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DESIGN MANUAL FOR ROADS AND BRIDGES

VOLUME 7 PAVEMENT DESIGN AND
MAINTENANCE

SECTION 2 PAVEMENT DESIGN AND
CONSTRUCTION

PART 3

HD 26/94 AMENDMENT NO 3

DESIGN CRITERIA

SUMMARY

This amendment consists of a revised Chapter 5 to
HD 26/94. The changes reflect the latest understanding
about how flexible pavements deteriorate and gives
advice on terminology.

INSTRUCTIONS FOR USE

1. Remove existing Chapter 5 from Volume 7,
Section 2, Part 3 and archive as appropriate.

2. Insert revised Chapter 5 into Volume 7, Section 2,
Part 3.

3. Archive this sheet as appropriate.

Note: A quarterly index with a full set of Volume
Contents Pages is available separately from The
Stationery Office Ltd.
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AMENDMENT NO. 3 (FEBRUARY 1998)

Replacement Pages

Page number      Date

Chapter 5 - Pages 5/1 - 5/4 February 1998

The replacement front sheet supersedes that dated March 1995. The superseded pages should be archived as
appropriate.

Implementation

The replacement pages should be used forthwith on all schemes for the construction, improvement and maintenance
of trunk roads, including motorways.

Amendments







































Volume 7  Section 2
Part 3  HD 26/94

February 1998

5. DESIGN CRITERIA

5/1

Chapter 5
Design Criteria

BASIS OF THE DESIGN

5.1 The designs given in this chapter are based on the
work of the TRL; in particular on the reports LR1132
(1984), for flexible and flexible composite construction,
and RR87 (1987), for rigid and rigid composite
construction. They also take account of some later
research on new pavement materials.

5.2 LR1132 is based on observations and
measurements of full scale road experiments over a 20
year period, supplemented by structural analysis to
rationalise and extend the data. The analysis uses the
elastic stiffness modulus of the various pavement and
foundation layers, to calculate the strains developed
within the structure. The strains are related to pavement
life.

5.3 RR87 is largely empirical, based on the
performance of full scale experimental roads. For
continuously reinforced concrete there is little
performance data and designs have been extrapolated
by a comparison between jointed unreinforced and
reinforced concrete. For rigid composite structures, an
allowance has been made for the structural contribution
and thermal insulation effected by the bituminous
surfacing.

COST IMPLICATIONS

5.4 A Whole Life Cost assessment of a pavement
considers the following elements:

Works Costs:
a) New Construction
b) Maintenance
c) Residual Value

User Costs:
a) Traffic Delay
b) Accidents at Roadworks
c) Skidding Accidents
d) Fuel Consumption/Tyre Wear
e) Residual Allowance

5.5 A minimum whole life cost is generally achieved
when a design life of approximately 40 years is
assumed. For this reason, the standard design life for all
types of pavement, with appropriate maintenance, is 40
years.

5.6 Appropriate staged construction can minimise the
whole life cost and provide the required serviceable life.
The first stage of construction for flexible composite
pavements is normally designed for the traffic loading
predicted to occur over 20 years. Major maintenance in
the form of overlaying and/or partial reconstruction will
then be required to carry the traffic loading predicted to
occur over the succeeding 20 years. In addition to major
maintenance, surface treatment in the form of surface
dressing or resurfacing would be expected to be
required at about 10 years and 30 years. The period
until surface treatment is required will also vary
depending on the site's requirement for skidding
resistance. For some fully flexible pavements, the first
stage would normally be 20 years as for flexible
composite pavements. However for many pavements
with heavy design traffic in relation to the capacity of
the layout, and for schemes where whole life costing
will be taken into account, a 40 year design life should
be included as an option. A flexible pavement designed
for a 40 year life should, with a well maintained
surfacing, give a long life with little major maintenance
required. Porous asphalt surfacing is likely to have a
shorter life than hot rolled asphalt. Therefore where
porous asphalt is used, allowance should be made for
more frequent maintenance. Rigid and rigid composite
pavements are designed not to require major
maintenance for 40 years, although surface treatments
and repairs will still be required.

