Advanced Pavement Design

LECTURE 1:Advanced
Pavement Design,

Introduction




How the course will deliver
* Three hours weekly

e Two intermediate exam
* Poster

e Seminar

 Paper (optional)
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Advanced Pavement Design: introduction II -'!

* These lecture notes are dealing with the design of pavements.
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Unbound sub-base

« Before we start with a discussion on stress and strain analyses in such
pavements, we better ask ourselves “what is a flexible pavement” or
“what do we define as being a flexible pavement”.



* In these notes, all pavements which are not considered to be a cement
concrete pavement or a concrete block (small element) pavement are
considered to be a flexible pavement. This implies that also, pavements with
a relatively stiff cement treated subbase or base are classified as a flexible
pavement. Some examples of what is considered to be a flexible pavement

are given in figure 1

I I III v
50 mm asphalt 50 mm asphdt 50 mm porous asphalt 200 mm polymer
concrete top layer; 150 concrete top layer; 150 concrete; 200 mm modified asphdt
mm unbound base; mm unbound base; asphat concrete; 300 concrete; 00 mm lean
150 mm un-bound 150 mm mm unbound base of concrete base;
subbase; aubgrade cement trea- ted recyded m aterial; subgrade
subbase; subgrade subgrade

Figure 1: Different types of flexible pavement structures.
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 In the South African structures, the bearing capacity of the pavement is provided
by the unbound base and subbase (structure 1) or by the unbound base and

cement treated subbase (structure Il). The asphalt top layer provides a smooth

riding surface and provides skid resistance.
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These structures have been successfully used in South Africa for moderately
(structure 1) and heavily loaded (structure Il) roads. The “secrets” of the success of

these pavements are the high quality, abundantly available, crushed materials

used for the base and subbase and the high levels of compaction achieved.

a2 ‘ ~
Lk B, T Y
s s AR R

p—
-

T le

ot e 10 . et r P

——




!!vance! !avemen! BeS|gn: II‘I!I‘O!UC!IOI‘I ‘ - ,

» Furthermore, the minimum CBR required for the subgrade is 15%. When that is not reached,

improvement of the subgrade should take place.

» The cement treated subbase as used in structure Il not only provides a good working platform for the
construction and compaction of the unbound base but also influences the stress conditions in the

pavement such that relatively high horizontal confining stresses develop in the unbound base. As we

know, unbound materials become stiffer and stronger when the degree of confinement increases.
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 Structure Il is an example of a highway pavement structure in the Netherlands. One will observe
immediately the striking difference between structure 11 which is used for heavily loaded pavements
in South Africa and structure 111 that is used in the Netherlands for these purposes. The reasons for
these differences are quite simple being that the conditions in the Netherlands are completely
different. There are e.g. no quarries in the Netherlands that can provide good quality crushed
materials; these have to be imported from other countries.

I I III v
50 mm asphalt 50 mm asphdt 50 mm porous asphalt 200 mm polymer
concrete top layer; 150 concrete top layer; 150 concrete; 200 mm modified asphdt
mm unbound base; mm unbound base; asphat concrete; 300 concrete; 00 mm lean
150 mm un-bound 150 mm mm unbound base of concrete base;
subbase; aubgrade cement trea- ted recyded m aterial; subgrade
subbase; subgrade subgrade

Figure 1: Different types of flexible pavement structures.
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However, limitations in space and strict environmental requirements require to recycle materials as
much as possible. Since it has been shown that good quality base courses can be built of mixtures of
crushed concrete and crushed masonry, extensive use is made of unbound base courses made of these
recycled materials.
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A porous asphalt concrete top layer is used (void content > 20%) for noise reducing purposes. The
thickness of the entire pavement structure is quite significant because the bearing capacity of the
subgrade is quite often not more than 10%. The main reason for the large thickness however is that
the road authorities don’t want to have pavement maintenance because of lack of bearing capacity.
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« Such maintenance activities involve major reconstruction which cause, given the very high
traffic intensities, great hinder to the road user which is not considered to be acceptable. For
that reason pavement structures are built such that maintenance is restricted to repair or
replacement of the top layer (porous asphalt concrete).
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With respect to compaction of the unbound base it should be noted that it would be very
hard to achieve the same results in the Netherlands as in South Africa. In South Africa the
excellent compaction is achieved by soaking the base material and using a high compaction
effort. The excessive amount of water used easily disappears because of the high
evaporation rates. The recycled materials used for base courses in the Netherlands contain a
significant amount of soft material (masonry) which is likely to crush if the compaction effort
is too heavy. Furthermore the excessive amount of water used for compaction will not
disappear easily because of the much lower evaporation rates. Using the South African way
of compacting granular base and subbase courses in the Netherlands will therefore not lead
to similar good results.
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« Structure 1V is the structure used for the runways and taxiways of Amsterdam’s Schiphol
Airport. The airport is situated in a polder with poor subgrade conditions (CBR = 2%).
Combined with the airport’s philosophy to maximize the use of the runway and taxiway
system and minimize the need for maintenance, this results in rather thick pavement
structures. A total thickness of 200 mm polymer modified asphalt concrete is used to reduce

avement vesign: introauction

the risk for reflective cracking. For that reason the lean concrete base is also pre-cracked.

I
50 mm asphalt
concrete top layer; 150
mm unbound base;
150 mm un-bound
subbase; subgrade

II
50 mm asphdt
concrete top layer; 150
mm unbound base;
150 mm
cement rea- ted
subbase; subgrade

III
50 mm porous asphalt
concrete; 200 mm
asphdt concrete; 300
mm unbound base of
recycled m aterial;
subgrade

v
200 mm polymer
modified asphdt
concrete; 600 mm lean
concrete base;
subgrade

Figure 1: Different types of flexible pavement structures.
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From the discussion given above it becomes clear that the type of pavement structure to
be selected depends on

« the available materials,

 climatic conditions,

« maintenance philosophy etc.

From the examples given above it also becomes clear that one has to be careful in just
copying designs which seem to be effective and successful in other countries. One always
has to consider the local conditions which influence the choice of a particular pavement

type.
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