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MEASURING THE EFFECTS OF TRUCK 
TIRE TYPE, SPEED, INFLATION 

PRESSURE, AND AXLE LOAD ON 
PAVEMENTS 

PROBLEM STATEMENT 

In recent years, replacing dual tires with wide-base single tires on 
heavy trucks has generated concern that the single tires. along with 
higher tire pressures and new axle configurations, may cause more 
highway deterioration. However, proponents of these "super singles" 
c1aitn that using them on truck tractors and trailers improves fuel con
sumption, ride, handling, and braking. while reducing tire cost and in
creasing payload. The debate is heated, and the question has not been 
conclusively answered-Do wide-base "super-single" tires damage the 
pavement? 

Along with this issue is the growing need for the Texas Department 
of Transportation (TxDOT) to more reliably predict pavement perfor
mance. To establish general damage rate relationships for functional 
and structural pavement deterioration. a technique has been developed 
which determines the critical stresses or strains in individual materials 
of the pavement structure with a device called the multidepth 
deflectometer (MDD). Also, the measured depth deflections under the 
falling weight deflectometer (FWD) and truck loadings can be used to 
verify modulus backcalculation techniques. How well do these instru
ments perform? Basically, TxDOT needs a field testing framework to 
better answer these questions and to continue evaluating the effects of 
tire configuration, load, speed, and tire inflation pressure on the pavements. 

OBJECTIVES 

The Texas Transportation Institute (TTl) conducted study 1184, Us
ing the Multidepth Deflectometer to Study Tire Pressure and Dynamic 
Load Effects on Pavements, in cooperation with TxDOT and the Fed
eral Highway Administration (FHWA) to determine the impact of truck 
tire type, tire inflation pressure, speed, and axle load on flexible pave
ment response. Researchers addressed the following questions in the 
course of the study: 

1) How do wide-base single truck tires compare with conventional 
dual tires in terms of pavement damage? 
2) How reliable are FWD moduli when used to predict pavement 
responses under truck loads? 
3) How well does the MDD perform in measuring vertical strains 



and deflections in the pavement 
structure under actual truck load
ing in field tests? 

The study was conducted on 
two in-service test sites (one 
thick and one thin) of Hot Mix 
Asphalt Concrete (HMAC) over 
a crushed limestone base course 
and a sandy clay subgrade. The 
test vehicle was an 18-wheel wa
ter tanker converted to a 14-
wheeler by replacing the dual 
wheels on one set of tandem ax
les with wide-base single tires. 
Using the MDD, depth deflec
tions were measured for various 
combinations of two load levels, 
three tire pressures, four speeds, 
and the two tire types. Surface 
and depth deflection data were 
collected under FWD and actual 
truck loadings. The moduli cal
culated from the FWD loads 
were used to predict pavement 
response under known truck 
loads. These predictions were 
compared to the actual measured 
responses to determine the accu
racy of the estimations. 

FINDINGS 

Dual V s. Wide Base Single Tires 
Researchers found that maxi

mum deflection under the wide
base single tires generally occurs 
under the tire centerline, whereas, 
the maximum deflection under 
dual tires occurs under either of 
the two tires. The measured 
pavement deflections in all the 
layers, under both dual and 
wide-base single tires, decreased 
with increase in speed. Under 
similar test conditions, wide-base 
singles produced higher deflec
tions than dual s. 

The multidepth deflect
ometer data on both test sections 

The results reflected 
in this graph show 
that the single tire 

leaves a deeper 
impression in pave
ment than the dual 

base tires. 

(thick and thin asphalt concrete) 
under truck loadings was con
verted into vertical compressive 
strains at the top of the 
subgrade layer. Regression 
equations were developed to pre
dict the relationships between 
subgrade strains and tire type, 
axle load, speed, tire inflation 
pressure and asphalt layer tem
perature. The measured sub
grade strains, as predicted by re
gression equations, were used to 
estimate pavement performance 
under dual and wide-base single 
tires using a subgrade strain pre
diction model. Under similar 
conditions. the strains were al-

Truck used to test 
single tires (front) 
and dual tires (rear) 
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ways found to be greater under 
wide-base single tires than under 
dual tires. 