USE OF POROUS ASPHALT

5.7 A number of factors need to be considered before
using Porous Asphalt (PA) surfacing. Most decisions
will be based on a broad judgement, having regard to
the objectives required for each site. It is not possible to
quantify all the costs or benefits in monetary terms with
any degree of confidence. Judgement is still needed to
interpret the results of any assessment. The following
points should assist in deriving costs and benefits in
order that a decision can be made.

Relative Costs

5.8 PA may be more expensive initially than
conventional road surfacings, for the following reasons:

a) A greater quantity of high quality aggregates is
required, compared with rolled asphalt, to
maintain the required level of skid resistance.
Bitumen content is significantly reduced and pre-
coated chippings are not required, resulting in a
counter-balancing cost saving;
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b) It also contributes less to the structural strength of
the pavement than conventional HRA surfacing
increasing overall thickness of the pavement by
approximately 25mm. The consequential effects
of this increase on the earthworks and drainage
design and their costs needs to be considered.

5.9 To determine the relative costs of surfacing
pavements with PA, compared with other materials, it is
necessary to take account of the durability of the
surfaces. PA may require replacement at an earlier date
than hot rolled asphalt but current indications are that
the expected life can be in excess of 7 years (although it
is expected the use of modified binder will give longer
life expectancy), compared with about 10 years for
rolled asphalt. There is no maintenance treatment for PA
surfacing if all the properties of the material are to be
retained, other than replacement. The consequential
traffic delay costs brought about by this increased
frequency of maintenance treatment need to be taken
into account in addition to those aspects already
considered above.

5.10 While the quantifiable benefits obtained may be
modest, the use of PA is considered worthwhile on trunk
roads at accident sites where skidding accidents, which
may have been attributed to wet weather spray, have
occurred. Although TRL research does not indicate a
strong link between accidents and spray on road
surfaces in wet weather, the relative costs and benefits
of reducing accidents at the site, need to be assessed for
each case.

5.11 The use of PA in noise sensitive areas may reduce
noise from traffic travelling on high-speed roads. Any
extra cost associated with the use of PA at a site should
be compared with alternative means of securing an
equivalent reduction in noise levels as, for example,
would be obtained by moving the line or level of the
road or providing or increasing the amount of provision
for noise barriers or noise insulation to affected
buildings.

5.12 The use of PA for noise reduction purposes on
trunk roads should only be considered where the
intention is to use PA at the outset and to re-use PA
when renewal becomes due. Costs of the use and re-use
of PA should be taken into account when considering
relative merits of various forms of noise attenuation
(insulation, barriers, bunds, PA etc). Other low-noise
surface options should always be considered.

5.13 A decision on whether or not to use PA should be
taken only after consideration of all the above relevant
factors.

5.14 The Overseeing Organisation may be consulted
for advice on the suitability of using PA in particular
circumstances. Further details on PA are contained in
HD 27 (DMRB 7.2.4.5) and also will be available in
HD 37 (DMRB 7.5.2)

DEFINITIONS OF FAILURE AND
INVESTIGATORY CONDITIONS

5.15 All pavements in this Volume are designed to
carry the traffic estimated to occur over 40 years, with
appropriate maintenance over that period. A well
constructed flexible pavement though, that has been
built above a threshold strength, will have a very long
structural life, provided that distress in the form of
cracks and ruts appearing at the surface, is treated
before it begins to affect the structural integrity of the
road.

Fully Flexible and Flexible Composite Pavements

5.16 Appropriate maintenance for flexible (20 year)
and flexible composite (determinate) pavements
includes a strengthening overlay after about 20 years -
when these pavements are expected to reach the onset of
the “investigatory” phase. Whole life costing studies
showed that if these pavements are designed to reach
the investigatory phase after about twenty years, then an
overlay applied during the investigatory phase
minimised whole life costs. It is for this reason that a 20
year initial design life to strengthening was chosen and
why pavements are designed to carry the traffic loading
(in millions of standard axles - msa) estimated to occur
over this initial 20 year period.

