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Comparison of Structural Capacity of Hot Mix Asphalt
(HMA) Pavement Designs (AASHTO & TRL RN-31)

W.K.Mampearachchi and T.Janaraj

Abstract: The primary objective of this research is to identify the proper design guidelines in
terms of structural capacity, which enables to last longer life span without any major failure. Inducing
very high stress on pavement is one of the major reasons for structural failure.

American Association of State Highway and Testing Officials (AASHTO) and the Transport Research
Laboratory Road Note 31 (TRL RN-31) are the widely used pavement design guidelines by many road
agencies. Hence, this study intends to compare and contrast AASHTO (1994) and TRL RN-31.
AASHTO method involve with the complicated empirical equation 3 in appendix which has to be
solved by iteration method to obtain the required structural capacity for given conditions. So,
computer program was developed using JAVA to solve AASHTO equation. RN-31 and AASHTO
methods have been directly compared for a range of subgrade California Bearing Ratio (CBR) and
traffic levels.

Model pavements were constructed to evaluate the performance of the pavement for static load and
field collected data were used to verify the Finite Element Model (FEM). The verified models were
used to evaluate the structural performance of pavements. The main advantage of this review on
flexible pavement design guidelines is that the pavement which provide higher structural capacity can
be simply identified and constructed, so that, it can reduce the overall cost and provide good platform
to the users.

Keywords: AASHTO, RN-31, Finite element modeling, Pavement strength.

1. Introduction
RN-31[15, 16] does not make provision for new

Flexible pavements are so named because the
total pavement structure deflects, or flexes,
under loading. A flexible pavement structure is
typically composed of several layers of
material. Each layer receives the loads from the
above layer, spreads them out, and then passes
on these loads to the next layer below. Thus, the
further down in the pavement structure a
particular layer is located the fewer loads (in
terms of force per area) it must carry.

In order to take maximum advantage of this
load spreading mechanism, material layers are
usually arranged in the descending order of
load bearing capacity with the highest load
bearing capacity material which is most
expensive, on the top and the lowest load
bearing capacity material which is the least
expensive, on the bottom. A typical flexible
pavement structure consists of Asphalt, Base
course and Subbase course.

material in their design catalogue but AASHTO
method is more flexible to designer. So
flexibility on selecting material [14] in design
guidelines is so important since it is economical
to use the available material for road
construction. [20].

2. Background

AASHTO method is the one which is widely
used by most of the road agencies to design
pavements. However road development
agencies in most of the tropical countries use
Transport Research Laboratory (U.K) Road
Note 31(TRL RN-31). The design of heavy
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volume roads are based on AASHTO due to
some limitation of RN 31 design guidelines.

The condition of the road network is vital
importance to the economy of any country [18].
The early failure of road is predominantly by
fatigue (crack) and rutting, which may limit
serviceability [11]. Both of these failures are the
important design criteria used in the
mechanistic pavement design. Bending Stresses
at the bottom of the asphalt layer and axial
stresses at the subgrade level, control the
fatigue and rutting stresses respectively [3, 5].
However, recent studies dealing with the
improvement of design methods of flexible
pavements have pointed out that in most cases,
when the bearing capacity of the soil is
sufficient, this rutting takes place mainly in the
granular base and subbase layers [4]. Moreover,
fatigue (cracking) failure of the asphalt
generally appears much later, when significant
rutting has already developed [3]. So rutting
failure is the main criteria that need to be
carefully analyzed at initial stage in comparison
of two guidelines.

For any given pavement attributes, the axle
load, axle configuration, suspension type and
tire inflation pressure will all affect the
magnitude and distribution of stresses, strains
and displacements in its structure [13].
Pavement fracture defects occur because of
traffic loading, environmental effects or
construction inadequacies. Cracking that only
occurs in the wheel path is considered to be due

evaluate the performance of pavement designs
available in design guidelines is vital.

3. Relation between structural capacity
and Equivalent Static Axle load
(ESALSs)

A computer software program has been
developed to solve the empirical equation
(Appendix, AASHTO [2]) used to calculate the
Structural Number (SN). By using the software
that was developed, AASHTO pavement’s
individual layer’s structural numbers were
calculated [2, 7]. Using Eq-1 given below, SN
can be converted into layer thickness.

SN3: a1><D1 + a2><m2XD2 + a3Xm3><D3 .......... (1)

SN; = Total structural number

a; = Material coefficient

m; = Drainage coefficient

D; =Individual layer thickness
1 = Layer number (1=1,2,3...)

