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1. Field observations

What has been seen, what is the 
problem to be analysed and 

treated ?
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Possibilities of water movements 
into the pavement zone

from MORIS P. O. and GRAY, W.J. (1976))

4

water content variations in the granular base 
and subgrade of a low traffic pavement 

(near the pavement edge) 
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monthly average water contents in the 
granular base, at the centre and near the 

edge of the pavement 
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Rut depth propagation rates

SE01 Maximum Rut De pth
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FWD E-values versus granular material 
suction measured at three depths (Krarup, 1995)
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Schematic overview 
of seasonal variation of stiffness

Winter Spring Summer Autumn 

Granular base and subbases 

Fine grained subgrades 
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Thawing : Deflection (caused by loading of 
pavement) and water content as a 
function of time – Quebec

Deflections
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2. Field modelling

Are finite element simulations possible ?
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moisture transfers (Alonso) Degree of 
saturation at equilibrium. Drains at the 

pavement – shoulder contact
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Mediterranean climate. 
Distribution of degree 
of saturation. 
Evaporation through 
pavement allowed. 
a) 1st July, 
b) 1st December
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Infiltration and percolation after heavy rainfall 
Water content. 

The particles illustrate the flow paths of the infiltrated 
rainwater. The vertical scale is exaggerated for clarity

(Hansson)
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Infiltration and percolation after moderate rainfall 
water content - small fracture-zone conductivity . 

The particles illustrate the flow paths of the infiltrated 
rainwater. The vertical scale is exaggerated for clarity

(Hansson)
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Numerical simulation 
of pavements 
behaviour from 
accelerated tests 
Comparison of 
measured and 
calculated vertical 
induced stresses 
under the centre 
of a single tyre 
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Prediction versus 
measurements of 
permanent 
deformation 

(Erlingsson)
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Comparison of experimental and predicted vertical 
strain UGM at the top of the granular layer

-900

-800

-700

-600

-500

-400

-300

-200

-100

0

100

-2 -1,5 -1 -0,5 0 0,5 1 1,5 2

x (m)

ee ee z
zU

G
M

 (
mm mm

st
ra

in
)

Complete model - w = 2.3 %

complete model - w = 3.8 %

V8

V9

V10

V11

V12

LCPC

18

comparison of maximum rut depths measured on 
the experimental pavement and predictions with 

ORNI (rutting of UGM and subgrade)
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3. Laboratory observations, 
material behaviour 

What do we know, what are we able 
to measure about the mechanical 

behaviour and moisture coupling ? 

20

CBR values and unconfined compression 
strength related to moisture content

Clay from Lenart area in Slovenia (Petkovšek et al., 2003).
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Stresses in an unbound granular material layer

(Erlingsson, 2006)

22

Typical results from permanent deformation 
testing where the accumulated axial strain is 
shown as a function of the number of load 
pulses in the permanent deformation tests
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(Erlingsson, 2000)
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Influence of moisture content w on 
resilient modulus Ec and permanent axial strains A1c 

of 3 French unbound granular materials: 
hard limestone, soft limestone and microgranite
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Influence of moisture content on permanent 
deformations and modulus of elasticity for 

some unbound granular materials: 
a) crushed gravel from gravel pit Hrušica, b) dolomite from quarry Lukovica, c) dolomite 

from quarry Kamna Gorica, d) gravel from Ho� e (Pavši� , 2006)
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Resilient response at different water 
contents for grading 0.4 or 0.3 (Ekblad, 2004)

26

Normalized resilient modulus 
as functions of degree of saturation 

(p = 100 kPa and � 3 = 40 kPa)

(Ekblad, 2004)
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Variations of resilient modulus Mr 
and permanent axial strains 

with moisture content for clayey sand 

Sable de L'Ennerie
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4. Constitutive modelling

How to implement on a model 
what has been observed ?
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The main stress-strain aspects in a 
granular medium
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Example of stress-strain cycles 
obtained in a repeated load triaxial test 

on a granular material
Test n°9710 - conditionning qr/pr = 3
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Resilient 
modulus

32

Classical elastic/plastic shakedown 
behaviour under repeated cyclic tension and 

compression
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Map of various response regimes 
in (p,q) plane during cyclic loading

(Suiker and de Borst, 2003)
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BBM yield surface – coupling p-q-s state 
variables
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Conclusion 

•Water effect on mechanical behaviour has 
been proved experimentally on the field 
and in the lab

•Numerical modelling is now possible

•But constitutive modelling seems to need 
much more effort. 


