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4. Deflection tests successfully profile the loss in pavement
strength during the spring thaw period, and can be used to
establish when the spring posting period should end.

5. A correlation appears to exist between depth of thaw and
the peak deflection.

RECOMMENDATIONS

1. Deflection tests should not be used to establish the time
when spring axle weight limits should be posted.

2. Thespring posting period should have begun by the time
the thaw depth reached 6 in.

3. Deflection tests should be used to aid in determining
when the spring posting period should end.

4. More research should be conducted to determine if the
depth of thaw defines peak deflection (D1), which, if true,
would eliminate the need for deflection testing.

5. Frost tubes should be installed in all test sections.

6. A period of 3 weeks after peak deflection should be
considered the criterion for removal of spring posting limits.
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The Development of a Procedure for
Analyzing Load Limits on Low-Volume

Roads

EMMANUEL G. FERNANDO, DAVID R. LUHR, AND HARI N. SAXENA

The Commonwealth of Pennsylvania has 44,000 miles of roads
under its jurisdiction, the majority of which have pavements
with limited structural capacity. The state has the authority to
restrict axle loads on its roads if it believes that those axle loads
would result in excessive damage to the pavement structure.
The purpose of the research reported herein was to develop
rational guidelines for the posting of load limits. To evaluate the
effect of axle loads under a variety of conditions, a theoretical
analysis was conducted that considered various load magnitudes
and configurations for different pavement thicknesses and
material properties. It was found that axle configuration (i.e.,
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single-, tandem-, and triple-axle assemblies) did not signifi-
cantly affect theoretical pavement response, provided that the
load per tire and the tire pressure remained the same. After the
axle loads were analyzed, a performance model was developed
that uses deflection measurements from either the road rater or
the Falling Weight Deflectometer to predict pavement per-
formance for a given level of traffic. A microcomputer program
was written that incorporates the new procedure and includes a
default traffic stream that is typical of low-volume rural roads.
The program generates information on the predicted number of
years to failure for different load limits, which would enable the
user to quantitatively consider the effects of axle-load limits on
pavement deterioration. In addition, information useful for
determining which axle loads are responsible for pavement
damage is provided by the program. An example is given of how
the responsibility for pavement damage can be converted to
cost responsibility by assessing charges to heavy haulers.
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Throughout the world, low-volume roads make up the greater
part of most road networks. The Interstate highway system
comprises less than 2 percent of the total road mileage of the
United States. Much of the roadway network in this country is
composed of thin, flexible pavement structures that are intended
to carry low volumes of traffic. In Pennsylvania, these roadsare
termed type D (collector) and type E (local) roads.

Each state has a specified maximum, legal load limit for a
single-axle truck, for a tandem-axle truck, and for maximum
gross vehicle weight (GVW). However, low-volume roads often
do not have an adequate structural capacity to carry axle loads
at the legal load limit for all or part of the year. In the spring,
when the ground is thawing, the bearing capacity of these
pavements is significantly reduced. The expense of importing
materials for low-volume roads that are not susceptible to frost
is prohibitive. To circumvent this problem, some legal codes
allow for the posting of load limits below the state’s legal
maximum.

The Commonwealth of Pennsylvania has 44,000 miles of
roads under its jurisdiction. About two-thirds of these are low-
volume roads which, in other states, would be the responsibility
of local governments. Because the majority of these low-volume
roads have pavements with limited structural capacity, the state
has the authority to restrict axle loads if it is believed that those
axle loads would result in excessive damage to the pavement
structure. In Pennsylvania, the establishment of load restric-
tions below the legal load limit is authorized by Section 4902 of
the Motor Vehicle Code. Under this law, Commonwealth and
local authorities may impose restrictions on the weight or size of
vehicles allowed to operate on a particular route whenever it is
determined that, without such restrictions, excessive damage
may occur to the road. Section 4902 also authorizes Common-
wealth and local authorities to issue permits allowing the
movement of vehicles that exceed the limits of size and weight
and to require sufficient security to cover the cost of repairing
the pavement damage due to the movement of heavy vehicles.

