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Determination of Load Equivalency

for Unpaved Roads

Xiaohui Sun, Jie Han, Mark H. Wayne, Robert L. Parsons,

and Jayhyun Kwon

The load equivalency method is widely used to consider the effect of
traffic loading on pavement design, and the equivalent axle load factor
(EALF) for paved roads has been studied often. For unpaved roads,
however, EALF is not well understood because it is not necessarily the
same as it is for paved roads. In this study, cyclic plate load tests were
conducted on unpaved road sections (six base-over-subgrade sections
and four subgrade-only sections) constructed in a geotechnical box
(2m X 2.2 m X 2 m) to investigate the load equivalency for unpaved
roads. The base-over-subgrade sections were constructed as unstabi-
lized, T1 geogrid—stabilized, and T2 geogrid—stabilized base courses
of 15% California bearing ratio (CBR) with thicknesses of 0.23 m and
0.30 m over weak subgrade of 2% CBR. The subgrade-only sections
were constructed with CBR values of 6.2%, 7.4%, 9.5%, and 11.0%.
The intensities of the cyclic loads were increased from 5 kN to 65 kN,
at increments of 5 kN. For each load intensity, 100 cycles were applied
on one test section. The EALFs were analyzed in terms of permanent
deformation. The results showed that the regression powers of the
ratios of axle loads for unpaved roads with aggregate bases over weak
subgrade ranged from 1.9 to 2.9, which were lower than a power of 4,
the typical value used for paved roads. The powers for subgrade-only
sections had an even wider range, from 1.1 to 3.4. The increase of
base thickness, the presence of geogrid, and the use of a higher-grade
geogrid increased the power.

In pavement design, traffic loading is the most important and
complex parameter because of the variety of the loading magni-
tude, configuration, and number of load repetitions (/, 2). There
are two major procedures for considering traffic loading in pave-
ment design. In the 1993 edition of AASHTO’s Guide for Design
of Pavement Structures, traffic loads with different load magnitudes
or configurations are converted to equivalent numbers of a standard
axle load, usually the 18-kip (80-kN) single-axle load, in terms of
the destructive effect of the load, that is, equivalent axle load fac-
tor (EALF) (3). In the Mechanistic—-Empirical Pavement Design
Guide (MEPDG) (4), the traffic load is considered individually
by inputting the axle load spectra, so there is no need to assign an
equivalent factor for each axle load (5). Compared with the load
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spectra method used in the MEPDG, for which a computer program
is needed to evaluate the response of the pavement under different
traffic load, the load equivalency method is simple, convenient, and
still widely used in the design of paved or unpaved roads. The Giroud
and Noiray method is one such design method (6).

The EALF of a particular type of vehicle j is defined as follows (7):

4,
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where

d; = damage per pass of vehicle j,
d, = damage per pass of a standard vehicle,
Nj; = number of repetitions to failure due to the load of a standard
vehicle, and
Nj; = number of repetitions to failure due to the load of vehicle j.

In this definition, the accumulation of the damage per pass of vehi-
cle jis assumed to be the same. In other words, the damage per pass
of vehicle j is assumed to be linear with the number of repetitions
of the vehicle, even though there is evidence that indicates this is
not necessarily true (8). Two common failure criteria considering
the critical state of the tensile strain at the bottom of asphalt layer
(g,) and the vertical permanent strain at the top of subgrade (¢.) were
chosen in flexible pavement design as Equations 2 and 3 (2).

N; = fie )" (E)™" @)

N; = fi(e)™” 3
where fi, f5, f5, f1, and f5 are regression parameters and E is the elastic
modulus of the asphalt layer. By assuming both strains proportional to
axle loads, EALFs based on the two-failure criteria can be expressed
in the same formula, Equation 4.
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where L; is the magnitude of the axle load of vehicle j in kilonewtons
and n is the power term, f; or fs, which is identified as 4 by AASHTO
and the corresponding formula known as the fourth-power law.