AASHTO design requires higher
asphalt thickness compared with the RN-31
which substantially increase the initial cost of
the  pavement. Serviceability, standard
deviation and reliability factor are the ones
which determine the functional classification of
the road. Local road have the lowest reliability
(50%) in the functional classification. The study
was focused on pavement design of local roads
since low asphalt thickness is used in tropical
countries as given in RN 31. The value of

Table 1- AASHTO parameters

to the influence of traffic loading, while L Material Drainage
. . ayers value value
cracking observed outside the wheel path, Coeff. Coeff.
across the full width of the pavement is Asphalt ai 0.32
considered to be due to environmental factors Base a 017 m 12
[17]. Subbase as 0.12 ms 0.8
Capping ay 0.07 my 0.4

If a design provides substantially lower
thicknesses certainly increases the vertical
stresses and maintenance cost, since the road
will wear out at a fairly rapid rate. However, if
the designer chooses to increase the initial cost
by building a substantially stronger pavement,
the maintenance cost decrease accordingly [19].
Cumulative vertical strain on the paving layer
and the subgrade produce the deformation that
results in rutting [10]. So these circumstances
emphasize that Proper design guideline is
required to eliminate early failure of the road,
and to reduce the maintenance cost due to
subsequent failures. So the need of a research to

Serviceability Index (Apsi) =2.0
Standard deviation (So) = 0.42

Reliability (R=92%)Zz ~ =-1.405

serviceability index, standard deviation and
reliability factor was selected based on the
above assumption. Layer coefficients in
AASHTO method and other required data
values are tabulated in table 1.

In RN-31 [15, 16], individual layer thicknesses
of the pavement design are available in the
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form of catalogue. Those pavement thicknesses
were converted into structural number using
individual layer coefficients in order to directly
compare both methods in the form of structural
number.

SN Vs ESALs for Subgrade CBR 2%
6 -
RN-31
5 4
g AASHTO
2 4
I 5 %"31 —o— RN-31
3
g ? —gm— AASHTO
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Figure 1 - SN Vs ESALs for Subgrade CBR-2%

Fig.1 shows the total Structural Number
variation with ESALs for both design
guidelines for Subgrade CBR of 2%. SN
difference of RN-31 and AASHTO (RN31 -
AASHTO) is plotted against ESALs for
different subgrade CBR as shown in Fig. 2.

Fig. 2 clearly indicate that,

L. The gradients of all the graphs are the same

II. for all CBR values which indicates that the
SN difference is proportional to ESALs.

III.Generally, higher SN is required at lower
CBR to compensate lower subgrade support.
Fig. 2 shows that RN 31 requires lower
SN at lower CBR (negative value) compared
with corresponding AASHTO design.

IV.Similarly, higher SN is required at higher
ESAL to resist the cumulative damage due
to repetitive load. It can be seen that RN 31
requires higher SN number compared with
corresponding AASHTO design.

V. SN difference is about 0.5 up to 5 million
ESAL for all the subgrade categories.

4. Effect of ESAL category on Base and
asphalt layer thickness

Fig. 3 shows the asphalt and base thickness
variation with ESAL category for a selected
CBR. ESALs range of 1.5-3.0, 6.0-10 and 17-30
million were selected to represent the low,
medium and higher ESAL categories. (RN 31
can be used up to 30 million ESALs.) Further,
it has been shown in the analysis of pavement
design guidelines that the Asphalt and Base
layer thicknesses are not affected by subgrade
CBR.

w—sd —d— CBR 30%
CBR 14%

R7%

CBR5%

e CBR2%

SN Difference

ESALs (in millions)

Figure 2 - SN Difference Vs ESALs

ENGINEER




8

_ THICKN
8 8 8

ESS(gM ) "

o
450 3
400 = s =
— 350 - = O =
g 2 o4 £ E =
€ 300 I o F I <
o 250 (=3I I =
g 200 B
5 150 I m Asphalt
2
~ 100 Base
50
0
o CcC o o o O
Mmoo e
w80 NN
i —
ESALS (in mihionns)

Figure 3 - Layer thickness with traffic load

It can be clearly seen that RN 31 gives a higher
overall pavement thickness while AASHTO
gives thicker asphalt layer and thinner base
layer for all ESALSs categories.

Fig 4 shows that the subbase layer thickness

variation with subgrade CBR value for different
ESALs.

