resurface by Inlay
8 <1 =2 =1 Edge Reconstruction + S Dress
9 <1 =2 <1 Surface Dress
10 <1 <2 =1 Edge Reconstruction
11 <1 <2 <1 None

Note: from Table 2, TSTI = 50; TST2 = 40;

PROJECTION OF CONDITION AND
PRIORITY RANKING

UKPMS can be classed as a third-generation PMS when
compared with the more common first-generation sys-
tems currently in use in the United Kingdom. (Second-
generation systems include basic facilities that enable
conditions to be projected so that trend analyses can be car-
ried out.) The important third-generation facility is the
ability to carry out optimization of multiple options of
treatments for all sections of the network for the budget
in the treatment year. This ability to maximize economic
benefit under conditions of budget constraint is included
within UKPMS. This facility is of particular interest to the
DoT because, in the analysis of cost implications for fu-
ture years, it has been shown to give rise to substantial
benefits.

Priority optimization is a method of setting priorities
for maintenance expenditures, when budgets are con-
strained, by minimizing the longer-term costs. In other
words, the method requires that in addition to consider-
ing the cost implications this year, the implications for fu-
ture years must also be taken into account. This is a
fundamentally different approach to that adopted by
many other systems that react to current conditions,
rather than looking at the consequences of likely changes
in conditions and, therefore, costs with and without
treatment.

Condition Projection
For priority optimization to work, the system must have

the ability to project pavement condition into the future.
This gives immediate benefits, since treatments are not

TST3 = 70; TST6 = 90

normally undertaken until at least 1 year after condition
surveys are carried out, given the time required for rela-
tive prioritization and establishing funding. Whereas
many systems determine next year’s treatment on the ba-
sis of this year’s condition, UKPMS determines next year’s
treatment on the basis of condition projected forward to
next year from the current condition. This improves the
basis for decision making, because decisions on treat-
ments are based on conditions prevailing at the time the
treatment is needed, rather than at the time of the
assessment.

Prediction of pavement conditions is also required for
longer periods into the future so that historical data can
be projected forward and future trends in network condi-
tion estimated. UKPMS takes a pragmatic approach to
this by using standard-shaped curves relating condition to
time, which extend between (0,0) and (1,1) in two-
dimensional space. The relationships are generalized using
five constants (a, b, ¢, d, and k) to define the curve given
by Equation 1.

=kla+ (b —a) X (_x—_c)] 1
y=Ha+(b-axfE=d 1)
where
y = defectiveness,
x = time,
y = g when x <,
y = b when x = d, and
k = 1 (in first implementation).

The relationship is shown diagrammatically in Figure 3.
Deterioration curves for a defect on a particular section

of road are user-definable and are specified as a series of

discrete points; intermediate values are determined auto-
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FIGURE 3 Generalized deterioration relationship.

matically by linear interpolation. Alternatively, default
curves have been proposed for the first implementation of
UKPMS, given that users may not have the data from
which to define curves.

Selection of Deterioration Curves

As a result of a comprehensive research study carried out
by TRL, the generalized curve form to most appropriately
represent the long-term deterioration trend for each of the
defects on each pavement construction type was derived
in two stages

1. Deterioration trends exhibited by each of the de-
fects were identified; and

2. A standard curve form was assigned to fit the ob-
served trend. Standard curves include linear, exponential,
quadratic, and S-shaped curves.

An extract from the catalog of curve types proposed for
fully flexible DoT roads is shown in Table 4. (In Table 4,
PCV is the proportional change in variance, which is the
proportional difference over 2 years in the variance of the
deviation from the 3-m moving average of the pavement’s
profile measured by the High-Speed Road Monitor. WT ma-
jor tracking is as defined for Table 1. Whole carriageway
major fretting is loss of material other than chippings
from the wearing surface to the degree that the original
wearing surface is no longer discernible. Whole carriage-
way minor fretting is loss of material other than chippings
from the wearing surface although the original wearing
surface remains discernible.)