Deacon et al. studied the influence of the subgrade modulus and
the surface modulus on the EALF based on fatigue distresses in flex-
ible pavements (/). Their results showed that the EALFs were only
slightly affected by the subgrade moduli but significantly influenced
by the surface moduli.


https://core.ac.uk/display/213419987?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

234

Dawson showed that the value of the power was material spe-
cific and increased with the increase of subgrade moisture con-
tent (8). Additionally, Dawson pointed out that the existence of
a threshold stress above which large deformations developed
rapidly made it difficult to establish a fixed load—equivalency
relationship. Buhari and Puteh noted that the power n in Equa-
tion 4 was dependent on several factors, including vehicle speed,
axle type, load configuration, and damage mechanism (9). Lin
et al. conducted load tests on one newly constructed freeway,
and their results indicated that the AASHTO method yielded reli-
able predictions of EALF (/0). Alabaster et al. showed that the
damages during the initial shakedown period and after the initial
shakedown period did not accumulate at the same rate, and they
suggested the potential use of two equivalent single-axle load
equations with different exponents (/7). Yeo reported similar
findings in which the power law exponents during the second
stage of rutting were between 2.0 to 4.4 (12).

As the previous discussion indicates, the load equivalency
for flexible pavements has been studied for decades. Tingle and
Jersey note, however, that the majority of the world’s roads are
unpaved and for those roads, the EALF not yet well understood
(13). Hence, it is important to study the load equivalency for
unpaved roads. In real design, as shown in Equation 4, the EALF
for a certain axle load (L;) can be calculated if the power n is
available and N can be converted subsequently to Ny, a signifi-
cant parameter in pavement design, with the computed EALF.
Investigating the power n in order to obtain the EALF for unpaved
roads is therefore necessary.

In this study, ten cyclic plate load tests with increasing magnitudes
of loads were conducted on unpaved test sections to backcalculate
the powers n in Equation 4 with respect to the performance criterion
of the permanent strain. In the ten test sections, six test sections were
constructed as base courses over weak subgrade and four test sections
were constructed only with subgrade material at different CBRs. The
surface permanent deformations and subgrade permanent deforma-
tions were monitored by displacement transducers. The effects of the
base course thickness, the stabilized condition by geogrid, and
the subgrade CBR on the backcalculated n were investigated.
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TEST MATERIALS
Base Course

Well-graded AB-3 aggregate, commonly used for low-volume roads
in Kansas, was chosen as the study’s base course material. Compac-
tion tests were conducted to obtain the dry densities of the samples
corresponding to different moisture contents and to determine the
optimum moisture content with the modified Proctor compaction
method (ASTM D1557). The CBR test was conducted on each
sample obtained in the compaction test (ASTM D1883). The com-
paction and CBR curves of this material are shown in Figure 1. The
average CBR value of the base material in the test sections was
controlled at approximately 15% by compacting the material at a
moisture content of 7.3%.

Subgrade

As pointed out by Dell’ Acqua et al., the use of low-bearing materi-
als, such as clay and silt, and local resources is an important way
to simplify and economize road construction (/6). In this study, an
artificial soil obtained by mixing 75% Kansas River sand and 25%
kaolin with water by weight served as the subgrade material. Fig-
ure 2 shows the compaction and CBR curves, which were obtained
with the standard Proctor compaction method (ASTM D1557). In
the test sections of base courses over weak subgrade, the subgrade
material was compacted at a moisture content of 10.8% to achieve
a CBR of approximately 2%. In the test sections of subgrade, the
moisture content of the material was adjusted to achieve CBR values
ranging from approximately 5% to 10%.

Geogrid

Two types of triaxial geogrid were used in this study: a light-grade
duty (T1) and a heavy-grade duty (T2). The properties of the geogrid
are shown in Table 1.
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FIGURE 1 Compaction and CBR curves of base course material (14, 15).
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FIGURE 2 Compaction and CBR curves of subgrade material (715).

TEST SETUP
Ten cyclic plate load tests were conducted in a geotechnical box Reference beam Load actuator
(2mx2.2 mx 2 m) at the University of Kansas. Six tests were con- \

ducted on unstabilized and geogrid-stabilized (i.e., T1 and T2) base _ kY

courses (0.23 m thick and 0.30 m thick) over weak subgrade, and
four tests were performed on 1-m-thick subgrade at different CBRs.
The geogrid, if used, was placed at the interface of the base course
and the subgrade. The test setup of this study is shown in Figure 3.
The surface deformations were measured by displacement trans-
ducers set at the center of the loading plate. The subgrade deforma- T
tion was monitored by a telltale device (connected to a displacement
transducer) seated at the top of the subgrade, as shown in Figure 3.
The intensities of the loads applied on a steel loading plate of —_—— = -_
0.30 min diameter were increased from 5 kN to 65 kN, with each load
increment at 5 kN, as shown in Figure 4. One hundred loading cycles
were applied on a test section at each loading stage; the testing would
stop, however, if the accumulated permanent deformation reached
80 mm. By gradually increasing the load magnitude, aggregate was
further compacted without exhibiting shakedown behavior.