Granular Subbase thickness variation with

- subgrade CER

ALSHT O for
higher
ESALs

RM-31 for
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ESALs

RM-31 for
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Figure 4 - Subbase thickness for lower load

The required subbase thickness is highest at a
subgrade CBR of around 6% for both design
guidelines, and subbase thickness decreases as
the subgrade CBR increases. Subbase is

constructed directly on top of subgrade and
weak subgrade is compensated with thicker
subbase layer.

AASHTO design shows higher sensitivity for
ESALs, compared with the RN-31. The required
layer thickness should be increased with the
ESALs in order to protect the subgrade due to
cumulative damage. However RN 31 design
shows the same layer thickness for medium
and higher ESALs with subgrade CBR of
15%and above, and for medium and lower
ESALs with subgrade CBR of 7% and below.
So, the sensitivity of subbase for ESAL and CBR
is very low in RN 31 and maintain a uniform
thickness of subbase irrespective of subgrade
CBR and ESALs.

5. Evaluating the field performance of
the pavement designs

The experimental work was carried out in order
to evaluate the pavement response for vehicle
load. Field test was conducted on fairly good
subgrade (CBR-25%).

To verify the Finite Element Model, the design
for lower and higher ESALs was selected to get
an identifiable difference. Pavement design
details for lower and higher ESALs categories
are given in Table 2.

Table 2- Designed pavement data for test specimens.

Test 01 04 02 03
number
. AAS AAS
D.e51g.n RN 31 HTO RN 31 HTO
Guideline
Traffic in
ESALs 1.5-3.0 1.5-3.0 17-30 17-30
(millions)
Layeef BS-50 | BS-127 | BS150 | BS-186
Tlfly'c liness GB-175 GB-55 GB-250 GB-72
GS-125 GS-100
(mm)
Structural | BS-0.63 BS-1.6 BS-1.89 BS-2.34
Number GB-1.41 | GB-0.44 GB-2 GB-0.58
(SN) GS-047 GS-0.38
Total
SN 2.51 2.04 4.28 292
Abbreviations:
BS - Bitument surface
GB - Granular road Base
GS - Granular sub base
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Construction procedure of the field test:

The Dynamic Cone Penetration test (DCP) test
was conducted on the prepared subgrade, after
removing the top soil up to 1 foot, to estimate
the subgrade CBR value. The DCP value in
mm/blow was converted in to CBR using
TRRL equation as given in equation 2 [1]. The
average subgrade CBR value was 25%.

Logio (CBR) = 2.48 - 1.057% Logio (mm/blow).....

The subbase and base layers were constructed
on prepared subgrade as shown in fig 5.

1ol NG 3]

Figure 7 - Constructed

The material properties of the Base and Subbase
complied with Standard Specification of
Construction and Maintenance (SSCM) for road
and Bridges in Sri Lanka and the CBR of
subbase and base were 30% and 80%,
respectively. Prime coat was applied to ensure
the proper bonding between asphalt and base
layer and seals all voids in the surface of the
base layer [9].

The plate load test was conducted as shown in
Fig. 6, to measure the pavement deflection for
static load with different magnitude to simulate
the response for vehicle loading.

-

Figure 6 - Plate load test

Two dial gauges were placed on the plate in
order to take the average deflection of the plate
as shown in fig 6, while another two dial
gauges were used on top of asphalt, closer to
the plate in order to consider the uplift effect of
the pavement due to the loading. Fig. 7 shows
the constructed pavement sections.

S

avement
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Table 3- Plate load test results.

Test Design Load | Deflection
Number method (Ton) (mm)
1 RN 31 Results were not
Found.
2 RN 31 0 0
1 0.33
2 0.61
3 0.87
3.78 1.13
3 AASHTO 0 0
1 0.30
2 0.53
3 0.75
4 0.93
4 AASHTO 0 0
1 0.30
2 0.58
3 0.90
34 117

Plate load test results are shown in table 3.

6. Finite Element Modelling

The SAP-2000 3D-Finite Element
Software (FEM) was used to model the
pavement test sections. Eight nodes
isoparametric element was used for the finite
element model. The mesh used in the analysis
was finer at the contact zone [6] where higher
accuracy of deflection is expected. Fig. 8 shows
the finite elements mesh for a pavement
section. A fine mesh was used at the loaded
area and top most layers where effect of
loading is more significant.

Axle
4—,— i Asphalt

«+—DBase
Subbase

Capping Laver

+——Submade

Figure 8 - FEM mesh arrangement

The normal contact pressure was assumed to be
uniformly distributed over the contact area. The
maximum load applied is four ton for 300 mm
diameter area. This simulates the typical load
applied by a typical truck tire under normal
condition. All pavement sections were modeled
as semi-infinite linear elastic system consisting
of four layers; wearing, base course, granular
sub-base and sub-grade.