Once the choice of curve function has been made, its
shape can be changed by altering the values of 4, b, ¢, and
d. For skid resistance values, for example, 4 is greater than
b so that the relationship gives decreasing values over time.

To predict future values of defects, it is necessary to fit
the curves to existing measurements of condition. For the
curves to fit current condition data measurements, they
are shifted along the time axis to pass through the current
value. Where historical data exist, curves are stretched or
shrunk along the time axis to give the best fit to past data
but weighted to give more emphasis to recent data.

A comprehensive sensitivity analysis has also been car-
ried out that shows that the projection of defects, for up
to about 4 years, is not sensitive to small differences in de-
finition of the base curve. It is considered that reasonable
projections can be obtained over the limited number of
years necessary for priority optimization to operate.

TABLE 4 Selection of Pavement Deterioration Forms

Carriageway Measurement Curve Form Maximum Duration

Defect Units Defect Limit (Years)
Start  Finish

WT Rutting mm Cubic 100 mm 0 40

WT Major % Length  S-curve 100% 10 30

Cracking

WC Major % Area S-curve 100% 10 30

Fretting

WC Minor % Area S-curve 100% 6 20

Fretting

PCV % Exponential 600% 2 40
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Setting Priorities

Since maintenance budgets are normally constrained,
choices must be made about which maintenance should
be undertaken now and which should be deferred for an-
other year or more. Current maintenance systems give
priority to remedial measures on those roads in worst
condition but do not help the choice between the more ex-
pensive treatments and their timing. However, it can be
shown that such an approach inevitably leads to a back-
log of work building up.

UKPMS can make recommendations with a view to
minimizing future, or whole life costs. In particular, the
following costs are included

e Future maintenance costs, and
e Costs to the road user: accidents and delay costs at
times of maintenance.

Basing priorities on the principle of minimizing longer-
term costs overcomes the problem of a backlog of work
building up. This is the basis of priority optimization,
which defers treatments where there is little immediate
cost penalty of doing so. In essence, this gives more prior-
ity to preventive treatments, which are more cost-effective
over time.

An approach to setting priorities in this way is to use a
whole life cost model to determine the net present value
(NPV) of each option by comparing the costs associated
with carrying out the treatment, the do-something case,
with those costs associated with doing either nothing or
the minimum treatment possible, the do-nothing or do-
minimum case. The option providing the highest NPV
should be given priority.

When budget constraints apply, choice of schemes and
treatments of schemes, in terms of highest NPV-to-works
cost ratio, will ensure that the NPV is maximized within
the constraints.

Within the context of UKPMS are several problem
areas when applying the NPV test:

e There is a need to make traffic projections for long
periods into the future to cover the whole of the evalua-
tion period:

® Capacity problems are likely to occur on major
roads if traffic continues to grow through the evaluation
period; UKPMS would need a comprehensive traffic
model when considering costs and benefits of capacity im-
provements on new routes.

¢ The identification of appropriate future maintenance
treatment (and road user) costs relies on the projection of
pavement condition, both in the do-something and the
do-minimum cases, over the whole evaluation period.

® Decisions on future maintenance treatments—as is
the case with all long-term evaluations—require assump-

tions to be made about their economic viability and about
the availability of budget for their funding.

The DoT has developed a whole-life cost model, to be
known as COMPARE, that addresses these issues, but its
data requirements are such that it is inappropriate for use
by the smaller highway authorities on their local roads. As
a result, a different approach had to be sought.

The alternative method of priority optimization pro-
posed for UKPMS is based on a technique developed dur-
ing the UKPMS design study. A similar but simpler
technique had been used by Rendel et al. (Department of
Transport, unpublished document, 1989) in a project they
had previously carried out in an overseas country. It involves
determining priority rankings, which are based on the
benefits derived in the first year of operation only, and on
the annualized costs of the first and subsequent treat-
ments. Annualized cost is the “equal annual cost which,
when discounted and summed over the life of the treat-
ment, is equivalent to the total cost of the treatment.”