The maintenance districts in Pennsylvania currently enforce
a 10-ton GVW limit for posted roads. Chapter 15 of the
Pennsylvania Department of Transportation’s (PaDOT)
Maintenance Manual establishes a uniform, statewide policy
on hauling in excess of posted load limits (/). This load-limit
specification is based on GVW and was selected on the basis of
engineering judgment and experience.

The posting of load limits on the basis of GVW poses a
fundamental problem. The load of the vehicle is transmitted
through the axle tires, and the load applied by each tire depends
on the number of tires per axle. Tandem and triple axles have
more tires than single axles; therefore, they can carry a heavier
load and put the same stress on the pavement as a single axle
with a lighter load. Because pavement performance is related
more accurately to axle loads and axle types than to GVW, the
posting of load limits should be based on a maximum load fora
given axle type.

The development of a rational and comprehensive procedure
for posting load limits is presented in this paper. The following
methodology was used in the development of the procedure:

Analysis of axle loads and axle types

Development of a performance prediction equation
Development of a structural evaluation procedure
Development of the load-limit analysis procedure
— Framework for load-limit analysis
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— Determination of load limits

— Determination of damage responsibility for different
axle loads

— Development of a microcomputer program

The procedure was developed for implementation on a micro-
computer and uses deflection measurements from either a road
rater or a Falling Weight Deflectometer (FWD) to determine
the expected pavement life for different axle-load limits. In
addition, the percentage of total damage that resulted from a
particular axle load was determined so that estimates of
pavement-damage responsibility could be made.

ANALYSIS OF AXLE LOADS AND TYPES

An important step in the development of the procedure for
determining load limits was the analysis of the effect of axle
loads and types on pavement response. This analysis was
conducted by examining theoretical solutions of a linear, elastic
pavement analysis computer program called BISAR (2). A
three-layer pavement structure (surface, base, and subgrade)
was selected for the analysis because it was representative of the
typical pavements of low-volume roads in Pennsylvania. Three
different levels (associated with low, medium, and high values)
were chosen for five pavement parameters: surface thickness,
surface modulus, base thickness, base modulus, and subgrade
modulus. Because of its importance to this study, five different
levels were selected for the variable of load magnitude. The
values chosen for the different factor levels (Table 1) represent
a broad range of pavement and loading conditions, and include
the range of surface and base thicknesses typically found in
low-volume roads in the state.

TABLE1 LEVELS OF VARIABLES USED IN THE STUDY

Variable Levels

Load in kips (all dual tires)
(a) Single axle
(b) Tandem axle
(c) Triple axle

6; 12; 18; 24: 30
12; 24; 36; 48; 60
18; 36; 54; 72; 90

Surface thickness T1 (in) 1; 5.5; 10

Surface modulus: EI (psi) 80 x 10% 540 x 103
1,000 x 103

Granular base thickness: T2 (in) 3: 915

Granular base modulus: E2 (psi) 10 x 103; 40 x 10°
70 x 103

Subgrade modulus: E3 (psi) 3 x 10% 10 x 103
17 x 10°

The possible combinations of all values of all factors result in
35 by S, or 1,215 observations for each axle configuration
included in the study. The pavement deflections, the horizontal
strain at the bottom of the asphalt concrete layer, and the
vertical strain at the top of the subgrade were calculated for all
of these combinations. These pavement response parameters
are commonly used to predict pavement performance, and it
was therefore important to evaluate how they are affected by
the different variables included in the study. In the discussions
that follow, the findings {rom the analysis are presented. The
discussions have been limited to subgrade strain because this



FERNANDOET AL.

pavement response parameter has been strongly related to the
performance of low-volume roads. In addition, the trends
observed for the other performance prediction parameters were
found to be similar to those for subgrade strain; they are
therefore not reported separately.

