Analysis and Design of Bituminous Pavements
Prof. A. Padma Rekha
Department of Civil Engineering
Indian Institute of Technology, Madras

Lecture - 10
KENLAYER -2
(Refer Slide Time: 00:20)

Numerical Exercises — Stress, strain
and displacement

In this lecture, we will solve two numericals using the KENLAYER software and
understand how the vertical stress on the subgrade is influenced by the thickness above the
subgrade layer. So, we will move to the numerical here.
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1. Two layer with single wheel

A circular load having radius 6 in. (152 mm) and uniform pressure 80 psi (552 kPa) is applicd on
a two-layer system, as shown in Figure 2.16. The subgrade has elastic modulus 5000 psi (35 MPa)
and can support a maximum vertical stress of 8 psi (55 kPa). If the HMA has clastic modulus
500,000 psi (3.45 GPa), what is the required thickness of a full-depth pavement? If a thin surface
treatment is applicd on a granular base with elastic modulus 25,000 psi (173 MPa), what is the
thickness of base course required?

| Gin. |
80 psi
E, = 500,000 psi .
- o
or 25,000 psi %S M=?  FGURE2.16
1 g
= Example 2.5 (1 in. = 254 mm,

E; = 5000 psi 1psi = 69KkPa).

The first one is using a two-layered system with a single wheel. So, first let us understand

the problem here. You have a circular load having a radius of 152 millimeter.
Let us focus here, the SI system of units. So, circular load having a radius of 152 millimeter
and a uniform pressure of 552 kPa is applied on a two-layered system. The subgrade has
an elastic modulus of 35 MPa and it can support a maximum vertical stress of 55 kPa. So,
the catch here is the stress on the subgrade is limited to 55 kPa, it cannot exceed beyond
that. If HMA has an elastic modulus of 3.45 GPa, what is the required thickness of a full
depth pavement? This is the first part of the question. So, above the subgrade you have a
HMA layer. So, HMA layer has a modulus of 3.45 GPa. Now, what is the thickness of the
top layer required? So, now, in the next part of the question you have, if a thin surface
treatment is applied on a granular base with an elastic modulus of 173 MPa, what is the
thickness of base course required? So, the question is like you have a subgrade layer above
a subgrade instead of a hot mix asphalt layer, you have a base layer and the base layer is a
granular layer. So, the modulus of this base layer is 173 MPa. Now, you have a difference
here if you use HMA, the modulus is going to be 3.45 GPa, but this is 173 MPa, which is
much less than the HMA layer. So, above the base layer, you have a thin HMA surface.
So, this is the structure here. Now, what is the thickness of the base course required? See,
if the surface is too thin, we do not consider it as a structural layer. So, the top surface is
not considered as a structural layer. So, again, you can do analysis assuming that this is
also a two-layer system.
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So, first we will see this one. So, you can go to KENPAVE, open the KENPAVE software

and go to layer input and start with a new file here. When you give a new file, it will be
named as ‘untitled’. Open the ‘general’ input. So, these are the general inputs you have to
define. So, first give title, type of material is linear, no damage analysis, number of periods,
we are going to use only one because you have only one modulus, number of load group,
it is going to be single axle single wheel as per numerical. You know what is number of
integrations and tolerance for integrations Number of layers, it is a two-layer system and
number of z coordinate, it is only one and we need it exactly at the top of the subgrade
layer. Maximum cycle of numerical integration, leave it as a default value. Now,
everything has default, only thing is you just go and change the system of unit to SI and
click OK.
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So, once the general input is done, now next is z coordinate. So,

’

this is a thickness here,

this is our layer. Now, where exactly you need to determine stresses and strain is at this
point (below layer 1). So, this is the point we need to determine stresses and strain. We
need to give z coordinate to be this, that is distance from the top to this point. So, it is the
thickness, we need the thickness of a top layer, but that is what we need to determine, we
will do it based on the trial-and-error basis. So, we will assume the thickness and find out

