VESYS Model and Software

VESYS is a well developed probabilistic and mechanistic flexible pavement analysis computer program series. The VESYS series is based on the elastic model of layered homogeneous material in half infinite space with some viscoelastic-plastic theory applications. This system uses mechanistic N-layer elastic probabilistic primary response model, which can be used to analyze the primary response; it can also calculate distress of pavements, in terms of stress, strain, deflection, rutting, roughness and cracking damage. 

The VESYS series have a long term of history of continuous development:
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VESYS 5 is one of the latest published version of VESYS with the new features of:


• variable season length


• influence function


• bi-linear logarithmic representation of permanent deformation


• choice of "layer" or "system" rutting


• tandem and triple axle loads


• creep curve input.

The pavement models used in VESYS has been calibrated by using the Full-Scale Pavement Test data, such as AASHO road test data, Federal Highway Administration’s Pavement Testing Facility (PTF, or ALF) test data, OECD DIVINE project test data, Texas Mobile Load Simulator test date, Louisiana DOT’s ALF  test data, Ohio SHRP test pavement data, etc.

The pavement performance models used in VESYS include rutting, fatigue cracking, low temperature cracking,  roughness and PSI. The following briefly describes the makeup of several of these models.

Rutting Model

There are two rutting models available in VESYS, “Layer Rutting” and “System Rutting” models. The layer rutting model estimates the permanent deformation in each finite layer as the product of the elastic compression in that layer and the layer material permanent deformation law associated with that layer. The layer rutting model is expressed by
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where Us += deflection at top the subgrade due to single axle load; Ui+ and Ui- = deflection at top and bottom of finite layer i due to axle group; et = strain at top of subgrade due to the axle group; es = strain at top of subgrade due to a single axle; sub and sub = permanent deformation parameters of the subgrade; and i and i = permanent deformation parameters of layer i.

The system rutting formulation treats the pavement system as a whole and first calculates an equivalent set of pavement system permanent deformation parameters, sys and sys, which are determined as functions of load repetitions by least square regression analysis. Pavement surface rut depth is estimated. 
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where U is pavement surface deflection.

Fatigue Cracking Model

The fatigue cracking area is determined as follows. First, the number of fatigue cycles (to fatigue cracking) Nq is evaluated by
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where ε = maximum tensile strain; K1 and K2= model parameters.

 The fatigue cracking prediction is based on a probabilistic Miner's hypothesis by assuming that the fatigue ratio is normally distributed and the cracked area of the pavement is related to the probability of the fatigue ratio. The expected value of the fatigue ratio is (assuming that nq and Nq are independent)
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where nq = current number of load repetition in the qth incremental analysis period (time interval); Nq = number of load repetition to fatigue failure in the qth time interval.

Roughness Model

The roughness model is represented by the slope variance SV of the longitudinal pavement surface. The slope variance is expressed by
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where B and C are pavement system properties defining correlation along the pavement;  is a random variable expressing the variation in material properties along the pavement; and E[RD] is the mean of rut depth.

Present Serviceability Index (PSI) Model 

PSI is defined by AASHTO 





PSI = 5.03 -(1.91)log10(1+SV) - (1.38)RD2 - 0.01(C+P)0.5
 


where SV = slope variance, radian*10-6; RD = average rut depth, in.; and C+P = surface area of AASHO Class 2 and 3 cracking and patching, ft2/1000 ft2.
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