Effect of Variables on Pavement Response

Plots are presented in Figures 1 through 3 of the maximum
vertical subgrade strain versus the load per tire for the three axle
configurations (single, tandem, and triple) in cases in which the
layer moduli and thicknesses are fixed at the low, middle, and
high levels selected for these variables, as shown in Table 1.
These plots indicate that an increase in load results in an
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increase of subgrade strain, as would be expected. The signifi-
cant observation is that the plots for the three, different axle
configurations are almost identical, both in shape and in
magnitude. This indicates that, theoretically, similar pavement
response occurs with different axle configurations as long as the
load per tire and the tire pressure are constant.

To study the effect of axle configuration on subgrade strain
along the direction of vehicle movement (longitudinal direction),
plots of subgrade strain versus longitudinal position for 18-kip
single, 36-kip tandem, and 54-kip triple axles were drawn using
the same scale. The plots that resulted from all factors being at
middle levels are presented in Figures 4 through 6. Observation
of the plots indicates that the distribution of the subgrade strain
along the longitudinal direction is different for the three axles.
Although there is one cycle of strain for the single-axle
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FIGURE 3 Maximum subgrade compressive strain versus load per tire for a triple-axle configuration.
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FIGURE4 Subgrade compressive strain versus position, with factors at middle levels, for an 18-kip, single-axle

load.

configuration, there are two cycles of strain for the tandem
configuration, and three cycles of strain for the triple-axle
configuration.

These plots suggest that the damaging effect of axle
configurations may be different, although the magnitude of the
maximum, subgrade compressive strain is the same forall three
cases. The triple axle may be more damaging than the single or
tandem axle because it causes more cycles of strain in the
pavement. The effect of a tandem-axle load may similarly be
more damaging than that of a single-axle load. In order to
evaluate this factor more closely, an analysis was performed on
data collected at the AASHO Road Test.

The AASHTO design procedure is one of the most widely
used methods of designing flexible pavements. The procedure is
based upon the results of the extensive AASHO Road Test

conducted in Ottawa, Illinois, from 1958 to 1960. The AASHO
Road Test site contained six main loops, of which Loop 3 had
traffic loads of 12-kip single axles and 24-kip tandem axles,
respectively, on two separate lanes (3). These are the only data
from the AASHO Road Test in which single and tandem axles
carried the same load per tire on identical pavement sections.
Plots of performance data, for Loop 3, for 24-kip tandem
axles versus 12-kip single axles are shown in Figures 7 and 8.
The data points are scattered along the line of equality, which
indicates that the two axle configurations caused similar
pavement performance. This tends to confirm the theoretical
inference that axle configuration does not affect performance
significantly if the load per tire and the tire pressure remain the
same. One possible explanation for the similar pavement
performance that resulted from 12-kip, single-axle loads and
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24-kip, tandem-axle loads, even though Figures4 and 5
indicate that the tandem axle causes two strain cycles versus one
strain cycle for the single axle, is that the theoretical strain
basins are calculated assuming static loading conditions. Under
dynamic loading conditions, the stiffness of the pavement will
be greater, and, as indicated in Figures 7 and 8, there will be
smaller differences between the effects of single- and tandem-
axle configurations.

In addition to the study on the effects of axle load and axle
configuration, an evaluation was made of the effects of layer
moduli and thicknesses on predicted pavement performance.
For this evaluation, performance estimates were calculated
using the Simplified Rational Pavement Design (SRPD)
performance equation developed by Luhr et al. for the U.S.
Forest Service (4). This performance equation was incorporated

, with factors) at middle levels, for a 54-Kip, triple-axie load.

into the new AASHTO guide for designing pavements for
low-volume roads (5). The performance model is given by the

following:
logjg Ny = 2.15122 - 597.662 (€,,)
- 1.32967 log,q (g59)
+ log,y [(PSI; - TSD/2.71'/? ¢}
where
Ny = number of weighted applications of axle load X
before pavement reaches a specified
terminal serviceability index (7S/),
Egg = subgrade compressive strain due to axle load X,
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FIGURE 8 Comparison of the performance of identical
pavement sections subjected to 12-kip single-axle and 24-kip
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PSJ, = initial present serviceability index of pavement,
and
TSI = terminal serviceability index.