The CBR value was converted into resilient
modulus using the following empirical
correlation specified in AASHTO (2002) design
guideline:

Mr =2555 x (CBR) 0.64................ (3)

Table-4 shows the material properties of FE
model.

Table 4 - Material properties [18]

CBR Resilient Poisson
Layer %) modulus ratio
(Mpa)

Asphalt - 3000 0.30
Base 80 350 0.35
Subbase 30 155 0.4
Capping 8 66.7 0.45
2 27.9 0.45

5 489 0.45

Subgrade 14 95.4 0.45
30 155 0.45

8. Results and discussion

8.1 The verification of finite element model
with the field test.

The 3D FEM results were verified with the field
data to ensure the reliability of the finite
element model [12]. Fig. 9 shows the deflection
vs load graph for field test and FEM data.

The deflection data collected from field test was
used to verify the FEM model. The model
results show a good comparison with field
data. The field data shows that deflection data
of test-02, test-04 and test-03 were in
descending order up to 2 ton. The same
behavior is visible in field graph and FEM
graph as shown in Fig 9. Load exceeding 3 ton,
field test-04 shows higher deflection due to the
failure of pavement as it was designed for the
lower ESALs.
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Each layer in the pavement has been modeled Table 5 shows the summary of the deflections

using the elastic modulus and poison ratio. and SN for the test sections.

Plasticity characteristics and failure criteria of

ma.terials were not considereq in the mOc.iel. Table 5- SN Vs Deflection

This may be the reason for higher deflection ) Defl'n | Defl'n

data beyond 2 ton load in test 04. Test (;l?rlxge ]irsni} SN | atdton | at2ton

There is a considerable difference between the (mum) (mm)
. . . 02 RN-31 | 17-30 | 4.28 0.6 0.39

magnitude of the deflection in the model and AASH

the field data. The discrepancies of the above 03 TO 17-30 | 2.92 0.49 0.3

results could be explained due to limitation of AASH

the software. SAP-2000 only facilitate linear 04 TO 153 | 204 0.55 0.33

element and does not consider in-elastic
behavior of the material property. The closer
answer could be achieved using Abaqus [1]
numerical software where quadratic reduced
integrated element is available.

The FEM model considered material as elastic
and isotropic. Further, all the layers are infinite
horizontally and subgrade is infinite both
horizontally and vertically. It is not possible to
model with large dimensions with very fine
mesh, since it consumes significant time in
analyzing. These limitations might have caused
the considerable variation in the magnitude of
the deflection results of the FEM and the field
data. However deflection pattern of both FEM
and field data showed a fairly good match.
Therefore, the model can be effectively used for
comparison of guidelines. The mesh type, the
element type and the dimensions and material
properties were identical in all the
comparisons.

A comparison of RN-31 and AASHTO designs
were carried out using the above verified FEM.
Deflection results of the pavement designs for
deferent ESALs and subgrade categories are
shown in Table 6.

8.2 Analysis of different designs using FE
Model for Local roads.

Table 6 shows the computed deflections values
for different designs. Same mesh type and size
(block area) has been considered in order to
maintain consistency of computed values and
facilitate for comparisons. Favorable designs or
guidelines can be selected on the basis of lower
deflection induced at the base and subgrade
levels.

1.4
1.2 Field:T-02

— 1 /

£ . —4—FEM-T-02

E os P Field:T-03

§ ~ —8—FEM-T-03

= FEM:T-02 FEVIT.08

= FEM:T-04 o

=] e Field-T-02
Field-T-03
Field-T-04

0 1 Z 3 4 5
Load {Ton)
Figure 9 - Deflection vs load
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Table 6 - FEM results

RN-31 AASHTO
Sub- Total Tot.