Critical and Investigatory

5.17 The term “critical” is no longer used. For
information on the relationship between “investigatory”
and “critical”, refer to Annex 3 of HD29 (DMRB
7.3.2). For flexible and flexible composite pavements,
the onset of critical conditions was defined as the stage
in the pavement’s life when the deterioration in its
structural strength, as measured by its deflection,
became unpredictable. Critical was never a single
moment, but a period lasting some time, and was never
meant to imply that a treatment was definitely required.

5.18 In a similar manner, should treatment not be
carried out during the “investigatory” phase, there is a
risk that subsequent deterioration will occur at an
increasing rate, and failure conditions rapidly reached.
This may require reconstruction of the whole
pavement. Whole life costing studies have shown that
reconstruction will be less economic than intervention
during the investigatory phase, and the full design life
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to failure (20 mm rut or severe cracking) will not be
achieved. Because of the above risk, it is advised that a
flexible or flexible composite pavement should usually
be strengthened when 15% of a suitable treatment
length has entered the investigatory phase. On average,
up to 15% of such pavements, designed according to
this Volume, can be expected to have reached the
investigatory condition by the time the design traffic has
been carried.

Residual Life

5.19 Residual life is the time period before a pavement
is expected to enter its investigatory phase. Although
residual life is given in years it is dependent on the
traffic loading that the pavement has carried, an
estimate of future traffic loading it is likely to carry, and
the actual measured deflection. For example, a
pavement may have been designed to carry 80msa in 20
years. If by year 12 it had carried 70msa, and is
estimated to carry 10msa in the next two years, the
remaining life is not necessarily 2 years but will depend
on the measured deflection and may indicate a total
carrying capacity greater or less than the 80msa design.

5.20 A pavement that has zero residual life is just at,
or has passed into, the investigatory phase of its life.
The rate of structural deterioration may stay the same or
decrease slowly or rapidly. At some time after a
pavement has entered the investigatory phase there will
be an optimum time at which to overlay. Unfortunately,
one cannot predict with certainty when this will occur;
one can only monitor deflection and surface condition
trends, and look for changes which signal an increase in
structural deterioration.

Life Cycle

5.21 There are four main phases of structural
deterioration of a flexible pavement:

a) A period when a new or strengthened pavement is
stabilising; strength is variable but generally
increasing;

b) A period of stability when strength may remain
stable or slowly increase or decrease, and the
pavement’s rate of structural deterioration may be
predicted with some confidence;

c) A period when a pavement’s structural
deterioration becomes less predictable. Strength
may either continue as before or gradually or
rapidly decrease. Pavements entering this phase
should be monitored and investigated to ensure
that the next phase is not reached; hence this
phase is termed the “investigatory” phase;
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d) The pavement deteriorates to a condition from
which it can be strengthened only by total
reconstruction. Once this phase has been reached
the pavement has reached “failure” conditions. It
is important to realise however that such
pavements may not need reconstruction
immediately, but will probably have several years
of life left in them before maintenance is
required.

During the second phase, the rate of deterioration can be
predicted with reasonable accuracy, but in the third
phase, the rate of deterioration to structural failure is
difficult to forecast with any certainty. This does not
mean that the pavement is necessarily in immediate
danger of failure - there may be many years of useful
life left in it before a strengthening overlay is required.
Pavements entering the third phase must therefore be
monitored and investigated to ensure that any
maintenance treatment is, in fact, required.