In this proposed simplified method, the ratio of NPV to
cost, which would be the normal criterion for ranking
schemes, is replaced by an economic indicator (EI). This
is calculated for each treatment option by considering the
costs resulting from carrying out a treatment now and
those resulting from deferral of the treatment, as follows:

(Tiam = Tas)

EI = 100 X (2)

where

Tym = sum of total annualized costs resulting from
deferring a treatment or doing a holding (mini-
mum) treatment (do-minimum case);

T4, = sum of total annualized costs resulting from
carrying out a treatment now (do-something
case); and

C = cost of do-something treatment minus cost of
do-minimum treatment

Annualized costs are calculated for

e Pavement structural maintenance and/or surface
maintenance, and
® Routine maintenance costs;

plus, if the user wishes,

* Cost of traffic delays during works, and
¢ Costs of increased accidents at roadworks,

The value of EI can be considered as a surrogate for the
NPV-to-cost ratio; the larger its value, the higher the
scheme is placed in the priority list. A negative value of EI
indicates that the treatment cannot be justified on eco-
nomic grounds.
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Highest economic cost indicators arise for “doing
something” when either

* A more expensive treatment will be needed next year
if the treatment is deferred this year, or

e The treatment provides a longer-lasting solution
than a minimum holding treatment with a relatively high
cost and a short life.

An example of this approach is shown for the scheme in
the following table:

Treatment Cost
Type Year Life Treatment (£ thousands)
Do minimum $§ 20 Reconstruct 27
Do something 0 15 Edge recon-
struct 12

1 8 Surface dress  0.35

The calculations to produce the economic indicator for
this scheme are given in Equations 3 through 9, where
Equations 3 through 6 show the calculations for the do-
something case, Equations 7 and 8 show the calculations
for the do-minimum case, and Equation 9 shows the final
calculation necessary to produce the EL

(12 X 0.07)

AC 0)= ————=—=1.32 3
1(}’631' ) (1 — 1.07_15) ( )
(0.35 X 0.07)
AC 1)=—————- =0.059 4
biyens 1 === (4)
0.059
AC 0)=—"==10.055 5
»(year 0) 1.07 ()
AC = 1.32 + 0.055 = 1.375 (6)
(27 X 0.07)
AC S)=————— =255 7
1(Yeaf ) (1 — 1.07_20) ( )
2.55
AC 0) = =1.82 8
i{year 0) 107 (8)
El = 100 X 182 -1.375 _ a7 (9)
12-0

where AC is the annualized cost and AC, (year y) is the
annualized cost for treatment ¢ in year y.

This approach requires the projection of pavement
condition and traffic flow for a maximum of only 2 years
beyond the present year. It is anticipated that it can there-
fore be used by maintenance engineers with greater con-

fidence. In particular, it avoids the complications of con-
sidering future capacity limitations on roads when
assessing maintenance works.

BENEFITS

Priority optimization within UKPMS will be provided to
enable

® Treatments to be identified that provide a return
greater than their cost,

* Most cost-effective treatments to be chosen from a
range of possible treatments, and

e Priorities for investment to be determined under cir-
cumstances of budget constraint.

Analysis carried out as part of the UKPMS design study
has demonstrated convincingly that the priority optimiza-
tion method proposed leads to not only lower costs for
highway authorities, but also improved road conditions
over time. The DoT recognizes the significant benefits to
be gained in adopting such an approach for determining
priorities of maintenance schemes. The availability of pri-
ority optimization in UKPMS will enable all highway au-
thorities to take advantage of its benefits.

CONCLUSIONS

In essence, the answer to one question will decide both the
treatment and its timing. Will the treatment cost any more
in real terms if it is delayed until the next year? If it will,
and there is sufficient budget, program the work; if not,
defer the scheme for 1 year. Under that principle, costly re-
construction schemes will no longer have an automatic
first call on the maintenance budget. UKPMS will thus en-
courage funding of less expensive but more cost-effective
treatments than systems that choose treatments on the ba-
sis of condition alone. The core philosophy of UKPMS is
to defer treatment where it is cost-effective and safe to do
so and give priority instead to preventive maintenance.
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