Strain data generated in the factorial study were used with the
SRPD equation to determine performance estimates for various
combinations of the independent variables included in the
sensitivity analysis. The independent variables considered were
load, surface modulus (EI), base modulus (E2), subgrade
modulus (£3), surface thickness (77), and base thickness (72).
Only one type of axle configuration, single-axle, was considered
because the results presented earlier indicated that this factor
has no significant effect on subgrade strain as long as the load
per tire is constant.

In the sensitivity analysis, each of the independent variables
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considered was varied from low to high levels, and the other
independent variables were kept at one level (low, middle, or
high). The effect of each of the six independent variables on the
predicted pavement performance is shown in Figures 9 through
I1. The arrows in the boxes of the figures indicate whether the
independent variable in question had a positive (right arrow) or
negative (left arrow) effect on the predicted number of axle
applications necessary to reach a terminal serviceability index
of 1.5, assuming that the initial PSI was 4.2. The vertical line in
each of the figures indicates the value when all variables are held
at one level. These figures give a fairly good indication of how
sensitive predicted pavement performance is to a variation in
any one of the independent variables.

It can be seen from Figure 9 that, at low levels, the predicted
pavement performance is very sensitive to all of the independent
variables considered, particularly to surface and base thickness.
It can therefore be inferred that, for pavements constructed
with weak materials and on poor subgrade, performance can be
significantly improved by increasing the thickness of the surface
and the base. At the middle and high levels of the independent
variables, predicted pavement performance is highly sensitive
to load, surface thickness, and, to a lesser degree, the surface
and subgrade moduli. For medium- aud good-quality pave-
ments, therefore, performance can best be improved by in-
creasing the thickness and improving the quality of the surface
layer.

DEVELOPMENT OF A PERFORMANCE EVALUATION
PROCEDURE

In order to justify load restrictions on low-volume roads and to
determine the appropriate load-limit magnitude, a pavement
engineer must be able to evaluate the effects of alternative
load-limit policies on pavement life. A model for predicting
pavement performance is therefore necessary. In this study,
performance data from the AASHO Road Test were used to
develop a performance prediction equation for a load-limit
posting procedure to be used by the state of Pennsylvania. Data
from various field sites within Pennsylvania were evaluated to
determine if the available data could be used to develop a
performance model. After a comprehensive and detailed review,
it was concluded that the AASHO Road Test was the best
source of data for the performance-modeling phase of the
research project. Data from the field sites were not useful
because no reliable traffic estimates were available on the sites,
and the condition survey data were insufficient to evaluate
performance trends. AASHO Road Test data were consequently
used to develop a performance model with the understanding
that the model developed could be recalibrated to suit local
conditions should field-performance data be available in the
future.

The performance model developed in the study is given by the
following:

log g Ny = 4.508 - 436.992 (€,,) + 0.092 (H, + H)
+0.141 (PSIFTSI) - 0.014 [TSI(H | + H,
+ Hl+ 3.382logo(H, + H))
- 0.319log  [(PSI*H ) + 1]
- 1.987log o (TSI*H ) - 0.299H, - 0.00018 P
+0.041 (H*H)
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R?=0.758 SEE = 0.283 N =568 obs (2)
where

Ny = number of unweighted applications of axle load X,
€, = maximum subgrade vertical strain,

H, = surface layer thickness (inches),

H, = subbase layer thickness (inches),

H, = subbase layer thickness (inches),

PSI; = current present serviceability index,

NUMBER OF AXLE LOAD APPLICATIONS (LOG SCALE)

FIGURE 11 Change in applications to failure when each factor is
varied from low to high levels, with all other factors at high levels.

781 = terminal serviceability index,
P = load per tire (Ib), and
SEE = standard error of the estimate.

The number of unweighted applications for a specified
terminal serviceability level was used as the dependent variable
in the development of the performance model. The number of
unweighted applications represented the actual number of load
applications before a particular pavement section reached a
specified terminal serviceability level at the AASHO Road Test.
This is in contrast to the weighted number of load applications,
which is a transformation of the actual number of applications
observed, and is calculated by using a seasonal weighting
function developed from Benkelman Beam deflection measure-
ments. The number of unweighted applications was selected as



152

the dependent variable in the regression analysis primarily
because it represented the actual data, and because vehicle
counts conducted by transportation agencies are never weighted
in actual practice.