0.23mor 0.30 m Base course, if used

“Geogrid, ifused 20m

1.0m Subgrade

‘ Displacement transducer

TEST RESULTS AND DISCUSSIONS

[«

Dynamic Cone Penetration Tests

20m
Dynamic cone penetration tests were performed at four locations

in each test section of this study. Figure 5 shows the results of the FIGURE 3 Test setup.
average dynamic cone penetration index (DCPI, in millimeters).

TABLE 1 Properties of Triaxial Geogrids Used in Study

Rib Pitch, Rib Pitch, Middepth, Middepth, Midwidth, Midwidth,
Geogrid Type Longitudinal (mm) Diagonal (mm) Diagonal (mm) Transverse (mm) Diagonal (mm) Transverse (mm)

Tl 40 40 1.3 1.2 0.9 1.2
T2 40 40 2.0 1.6 1.0 1.3
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FIGURE 4 Loading intensities.

The CBR value at each location was calculated by Equation 5 (/7),
and the test results are summarized in Table 2.

292

CBR=—"""7"1
(DCPI)"

)

Permanent Deformations

As mentioned previously, the permanent deformation on the top of
the subgrade was selected as one failure criterion for paved roads.
In this study, both the surface permanent deformation and the sub-
grade permanent deformation were chosen as the performance
criteria.

The permanent deformations of all the test sections were moni-
tored by displacement transducers, and the initial value of the per-
manent deformation was set to zero at the beginning of each loading

stage. The criteria of permanent deformations were set as 4 mm,
6 mm, 8 mm, and 10 mm to consider the destructive effect of each
load intensity. For the test sections with a base course, the numbers
of loading cycles applied under each load intensity to induce the
surface and subgrade permanent deformations up to the permanent
deformation criteria are summarized in Tables 3 and 4. For the test
sections of subgrade at different CBR values, the numbers of loading
cycles applied under each load intensity to reach the same permanent
deformation criteria are provided in Table 5.

With the same permanent deformation, the number of loading
cycles decreased with the increase of the load intensities, as shown
in Tables 3, 4, and 5. This result indicated that the destructive
effects of loads were enhanced. The presence of the geogrid and
the increase of the base course thickness increased the number of
loading cycles in terms of the same surface and subgrade permanent
deformations. Table 5 shows similar results with the increase of the
CBR value of the subgrade material.
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FIGURE 5 Dynamic cone penetration tests of base course over subgrade.
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TABLE 2 Average CBR Values of Different Test Sections

Test Section

0.23-m-thick base course over subgrade

0.30-m-thick base course over subgrade

Test Section 1
Test Section 2
Test Section 3
Test Section 4

CBR Value (%)
Stabilization Type Subgrade Base Course
Unstabilized 2.3 14.2
T1 geogrid 24 15.4
T2 geogrid 2.3 14.9
Unstabilized 2.3 15.2
T1 geogrid 23 14.8
T2 geogrid 2.4 14.5
na 6.2 na
na 7.4 na
na 9.5 na
na 11.0 na

NOTE: na = not applicable.

Regression of the Power n

For a standard single-axle load of 80 kN, the standard wheel load
is 40 kN, which can be simulated by a load applied on a steel plate.
Based on data in Tables 3, 4, and 5, the EALF of each wheel load
intensity can be calculated by Equation 4. Hence, the value of the
power n in Equation 4 can be regressed because the L;/80 is known
for each EALF, where L; is the single-axle load of vehicle j. Fig-
ures 6 and 7 show the EALF versus L;/80 for the test sections with

base courses over weak subgrade in terms of the surface permanent
deformation. In Figure 6, the data are divided into two groups on
the basis of base course thickness. The regressed n value for the
test section with a 0.23-m-thick base course is 2.01, and for the test
section with a 0.30-m-thick base course, the regressed n value is
2.88. These results indicate that the increase of the base thickness
increases the power . The overall value of the regressed power 7 is
2.28. In Figure 7, the data points are grouped into three categories:
unstabilized, T1 geogrid—stabilized, and T2 geogrid—stabilized. The