Flexible Composite Pavements

5.22 In flexible composite construction, transverse
shrinkage cracks will tend to occur in the cement bound
material (CBM) roadbase very early in the life of a
pavement. Observations have indicated that these
primary transverse cracks will not have a significant
effect on the structural performance of the pavement,
unless the soil beneath the sub-formation is moisture
susceptible. They are not therefore taken into account in
determining the onset of the investigatory phase even if
they reflect through the bituminous layers and become
visible at the surface.

5.23 Typically, the combined effect of traffic and
temperature will result in a gradual deterioration of the
CBM roadbase from both secondary transverse cracking
and longitudinal cracking, generally in the wheelpaths.
Pavement designs where this gradual deterioration is
anticipated are described as having a “determinate” life,
and are designed on the same basis as fully flexible (20
year) pavements, ie they are designed to reach the
investigatory phase of their life after about 20 years.
Some reconstruction and replacement of the roadbase
may then be required together with a strengthening
overlay to extend its life in a predictable manner.

5.24 Research has shown that if the pavement is
designed so that the strength and thickness of the CBM
roadbase are both sufficient to resist the combined
effects of traffic and temperature, the roadbase will
have a long but indeterminate life, and should not
generally need replacement at the end of the first stage
of the design life. Pavement designs of this type are

5/3
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termed “indeterminate”. Designs for indeterminate life
are intended to be used for design traffic loadings
greater than 20 msa and/or where traffic delays due to
future maintenance are likely to be severe.

Rigid Pavements: Jointed Reinforced Concrete
Pavements

5.25 The failure condition of a Jointed Reinforced
Concrete (JRC) pavement represents the end of its
serviceable life, and the point where the rate of cracking
begins to increase rapidly. At that stage the life of the
pavement might be extended by suitable strengthening
measures rather than excavation and complete
reconstruction. During the life of the road, some
replacement of the concrete slabs will be required in
addition to the resealing of joints and any arris and thin
bonded repairs that may be required, see HD 32
(DMRB 7.4.2).

5.26 In Jointed Reinforced Concrete (JRC) pavements,
individual bays are judged to have failed when the
length of wide cracking per bay exceeds one lane width.
On average, up to 50% of bays can be expected to reach
the failure condition by the end of the design life.

Rigid Pavements: Unreinforced Concrete
Pavements

5.27 In Unreinforced Concrete (URC) pavements,
individual bays are judged to have failed if any one of
the following defects are present:

a) A medium or wide crack crossing the bay
longitudinally or transversely. A medium crack is
defined as greater than 0.5mm wide and
accompanied by a partial loss of aggregate
interlock across the fracture. A wide crack is
defined as greater than 1.5mm wide and
associated with complete loss of aggregate
interlock;

b) A medium longitudinal and medium transverse
crack intersecting, both starting from an edge and
longer than 200mm;

c) Wide corner cracking, more than 200mm radius
centred on the corner.

On average, up to 30% of bays can be expected to have
reached one of the failure conditions by the time the
design traffic loading has been carried.

Rigid: Continuously Reinforced Concrete
Pavements. Rigid Composite (CRCR) Pavements

5.28 Since there are relatively few old examples of
Continuously Reinforced Concrete (CRCP and CRCR)
pavements of appreciable age in the UK, it is difficult to
define the condition expected at the end of the design
life. However, the period before the pavement requires
structural strengthening is expected to be at least the
design life, if designed in accordance with this Volume.
Likely maintenance will be localised full depth repairs
for punchouts, and spalling of CRCP as well as surface
treatments to restore skidding resistance for both CRCP
and CRCR. The criteria for structural strengthening are:

a) When most cracks are wide, reinforcement is
showing signs of corrosion; sub-base or subgrade
is affected by water penetration;

b) Settlement has resulted in a profile which
seriously affects surface water drainage.

SPECIAL CONSIDERATIONS

5.29 A factor which is likely to be of primary
importance is the degree to which future maintenance is
likely to cause disruption. In some cases, it may be
necessary to consider a slightly more expensive
pavement solution, to reduce traffic disruption
associated with future maintenance works.