A plot of the predicted number of unweighted applications
from Equation 2 versus the observed number of applications
from the AASHO Road Test is shown in Figure 12, A similar
plot using the AASHO, unweighted performance equation is
given in Figure 13. A comparison of the figures shows that the
performance model developed in this study better predicts the
observed performance at the AASHO Road Test than does the
unweighted performance equation developed during the Road
Test. Statistically, the coefficient of determination (R?) for
Equation 2 is 0.758, and the standard error of the estimate is
0.283. In contrast, the AASHO unweighted performance
equation has an R? value of 0.48 and a standard error of the
estimate of 0.36 (3). In view of the results presented in this
report, the performance model defined by Equation 2 was
incorporated into the load-limit posting procedure.

7.0

5,51 R2:=0.76
6.0
5.5
5.0

4.5

PREDICTED NUMBER OF APPLICATIONS

2.5+

Number of Observations = 568
Standard Error of Estimate = 0.28
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DEVELOPMENT OF A STRUCTURAL ANALYSIS
PROCEDURE

An essential component of a procedure for determining load
limits is a mcthod for cvaluating the structural response of
existing pavements to various loading conditions. A simplified
but rational methodology for determining pavement structural
response was adopted. The methodology is based on linear
elastic layer theory and the use of deflection measurements to
directly estimate pavement structural response (i.e., asphalt
concrete and subgrade strains). The same concept was used in
the development of the PaDOT overlay design procedure for
flexible pavements (6). This approach is rational and is much
simpler than the deflection-basin-fitting methodology, which
attempts to characterize the material properties of the pavement
layers by comparing measured and calculated deflection
measurements. The basin-fitting procedures require greater
computer resources and are not suitable for practical imple-
mentation on a microcomputer.
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FIGURE 12 Predicted number of applications from new equation versus observed number
of applications to failure from AASHO Road Test data.
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FIGURE 13 Predicted number of applications from AASHO equation
versus observed number of applications to failure from AASHO Road Test data.
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Equations were developed for estimating subgrade compres-
sive strain from surface deflection measurements taken with the
road rater or the FWD. The vertical compressive strain at the
top of the subgrade is the structural response variable used to
predict pavement performance for the load-limit posting pro-
cedure. The three-layer, pavement structural model used in the
evaluation of the effects of axle-load distribution was adopted
to develop the equations for estimating subgrade compressive
strain. A multi-layer, linear elastic program, BISAR, which was
developed by Shell Laboratories, was then used to generate
theoretical deflection basins for each combination of layer
moduli and thicknesses included in the factorial established to
analyze the effects of axle-load distribution (2). A loading
frequency of 25 Hz and a peak-to-peak displacement of 0.1 inch
was assumed for the road rater in the calculation of theoretical
surface displacements. These assumed values for frequency and
peak-to-peak displacement result in a peak-to-peak force of 500
Ibs and are the values PaDOT normally uses when road rater
deflection measurements are taken. Theoretical displacements
were determined at four different positions that corresponded
to the four sensors of the road rater, which are spaced at 1-ft
intervals.

A load level 0f 9,000 Ibs, applied through a circular plate with
a radius of 5.9 in, was assumed for the FWD device in the
computation of theoretical surface displacements. The dis-
placements were determined at seven different positions that
corresponded to the seven sensors of the FWD, assuming the
sensors were spaced 1 ft apart.