TABLE 3 Loading Cycles to Reach Same Surface Deformation Under Different Load Intensities, by Base Course Thickness

Permanent Number of Loading Cycles, by Single Wheel Load
Deformation
Stabilization Type (mm) 10 kN 15 kN 20 kN 25 kN 30 kN 35kN 40 kN 45 kN 50 kN
Base Course Thickness =0.23 m
Unstabilized 4 NA 45 31 27 20 13 12¢ NA NA
6 NA NA 65 45 25 20 14¢ NA NA
8 NA NA 99 67 43 26 20° NA NA
10 NA NA NA 72 57 35 27¢ NA NA
T1 geogrid 4 NA 65 49 36 26 19 10 NA NA
6 NA NA 95 74 49 29 16 NA NA
8 NA NA NA NA 67 39 26 NA NA
10 NA NA NA NA 95 50 33 NA NA
T2 geogrid 4 NA NA 87 55 43 31 21 14 NA
6 NA NA NA 92 68 48 32 22 NA
8 NA NA NA NA 97 66 44 30 NA
10 NA NA NA NA NA 86 56 38 NA
Base Course Thickness = 0.30 m
Unstabilized 4 NA NA NA 66 53 33 22 13 NA
6 NA NA NA NA 62 39 27 19 NA
8 NA NA NA NA 80 54 36 25 NA
10 NA NA NA NA NA 80 46 33 NA
T1 geogrid 4 NA NA NA 81 48 30 21 15 NA
6 NA NA NA NA 81 47 33 24 NA
8 NA NA NA NA NA 65 45 31 NA
10 NA NA NA NA NA 90 58 39 NA
T2 geogrid 4 NA NA NA 92 65 34 28 21 15
6 NA NA NA NA NA 66 44 32 21
8 NA NA NA NA NA 95 65 44 30
10 NA NA NA NA NA NA 88 56 38

NoTE: NA = not available.
“Data obtained by the fitting curve.
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TABLE 4 Loading Cycles to Reach Same Subgrade Deformation Under Different Load Intensities

Permanent Number of Loading Cycles, by Single Wheel Load
Deformation
Stabilization Type (mm) 20 kN 25 kN 30 kN 35kN 40 kN 45 kN 50 kN

Base Course Thickness = 0.23 m

Unstabilized 4 63 40 27 15 114 NA NA
6 NA 68 42 25 21¢ NA NA
8 NA NA NA NA NA NA NA
10 NA NA NA NA NA NA NA
T1 geogrid 4 76 62 41 26 15 NA NA
6 NA NA 58 39 23 NA NA
8 NA NA 75 53 31 NA NA
10 NA NA 100 68 38 NA NA
T2 geogrid 4 96 78 62 41 26 19 NA
6 NA NA NA 66 47 31 NA
8 NA NA NA 93 65 42 NA
10 NA NA NA NA NA NA NA
Base Course Thickness = 0.30 m
Unstabilized 4 NA NA 52 32 21 15 NA
6 NA NA 87 49 32 23 NA
8 NA NA NA 67 44 30 NA
10 NA NA NA 89 56 39 NA
T1 geogrid 4 NA NA 69 37 27 17 NA
6 NA NA NA 59 41 27 NA
8 NA NA NA 83 57 37 NA
10 NA NA NA 100 75 47 NA
T2 geogrid 4 NA NA 78 53 37 27 19
6 NA NA NA 75 56 42 29
8 NA NA NA NA 82 58 40
10 NA NA NA NA 100¢ 75 50

NoTE: NA = not available.
“Data obtained by the fitting curve.