The subgrade strains decreased 
with an increase in truck speed 
and increased with an increase in 
axle load and asphalt layer tem
perature. Axle load was the most 
significant factor affecting the 
subgrade strain. For this portion 
of the study, tire inflation pres
sure was not a significant factor 
in the measured sub grade strains. 
Pavement performance under 
identical conditions-33 kips 
tandem axle loading, 77 degree 
F asphalt concrete temperature. 
and 55 mph truck speed-showed 



the wide-base single tires to be 
approximately 4 times more dam
aging on the thin section of pave
ment and 3 times more damaging 
on the thick section. 

In estimating the rutting po
tential of wide as opposed to 
dual tires (in terms of vertical 
strains), a first order analysis 
was made of the impact of tire 
type on surface cracking. Surface 
Curvature Index values were 
greater under wide-base singles 
than under dual tires and were 
also greater on the thin section 
compared to the thick. Analysis 
of the data implies that because 
the load is spread over a smaller 
area with a wide-base single, 
larger shear strains are generated 
at the edge of the tire. This should 
contribute to significantly more 
surface cracking under wide-base 
tires. Again, the effect of load 
was more significant than other 
factors. Overall, the wide-base 
single tires cause more deflec
tion, higher vertical compressive 
strains, and sharper curvature of 
the deflection bow I, resulting in 
larger shear strains at the tire 
edge. 

Pavement Responses Under 
FWD and Truck Loads 

This segment of the study ad
dressed the basic question
"Given a set of moduli values 
obtained from FWD testing, how 
accurate are they in predicting 
what a truck load will do to the 
pavement?" Researchers found 
that the FWD moduli values 
slightly underpredict strains in
duced by known truck loads by 
about 14 to 18%. Correction fac
tors of this magnitude should be 
considered for mechanistic de
sign procedures. 

Measurement ofllie Footprint 
Pressures 

When measurements were 
taken at deeper depths, research
ers did not find that increased 
tire pressure caused significant 
pavement damage; however, there 
was still the question of what 
effect increased pressure would 
have on the top of the pavement 

surface. Therefore, a final phase 
of the research measured tire
pavement pressure distributions, 
commonly called footprint pres
sures. The final report, 1184-3F 
"Measurement of Tire Footprint 
Pressures," reveals the testing 
and evaluation of TTl's newly 
purchased load pin array, which 
measures tire-pavement shear 
pressures with a triaxial load pin. 
The load pin signal responds to 
dynamic tire contact pressure. 

Footprint pressure measure
ments were made on three differ
ent tires: I) a conventional radial 
truck tire, used either as a single 
or a dual, 2) a single wide base 

tire that is a possible replacement 
for a dual tire set, and 3) a con
ventional truck tire made with 
patternless tread for research 
purposes. Measurements were 
taken with varied inflation pres
sures and load weights. 

Footprint pressure distribu
tions varied considerably due to 
tread wear and tire non unifor
mity. The contact pressures for 
the conventional truck tire were 
not symmetric about the tire 
plane of symmetry. Researchers 
propose that this is due in part to 
the fact that conventional truck 
tires are mounted on a wheel 
with an offset flange. This effec
tively cantilevers the tire thus pos
sibly contributing to the slight 
dip in the contact pressure at 
about + 1.5 inches from the tread 
center. This effect has not been 
noticed in previous studies. 

Unlike the conventional tire, 
the wide base tire mounted on a 
center flange wheel snowed vir
tually the same footprint pres
sures along the transverse me
dian (the center tread); however 
increasing inflation pressure from 
95 psi to 120 psi had a signifi
cant effect when the tire load 
was held constant at 6000 lbs. 
and 9000 Ibs. Research Report 
1184-3F details recommended 
improvements to the equipment 
and the data acquisition methods. 
Future research of tangential 
tire-pavement pressures is also 
suggested. 

CONCLUSIONS 

Wide-base "super-single" tires 
are at least twice as damaging as 
regular dual tires. Replacing the 
eight dual tires on a tandem axle 
with four wide-base tires under 



the same loading conditions is 
likely to cause substantially more 
highway damage. Further work 
is necessary to determine where 
these wide-base tires can be 
used-perhaps with triple axle 
configurations. 

The multidepth deflectometer 
is an excellent tool for measur-
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ing vertical strains and deflec
tions in the pavement structure 
under actual truck loading. The 
information in this study can be 
used to demonstrate to tire manu
facturers, legislatures and oth
ers the damaging effects of 
wide-base super-single tires. 
The information in the reports 

also provides TxDOT with a 
field testing framework to make 
quantitative decisions about the 
impact of truck/tire configura
tions on typical pavement struc
tures. 
Prepared by Kelly West, 
Science and Technology Writer, 
Texas Transportation Institute 
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