The theoretical displacements calculated by BISAR for the
road rater and FWD loading conditions, and for each combina-
tion of layer moduli and thicknesses included in the factorial
study presented earlier, were subsequently correlated with
theoretical strain values associated with various axle loads and
axle configurations. The regression equations obtained are as
follows:

log o (€,)% FWD =-4.273 + 0.433 log o (W - W)
+0.560 log,, (W, +
QW+ 2Wqa+ Wy
-1.799 log | ((H | +H,) + 0.912
l0g (P, X +0.122VH | +0.285VH,

R?=0.9715 SEE =0.088 N = 3645 obs (3)

log o (€,) gr = -2.784 +0.498 log, o (W, - W)
+0.477 log o (W, + 2W, + 2, +
w,) -0.948VH + H,

+ 0.912log, (P, ) X +0.097 H, + 0.673VH,

R2=0.9703 SEE =0.090 N = 3645 obs (4)

where

(€2 x. Fwp vertical compressive strain at top of
subgrade due to tire load X, computed using
FWD measured deflections,

(€,) x RR vertical compressive strain at top of

subgrade due to tire load X, computed using
road rater measured deflections,
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W, = measured deflection at the itM sensor of the
deflection device used (inches),
H, = surface layer thickness (inches),
H, =  base layer thickness (inches),
(P X = tire load (lbs), and
SEE = standard error of estimate.

In the formulation of Equations 3 and 4, analyses of residuals
were made to verify the assumptions of linearity, independence
of error terms, and homogeneity of variance. In addition,
correlations between independent variables were examined to
prevent problems associated with multicollinearity. These steps
were taken to ensure that the relationships established were
statistically sound and robust.

Plots of predicted versus theoretical strain values are shown
in Figures 14 and 15. These plots show very good agreement
and illustrate the accuracy of the predictions from Equations 3
(FWD) and 4 (road rater).

PROCEDURE FOR LOAD LIMIT ANALYSIS

After the strain versus deflection relationships were developed
and the performance model was formulated, a rational frame-
work for evaluating load restrictions was developed (see
Figure 16). Deflection measurements that were taken with
either the road rater or the FWD were used in the load-limit
analysis procedure to determine subgrade compressive strains
due to various tire loads in the traffic stream. The number of
allowable applications for each tire load was then determined
from the performance model. A curve such as that shown in
Figure 17 can be constructed by following a procedure in
which the cumulative pavement damage is successively calcu-
lated as tire loads of increasing magnitude in the traffic stream
are considered. The load limits can then be determined by
specifying a minimum time that a road must remain in service
before rehabilitation is allowed.

The load-limit analysis procedure was implemented in a
computer program. The program is interactive and is suitable
foruse on a microcomputer. The program requires road rater or
FWD measurements and information on the distribution of
axle loads in the traffic stream. This latter information is
usually unavailable or is not collected on a regular basis,
particularly for low-volume roads. Consequently, efforts were
made to define a typical traffic distribution for low-volume
roads using data obtained from PaDOT. The traffic distribution
determined was then included as a default in the load-limit
analysis program in the absence of site-specific traffic data.
However, the default traffic distribution should not be used
indiscriminately, because it may be significantly different from
actual traffic conditions. Actual truck traffic count and weight
surveys are strongly recommended.

Output from the program includes a plot of the years to
failure versus the load per tire curve, and a plot of the inverse of
the number of allowable applications before failure versus the
load per tire. A sample program output is shown in Figures 18
to 20. A load limit may be determined from the plot of the
number of years to failure versus load per tire (Figure 19) by
specifying the minimum, required service life before rehabilita-
tion. If a pavement engineer, for example, specifies a minimum
period of 5 yrs before rehabilitation is allowed, a load limit of
approximately 2,000 1b per tire would be determined from the
plot. Load-limit postings in terms of axle-load limits can then
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FIGURE 14 Predicted versus theoretical log compressive strain using FWD deflection data.
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FIGURE 15 Predicted versus theoretical log compressive strain using road rater deflection data.

be calculated for different axle configurations by multiplying
the allowable load per tire by the number of tires per axle. In
addition, the damage responsibility for different axle loads can
be estimated by considering the relationship between the
damage per unit load application (1/ N and the load per tire.
This relationship is illustrated in Figure 20. The amount of
reduced pavement life attributed to each axle-load application
can be determined from this figure. The total damage caused by
a particular axle load can be estimated by multiplying the
percentage of pavement damage per load application by the
actual number of applications.

