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Eigd Pavement Equivalency Factors for Full-Trailers on Upgrades Rz'i d R. Almuhanna

ABSTRACT

pPresented in this thesis is a study of the effect of full-trailer trucks on uphill
concrete pavement thickness. For this purpose, {WO surveys were carried out. The
first survey was carried out on different road segments in four governorates namely
Sulaimaniya, Erbil, Dohouk and Kerbala. The second survey was an axle load survey
covering 254 full-trailers at seven permanent weighing stations in Baghdad, Kerbala

& Hilla during the period June 2005 to February 2007 including all types of full-

trailers.

From the axle load survey, the front and rear axle loads of the tractor, the front
and rear axle loads of the trailer and the total weight for each of the tractor and trailer
unit were obtained. During the axle load survey some geometrical characteristics of
the trucks were measured namely the wheel base and the height of the tractor as well
as the wheel base and the height of the trailer unit in addition to the height of the
connecting rod between the tractor and the trailer unit above the pavement in order to
find the H/B ratio (where H refers to the height of center of gravity and B 10 the

wheel base of the tractor or trailer unit) and E/B ratio (where E refers to the height of

{he connecting rod).

Using strain gauges the pull force in ‘he connecting rod between the tractor
and trailer unit was measured for all vehicles surveyed moving slowly on rigid

pavements of the yards of the permanent weighing stations used.

Due to axle load redistribution on upgrades, the axle loads for the full-trailers
were calculated assuming uniform motion and taking into account the effect of the
moment of the component of the weight of the tractor and trailer unit parallel to the
upgrade and acting at the center of gravity of each unit. A strong linear correlation

between the rolling resistance and total weight of the trailer unit was obtained to

DF cre M wi - :
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A computer program called FEFU (Full-Trailer Equivalency Factors on

Upgrades) was written in Quick BASIC taking into account pavement slab thickness,

+ upgrade magnitude, pull force between the tractor and trailer unit, full-trailer weight,
terminal level of serviceability, H/B and E/B ratios. Using the axle loads on uphill

rigid pavements, the AASHTO truck equivalency factors were calculated with the

aid of the developed program.

Design charts for truck equivalence factors on upgrades were developed for a
terminal level of serviceability p=2.5. Fach chart is devoted to a certain rigid
pavement slab thickness giving the truck equivalence factor versus the total weight
of the full-trailer for an uphill gradient of 0, 6, 12 and 18% as well as a certain ratio
H/B. Five values for slab thickness were considered namely D = 6, 8, 10, 12, and 14

inches (15.2,20.3, 25.4, 30.5,35.6 cm respectively) and five values for H/B ratio of
0.2,0.4,0.6,0.8, and 1.0 werc used.

This thesis reveals the significant effect of the upgrade magnitude as well as of
the H/B ratio on the truck equivalence factor. The truck equivalence factors increase
non-linearly with increasing truck weight, H/B ratio and upgrade magnitude. This
increase is quite significant for the higher values of upgrade, H/B ratio as well as the
slab thickness. The critical full-trailer is that having a total weight exceeding about

400 kN beyond which the corresponding equivalency factor introduce higher rate of

increase.

The thesis reveals also that the pavement thickness increases with increasing

uphill slope especially for the case of 1.2+2.2 and 1.212.22 full-trailers.
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