TABLE 5 Loading Cycles to Reach Same Surface Deformation Under Different Load Intensities, by CBR

Permanent Number of Loading Cycles, by Single Wheel Load

Deformation

(mm) 20 kN 25 kN 30 kN 35kN 40 kN 45 kN S0 kN S5kN 60 kN 65 kN
CBR=6.2%

4 61 38 27 23 22 19 18 NA NA NA
6 NA 70 45 38 35 30 28 NA NA NA
8 NA NA 69 55 50 42 39 NA NA NA
10 NA NA 100 76 67 56 51 NA NA NA
CBR=7.4%

4 NA 58 45 35 37 28 24 NA NA NA
6 NA NA 88 66 61 47 41 NA NA NA
8 NA NA NA NA 86 68 58 NA NA NA
10 NA NA NA NA NA NA NA NA NA NA
CBR=9.5%

4 NA NA 78 53 41 34 33 30 NA NA
6 NA NA NA 97 69 57 54 39 NA NA
8 NA NA NA NA 111 89 71 60 NA NA
10 NA NA NA NA NA NA NA NA NA NA
CBR =11.0%

4 NA NA NA NA 75 44 30 22 18 14
6 NA NA NA NA 117¢ 78 48 34 28 22
8 NA NA NA NA 158¢ NA 70 49 38 30
10 NA NA NA NA 200 NA 96 64 49 38

NoTE: NA = not available.
“Data obtained by the fitting curve.
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FIGURE 6 EALF versus L;/80 for test sections with different base thicknesses in terms of

surface permanent deformation.

regressed powers n for the three groups are 1.94, 2.42, and 2.53,
respectively. These results indicate that the presence of the geogrid
and the use of the higher-grade geogrid increase the power n.
Figures 8 and 9 show the EALF versus L;/80 for the test sections
with base courses over weak subgrade in terms of the subgrade perma-
nent deformation. Similar trends of the regressed power n are presented
in Figures 8 and 9 as compared with those in Figures 6 and 7, but the
values of the power in terms of the subgrade permanent deformation
are larger than those in terms of the surface permanent deformation.
Figure 10 shows the EALF versus L;/80 for the test sections of
subgrade at different CBRs. With the increase of the subgrade CBR
from 6.2% to 11.0%, the regressed power n increases from 1.12

to 3.44. The correlation between the regressed power n versus the
CBR of the subgrade material can be expressed as Equation 6.

Power n = 0.2775¢"*' 3¢ (6)

For the unpaved roads with or without a base course, the power n
is generally lower than 4 (a typical value used for design of flexible
pavements). The base thickness, the reinforcement type, and the
CBR of the material influence the power n. As noted in the study
by Deacon et al. (/), the increase of the surface modulus increases
the power n. For the test sections of subgrade at different CBRs,
the increase of the CBR means the increase of the surface modulus.

3
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FIGURE 7 EALF versus L;/80 for test sections with different reinforcement types in terms
of surface permanent deformation (N = number of cycles).
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FIGURE 8 EALF versus L;/80 for test sections with different base thicknesses in terms of

subgrade permanent deformation.

Moreover, the increase of the base course thickness, the pres-
ence of the geogrid, and the use of the higher-grade geogrid can
increase the equivalent modulus of the base course as well. The
trend of the regressed power n in this study is therefore reasonable.

CONCLUSIONS

This study adopted a load increment approach to increase the
load. At each increment of loading, a fixed number of cycles was
used. The EALFs were calculated on the basis of loads at differ-
ent magnitudes and generated the same permanent deformations of

4 to 10 mm. With the calculated EALFs, the powers n of EALFs
for subgrade-only, unstabilized, and geogrid-stabilized bases over
weak subgrade were determined. These powers may vary if actual
conditions are different from those used in this study. The following
conclusions from this study can be made:

1. The powers n of EALFs for the unpaved roads at different
permanent deformations were lower than 4 (the typical value used
for flexible pavements).

2. The powers n of EALFs for the base courses (15% CBR) of
different thickness over weak subgrade (2% CBR) with or without
geogrid stabilization based on the surface permanent deformations
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FIGURE 9 EALF versus L;/80 for test sections with different reinforcement types in terms of

subgrade permanent deformation.
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FIGURE 10 EALF versus L;/80 for test sections of subgrade with different CBRs in terms of

surface permanent deformation.

ranged from 1.9 to 2.9. The increase of base thickness, the presence
of the geogrid, and the use of the higher-grade geogrid increased the
power .

3. The powers n of EALFs for the base courses over weak sub-
grade based on the subgrade permanent deformations were higher
than those based on the surface permanent deformations.

4. The powers n of EALFs for the subgrade-only sections with
the CBR values from 6.2% to 11.0% ranged from 1.1 to 3.4. The
power n depended on the CBR value of the subgrade. The subgrade
with a higher CBR value had a larger n value.
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