The percentage of damage responsibility can be converted to
cost responsibility by considering the cost of rehabilitating a
certain roadway. For example, if the cost of rehabilitating a
low-volume road is $20,000 per lane mile, and it was determined
that an axle load at the legal limit causes 0.001 percent damage
per application, then the cost associated with each application
of that axle load would be calculated as follows:

(.001)
100%

$20,000 X = $.20/mi

This cost would most likely be borne by the taxpayers because
the axle load was at the load limit set for the particular route.
Assume, for example, that a different axle load, in excess of the
load limit, also uses that particular route. Also assume that this
other axle load causes 0.005 percent damage per application.
The cost responsibility associated with this particular axle load
would be calculated as follows:

(0.005)
100%

$20,000 X = $1.00/mi
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However, the degree of responsibility a local road authority is
willing to accept to maintain a particular posted route should be
considered to determine a fee schedule for axle loads in excess
of the posted load limit. Consequently, in the example given, a
fee of $0.80 per mile per axle-load application would be
assessed, which is the amount in excess of what the local road
authority is willing to pay to maintain the posted route (amount
in excess of the cost of the legal load application).

SUMMARY AND CONCLUSIONS

The Commonwealth of Pennsylvania has 44,000 miles of roads
under its jurisdiction. About two-thirds of these roads are low-
volume roads, which, in other states, are the responsibility of
local governments. Because the majority of these low-volume
roads have pavements with limited structural capacity, the state
has the authority to restrict axle loads if it is believed that those
axle loads would result in excessive damage to the pavement
structure. A procedure for posting load limits is therefore
necessary. The development of such a rational and compre-
hensive procedure for load-limit analysis has been presented in
this paper.

In order to evaluate the effect of axle loads under a variety of
conditions, a theoretical analysis was conducted that considered
various load magnitudes and configurations for different
pavement thicknesses and material properties. It was found that
axle configuration (i.e., single-, tandem-, and triple-axle as-
semblies) did not significantly affect pavement response, pro-
vided that the load per tire and the tire pressure remained the
same. However, given an allowable value for load per tire, axle
load limits for different axle configurations would still vary,
depending on the number of tires per axle.

Following the analysis of axle loads, a performance model
based on subgrade compressive strain was developed from
AASHO Road Test data. Inaddition, equations were developed
to determine subgrade compressive strain from deflection
measurements taken with either the road rater or the Falling
Weight Deflectometer. The procedure used deflection measure-
ments to predict pavement performance for a given level of
traffic.

2EGINING J03 STATION Q01i2-00
ENDING JOB STATION 003~25
MAINTENANCE CLASS A

LANZ RIGET

DEFLECTION DEVICE USEZD IS ROAD RATER
NUMBER OF DETLZCTION BASINS TAKZIN IS 10

TIRE LOAD DISTRIBUTION

TIRE LOAD DAILY APPLICATIONS
500.00 100.00
1500.00 70.00
2500.00 40.00
3500.00 30.00
4500.00 28.00
5000.00 30.00

TOTAL DAILY LOAD APPLICATIONS (BOTH DIRECTIONS) =

298.00000000

BASIN STATION INDEX FOR LOAD LIMIT ANALYSIS 3
BASIN STATION ID 0011+50
LAYER 1 THICKNESS 3.00
LAYER 2 THICKNESS 4.00

CURRENT PSI 3.50

TERMINAL SERVICEABILITY INDEX 1.50

FIGURE 18 Sample output from LOADLIM showing input data for
a particular problem.
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FIGURE 19 Piot of load per tire versus number of years to failure.

A microcomputer program was written that incorporates the
load-limit analysis procedure and includes a default traffic
stream that is typical of low-volume rural roads. The program
generates information on the predicted years to failure for
different load limits. Load limits can be determined by specifying
a minimum time that a road must remain in service before
rehabilitation is required. In addition, the program provides
information that is useful for determining which axle loads are
responsible for pavement damage. Appropriate charges can
then be assessed to heavy haulers for permits, and bonds can be
estimated by the pavement engineer.
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