what is the stresses here and we will check whether that is within

the allowable limit. We

let us assume to be 13 centimeters or 130 millimeters. So, your z coordinate you have to
give it as 13 centimeters. So, if you do that your z coordinate input is done.
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Next one is the layer input. So, layer input you need to define a structure here, thickness of
first layer is 13 centimeters, second layer is infinite, you cannot change anything. Poisson's
ratio, let us assume the Poisson's ratio to be 0.5 and 0.5. If you want, you can go change
the Poisson's ratio of asphalt layer to be 0.35 and try, but as of now | will keep the Poisson's
ratio to be 0.5 and 0.5.
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So, once this is done, next input is the moduli input. So, when you click the moduli, you
will get one period, when you click on this, you need to specify the modulus for the two
layers. So, as per our numerical, modulus of the first layer is 3.45 GPa and modulus of soil
layer is 35 MPa. So, you have to convert it into kPa and give here. So, once you do this,
the modulus input is done.
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Now, next is load. So, load here it is a single axle single wheel. So, we assign 0 for defining
single axle single wheel. So, the contact radius is 152 millimeters, contact pressure is 552
kPa as per numerical. We do not have YW and XW here, this is because, it is a single axle
single wheel. So, once this input is given, now you need to give where exactly you need
the stress, whether you need it at the center of loading or at the periphery of loading. So, it
is the critical stress what we are interested in and in the numerical, it is given exactly at the
center of loading. So, we will give only one point and you just double click on this (NR or
NPT cell) you will get a window. In this window, you can define RC here, RC is exactly
at the center, so it is 0. So, by defining these 5 parameters, our input for load is done.
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So, once you complete all the information, all the input in the layer input category, you
can just give ‘save as’, you can save it using any file name and then come out of a layer
input by clicking exit. So, after you give all the input, you can compile using the
KENLAYER button and when you compile using the KENLAYER button, you will see
the results. And in the results given as a tabular column, you can see that you have radial
coordinates to be 0. So, you have radial coordinates and vertical coordinates. We can see
2 vertical coordinates, as | have given 2 vertical coordinates. One is at the surface and other
is at the interface of 2 layers. You have vertical stress and strain, radial stress and strain,
tangential stress and strain and shear stress and strain. The negative sign indicates the
tensile nature and the positive sign indicates the compressive nature. So, what exactly we
need? We need stress on the top of a subgrade layer. Exactly at 0 point (radial distance),
13 centimeter below the surface layer, we need to find out the vertical stress. So, the
vertical stress at the top of a subgrade layer is 58.509 kPa. So, our constraint here is, we
need to restrict the stress on the subgrade layer, top of a subgrade layer to be 55 kPa.
This is what our need is. But, as per our analysis, we have 58.509 kPa. So, this clearly says
that stress is more than the allowable value. So, this thickness, 130 millimeter above the
subgrade layer is not sufficient to restrict the stress above the subgrade layer to 55 kPa.

Now, what you can do is, you can increase the thickness to 135 millimeter and proceed in
the same way as you did and you can check what is the stress above the subgrade layer for
135 millimeter thickness. So, you can see that the stress above the subgrade layer is 54.965
kPa, which is well within the allowable stress of 55 kPa. So, you need a minimum of 135
millimeter to restrict the stress on the subgrade layer to be within 55 kPa. This is what the
numerical says. So, when you increase the top layer thickness, the stresses and strain on
the subgrade layer will be reduced.
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1. Two layer with single wheel
* For thickness of 130 mm

. F'or thickness of 135 mm

PERIOD NO. 1 LOAD GROUP NO. 1

RADIAL VERTICAL VERTICAL VERTICAL  RADIAL TANGENTIAL  SHEAR
COORDINATE COORDINATE DISPLACIMENT STRESS STRESS  STRESS STRESS
(STRAIN)  (STRAIN) (STRAIN)  (STRAIN)

0.00000 0.00000 0.09413  $52.000 2412.247 2412.247 0.000
(STRAIN) -$,392E-04 2.69€L-04 2.696L-04 .000L+00
0.00000  13.50000 0.09362 (BI3TY -2266.773 -2266.773 0.000
(STRAIN) €.7302-04 -3.36SE-04 -3.365L-04 .000Z+00

In the second part of a numerical, instead of a surface layer, if we use a base layer of 173
MPa, then what is the thickness of the base course? The modulus is less compared to the
previous problem, so we will try and change the parameters. The parameter you need to
change is the modulus value. So, the modulus value of the first layer is 173 MPa and the
modulus of the second layer is same, 35 MPa. So, one input which you need to change is
the modulus. You need to find out stresses and strain exactly at the layer interface. If you
are going to vary the thickness, the location is also going to vary. Let us assume some
number and find it out. Now, I will assume it to be 38.5 centimeters, this is based on trial
and error. You can just increase the thickness and find out at what exact thickness you get
the allowable stress value. | am going to use 38.5 centimeters. So, thickness of the layer,
first layer is going to be 38.5 centimeters, thickness of second layer is infinite, you cannot
change it, Poisson's ratio is 0.5 and 0.5. What we are interested in is the vertical stress at
the center of loading and at a depth of 38.5 centimeters. So, at the top of a subgrade, the
critical vertical stress if you provide 38.5 centimeters is 54.613 kPa. So, you have a stress
well within the allowable limit, that is 55 kPa. So, you need a minimum thickness of 38.5
centimeters.
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1. Two layer with single wheel
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PERICD NO. 1 LOAD GROUP NO. 1 o

