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Possible Effect of Relative Plastic Behavior of
Pavement Layers on Pavement Life

W.0. YANDELL

The effect of the relative plastic behavior of the layers of three flexible pave-
ments on the accuracy of their predicted pavement life (10 million standard
axle paceae) chown an a Shell dacign chart ic investigated thaoretically. Tha
layers are ed by h {attice stress analysis as elastoplastic materials.
The analyses suggest that (a) when the asphaltic surface acts more plastically
than the base and subgrade, lower-surface fatigue life becomes infinite but
upper-surface fatigue life is reduced to less than that predicted by the Shell
chart and (b) when the base and subgrade act more pl. Ily than the as-
phaitic concrete surface, lower-surface fatigue life is drastically reduced. The
rutting lives of pavements with upper layers that behave more plastically are
shorter than those with upper layers that behave less plastically.

A number of flexible pavement design systems use the
theory of linearized elasticity to determine those
critical repeated stresses and strains that control
rutting life and fatigue life. A question arises:
What are the consequences of subjecting a pavement
whose layers have different plastic behavior to the
usual elastic analysis? The mechano-lattice stress-
strain analysis is used in this paper to suggest
some answers to this question.

The mechano-lattice, which is a type of mecha-
nized finite-element analysis applied to multilay-
ered elastoplastic flexible pavements, has been de-
scribed fully elsewhere (1-4). It has also been
used successfully tc predict measured pavement per-
formance (5,6) and to assess fabric reinforcement
(7). Three points on a curve from Shell design

Figure 1. Assembly of mechano-lattice units to simulate three-layered pavements.
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chart HN84 (8), modified to a weighted mean air tem-
perature (WMAAT) of 23°C (74°F), are examined to de~-
te e the theoretically possihle changes in fa-
tigue life and rutting life caused by variations in
the plastic behavior of the pavement materials.

The elastoplastic mechano-lattice units are as-
sembled as shown in Figure 1. The loaded wheel is
assumed to move in one direction only so that one or
more simulated passes leave velind
and stresses that accumulate with each additional
simulated pass.

To illustrate the possible effects of variations
in relative plastic behavior between layers, three
hypothetical pavements with different relative plas-
tic behavior were analyzed (see Figure 2) for each
of the thickness designs represented by points A, B,
and C on the Shell design chart shown in Figure 3.
Thus, nine pavements were analyzed.
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REPRESENTATION OF PLASTIC BEHAVIOR

The definition of relative plastic behavior is given
in Figure 2, where the means of achieving the three
relative plastic behavior values used in this inves-
tigation are illustrated by load-unload hysteresis
loops. Thus, when the relative plastic behavior is
positive (+0.000086), the asphaltic concrets ‘ACY in
a triaxial test has a residual compressive strain of
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Figuer 2. Hysteresis loops that characterize plastic behavior of each of three
layers in pavements for different relative plastic behavior values.
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0.000086 because the unloading modulus is greater
than the loading modulus and the bound base and
bound subgrade are assumed to be elastic (elastic
moduli are taken from the particular Shell design
chart). When the base and subgrade act more plas-
tically than the elastic asphaltic concrete surface,
the relative plastic behavior is negative (-0.000086
column in Figure 2). When all three layers have the
same plastic behavior, the relative plastic behavior
is zero, as in the third column in Figure 2.

The unloading moduli shown in Figure 2 are cal-
culation expedients and only affect the relation be-
tween calculation passes and standard axle passes,
as will be seen later.

COMPUTATION RESULTS

The two outputs from the computations studied here
are (a) a l.22-m (4-ft) straight-edge rutting ratio,
defined as the rut depth under a 1.22-m straight
edge, and (b) the transient and residual lateral
stress (to determine fatigue behavior).

Rutting

Figure 4 shows the cumulative rutting ratio extrapo-
lated over a range from one or two calculation
passes to past the life of the pavement expected by
the Shell chart. The extrapolations were assumed to
be circular curves. Zero plastic behavior (PP) gave
straight 1lines, positive relative plastic behavior
(PE) gave a common large radius, and negative rela-
tive plastic behavior (EP) gave smaller radii.

The relation between calculation passes and stan-
dard axle passes is fixed by making the following
assumptions:

1. The relative plastic behavior represented by
the Shell design chart (last column of Figure 2) is
zero (see plot D in Figure 4).

Figure 3. Part of Shell design chart HN84 (modified for WMMAT of 23°C and one base modulus of 0.4 million MPa) with calculated variations in rutting and

fatigue life due to variations in relative plastic behavior values.
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2. According to the Shell chart, Shell critical
rutting is achieved at 10 million standard axle
passes, which in Figure 4 is equivalent to about 800
calculation passes for points B and C in the Shell
chart in Figure 3.

3. The first calculation pass is assumed to sim-
ulate the first standard axle pass.

The predicted rutting lives for the nine pavements
are summarized in the lower plot in Figure 3.

Fatigue

Figure 5 shows how the transient lateral tensile
stress at the bottom of the AC layer decreases with
each calculation pass for pavement B with positive
relative plastic behavior (PE). Thus, lower-surface
fatigue life is likely to increase although upper-
surface life may decrease. On the other hand, Fig-
ure 6 shows that the transient lateral stress at the
bottom of the AC layer increases with each pass when
the relative plastic behavior is negative (EP).
This should reduce fatigue life in the lower sur-
face. The rise, fall, and steady state of these
fatigue stresses were converted to strains and ex-
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trapolated on a linear strain versus logio (num-
ber of standard axle passes) plot. The fatigue
lives were then determined on plots of log (tensile
strain) versus log (number of standard axle
passes). The Shell fatigue envelope and the same
equivalency between calculation passes and standard
axle passes as were determined from rutting were
used (Figure 4).

CONCLUSIONS

Figure 3 summarizes the results of this study. Part
of the Shell design chart, modified to a WMAAT of
23°C, is shown above the variations in fatique and

rutting life suggested as being the effects of vary-
ing relative plastic behavior. Thus, when the rela-
tive plastic behavior 1is positive--i.e., the as-
phaltic surface acts more plastically than the base
and subgrade--then

1. Calculations indicate that fatigue life could
be controlled by cracking in the upper surface and
that it is shorter than that indicated by the Shell
method. But the fatigue life of the lower AC sur-
face is extended.

Figure 4. Cumulative rutting versus ber of calcul passes extrapolated to Shell critical rutting on log-log plot, including some p. with linearly
elastic layers,
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Figure 5. Stress results for three-layered pavement (B in Figure 3) for first three calculation p : positive relative plastic behavior value and consequent reduction
in transient tensile stresses in bottom of AC layer.
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Figure 6. Stress results for three-layered pavement (B in Figure 3) for
first three calculation passes: negative relative plastic behavior value and
i in i il in bottom of AC layer.

THICKNESS OF A/C (mm)

300 1

200

89

1<)
S

@
o |

10

> o

NUMBER OF STD. AXLE PASSES TO FAILURE
o

2. Rutting life is longer than Shell rutting
life due to the fact that in this study the base and
subgrade are nonplastic.

When the relative plastic behavior is negative--
i.e., the base and subgrade act more plastically
than the asphaltic concrete-~then

1. The fatigue life of the lower AC surface can
decrease, in one case, to one-hundredth of the Shell
fatigue life.

2., Rutting life is again longer than Shell rut-
ting life because the AC is assumed to be elastic.
The significant observation is that rutting is also
less than it is when positive relative plastic be-
havior obtains. The absolute plasticity of all lay-
ers has the greatest effect on rutting.
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