P ave. Deflection Deflection Deflection P ave. Deflection Deflection Deflection

gl‘ ;cll{e ESALS thiCk- TOt. at top of at top of at top of Tthk TOt. at top of at top of at top of
CO/ (mn) -ness SN Asphalt Base Subgrade (mm) SN Asphalt Base Subgrade

(%) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

H’;V_g; 775 1331 251 251 216 | 1270 |3.69| 353 | 353 2.75

2 M(Zdllg)m 0 1436 | 258 | 258 222 | 1430 |458| 361 3.61 2.89

I(i;gggi 1000 1 503 | 265 | 265 231 | 1625 |5.09| 409 | 4.09 3.14

Lower 500 |3.07| 1.34 1.34 117 480 | 3.05 1.31 1.31 1.18

5 Medium | 575 |4.07 | 1.32 1.32 1.18 535 | 3.81 1.36 1.35 1.20

Higher 675 494 | 135 1.35 1.21 610 |425| 1.38 1.38 1.24

Lower 425 1280 | 0.77 0.77 0.64 315 | 245 | 0.67 0.67 0.61

14 | Medium | 500 |3.75| 0.74 0.74 0.63 345 | 3.08| 0.67 0.67 0.61

Higher 575 | 456 | 0.74 0.74 0.64 395 | 345 | 0.68 0.67 0.61

Lower 350 2.5 0.51 0.51 0.41 207 |205| 041 0.41 0.39

30 | Medium | 425 | 35 | 049 0.49 0.40 220 | 26 | 040 0.40 0.38

Higher | 500 | 43 0.48 0.47 0.40 258 293 | 039 0.39 0.37

Chazallon et al [3] reported clearly that higher Both AASHTO and RN 31 design for CBR 5%

attention needs to be given to the vertical stress provide the si.milar deﬂectign at subgrade and
which mainly causes rutting failure. Since it is base level. Still the deflections of the RN 31
questionable whether the rutting or the design are less than that of AASHTO Designs.

bending stress of the pavement is vital, if AASHTO design for the CBR 14 % and CBR 30
bending stress is beyond the threshold value % shows that deflection at the subgrade and
and the vertical stress is within the limit then base level is low compared with the RN 31. It
the fatigue type failure will become crucial. The can be seen that the deflection at the base level
authors have given the attention on vertical is high in RN 31 and it contributed significantly
deflection which cause rutting and have not for the difference. This has been revealed in a
considered ~ any  threshold  criteria  for recent study that the rutting takes place mainly

comparison. in base and subbase, when the bearing capacity
Computed results in table 6 shows that surface of soil is sufficient [41- For subgrade CBR _Of 1.4%
deflection (total deflection of all the layers) of fmd 30%, the deflection at base level [3] is high
the pavements on weak subgrade (CBR 2% or in RN 31 even though the 'bOth RN 3{1 and
less) which have been designed according to AASHTO have shown similar deflection at
AASHTO guidelines is higher than that of the subgrade level. It is obvious that the stress at
RN 31 for all traffic categories. Further, base level will reduce with the thick asphalt
deflection at the subgrade level is significantly layer used in AASHTO design.

higher because low pavement thickness in
AASHTO design induces higher vertical
stresses at the subgrade level.
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i.

iii.

iv.

Vi.

Conclusions

From the results, in particular, the following
conclusions can be made:

The comparison of AASHTO and RN 31
guidelines shows that RN 31 gives lower
SN for Lower ESAL categories and higher
SN for higher ESALs categories. The SN
difference (RN:31-AASHTO) increases as
the subgrade CBR increases.

RN 31 gives a higher overall pavement
thickness except CBR 2% and AASHTO
gives thicker asphalt layer and thinner base
layer for all ESALSs categories

Asphalt and base material thicknesses do
not show any response for subgrade
strength which is measured in the form
CBR.

Lower CBR of the subgrade is compensated
with subbase layer in both design
guidelines. The sensitivity of subbase
thickness for ESALs and CBR is less in RN
31

For all ESAL categories, RN 31 design for
CBR 5% or below has shown lower
deflection than that of AASHTO designs.
So RN 31 is the preferred guideline for
subgrade CBR of 5% or below (RN-31
considered the range of subgrade CBR
value, so authors considered average value
of CBR, 5% covered up to 7%).

For all ESAL categories, AASHTO design
for stronger foundation (CBR 14 % and
above) have shown lower deflection than
that of RN 31 design. So AASHTO is the
preferred guideline for subgrade CBR of
14% and above. (Avg. CBR-14% covered
from 8%)
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Appendix:

log, =Z, xS, +9.36log(SN+1)—0.20+

APSI
log ———
42-15

0.40+

1094
(SN+1)*"
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Symbols:

Wis -18-kips equivalent single axle load

Zr -Reliability (Z-statics from the

standard normal curve)

So -Overall standard deviation of traffic

SN - Structural number

APSI-Loss in serviceability from the time
the pavement is new until it reaches
its TSI.

Mg -Soil resilient modulus of subgrade in
Ib/inch?

+2.32logM ,)-8.07

(AASHTO 1993 [2])
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