RADIAL VERTICAL VERTICAL VERTICAL  RADIAL TANGENTIAL  SHEAR
COORDINATE COORDINATE DISPLACEMENT STRESS STRESS  STRESS STRESS
(STRAIN)  (STRAIN) (STRAIN)  (STRAIN)

0.00000 0.00000 0.14174  552.000  866.094  966.094 0.000
(STRAIN) -5.30SE-04 2.652E-04 2.652E-04 .000E+00
0.00000  38.50000 0.09109 -172.667 -172.667 0.000
(STRAIN) — 1.314E-03 -6.5€9E-04 -€.569E-04 .000E+00

So, if you provide a granular base, your thickness requirement is 38.5 centimeters. If you
provide an asphalt layer or a HMA layer that has a higher modulus, you need a thickness
of 135 millimeters or 13.5 centimeters. So, the value of thickness varies with the modulus.
If you increase the thickness, you can reduce the stresses and strain on the subgrade layer.
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2. Two layer with dual wheel

Figure 2.20 shows a sct of dual tires, cach having contact radius 4.52 in. (115 mm) and contact
pressure 70 psi (483 kPa). The center-to-center spacing of the dual is 13.5 in. (343 mm). Layer |
has thickness 6 in. (152 mm) and clastic modulus 100,000 psi (690 MPa): layer 2 has clastic mod-
ulus 10,000 psi (69 MPa). Determine the vertical deflection at point A, which is on the interface
beneath the center of one loaded arca.

452in 452in.
- 1S e e n o

\7 i 70 psi B *‘Mh‘l’
ERRRERERRY!
E; = 100,000 psi
o 6 FIGURE 2.20
el _L Example 2.7 (1 in. = 254 mm,
A E; = 10,000 psi 1pst = 69KkPa).

So, the next problem, what we will look into is a two-layered system, but instead of a single
wheel load, we will use a single axle dual wheel.
So, we are going to use a dual wheel here to find out stresses and strains. So, let us
understand the problem here. You have a two layered system and it is subjected to dual
tires and each has a contact radius of 115 millimeters and a contact pressure of 583 kPa.



The center to center spacing between the dual wheel loads is 343 millimeters. Layer 1 has
a thickness of 152 millimeters and has a modulus of 690 MPa. Layer 2 has an elastic
modulus of 69 MPa. Now, determine the vertical deflection at the point A. So, A is at a
depth of 6 inches, that is, 152 millimeters and it is beneath the center of one loading area.
So, when you sketch the plan of the load, it looks like this, two circular loads with the
center to center spacing of each load as 343 millimeters. You need exactly at this point the
value of vertical deflection. This is the point A in plan, this is the point A in elevation.

So, now let us see how to give the input. All input here remains the same and the only
difference here from the previous problem is we are going to use dual wheels and change
all the numbers as per this problem. Now we will see only the dual wheel input here. So,
you need to assign 1 for dual wheel. The contact radius is 11.5 centimeters, contact pressure
is 483 kPa. You need to define YW, which is nothing but center to center spacing between
two wheels. It is 34.3 centimeters. XW is 0 as you do not have another axle. Number of
radial points, if you give 1 and double click on this, you do not get RC here like in the
previous case, you have XPT and YPT. So, this is x coordinate and y coordinate. X
coordinate is defined along the movement direction and y coordinate is defined
perpendicular to the movement direction. So, this point is exactly where x is 0, y is 0. So,
you have x as 0 and y as 0.

(Refer Slide Time: 17:24)

2. Two layer with dual wheel
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So, once you give all this input and compile it, this is the result you will get. At a vertical
distance of 15.2 cm, that is at the interface between two layers, your vertical displacement



is 0.06735 centimeters. Now you can also check by changing the z coordinates and check
where the vertical displacement is critical.

So, in this lecture, we were focusing on a two-layered system and we used the
KENLAYER software to determine vertical stress and deflection at the top of the subgrade
layer. And we have seen that the modulus of the top layer influences the stresses at the
subgrade layer. So, in the next lecture, we will focus on the tensile strain and we will see
how the axle configuration influences the tensile strain at the interface of the two layers.



